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Neurocomputational evidence that con icting prosocial motives
guide distributive justice

<XHWEIL -LHB¥Y &KULVWLED & @6XLDRTICOLU=KRX

(GLWHG E\ 56HQ«bODURLY 9DQGHUELOW 8QLYHUVLW\ UHFHLYHG -XQH DFFHSWHG 2FWREHU

In the history of humanity, most con icts within and between societies have ori °

nated from perceived inequality in resource distribution. How humans achieve

maintain distributive justice has therefore been an intensely studied issue. How

most research on the corresponding psychological processes has focused onine SHVRXUFH DOORFDWLRQ LQ k
aversion and has been largely agnostic of other motives that may either alignoro VRFLHWLHV XVXDOO\ WULJJH
this behavioral tendency. Here we provide behavioral, computational, and ne GLVFXVVLRQV DERXW IDLUQH
imaging evidence that distribution decisions are guided by three distinct motive vDpWLVIDFWRU\ VROXWLRQV V
inequality aversion, harm aversion, and rank reversal aversion—that interact G| vWULEXWLRQ SUREOHPV D
each other and can also deter'lndlwduals from pursuing equality. At the neural I | QYROYH RWKHU SURVRFLDO
we show that t_hes_e three motives are encoded_by separate neural systems, € \ukpw PD\ SUHVFULEH GLSHU
for representation in various brain areas processing equality and harm signals, a DFWLROV +HUH ZH DGGUHV\
integrated in the striatum, which functions as a crucial hub for translating the moti

to behavior. Our ndings provide a comprehensive framework for understanding S i | L ) D W
cognitive and biological processes by which multiple prosocial motives are co FRQELFWV EHWZHHQ PXOWLS
nated in the brain to guide redistribution behaviors. is framework enhances oo SURVRFLDO PRWLYHV IDLUQ
understanding of the brain mechanisms underlying equality-related behavior,sug DYHUVLRQ DQG UDQN UHYHU
possible neural origins of individual di erences in social preferences, and provic DYHUVLRQ GXULQJ ZHDOWK
new pathway to understand the cognitive and neural basis of clinical disorders GLVWULEXWLRQ &RPELQLQJ
impaired social functions. H[SHULPHQWDO SDUDGLJP ZL
DQG LQWHJUDWHG
QHXURFRPSXWDWLRQDO"FRE

