RS NIF MR E N TR AR B
AT T
PR EE B B S A S IR o, 7 510006)
WE RSN R EDN AT A S R, AT TR 2 R AU as 72
EALSAT N RIER, 288 T B IRBA R . A8 B R AT 7T SR A% ) AR 5 i
NBTHRSFENLE], 2R T B S5 R e 1 78 B 2 sl S (i R AR RTSAIT 7T
FATVRIAN O 55 B B HE VS0 22 B8 2 1Rl Pk 1 hn 22 BB A e LA o FRATIHEN
XRS5 3 5 AT BB RE AT B AL AT ) — DL . IESRIX — (R, AT TR 4
AT O SEIG  F AT SR SEEOR, BB H A RITSS J0 00 H C A N BRAS 22 5 R 4
NS, I G M LB AL AN R 55 7y RN R A A — R PR S PR, AN
T ) B 2R A 2 55 s M 22 B0 T A AR 2L o AL O B B Bl T b BB A A
NERESRAL AT Y E FR AT N7 22 1] ) 5% - A AR HE SR AL AT AR BT AL A
REHE  RAESIT N B R B
AR CI1

1 MREX

FAAT AN WAL, X T Y NBRR R DREF AR E LA G 5t 2kt
RO EENEH . WFFCRM, St 2 0n A IE ) B S A RO B RKE, JA 2RI
FKIPET R (Brown & Brown, 2015). Kk, FIWIZEALSAT O B R AT RIAH A LA A0
PRAZ AN TR AR 2R 2 U ) A VR A ) f 2 — (B IReE, Bk, 2024).

REZHORAL AT TR EAAT S o N R g . NBIZ LR, 25 N TR,
K35 HEREIRS . PUBHK, HFHEAMEF S GEM AR . IH TR 247
ERVE R 5T 3 A NULRS , U D B R RS I AR e S AL S A7 A P A
F o IXEESR A 2255 RO FUER T 55 D0 AR 5 S B R i R R, R IAMATE e Fa it A
RN B COAT H S iy e B0 HS B 58 1 22 59T 411 RU8E (Forbes et al., 2024; Lockwood et al.,
2022). SRTM, AFHIEE RGP 2 — D2 B BRI ASN R, 2RSS AT AT
(R P SERIAAT 5 (B 1l (Husain & Roiser, 2018; Ruff & Fehr, 2014). B4 % T84t 2
25T IRE FEAL R PR 8% 77 A LEAN (i e S B B At A UCRE RS0, G A 7~ 5% F0 A T e
SR J SRl NS I PEA 3085 0 AP At Wi i e 22 3 28 B A AR AT AN B il o %
Fubb, AT AR SR %3 TR BN T R B ARY ,  3od Xk Ly R 2 R A
ok H: 2026-3-13

[ X B AR AL I H (32571255) BT B
W{E1E#: #BI, E-mail: zhengyal982@gmail.com


https://chinaxiv.org/abs/202606.00002V1

NEREEI S 85 AT ZATASS 13T 2 5 R S ERIM A sh S RE (H—) , DIRFEE
AP B AN IS REAEANR S5 7 BRI 2 AU ) U — M itk SR e L (RIS =), B
PRV SRAL 2255 TIAE AT B J5 SEMR 22 B WA B A KA 2 L o 1AL A e BT LR AR T2 00
PSR 7y s Al NGRS AN, 38 SR AL AT N 8 ) AR F i G R sh AR E it e,
BT 5 2 B AR AT SR SR AL 2247 N ) P AR A S« SR P T o, TR TH A ) S A
SEHL, ACHBMA B AR R R, WAL SAE, B EATE 4 E UL E .
2 ERIMARERSIET
21 FHIITARRE-WEHIES

AL AT NIEN—ATIZ AT RS, IR = RRAGIEST N, BaREBEY
it AR MBI IR T EEAT N . FEAWT LT, BATR A AT 5 SO A KA A
AR RIS 35 4T (Pfattheicher et al., 2022). JTAESR, HSRELZ U0 735 FFAA18 T AR
- UAT B A A HE S TR i 515 4 21T N (Contreras-Huerta et al., 2020). 1% & XA SR T X5 A
Weas o0y, RINF R AN NSAS i B . 5 REAT B FOB FE s A A N2t . 200 B 3R
AN, AR RESIN A, SRR AT R A N ARt N BB (R 46 SR . AMAHISR
M2AT WA AT B e RO HOM Tl NGRS B SGTE , A AT R IR B T H B A AU .
I F A - B AE SRR SR AL 2 AT W B R S . 5, AR RREHE S T LR RE 2 o
SAT N o AZHEBE P A AESS )y I I) SRR 0%, IAcas 48 B fs &k Bt
RAGYBIE SRS, NIRRT M air oy, REERMMREARE. 0K, Bidk-
e it HE SR SO VFAE [F] — S Iy s i S r s A & B oA MMt i as , A Bh T Rl okt AT
ARG E TRl NS FE 7 S50, RN AR AU, B —# A .

EAEERRE, BAYBEIHER PR AT R — 48, RS2 MARER.
WEFE A WA N A EIE GRS . I AR . ML A TERERAS . P A B K 55 )
ALEZ PN ANFRBY P SOALE ] AR . ELPEE IS BB S HL BT S O
HGMENH LR ARIE, S8RARE LR ER&E M A, [T 7E5R PR
B2 S AR AT i A 5 A S SIS AT 9, (B LS i 25 5 32 B A e A DR R A AL 4
SCAAE PR 2R 1 9 (Vanags et al., 2025); I [A] BRAS IR £ A I B8 22 AR TS AAE 3 B Al N
I T8 A S S BB AR AR AOARY R4 B BRI E BRI M (Persson et al., 2024); 1
FSAS R 97 B JU) 73 308 RN 3 1 A0 B 4 A 5 B SR SR PR AR B8 (Lockwood et al., 2025;
Qu et al., 2020); %5 7 A 3 2RI AR T8 AR T8 AE 55 I 7E 0K ) Bl ) L g v R
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(Contreras-Huerta et al., 2020). MBFFCIEOKE , PUA BT AR HE SR (SR AL 2247 A 5
TP TS FRATEERA . KT EEA R R 2 RAA G2, flinsg sy
A 7 R 1) BE S ML AL PR TG 4% (Engel, 2011) 3 H 48k LAt A3k 25 (Sellitto et al., 2021), iX
SO FE A, AMATESEE B e T A e R B B AR, R DRI O E S
TR HEZTS, SRAEE A AT NIRRT R SRttt . 2 MA T EAE L TF
HAN G () Z BT RN, AR TR B B, MO L Al N R S B 5
DR, S e ) e R AN A T S 0 At N BT R 2 B R T OB, SR L H R R A 65 1)
(Crockett et al., 2014; Crockett et al., 2017), + % JEE B th \ 50 5 4% (Hein et al.,
2010). fATM, MBTRLERATLN, A ORENMAEILE DD Eortt e T Al
N WEI AL B, A NI RES . W RIFPFEIITH . 10 BN IR (8 R
SR AT AT ERA VT AR B AR Bk 1155 5. DRI, BRARSS S AR e Stk o
AT 1 F B HAR DA En b AL LA SR P A A B A S 3 3L
22 BHERRZEGEEFERXER
TER—Fh A NG, B33 BT Z AT ATHE MERRAR AL BN . AT AR A3 Y

fhE 22 BT 5 5% /KPR TR BRI, R HH 55 09I 5 (Kool & Botvinick, 2018). P
AT, BIP= T EMAR, AR A T AR PR LRSI BRI RE
({175 B (Shenhav et al., 2017); ML AT N, IEFHAT RS TS KGR & T 52 M
HAAT S5 LASRAF R B LSy, RIA—FHL22 AR (Kurzban et al., 2013). SCRESS FJ W2 A HE
TG Z 5 GG 26 9 05 1 F AR & A0 FT 07 18] 80 S0 B A T 55 0 7K1 #8803 n
(Suzuki et al., 2021), T LASZMSUR A9 2 5 1Bl g i 1 T2 BAE ok 26 7091 85 018
f11§+{H (Westbrook et al., 2020). [, 55 /JtB SAEPATZ )5 REGHPER IR T A E . Bt A
AR SAS B AR L SE 75 2 CH A 5 (Norton et al., 2012), A T1EFEE 3% /)
FAESS T E TS BT 5 (Wu et al., 2023), FFREMAT 1155 0 I 2 TR IRAG 0 E B (Clay et al., 2022).
B A BNy, AR T X 18 % 5 255 3R 1 45 R T 5 e ) AN E, AT &
AL HTAT H 955 71 (Aronson & Mills, 1959); (OIS, SRS MRS, =%
TMES BRI PBRE 5 JE 8325 45 FW R T S8 s 2L s L, ANITTREIN 1 223 i E AN
(Zentall, 2010). SCRFSSJJEAE BOUESE AL FE N FNES T 0G5 1 F A7 [« AR B AZ R i il B o 22 48
45 B R EUR 1 (Hernandez Lallement et al., 2014) LA 800 SOIR A4 64T 9 S ik B 4 42 Je
(Dobryakova et al., 2017).

XSS ) BRI G N 2 AN 55 D7 e B0 5 05 B T AR AA RN LR BL: %500
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W AE B BER AL S T JAAT BT RSN ZR R VP B B, T 85 B 2R A8 e i e
2 BIPALBT By (Inzlicht et al., 2018). EAFHALTS (IR E 7395, EEG HoARRENS X 70 18] L
JEH BT WA KNI R, RS TR T8 RS M A B R e — DT, HISS SR
TRBEVHGR BLIIZR R P3 FISCHME 614 (CNV) 255 HIMEE (Zhang & Zheng, 2022; Zheng
et al, 2024). H—J7TH, WHIBIRA TGS BHPAE AL BEG fabsBuUSM:, o
RewP(Bogdanov et al., 2022; Yi et al., 2020)- J i3t P3(Lopez-Gamundi et al., 2024; Yi et al., 2020)
Al Delta jZ (Bogdanov et al., 2022). K& /155 J14E55 (1) EEG WL HER1G T RS0 &
7155 711858 T RewP(Pan et al., 2023; Umemoto et al., 2022)F1H 3 1E A7 (LPP; Wu & Zheng,
2023) I 1EAA -

SR, B3R T 55 40 5 55 D30 A BRAR AR RE S SHIERI 78 T 2k E AR AL o TR SR AU,
HREAHE SRt BB 4 . e st rh, AMARUSE (K2 B BT R4 5 5 B 5%
NZ IR R MAESRAL S R, 8500 BT i 45 SR Bt A 3RAF, AR B (B TS
BREEGIINA, T EX A T WAL 2 4B (Ruff & Fehr, 2014), RGBSR H 3k
a Fie KA HE [ A NAS H 55 77 DAAE B 3R 2 (4 2 H AR(Lockwood et al., 2020), J: T 4%
R, R CRIRMRSS SES T 5 R E IR FATREAEE LU F BT T 22 5. 58—, AELR T
K&, ANFFRHEGSFI O 8% ) SR ES ) M TAAAE 2> B SATIETESS I M=, A
FRABRBON 52555 I BINARAL, DA TC IR ad o Bt 3 CIb RN, 55 JIA 57 R i N 5
FRASTE AR o SRTT, Mo AR U B TN PT BEANR] . DAl NAT 85 g0, MATSGE 1
S IIHT B SR, BRIERAR S5 )2 P RE SE R BIHL 2 A o i [l 5% D0 3 (B T 5
PRRH B B TR0 (R A AE 22 57 o 55 )-8 B FRR SR AT B S5 AT LR R SO 5 & 2
o, MR LN BRI TR AR A GO, MRS Z B E AR
SRS EACAT PRI AR S5 o 7E [N R BOPT RE AN 2 AR B AN, LT e I %5 )
WAE . AHE, (LB EEFSRA B2 — R H B B N BRI TR, XM 5RE L
() FAy S B AT BEAEAN A PG B 5L I8 B AN X 7 32 2 0 R 77 3sCBE4T, AR & 5 A0 85 707
FEAAR I RO . 35—, ML RAPRTE, SRS 0 R BRI T WAL 20
B, PRCATRER I BRI U, A S 2 AR R RERKR T . 5%, il
MSRAL AT N B E R, MMTEEXN S H OB R (WAMEE) SO0 CRELD
) HEIT AR I T 2 KSR 21T N(Jones, 2021). FLIR, ANMAJE T BIFE1F g A0
SR T BRI TSR 2 85 N ET A . LRI U, X A TR S A 22 Rk
e BR LRSI BN, ATAEE R AR AT J9(Batson et al., 1991); T EEELRNITRH, 5
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1Tl A 2 S SE ML e 32 B ) 8115447 9 (Gouldner, 1960). 3447 /K- i BR .
SABCHR A4, ST R T At N 5% 7, I E A R A A 22 BT 58 e ) RN L 25 |
AL S IEEE PSS -2 M C R T REZ B E R B . S RE IR B S R 2 ke
PRI, RIS P AR AL S 1 58 SR W] 28 1k