Most proposals for structuring human societies—from Aristotle’s Nicomachean E 2zlnl VikiRa GKIDGT ©6 S U Ao e
Marxism and the Declaration of Independence—highlight that the pursuit of fairn¢ PRWLYHV DUH VHSDUDWHO\
equality is a cornerstone of social justice and is essential for productive coexiste UHSUHVHQWHG DQG LQWHJUL
collaboration (1). Fairness principles not only a ect everyone’s individual situation FKRLFHV E\ QHXUDO DFWLYL\
work income) but also shape collective political ideology and social welfare (e.g.,t VWULDWXP DQG LWV LQWHUD
and health-resource distribution policies) (2, 3). In line with this universal importt GLSHUHQW EUDLQ UHJLRQV
people usually approach issues of distributive justice from the perspective of fairnes (QGLQJV H[WHQG XQLGLPHQV
(4), which are considered to be the most fundamental principle by which humar  4EFRQRPLF WKHRULHV RI WKL
tribute resources (5, 6). is view is mqreasmgly suppor'ted. by evidence that peopl yRELDO SUHIHUH QFHV EKDU!
gE%sr]rsi‘gi?rllsée;dsvgg;[;g\?ic(j)Ig?é?seigtolggn more equally distributed outcomes (7, 8) t ELRORJLFDO EDVHV IRU LQGL
However, fairness norms and inequality aversion alone cannot fully account for ¢ DQG FRQWH[WXDO GLSHUHQF
in situations requiring resource redistribution, which often re ect di erent motives A I e - R Q E
Imagine that two colleagues have made similar contributions to a project, but PQG KDYH HFRQRPLF DQG SR
employer gave one of them 1,000 dollars as bonus and the other only 100 doll LPSOLFDWLRQV IRU WKH GHV
$1000 / B: $100). Most people would feel frustrated by such an unequal distributic WD[DWLRQ SROLFLHV
13) and would be willing to help the disadvantaged colleague (6, 14), albeit within c_. ...
limits. For example, most people would be happy to transfer 200 dollars from the ag\@zry FrowuLeExwLrRQY </ -+ DOQG
taged to the disadvantaged (A: $800 / B: $300) but would be reluctant to transfey #O0UFK </ DQG - + SHUIRUPHG UHVH
dollars since this would reverse the initial rankings of each party (A: $300 / B: $800. IS}, 1 wan spsno -0 /He 6owWe pee -+
gives an example of the core motive con icts in distributive justice, which in real life gfteR x wxruv cHFoDUH QR FRPSHWLOJ LOW
lead to intense debates, e.g., on how to increase taxation on wealthy people whilg,at,the . ron Lv b 3186 "‘LUHFW 6xEPLVVL
same time protecting everyone's interests and maintaining social order (15). is realdif@ru LQYLWHG E\ WKH (GLWRULDO %RDU
example emphasizes the necessity to explore the boundaries of inequality aversigrangdtxw « WKH $XWKRU V  3XEOLVK
understand the natural limits of what people would do in the name of “fairness” (164 4y e xwi ro 1R 0&RPPHUFLDO 1R HULYDW
In situations like the above dilemma, and taxation debates in general, a primary amws 1& 1
to reduce social inequality. However, this always involves trade-0 s between inequalityoc - + FRQWULEXWHG HTXDOO\ WR W
aversion and at least two other motives that support the status quo—harm aversiori {R, 28kP FRUUHVSRQGHQFH PD\ EH DGGUH
and rank reversal aversion (8). Speci cally, moral decision studies suggest that“géople #7PPLO FRP RUII #SNXHGX FQ
generally take into account the “do-no-harm” principle and tend to avoid helping @hR " 7 2 s o oW R us DRRAXS VX SED 68
group at the expense of harming another group, even when the bene ts outweigh the harm &e6xssoHpPHQwDO
(2, 18). is entails that people are reluctant to redistribute wealth by transferring moneyoLvkrc 1RYHPEHU

VWULDWXP=_=IURQWRVWULDWDO FLUFXLWU\=_=GHFLVLRQ PDNLQJ=_=
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from the advantaged to the disadvantaged party (19, 26)other systems during con icts with other motives (Scenario 1:
Supporting this tendency, people are averse to overturn stable@@r ict gating of equality signals). On the other hand, previous
archies in a society even though such preexisting hierarchiestudigs have suggested that neural sensitivity to equality signals c:
con ict with their inequality aversion (21, 22). During wealtldepend on how strongly individuals weigh equality and that equal
redistribution, it is widely observed that people are anchoredtysignals may in fact only be expressed when individuals’ decision
the initially unequal distribution and support such inequality #re actually guided by equality (33). erefore, neural equality
avoid reversal of preexisting income rankings (8). us, while hamepresentations may vary in their strength when other motives con
aversion and rank reversal aversion can be seen as prosocial mcitiwéts inequality aversion (Scenario 2: Con ict modulation of
(in that they promote social welfare), they can work against ieguality signals).
quality aversion and deter people from pursuing equality. To address these questions, we developed a redistribution gam
To establish the boundaries of these di erent motives, we hiee allowed us to measure individuals’ inequality aversion, harm
to uncouple them and examine how each of them contributesersion, and rank reversal aversion during wealth redistribution. In
redistribution behaviors in situations where they are in con itte redistribution game, the participant played as a third-party to
However, previous studies often employed paradigms specializedistribute wealth between two anonymous strangers. ey were
study each motive in isolation, potentially biasing participantsrsi presented with a monetary distribution o er between two
act in line with just one of them. For instance, since in most of gtengers (e.g., initial o er: Person A: ¥15, Person B: ¥3) and were
previous paradigms, participants either played as victims of utdidrthat these initial endowments were allocated randomly by a
distributions (6, 14, 23) or played as irrelevant third-party to punstmputer. ey could choose between two alternative o ers to reach
intentional norm violations (7, 24), motives to maximize one’s oamore equal distribution. Critically, we included two conditions:
interests or to punish norm violators may have ampli ed obserkrethe No Rank-reversal condition, the two alternative o ers were
inequality aversion in these situations. Moreover, due to the limitath more equal than the initial o er but maintained the payo
tions of previous paradigms and econometric models (25, 26),rarging across the initially advantaged and disadvantaged perso
di cult to di erentiate harm aversion and rank reversal aversiga.g., O er 1: Person A: ¥14, Person B: ¥4; O er 2: Person A: ¥10,
from inequality aversion and to clarify how humans weigh betwBerson B: ¥8). In the Rank-reversal condition, by contrast, partici-
these motives to make redistribution decisions. e trade-gpants were presented with the same initial o er and the same more
between these motives may challenge the basic assumption ofunaqual alternative o er (e.g., O er 1: Person A: ¥14, Person B:
econometric social preference models that distribution behavd)s but with a di erent alternative o er (e.g., O er 2: Person A:
depend on ultimate outcomes rather than the changes betwee¥8hBerson B: ¥10) that had the same inequality level as the alterng
ultimate and initial outcomes (25, 26). tive in the No Rank-reversal condition but that reversed the initially
In the current study, we aim to develop an integrated approealative rankings (Fig. 12Ad B. If redistribution decisions are only
to examine how inequality aversion, harm aversion, and rank redraren by inequality aversion, people will choose the more equal
sal aversion interact with each other to guide wealth redistributi@r more often regardless of whether or not the more equal o er
choices. Specically, we present a paradigm and a modehiligreverse the initially relative rankings. But if harm aversion and
approach that allows us to establish the boundaries and reledivereversal aversion are at play, people will choose the more equ
strengths of each motive and to elucidate the neural mechanisendess often in the Rank-reversal condition than No Rank-reversal