23 FEHEEHMRHR

H AT > BRI 555 1 SRk 255 A& L] . Lockwood 25 A(2017) 1 Yk 4
TB I PR Rz F BRAL 2B 7L, ERPRTE — T AT AR )55 03R48 s 2 3
TN — MR BRI B AR W [ HEAT . SRR, %5 /K FRUIR, 0y H
CUAIEE 44 At N AT HE B350 B A5 4 B B AR ), T 2485 07K m i, il BE 2 Mk # AR 5 ik
AR R AT 55 0y, R SEAE 2R (prosocial apathy) o AT LRI, XH
SR SRR B T4 0383 01 AR E 7 ST A E A, S B A B TE S S I A R
T SR A AN, . TERRENLHI T T, AR A BEAT 55 70 e SRS S e 0 1 e al, Ho
TR 5 ARG KI8T IR EAFAE IEAH R AR, 9 H CREAT 85 0 SRy i
T T RE O 26 DXORTIE MUk & (Lockwood et al., 2022). HE WK, 5N H SRS,
AR B O RE U T Ak 7355 00 DA 2 5 (Imas, 2014). B I — TR FEAE A A1 5% )
R I T AL R R AMAR IS D LR EAE O ZERENU RIS 44 1t A S50 R IRIK
58 (Depow et al., 2022).

AL S5 12 2 R R IR . 5 A AL, ZAE NRDLI T B3RSk %% i),
B N 42 fth A A %5 15 22 55 (Lockwood et al., 2021). M1 T IEH /0 4E, HA
AT BRS04 SE A IR A A 355 0 At N A 2 B T IS8 LA e A T T TR 7
ATBERG T D AT B SRR SS TR L B AR (Gaule et al., 2024). Ji4h, 2RAEL%IERE
AR SRR AR BERE DA AE IEAR G, 51 R IEL L 0 B ERLA 5 e S5 A7 7E
FH2%(Contreras-Huerta et al., 2022). M AAT A& F153 01 fs 28 8 R BAE & T S vE L
WG BEAS, - PEBES DU AT HH 50 RTRT A 595 2 1 10 55 (Forbes et al., 2024), 12 BB Z ff)
A4 AR SR AE IR 2 B2 M JE R I 7 S RISk L 23 5% )R (Talbot et al., 2025).

3 [E)RRiR

BARTTS, HRIORT SR 2585 0 m ST RINIEE A, B0 B F il LU R b A 2 5% 1 i
PURNLE], TR T I RATERAL AT A R R R, R T R 22585 1 2 B 2tk
87 3 FEE AR B S R R AR, 48R TR 50 5 BRI AR R B SR 2 B il . SR


https://chinaxiv.org/abs/202606.00002V1

WA FAFELL R EZ R H—, WAV RS RSN T2 M sh &4
IR I SCRREEA TR ER, FRATTR IR O8N TR R IR S A
ZHT, S E AN E 5% 17K I I AT 4 5. (Zhang & Zheng, 2022; Zheng et al., 2024),
MEL 25, 28 Ak E B %5 K F 38 i 20 H 18 91 5 (Bogdanov et al., 2022;
Lopez-Gamundi et al., 2024; Wu & Zheng, 2023). HRT KT EHEB NAIMAEERETE S
2 BT ROV SR B, THIX 4% 70 58 B2 G B E PR BOGIE A, 1 E A S —HEL T
W FE SR AL 255 ke 2 5o B 500l SRR, AT VA A THI B AR SR AL AT A R 88 70 AR R B 2
Z IR IBhA& K R FET WL AT B (Kurzban et al., 2013)F15% /74 FEAL T £ (Aronson & Mills,
1959), FATHHAZEAL 225570 5F] 8 5T ReAALEA R AR el . AE TR 2% 700
eI AELJG SE (B 5% It A, o T B AR AR N SR AL 22 5% 0 T REAFTESS D00 AT A J5 R 84T
P B AR R A A K

55, DA WO ARIRS SRAL 22 %5 0 SR 2 B I L A U — A R R LR . DU -
WA AR, AL AT N i B RS S A R N s L R e . FErb, 850 iR 2L
FEAAR 155 IR SS Dy P AR B AR T 2, T At A 02 B 2 H BLPE 5 B ) N R A5 2 B i A9
(22 R AI, 2 A T 35 D 3 N 6 A 5 (R A R SR AT . Pl G 51 R ) — AN A ) i
A5 SRALSESS REA 2 BN TP o 20 ) A R T R R A AT A e D 0 2 AR S
W2 A SRAL %% IR FUAE S 70 AR 77 T SR BEORVEAR 1355 75, B TINENSS a5 AEW A 77 TH
AT AN, 2T AR o 1% Ff AR T B — 5% 7 AR R 23 TR I 72
TEI R 25 S A 2283 7 S WA 22 BN L A — MR R S e R PRI, A A INSE T 8
WA i SRR A 4 B 2R 0 7% Sk 22 8% R S BN K R R ok B AR AL 2 UK SR
A FI RN KNS SIAFAERE T B S5y B AT R 2417 (Bustamante et al., 2023; Chong et al.,
2017; Jiang & Zheng, 2024). 74k, MERISEH 222 2SR R AT Bk
o, NTESR R B AR R I T 2 SEA 24T R, 2 R i 15 R 2 DAGRE ot At A
i A5 25 (Sellitto et al., 2021) B % F (Liu et al., 2020). X E6HF 57 3 B S5 4 485 R B ) 8h &
KARTEA A A U R A RIS R, S o %5 0ot 22 B0 L (R S e AL A1 £ 52 81 A
KA (R 1% 77, NS T RSRR AT (R BOERAT . SRR [l 1535 [EIEE) T4 AT A
o

4 HRMIE

BEXE LIRS, ASHTFUHR H2RAL 85 S 2 BN T BOR A (& 1) o S i
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o PATHUYAL 255 T30 BN TR A AL AP L E AR R IR RN E O,
55 10t BB PAG R I 55 3 PAT AR AR 0 25 AT e S A i X T 24 32 2 0 SO 4
PEAEA RS, SRAL 55 IR B E P SR DL AT TR, TR 85 /) I (B AR
PRAL 255 IR A TN T B2 5% RAEANR S5 0 BRAS AL s 45 2 1] R B b 40— ARk B
R SRR A

( )