underlying their e ects on redistribution. We employ functionaondition. is allows us to capture harm aversion (via participants’
magnetic resonance imaging (fMRI) to clarify how informatiatecision weights on how much money is taken away from the advan
relevant for the di erent motives is represented and integratethined party) and rank reversal aversion (by a binary weight on choice
the human brain when people make redistribution decisions. @ma would reverse the initial rankings). We set up the o er matrix
hypothesis is that equality-related information may be represengedfully so that the di erent motives were uncorrelated across trials
in the reward system [e.g., striatum\&A®FC, (6, 27, 28)]and and our paradigm and model could capture the e ects of each motive
that individuals’ preferences related to equality seeking can befpredetails, see SI Appendix
dicted by this activity, as well as the connectivity strengths between
these regions and other systems (e.g., prefrontal regions) (7, 14,
29). With respect to harm aversion and rank reversal aversion, the
literature suggests that social cognition (e.g., temporal parietal junc
tion (TPJ)) and executive control systems (e.g., prefrontal regions)
may underlie expression of these motives, since these structures
have been found to be associated with greater preferences to min-
imize others’ loss or pain (30-32). us, TPJ and prefrontal cortex
may be sensitive to information concerning harm to others, which
may be expressed as harm aversion and rank reversal aversion.
After identifying the systems involved in representing the infor-
mation relevant for each motive, we examined how these motives
are weighed and coordinated in the brain to guide redistribution
decisions. To this end, we focus on how neural systems representing
the di erent signals interact with each other to a ect decisions in
line with the latent motives. is allows us to di erentiate between
two potential scenarios regarding the motive-weighing process. On
the one hand, while similar neural responses to equality signals
have been observed in the striatum across di erent contexts, the
connectivity of striatum with other brain regions has varied (6, 14).
erefore, one possible scenario is that equality signals are repre-
sented invariantly in the human brain, but conveyed di erentially
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reduced the inequality level (e ect éh@quality with ORE = 1.58, Alnequality and\Transfer, and inspected how individuals’ choices
95% CI[1.37-1.83], R 0.001, Fig. 1@ eft and SI Appendix, Table varied as functions of these variables. Since we had orthogonalize
S2) and when the initial inequality was greater (e ecimitigh ~ the di erences in initial endowment and in transfer/inequality
endowment with ORE = 1.12, 95% CI [1.01-3.24}, ®04, S|  between the two@lternative o ersfthe e ects reported here are
Appendix, Fig. S2A and Table S3). However, individuals’ probahility confounded by the e ect of initial endowment (please see Fig.
to choose the more equal o er was lower in the Rank-revet8ylLeft and S| Appendix, Fig. S1). ese post-hoc tests con rmed
condition than in the No Rank-reversal condition (ORE = 0.3%hat harm aversion had a stronger e ect on redistribution
95% CI[0.33 —0.42], R rank-reversiEQqual) = 0.78 + 0.03 (MEAN for higher levels of inequality di erence (i.e., Alnequality = 8,
x SE)v Bank-reverséEqual) =038+ 00456) = 888! 23 00011 tATransfer: low vs middle, Alnequality :(56) = 271! pl’ransfer: low vs middle,
Fig. 1CRight), demonstrating that rank reversal aversion in UeNgEs,aiity = &= -009; L transter: low vs highjmequality = £26) = 2.36, Brranser:
choices independently from inequality considerations (which W&I& nign, anequaiity =3 -022, Fig. 11 1 TfO Tw ()Tj,1 1 TfO Tw (6 18€
matched across the two conditions). Importantly, participants also
chose the more equal o er less frequently when it entailed larger
transfers of money from the advantaged to the disadvantaged party
(e ect of A Transfer with ORE = 0.46, 95% CI [0.43—-0.50% P
0.001,SI Appendix, Fig. S2B and Table S4), showing that harm
aversion also a ected choices on top of rank reversal aversion. is
was also evident in a two-wanequality * ATransfer interaction
(ORE = 0.69, 95% CI [0.50-0.96],#70.03), and a three-way A
Inequality * ATransfer * condition interaction (ORE = 1.44, 95%
CI[1.16-1.79], < 0.001).

To visualize and examine the patterns of the e ects in the big
regression model, we divided all trials based on condition,
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A 5 ' , . indeed captured the observed choice probabilities well (tau = 0.89
[ , P < .001, Fig. 2% Interestingly, inequality aversiengnd rank

' reversal aversidi) {vere negatively correlated with each other (tau
= 0.62, P<.001, SI Appendix, Fig. Right). Given the posterior
predictive checks and parameter recovery results, this correlation

e . : : . = very unlikely due to poor model performance and much more likely
J o« 1{ o to indicate that more (less) inequality-averse participants indeed car
WS Y e T less (more) about rank reversal.
] :fofmfigﬁ;&%' S Together, the model-based results suggest that people conside
— a:,; F ; : : all three motiv:_as (ineq_uality aversion,_ ha_\rm_aversion, and rank
' b TErm -h YR T e reversal aversion) during wealth redistribution. Moreover, the

«© 1l 1 U L 7 n‘ i i UT“J i speci ¢ form of the winning model M4a entails that people mainly
I

il consider o ers harmful if these entail taking more money than
would be necessary to reach a given equality level.

T T‘u“ifﬁﬁi '||‘*M ih‘t,“_mﬂ LT le
OHW\IIJ,, 0 L (e ks

B-01 R=p2 R-DE_R-p3.8-0

a=0.1 a
Neuroimaging Results.  As our behavioral and modeling analyses
suggested that participants jointly consider inequality aversion, harm
aversion, and rank reversal aversion to make redistribution decision:
we investigated how these motives may be coordinated at the leve
of brain mechanisms. First, we clari ed how each of these motives
(e.g., equality and harm signals) is represented in the brain. To do sc
we de ned equality and harm signals based on the winning model
(M4a) and inspected how these signals correlate with brain activity
either separately (general linear model 1, GLM1) or integrated into
a common choice utility signals (GLM2). For these analyses, we
. focused on sEriatum and ventromedial prefrontal CGNERKC),
T TR WSS R KSR RIS 1, ARERUE s aus Preryenepiedy suagesied o be e
UHOLDEO\ DQG LQGHSHQGHQWO\ Rl HDFK RWKHU L&du@Iyvansh chaieaUiiy) PEcessng k6o3. We also conducted
PRGHO FDQ FOHDUO\ XQFRXSOH WKH HSHFWV RI GLexploraioryremalysesvasross thieLwhale beam to identify other area

UHGLVWULEXWLRQ EHKDYLRUV :H JHQHUDWHG G D dgpetatig Witl? thBSE° sighalks: Seddiit W& 'examined how thes
WKUHH SODXVLEOH YDOXHW:IRU HDFK SDUDPHW IR G

7KH ER[HV UHSUHVHQW WKH GvauLEXWLR%\QtﬁﬁeWmﬁhmﬁ§QJﬂ.Q@%BWiQD@y investigating how the
IURP VLPXODWLRQ VHWV RI HDFK FRPELQDWLRQ €arrespanding bain astivityris sunetonally coupled, and how this

\';\IRKLIJ%USHI;/L?DRPQI-?V\\; HVl\J/\Fj F;E : CJNQ'S: : YFHRUPHEGL g BYJVS E SW aﬁUéfvweFafééf 1o Mo étr‘drg%?( Yhie xibtive eevidenit in the behavioral e ects
YDOXH RI WKH SDUDPHWHU LWVHOI DQG QRW ZLWK WW@Q@ WP&J@W@Q&%&I\/E?&W@LMs 3 a_md 4).
VKRZ WKH GLVWULEXWLRQV Rl WKH SDUDPHWHUV RI @k i$,zwe desied whetber meural sespenses to equality signals
WR GLSHUHQW PRWLYHV L&QHTOOLPL WY HYHRRER QD gnteracted with other regions related to harm processing or rank

B . -
ull-liLHFt’JF\'/g I?D ;\\; Hgdl @VSES SODLSSIL/HI\_NQHGULVF D(vg? KW.JKUHD \Pg g\?v\fl?%?&%mﬁ(?%mag@ @gﬁ%ﬁ(ﬁ%ﬁs W|thcthe observed t_)ehaVIOI’c
ORGHO VLPXODWLRQ UHVXOWYV 7KH VEDWWHU sorw §RRBy 859 \Q0RSes WWRle ALk \gﬁﬂt\/\mﬁ%me_'bra'n level,
REVHUYHG SUREDELOLW\ Rl PRUH HTXDO FKRLFH DQG identifyoany rxesthatansy show 1soicky functional interactions.
RI'PRUH HTXDO FKRLFH EDVHG RQ PRGHO 0 D LQ WKHNf&YMCE for Al WhBle-BraihtambRSes employed SnPM and used

cluster-level threshold of B.05 family-wise error (FWE) corrected
there was no reliable di erence in the accuracy with which chdarehe whole brain, whereas region of interest (ROI) analyses wert
data generated by M3a were recovered by M4a (0.84 + 0.02)pantbrmed at a voxel-levek .05 FWE corrected for the ROI
M3a (0.82 + 0.02, t(53) = 1.66, P = 0.104). us, the winningvolume (see S| Appen8ixiMaterials and Methods for details).
model M4a was indeed able to predict and capture unique aspects
of the data compared to the closest alternative model. Striatum Represents Equality and Drives More Equal Choice.