B HMITZH FHESEAFMEEML Zhiiszia
e iE ;
T — /AR
|
= B
H oo
[ =
Wir 5 45 18
(33 K E Re——BHKE— 5

B 1SR4 %8 S50 ma 2 50N T X B B B o 2T A% OB 8 R A T8 S e BT Z AT 2 S5 el s 22 5 (0 E AN B . 40
SR AR F IS SR [ BT EMANE G R , 3OS AR R [ IS S A2 5 0 N E CREIZAED .
FAE BFELL TS I PATRTEFER A E MRS . 77 AMLF. EEG 5( fMRI V55,

FE 85 3 GBI TR XU BOSRY , FoAT TRl B 52 “ SRk 2283 s 2 B0 A S
LN PRI AR BATRE T UaI0 AR KNS5, AN E, 45170
SEIG AN AR E A, W EE o E FRAR G At NSRRI, 83 53T Z BRI 5% I 4hAT 2 )5 i 323
MERMEINEERE B, FNBGXMEEN SRR E% J7 2R 5 SO

AR — M SRR LR (RFFE =D , DAATH ARSI AL £ 5% Jp ek 2 50 T B . HLtk
WA B BT
41 FAR—: FHSEARWEEMTHERIEH

W@ =900 (SR8 1. 3558 2a. SE56 2b) , AT RIS, #Eshdid i
FIMR L FERE G2 AL 2 58 0 M 32 5N TR AL ZESEES 1 op, JRATXT AR B 2R
244 B A At N AT H 55 DDA S BT, 7E 55 J4RAT Z A0 (32 5 R ST e) A0 5% AT 2 R 3R 3
OB RIIE G SN Horfr, SEBG 1 32 SRR FEA (KA R L R, 5256 2 E—B 4545 EEG Al fMRI
HAR, HEMRNZ BN AT A
411 S8 1 FHSEHEWMREMTAPAMIE]: THMR
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SEIG 1 BAEMAT MR THE SR 255 1 52 m 2 50 TR A RIHL ] B0l Ik 58 A )
AT (B 2A) | SRHSHIMES (K 2B) FIRiES (B 200 , DL H#ily | O
B 42 B AE A NASE H 85 0 B A 252 BN, 755 AT 2 B 2 B R SREANE 0] R 55 3 AT 2 JE 3R 2
FH KGN AE2RAE 55 )RS5, #akoh B OO 44 B A Al AT H A 085 ) A5
B IFLOZAR B B A A AT AR R HEAT EUBL. TIAE DR RAE S5, Wil e —
FEGIB IR — AN 585 i W (R B AT 16 %, ELACH B DR AT NS ) DASRAG 22 5
I AR SR AU, JEA TS A S SS DT REEE o dsih) HoAb At 2 P BRI T8,
FOR I 44 AR P <Al N By BEAT A0, Sl AE WA At N L SEARAE R RN, AT REf
fICAE 22 ELB) AR AN B TR S5 DR 2R (0 B0 o N3 U AE 55 4R FH 42 Ly i T s PR
AL ZIEFD BAAFSS K, T EEBAEAN R 2 a0 RAEAT T, 85 1K T anfe]
SRR B2 TR 5 B AR IG  JRATT TSR A e 85 U 2 O TR SZmAE S5 I AT AT 5 R
P E I AR BRI, A PTITRIEM B, 5ohA A%, kAR
BN IS I8R5, e (k) Him. EEIPITERENIE,
B CSRAF 2 S VN B 5% KPR BR T TH e, RIS AR, X
il N SRAG 2 B0 BETAR B 4% 1K (R T T A, RIS TR
A AenmiiES B RGNS
2@

0

RSVP

- ms [-

1500 ms

||[_ F I BAK
\ )Ll}’u{-ffl
1000 ms

( SPACE |
C »RhE#EH o "r

]
HHD

1000 ms

o«
d

-,1“
25 K

b BT

1500 ms

-
| [ FILBAK
\ ﬁ

Bh A& 1~5KF SPACE 1000 ms
2 1Ry 2~108%5

1000 ms

B2 5286 1SR .
412 G2 FHSEHEMEREMTAHELYE]: EEG F MRI #f5R
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FESENG 1 BOAEAL B, SEI6 2 BAEME Pk 255 iR SN TR s & A
MR IEG . ZIRIRER T 55 1 AR 28 1ESS, I il4E EEG (SEK; 2a) Al
fMRI (825 2b) AR, Xf HARAE B CORIEE 44 B AR AR AT 55 0 As 2 B0, #2535 1
1T 2T B2 B R VPG AN S J1PAT 2 5 B 2R B R BV A 5 A KR S .. EEG BOR A A=
P TR 20 33, BERGIBERSRAL 255 15U 2 BN L se B ph 2 sl AR g A, A EAR T
TR LL EEG B3R T . Ji4h, BT HAERM B R T2 FA KX CAIEMZCRESE) 15
BRYE, A ZHLL MR R (SR8 2b) RABEEES T PAT A AR R R DX I A 28 S 3, B
RIS E BB S

S 2 R ARA A E R E SRR B B B R SN e, Al 2 AR T ik
BE— 5 HUEOM 85 ) SR 35 T EM A RAE LR Al AR5 55250 1 2840, JRAERL R 7 T
rigs: (1) Bl 7e miss J1ES5 LL 50% 33T 10 NEE . 50% MR 0 2%
R BATRAMERNE CiARshE ) T DT & 5 R MR ML 25 R fE
FERUES, M m 2 8. (20 AT BRI A B 145 B AKX S A& EEG A fMRI
HISEER BT o FRATFIAZR AL 2 55 0 B0 T A S (R 2 A2 A 20 2 TR L HE O D A A
FESS TIPAT IR B, 2R P3 1 CNV R LUK 1177 [ R i & P o 280 B A
B3 J1KT HISE AN FEA, AT 0 ORI At N 55 T BE DR WY S5 #6585 30T 22 ) I3 B S A5t
BrEe, RewP. x5t P3 Al Delta Sy LA AR IMZCIRVRAIE Py I BRI B2 J= A i, £
N CB5 I BESS A AN g N, D N B T BESS KT R i AR
42 WRZ: FHSFHYMWRE M TRTUE—RE/ 5 LS

W7 —38Id 3 4> EEG 5286, M55 7SR R (528 3) Aicas sk (S8 4 A1 5) PIANERE
X EE Dy OB 44 P A AN SR B 55 AT R AP 2 sh SRR, R SR 255 17m
TN TR 2B A IR A S0 — Ak S Re e EALH o AESE98 3 7, FRATIR AN H s e it
HEAKRT155 71 (VAR FINENSS 77 GERBHED XA RN Tz, $1
e 2 AT 2 ERF I, FRATTHE— 2D et T 5848 4 AISEER 5 AR AN A s Ukt 2 55 7150
M 2 B0 T 0320 SR IV o S256 4 O FE T 48 0% 1 4R A A AU U 2 0 BE, EUAUAT HE 35 00
N B2 SRR e R A e sl A e SR46 5 B R IR S Br AE B AU p i Xt tE, Tl
BT B3 T3 N T AT 2 T AN G 5 T B e e sh S AR
421  SIBE 3 GUE—MARMAFFMENE: EAFARSE DRSS LR

S 3 B AE LR TR 055 JI RN RS 70 B orAk 2 BN R B FURE 23 S R E AR
B IMES ARSI B5IIES, FFAEARSSMERE L I [R) BRAS S5 TR W] BEHEAT IS, DLECRIPIZRSS

Sk


https://chinaxiv.org/abs/202606.00002V1

TN H SRR 50% M3 felmin 2 50 (RIBRSR 0 MRS, X85 3T Al
Ja BB EON TR SR — B s sh SR B IMES 5556 2a HIL, 14671585 i
55 LSS 2a AT B 00 AR 5, JATTHGSC08 2a HH K RSVP AR 55 B 4R 1T HE S
BORPARTE AR F155 T1KTAESS o 125056 BRI Ak 2 55 M 22 50 T RIHL 7E
TG SS JIRARG AL, IE AL AT AR E R @ LB MRS H I
RIPAL 5 B RE, AW TRt — AR 961X — ML 1 08— ik S e e o BAN TR
255 T TN RIS AE AR I AN RN SS 3 22 6] 2L AR AU B I AR 2 £ 55 13T
ZHTHIZER I B, A S5 77 LA O 55 R BRI N RN, £ 55 J13AT 22 ) 2 B prAG
BrBs FICSS RIS, AR S 7RI I A RN
422 SIBE 4 GUE—MARMAFFMENG]: RIGREFEEIRKIX LR

S 4 15 AE LRGSR BONEE Gt R RIS R 5 52 T, SR A 55 R m A FOIN TR 4
ENALRE, AR I A RIS AR WU A 255 J1 R 2 SO T g SR Ve . A e B
REAEBIMBURNEL, BRYEAE N B OO NAT 55 70, T SRS a5 8 G 45 2k
RERHIIMTZS . AREEET, POXRINTEMES JMEFA 50% R RT 10 N2 EH
91, A3 S0%MEERIRG 0 DRI AEBURTEETT, BalmTh eSS IR 50% M5
Gl E AL (AR 0 M), A S0% M 10 NP . AERURIEE A4
TR EBE R EREN N B SRS T AR 5 o IR IR BRI A o8
CAMt N SERES F1E 55, ISR 2IAA N AR 5 RGBS B . NPRIEM S5 B AT
LR, ASHETORAEAE S5 85K S5 MR SO i WS 7 TR SR AR EF — . Al
WHPEAE 2 55 ARSI BRI B I A, AR SR I e . S5O0t A5
RS, Dot NGB R RSt 255 JIHLI R © 55 5 T dedl, RIUVER I B 55
TSI, VAl B BLSS (B R
423  SKBE S GUE—ARMAFFMENG: REREFEEAENXEERR

S 5 5 AR LRGSR R BN o 15 IR T S SRAL B SIS R BN TP 2 s d A .
558 4 L, WEFT 5 KL BB IR 2 Ah I NG BI85, Bl AT AN I RE B 55
N H TR 44 A\ AT DB SRR 22 o AR 55 BN B 1 2 AR R 75 P Do 6 193 55
X AR REIE G R 0 K BT 71k T P T AT L PR PR RS o DA A T e i RS P PR 22
S5t R FORAE IR SR AT BEAT R B BRI RE , R4 Ot o B AT MR e, DAB ORI
AR I ARIR GE I 52 o A2 3 b T 0K — BT S oAk S ATE R 5N, MA At
AT B S5 F 2 A5 IR R B 5 22 B A R R XU I (AR X, 3o 2 PRI 4 R AR AT

pii3


https://chinaxiv.org/abs/202606.00002V1

EH A A AR 22 0 TR Ao ST PO R B BOM S AT B AR R AR AR, SESG 5 R R IR
A2 55 T I AEAN RIS 2 A0 1 — BBEE S5 R e U o BRATT TS A 2 55 A 0 2 I Bk B
SR Bl HERE NS 7.

5 EiREMSEIHE

HAT, SRAESAT AR B SSEN TR 2 RE T AT, B RIES SR RIE .
A A B IGHESS 71 A B 7 32 AR TR AR A 055 TR e e s 1Y B S, B 5 T 55 T
TR E SRR, B T 55 i PAT R AV AR . DRI, ASHT FUAUR DR O
b LR SRAL S 85 350 2R BN T R 28 S LA 55 3 AT R R i Zh 22462 N T
(A1 3L — Al L, AW FE BT IR $ H S 2 55 0 R M A B0 TR X B, DUE TS B 55
JI A E AN i FIEh G UA, KRG RAL R8I SO T RA R L],
et RAt AT PR ObE B s .

FEWT T b, B AR AL GURAL AT W FOR AN RE (0 B — 53, B K35 )
JRA B AN TR RPN AL AT AR TR, Reom b AT NN — NS S T
ZRTHIUHME RSN SS IAT 2 5 B EL DAl B ISR OB AR, AR T % S8 AR - YA i A
RERSOLA . RIS, AW TR O 25 B R, ST HoR it 255 T3
SO TR B, IRt — 0 X IR S AR — RS W B, — 2%l fE
JERAE RS TR . AR, M2 a0 SO E O, R C 8 RIS 8 5 1 1E
85 IR R AR ROV A% B A A NI, R385 00 32 B LTI A (A s RALE
AT EAESS 1 AH S e 2 T AT AU, DR S5 0 BT RE AR 45 SR WA (R B 341
RN, TR DS I AE R