We rst examined how signals associated with inequality aversion
Model Parameters.  In line with the model-free analyses, modeknd harm aversion were represented in the brain, by constructing
based analyses con rmed that participants’ redistribution behadaofSLM 1 containing parametric regressors corresponding to
in the Rank-reversal condition were driven by inequality aversauality in both conditions and harff) (in the Rank-reversal
harm aversion, and rank reversal aversion: Participants weighamtitition (see S| Append@kMaterials and Methods for details).
inequality di erence between the two alternative arersQ.51 We de ned equality signals-a&F = |E, — Ez| — |1, — 13| SO
+ 0.06, (56) = 8.90, K 0.001, Cohen's d = 1.18), devalued théhat higher equality values corresponded to smaller di erences in
more equal o er by the extra harm for the initially advantaged pangquality between the two alternative o ers. e rationale for
(8 =0.45 £ 0.06(%6) = 7.83, K 0.001, Cohen's d = 1.04), and this de nition was that people may perceive equality as something
valued rank reversal negativety@.96 + 0.07(56) = 13.23, R that is positively motivating and therefore assign increasingly
0.001, Cohen's d = 1.75, Fig) 2B line with expectations, greaterlarger values to more equal distributions. By contrast, when
inequality aversioa)(was associated with higher probability of mo@ther motives con ict with equity-pursuing motives, responses
equal choice (tau = 0.74<P.001, SI Appendix, Fig. Sf). By  to equality signals may be modulated, and motives to avoid harm
contrast, greater harm avergigia = 0.27, P=0.004) and greater may take over to guide decisions.
rank reversal aversiéntéu = 0.63, P< 0.001) were associated Our ROI analyses con rmed that activity in the striatum was
with higher probability of more unequal choice (S| Appendix, Fajated to equality. Speci cally, activity in bilateral caudate/
S4,Middle andRight panels). Moreover, model simulation analygegamen (left peak MNI coordinates: [ 18, 11, 1], voxel-wise
showed that the choice probabilities predicted by the winning mg{WE) = 0.048, t-value = 3.64, k = 111; right peak MNI