FEWT BT b, AR T St LR BEARHE SR M i TR R MBI U S W S AT N
EEG Al fMRI &R F-BL A HIMT AR, thash Bl e 2 bat =R IR 7okt =
BN R RBEAN], REHREMAENE OS5I, 55 NPT 2R 555 T2
RSN THIZE SR SIS RIE A B o, B3RS A znafb A i as
A2 RAL S AT R H ., XU B i XU 55 3 W (B AN S5 7 R R U RE 75 49 21 S AIE
SCRFo AEREIEAL b, BT TT T BE— 5 MBS T SR AU AN 28 A0 A4 J5E 2 52 IR AL PR 40— e
A5 U 1k, WA LE SN A B U AR RE M, RS B2 B85 F RAUANZE R 2 R kR
T, AT T R AL 2 55 FIRE M AR TN 8 PV Rl o G AN A AL 2132 55 A s it 5t
Tt AW AN REIR 7R 2RAL R85 FI RN R S e L], 4 RE IS HOB ok 1 S 1R RTA T


https://chinaxiv.org/abs/202606.00002V1

BETT AT 9 AT R BEARE -

S, BUSRAERE 2 AR Z I NS, AL F 2R S o), R
Gy 55 T A« ARAG AR B, MTRIL SR 2R WX — G, A ITE S
FPREAEAEAE LUt SO BEARYR . B UGS 1 550 T RZh &R R WA, B T T
H HE5 1 A Al NS RIS, 98 UE XU B A (R 0 s A AN 5 i B i, AN B
T ARG WIZRAL R85 150 2 BN T A FI e e i, R A 220 5 T IS iR L2
WA .


https://chinaxiv.org/abs/202606.00002V1

Sl

WRAE, jEER. (2024). RALSAT N S EAMHSKIETIAEOE(TF). O FK, 56(9),
1157-1158. https://doi.org/10.3724/sp.J.1041.2024.01157

Aronson, E., & Mills, J. (1959). The effect of severity of initiation on liking for a group. The Journal of
Abnormal and Social Psychology, 59(2), 177—181. https://doi.org/10.1037/h0047195

Batson, C. D., Batson, J. G., Slingsby, J. K., Harrell, K. L., Peekna, H. M., & Todd, R. M. (1991).
Empathic joy and the empathy-altruism hypothesis. Journal of Personality and Social
Psychology, 61(3), 413—426. https://doi.org/10.1037/0022-3514.61.3.413

Bogdanov, M., Renault, H., LoParco, S., Weinberg, A., & Otto, A. R. (2022). Cognitive effort exertion
enhances electrophysiological responses to rewarding outcomes. Cerebral Cortex, 32(19),
4255-4270. https://doi.org/10.1093/cercor/bhab480

Brown, S. L., & Brown, R. M. (2015). Connecting prosocial behavior to improved physical health:

Contributions from the neurobiology of parenting. Neuroscience & Biobehavioral Reviews, 55,
1—17. https://doi.org/10.1016/j.neubiorev.2015.04.004
Bustamante, L. A., Oshinowo, T., Lee, J. R., Tong, E., Burton, A. R., Shenhav, A., Cohen, J. D., & Daw,

N. D. (2023). Effort Foraging Task reveals positive correlation between individual differences

in the cost of cognitive and physical effort in humans. Proceedings of the National Academy of
Sciences, 120(50), €2221510120. https://doi.org/10.1073/pnas.2221510120

Chong, T. T., Apps, M., Giehl, K., Sillence, A., Grima, L. L., & Husain, M. (2017).
Neurocomputational mechanisms underlying subjective valuation of effort costs. PLoS
Biology, 15(2), €1002598. https://doi.org/10.1371/journal.pbio.1002598

Clay, G., Mlynski, C., Korb, F. M., Goschke, T., & Job, V. (2022). Rewarding cognitive effort increases
the intrinsic value of mental labor. Proceedings of the National Academy of Sciences, 119(5),
€2111785119. https://doi.org/10.1073/pnas.2111785119

Contreras-Huerta, L. S., Lockwood, P. L., Bird, G., Apps, M. A. J., & Crockett, M. J. (2022). Prosocial
behavior is associated with tansdiagnostic markers of affective sensitivity in multiple domains.
Emotion, 22(5), 820—835. https://doi.org/10.1037/emo0000813

Contreras-Huerta, L. S., Pisauro, M. A., & Apps, M. A. J. (2020). Effort shapes social cognition and
behaviour: A neuro-cognitive framework. Neuroscience & Biobehavioral Reviews, 118,
426—439. https://doi.org/10.1016/j.neubiorev.2020.08.003

Crockett, M. J., Kurth-Nelson, Z., Siegel, J. Z., Dayan, P., & Dolan, R. J. (2014). Harm to others
outweighs harm to self in moral decision making. Proceedings of the National Academy of
Sciences, 111(48), 17320—17325. https://doi.org/10.1073/pnas. 1408988111

Crockett, M. J., Siegel, J. Z., Kurth-Nelson, Z., Dayan, P., & Dolan, R. J. (2017). Moral transgressions
corrupt neural representations of value. Nature Neuroscience, 20(6), 879—885.
https://doi.org/10.1038/nn.4557

Depow, G. J., Lin, H., & Inzlicht, M. (2022). Cognitive effort for self, strangers, and charities.
Scientific Reports, 12(1), 15009. https://doi.org/10.1038/s41598-022-19163-y

Dobryakova, E., Jessup, R. K., & Tricomi, E. (2017). Modulation of ventral striatal activity by
cognitive effort. Neurolmage, 147, 330-338.
https://doi.org/10.1016/j.neuroimage.2016.12.029

Engel, C. (2011). Dictator games: A meta study. Experimental Economics, 14(4), 583—610.
https://doi.org/10.1007/s10683-011-9283-7

Forbes, P. A. G., Aydogan, G., Braunstein, J., Todorova, B., Wagner, 1. C., Lockwood, P. L., Apps, M. A.



https://doi.org/10.3724/sp.J.1041.2024.01157
https://doi.org/10.1037/h0047195
https://doi.org/10.1037/0022-3514.61.3.413
https://doi.org/10.1093/cercor/bhab480
https://doi.org/10.1016/j.neubiorev.2015.04.004
https://doi.org/10.1073/pnas.2221510120
https://doi.org/10.1371/journal.pbio.1002598
https://doi.org/10.1073/pnas.2111785119
https://doi.org/10.1037/emo0000813
https://doi.org/10.1016/j.neubiorev.2020.08.003
https://doi.org/10.1073/pnas.1408988111
https://doi.org/10.1038/nn.4557
https://doi.org/10.1038/s41598-022-19163-y
https://doi.org/10.1016/j.neuroimage.2016.12.029
https://doi.org/10.1007/s10683-011-9283-7
https://chinaxiv.org/abs/202606.00002V1

J., Ruff, C. C., & Lamm, C. (2024). Acute stress reduces effortful prosocial behaviour. eLife,
12, RP87271. https://doi.org/10.7554/cLife.87271

Gaule, A., Martin, P., Lockwood, P. L., Cutler, J., Apps, M., Roberts, R., Phillips, H., Brown, K.,
McCrory, E. J., & Viding, E. (2024). Reduced prosocial motivation and effort in adolescents

with conduct problems and callous-unemotional traits. Journal of Child Psychology and
Psychiatry, 65(8), 1061-1071. https://doi.org/10.1111/jcpp.13945

Gouldner, A. W. (1960). The norm of reciprocity: A preliminary statement. American Sociological
Review, 161-178.

Hein, G., Silani, G., Preuschoff, K., Batson, C. D., & Singer, T. (2010). Neural responses to ingroup

and outgroup members' suffering predict individual differences in costly helping. Neuron,
68(1), 149-160. https://doi.org/10.1016/j.neuron.2010.09.003

Hernandez Lallement, J., Kuss, K., Trautner, P., Weber, B., Falk, A., & Fliessbach, K. (2014). Effort
increases sensitivity to reward and loss magnitude in the human brain. Social Cognitive and
Affective Neuroscience, 9(3), 342—349. https://doi.org/10.1093/scan/nss147

Husain, M., & Roiser, J. P. (2018). Neuroscience of apathy and anhedonia: A transdiagnostic approach.
Nature Reviews Neuroscience, 19(8), 470—484. https://doi.org/10.1038/s41583-018-0029-9

Imas, A. (2014). Working for the "warm glow": On the benefits and limits of prosocial incentives.
Journal of Public Economics, 114, 14—18. https://doi.org/10.1016/j.jpubeco0.2013.11.006

Inzlicht, M., Shenhav, A., & Olivola, C. Y. (2018). The effort paradox: Effort is both costly and valued.
Trends in Cognitive Sciences, 22(4), 337—-349. https://doi.org/10.1016/].tics.2018.01.007

Jiang, H., & Zheng, Y. (2024). Effort expenditure increases risk-taking for improbable rewards.
Personality and Social Psychology Bulletin, 51(8), 1-15.
https://doi.org/10.1177/01461672231218746

Jones, B. A. (2021). A review of social discounting: The impact of social distance on altruism. The
Psychological Record, 72(3), 511-515. https://doi.org/10.1007/s40732-021-00488-5

Kool, W., & Botvinick, M. (2018). Mental labour. Nature Human Behaviour, 2(12), 8§99-908.
https://doi.org/10.1038/s41562-018-0401-9

Kurzban, R., Duckworth, A., Kable, J. W., & Myers, J. (2013). An opportunity cost model of subjective
effort and task performance. Behavioral and Brain Sciences, 36(6), 661-679.
https://doi.org/10.1017/S0140525X12003196

Liu, J., Gu, R, Liao, C., Lu, J,, Fang, Y., Xu, P, Luo, Y. J., & Cui, F. (2020). The neural mechanism of
the social framing effect: Evidence from fMRI and tDCS studies. Journal of Neuroscience,
40(18), 3646—3656. https://doi.org/10.1523/jneurosci.1385-19.2020

Lockwood, P. L., Abdurahman, A., Gabay, A. S., Drew, D., Tamm, M., Husain, M., & Apps, M. A. J.
(2021). Aging increases prosocial motivation for effort. Psychological Science, 32(5),
668—681. https://doi.org/10.1177/0956797620975781

Lockwood, P. L., Apps, M. A., & Chang, S. W. (2020). Is there a ‘social’brain? Implementations and
algorithms. Trends in Cognitive Sciences, 24(10), 802-813.
https://doi.org/10.1016/j.tics.2020.06.011

Lockwood, P. L., Hamonet, M., Zhang, S. H., Ratnavel, A., Salmony, F. U., Husain, M., & Apps, M. A.
J. (2017). Prosocial apathy for helping others when effort is required. Nature Human
Behaviour, 1(7), 0131. https://doi.org/10.1038/s41562-017-0131

Lockwood, P. L., van den Bos, W., & Dreher, J.-C. (2025). Moral learning and decision-making across
the lifespan. Annual Review of Psychology, 76(1), 475-500.



https://doi.org/10.7554/eLife.87271
https://doi.org/10.1111/jcpp.13945
https://doi.org/10.1016/j.neuron.2010.09.003
https://doi.org/10.1093/scan/nss147
https://doi.org/10.1038/s41583-018-0029-9
https://doi.org/10.1016/j.jpubeco.2013.11.006
https://doi.org/10.1016/j.tics.2018.01.007
https://doi.org/10.1177/01461672231218746
https://doi.org/10.1007/s40732-021-00488-5
https://doi.org/10.1038/s41562-018-0401-9
https://doi.org/10.1017/S0140525X12003196
https://doi.org/10.1523/jneurosci.1385-19.2020
https://doi.org/10.1177/0956797620975781
https://doi.org/10.1016/j.tics.2020.06.011
https://doi.org/10.1038/s41562-017-0131
https://chinaxiv.org/abs/202606.00002V1

https://doi.org/10.1146/annurev-psych-021324-060611
Lockwood, P. L., Wittmann, M. K., Nili, H., Matsumoto-Ryan, M., Abdurahman, A., Cutler, J., Husain,
M., & Apps, M. A. J. (2022). Distinct neural representations for prosocial and self-benefiting
effort. Current Biology, 32(19), 4172—4185. https://doi.org/10.1016/j.cub.2022.08.010
Lopez-Gamundi, P., Mas-Herrero, E., & Marco-Pallares, J. (2024). Disentangling effort from

probability of success: Temporal dynamics of frontal midline theta in effort-based reward
processing. Cortex, 176, 94—112. https://doi.org/10.1016/j.cortex.2024.03.014

Norton, M. 1., Mochon, D., & Ariely, D. (2012). The IKEA effect: When labor leads to love. Journal of
Consumer Psychology, 22(3), 453—460. https://doi.org/10.1016/].jcps.2011.08.002

Pan, W,, Lu, J., Wu, L., Kou, J., & Lei, Y. (2023). Expending effort may share neural responses with

reward and evokes high subjective satisfaction. Biological Psychology, 177, 108480.
https://doi.org/10.1016/j.biopsycho.2022.108480
Persson, E., Tinghog, G., & Vistfjill, D. (2024). Intertemporal prosocial behavior: a review and

research agenda. Frontiers in Psychology, 15, 1359447,
https://doi.org/10.3389/fpsyg.2024.1359447