Danl vrravareal randitsan Daramatar acHmatac
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coordinates: [15, 20, 5], voxel-wise p(FWE) = 0.064, t-value =Taken together, these ndings show that, in situations where
3.55, k = 76) varied parametrically with equaliyj in the  inequality aversion is the main motive guiding behavior, the stri-
No Rank-reversal condition (Fig)3#ut not in the Rank-reversal atum plays a critical role in processing equality and biasing redis:
condition. A comparison between conditions con rmed a matr@ution behaviors in line with these concerns.
positive striatal parametric e ect of equality in the No Rank-
reversal than Rank-reversal condition (peak MNI coordinatesddtical Regions Involved in Signaling Harm. In the Rank-reversal
14, 5], voxel-wise p(FWE) = 0.032, t-value = 4.01, k = 45, Figpndition, whole-brain analyses showed that activity in several brair
3B and Sl Appendix, Fig. S7 for a visualization of this e ect). Nateas correlated with the harm signals related to the more eque
that this e ect was also con rmed in the subsequent whole-braiar. ese areas comprised dorsomedial prefrontal cortex/anterior
analysis (S| Appendix, Table S7). e absence of striatum respoosegilate cortex (DMPFC/ACC), inferior frontal gyrus (IFG),
to equality in the Rank-reversal condition may be due to interadddle frontal gyrus (MFG), TPJ, and inferior temporal gyrus (ITG)
tions between inequality aversion and the other motives that(Big 3DandSI Appendix, Table S7). us, these areas could either
stronger in this condition, a possibility that we tested explicitlyr@present the strength of the harm aversion motive, or they could
analyses described later. be involved in processing/resolving the con ict between concerns
Our second ROI analysis showedWh&PFC was not involved about inequality and harm. e latter interpretation may be in line
in equality processing. However, consistent with prior studies (88h previous ndings that DMPFC/ACC, IFG, and MFG are often
36), this area (MNI peak coordinates: [3, 56, 14], t-value = 2.7&ctivated during cognitive control, con ict resolution, or behavioral
voxel-wis@ (FWE-SVC) = 0.049, k = 30, withitM PFC ROl  adaptation (37, 38); and that TPJ is involved in mentalizing and
with 8mm radius centered on the peak MNI coordinatgserspective taking (39, 40). However, none of the neural e ects in
[0, 52, 8] involved in monetary incentive processing in ref. 3B)ese areas were associated with the strength of behavioral har
was involved in representing the model-predicted value of dkiersion or inequality aversion, or the probability of more equal
chosen option. is nding provides neural validation of our eom choice in the Rank-reversal condition. is motivated us to further
putational behavioral model. examine whether and how the strength of the di erent motives was
Given that striatum was involved in signaling equality in tiepresented by interactions between the dierent neural systems
No Rank-reversal condition, we examined whether activity in tlépresenting harm and equality.
area can bias behavior in line with inequality aversion. A post-hoc
correlation analysis showed that greater sensitivity to equalitypsigFc, as a Region Signaling Harm, Dampens Neural Sensitivity
nals (i.e., more positive parametric estimat@s®)fin putamen  to Equality in Striatum. ~ We had observed weaker inequality
(MNI peak coordinates: [ 18, 11, 2], max t-value =2.65, voxaversion and dampened striatal sensitivity to equality in the
el-wisg (FWE-SVC) = 0.043, k = 6, ROI center MNI coordinatefRank-reversal condition. ese ndings suggest that behaviorally
[12, 10, 6]) was indeed associated with a signi cantly higheelevant neural equality signals may not be represented invariabl
probability of more equal choice in the No Rank-reversal coraliross di erent contexts, but may be modulated in situations
tion (Kendall's tau = 0.27, P = 0.003, robust regression: b = 7\8bere they con ict with harm signals. If this “con ict modulation”
P = 0.002, Fig. 3C) but not in the Rank-reversal condition (§&tenario held true, we should be able to observe that the reductior
Appendix, Fig. S8). Whole-brain analyses revealed that no athstriatal equality in the Rank-reversal condition relates to the
region correlated with individuals’ choices in either conditionstrength of neural representations in harm-processing regions.
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Fig.3.>1HXUDO UHSUHVHQWDWLRQV RI HTXDOLW\ DQG KDUP A $FWLYLW\ LQ WKH VWULDWXP ZDV DVVRFLDWF
ORUH SRVLWLYH SDUDPHWULF VWUHQJWK RI HTXDOLW\ VLJQDO LQ WKH VWULDWXP LQ WKH 1R 5DQN UHYHU
HVWLPDWHYV RI WKH VLIQL«<FDQW FOXVWHU ZHUH H[WUDFWHG IURP ERWK FRQGLWLRQV Right SDQHO (DFK GF
& 6FDWWHU SORW VKRZV D FRUUHODWLRQ EHWZHHQ WKH SDUDPHWULF VWUHQJWK RI HTXDOLW\ VLJQL
SUREDELOLW\ RI PRUH HTXDO FKRLFH LQ 1R 5DQN UHYHUVDO FRQGLWLRQ VXJJHVWLQJ WKDW SHRSOH ZKR’
IRU PRUH HTXDO GL V3DWIDEPHMWRIF HSHFWV RI KDUP WR WKH DGYDQWDJHG SDUW\ LQ WKH 5DQN UHYHUVDO FR
ZLWK WKH H[WHQW RI KDUP WR WKH DGYDQWDJHG SDUW\ VXJJHVWLQJ SURFHVVLQJ RI KDUP VLJQDOV LQ
ZLWH XQFRUUHFWHG DQG FOXVWRU ZLVRRYFRRODWERG®HVXOW LQ C LK WKUHNNKRPOBEG DROXRH 6RALY

60f 12 KKEWWSV GRL RUJ SQDV SQDV RUJ


http://www.pnas.org/lookup/doi/10.1073/pnas.2209078119#supplementary-materials
http://www.pnas.org/lookup/doi/10.1073/pnas.2209078119#supplementary-materials
http://www.pnas.org/lookup/doi/10.1073/pnas.2209078119#supplementary-materials
http://www.pnas.org/lookup/doi/10.1073/pnas.2209078119#supplementary-materials
http://www.pnas.org/lookup/doi/10.1073/pnas.2209078119#supplementary-materials