Pfattheicher, S., Nielsen, Y. A., & Thielmann, 1. (2022). Prosocial behavior and altruism: A review of
concepts and definitions. Current  Opinion in  Psychology, 44, 124-129.
https://doi.org/10.1016/j.copsyc.2021.08.021

Qu, C., Hu, Y., Tang, Z., Derrington, E., & Dreher, J. C. (2020). Neurocomputational mechanisms

underlying immoral decisions benefiting self or others. Social Cognitive and Affective
Neuroscience, 15(2), 135—149. https://doi.org/10.1093/scan/nsaa029

Ruff, C. C., & Fehr, E. (2014). The neurobiology of rewards and values in social decision making.
Nature Reviews Neuroscience, 15(8), 549—562. https://doi.org/10.1038/nrn3776

Sellitto, M., Neufang, S., Schweda, A., Weber, B., & Kalenscher, T. (2021). Arbitration between insula
and temporoparietal junction subserves framing-induced boosts in generosity during social
discounting. Neurolmage, 238, 118211. https://doi.org/10.1016/j.neuroimage.2021.118211

Shenhav, A., Musslick, S., Lieder, F., Kool, W., Griffiths, T. L., Cohen, J. D., & Botvinick, M. M.
(2017). Toward a rational and mechanistic account of mental effort. Annual Review of
Neuroscience, 40, 99—124. https://doi.org/10.1146/annurev-neuro-072116-031526

Suzuki, S., Lawlor, V. M., Cooper, J. A., Arulpragasam, A. R., & Treadway, M. T. (2021). Distinct
regions of the striatum underlying effort, movement initiation and effort discounting. Nature
Human Behaviour, 5(3), 378—388. https://doi.org/10.1038/s41562-020-00972-y

Talbot, J., Cutler, J., Tamm, M., Little, S. J., Harmer, C. J., Husain, M., Lockwood, P. L., & Apps, M. A.
J. (2025). Dopamine boosts motivation for prosocial effort in Parkinson’s disease. The Journal
of Neuroscience, €1593242024. https://doi.org/10.1523/jneurosci.1593-24.2024

Umemoto, A., Lin, H., & Holroyd, C. B. (2022). Electrophysiological measures of conflict and reward

processing are associated with decisions to engage in physical effort. Psychophysiology,
e14176. https://doi.org/10.1111/psyp.14176
Vanags, P., Cutler, J., Kosse, F., & Lockwood, P. L. (2025). Greater income and financial well-being are

associated with higher prosocial preferences and behaviors across 76 countries. PNAS nexus,
4(2), pgae582. https://doi.org/10.1093/pnasnexus/pgae582

Westbrook, A., van den Bosch, R., Maatta, J. 1., Hofmans, L., Papadopetraki, D., Cools, R., & Frank, M.
J. (2020). Dopamine promotes cognitive effort by biasing the benefits versus costs of
cognitive work. Science, 367(6484), 1362—1366. https://doi.org/10.1126/science.aaz5891



https://doi.org/10.1146/annurev-psych-021324-060611
https://doi.org/10.1016/j.cub.2022.08.010
https://doi.org/10.1016/j.cortex.2024.03.014
https://doi.org/10.1016/j.jcps.2011.08.002
https://doi.org/10.1016/j.biopsycho.2022.108480
https://doi.org/10.3389/fpsyg.2024.1359447
https://doi.org/10.1016/j.copsyc.2021.08.021
https://doi.org/10.1093/scan/nsaa029
https://doi.org/10.1038/nrn3776
https://doi.org/10.1016/j.neuroimage.2021.118211
https://doi.org/10.1146/annurev-neuro-072116-031526
https://doi.org/10.1038/s41562-020-00972-y
https://doi.org/10.1523/jneurosci.1593-24.2024
https://doi.org/10.1111/psyp.14176
https://doi.org/10.1093/pnasnexus/pgae582
https://doi.org/10.1126/science.aaz5891
https://chinaxiv.org/abs/202606.00002V1

Wu, M., & Zheng, Y. (2023). Physical effort paradox during reward evaluation and links to perceived
control. Cerebral Cortex, 33(15), 9343—9353. https://doi.org/10.1093/cercor/bhad207

Wu, R., Ferguson, A. M., & Inzlicht, M. (2023). Do humans prefer cognitive effort over doing nothing?
Journal of Experimental Psychology: General, 152(4), 1069-1079.
https://doi.org/10.1037/x2e0001320

Yi, W., Mei, S., Zhang, M., & Zheng, Y. (2020). Decomposing the effort paradox in reward processing:

Time matters. Neuropsychologia, 137, 107311.
https://doi.org/10.1016/j.neuropsychologia.2019.107311

Zentall, T. R. (2010). Justification of effort by humans and pigeons. Current Directions in
Psychological Science, 19(5), 296—300. https://doi.org/10.1177/0963721410383381

Zhang, M., & Zheng, Y. (2022). Neural dynamics of effort-modulated reward processing.
Psychophysiology, 59(10), e14070. https://doi.org/10.1111/psyp.14070

Zheng, Y., Zhang, M., & Wu, M. (2024). Effort discounts reward-based control allocation: A
neurodynamic perspective. Psychophysiology, 61(2), el4451.
https://doi.org/10.1111/psyp.14451

A two-stage model of the effects of prosocial effort on reward

processing

ZHENG Ya, YANG Ziyang
(Center for Reward and Social Cognition, School of Education, Guangzhou University, Guangzhou 510006, China)
Abstract: Prosocial behavior often requires people to incur personal costs to benefit others.
Although many studies have focused on the benefits received by others, the effects of self-incurred
costs on prosocial behavior remain underexplored. The few studies that have examined self-costs
have mainly focused on the trade-oft between effort costs and monetary rewards, overlooking the
broader neural dynamics through which effort shapes the valuation of benefits to others. Recently,
we demonstrated an effort paradox mechanism, whereby effort exerted for oneself both
prospectively discounts and retrospectively enhances reward value. We hypothesize that this
two-stage relationship between effort and reward may constitute a novel mechanism underlying
prosocial behavior. To test this hypothesis, we will combine behavioral experiments with EEG and
fMRI to examine the neural dynamics that arise when individuals exert cognitive effort to earn
rewards for themselves versus for others. We will further determine whether these neural
dynamics are domain-general or domain-specific across different forms of effort and benefit.
These findings will clarify the cognitive and neural mechanisms by which prosocial effort shapes

reward processing, thereby addressing a key gap in current theories and offering a new perspective
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on how self-incurred costs and others' benefits are balanced, and on how prosocial behavior can be
promoted.

Keywords: prosocial behavior; cognitive effort; reward; effort paradox
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