To test this hypothesis, we performed PPI analyses examining
how interregional functional connectivity varies with inequality
levels (GLMs 3 and 4; for ease of visualizatienwas split into
two bins (high A& vs. low AF), but note that all e ects are also
present for a parametric regressafgffor details, s& Appendix

Sl Materials and Methods). As the seed region for these analyses, we

used an unbiased striatum region that was fully independent of the
equality results described above (i.e., based on the peak coordinates
in the Neurosynth “Striatum” activation map, Fig.adl Sl
Appendib&| Materials and Methods). e PPl analyses were set up
to identify brain regions that change their functional coupling with
the striatum in line with how strongly equality concerns are relevant
for the current choice. Evidence for this was assessed via the inter-
action term in the model, which quanti es for each voxel how much
the correlation of the BOLD signal with that in the striatum
changes as a function of the equality context (i.e., the equality
concern triggered by the payo s on the present trial), while simul-
taneously controlling for any main e ects of (i.e., simple correla-
tions with) the striatum time course and the equality context (41).
ese analyses revealed that dorsomedial prefrontal cortex
(DMPFC, MNI peak coordinates: [0, 47, 40], k = 634, t-value =
4.89, cluster-wise(PWE) = 0.002) was functionally connected
with striatum more strongly for high equality contexts (high A
in the Rank-reversal condition (Fig, B€ft; note that this e ect
was also present in control PPl analysis containing parametric ine-
quality regressors; see Sl Results). Importantly, the DMPFC region
identi ed here largely overlapped with the DMPFC region involved
in signaling harm to others (Fig, 4€ft). A post-hoc comparison
con rmed that this equality e ect on DMPFC-Striatum connec-
tivity was stronger in the Rank-reversal than No Rank-reversal con-
dition (peak MNI coordinates: [3, 50, 34], t-value = 3.59, voxel-wise
p (FWE-SVC) = 0.004, k = 63, ROI center MNI coordinates [0,
47, 40], Fig. 4Qight, Rank reversal absence vs. presence).

To assess whether the pattern of DMPFC-Striatum connectivity
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Fig. 4. >6WURQJHU '03)& 6WULDWXP FRQQHFWLYLW\ DVVRFLDWHG ZLWK ZHDNHU QHXUDO HTXDOLW\ VLJQDOV |
GHSHQGHQW DQDO\VHVY RQ D VWULDWXP UHJLRQ ZLWK 01, FRRUGLQDWHV >* * @ ZKLFK ZDVHGEMLQHG |U
WKH QHXUDO HTXDOLW\ VLJQDO DV WKH GLSHUHQFH LQ VWULDWXP %2/' VLJQDOV EHWZHHQ KLJK *AF L H
VKRZHG VWURQJHU HTXDOLW\ VHQVLWLYLW\ GXULQJ DEVHQFH RI UDQN UHYHUVDO 1R 5DQN UHYHUVDO FR(
33, DQDO\VHV ZHUH SHUIRUPHG WR H[DPLQH KRZ FRQQHFWLYLW\ ZLWK WKH VWULDWXP UHJLRQ LQ $ FKDQJ
VWURQJHU '03)& 6WULDWXP FRQQHFWLYLW\ HSHFW Rl HTXDOLW\ VSHFL<FDOO\ LQ WKH 5DQN UHYHUVDO FR(
RYHUODSSHG ZLWK WKH '03)& UHJLRQ DVVRFLDWHG ZLWK KDUP VLJQDOV LQ UHG 7KH \HOORZ DUHD LV V
HSHFW RI HTXDOLW\ RQ 33, VWUHQJWK GXULQJ WKH SUHVHQFH RI UDQN UHYHUVDO WKDQ DEVHQFH RI UDQ
33, UHJUHVVRUV Rl WKH 1R 5DQN UHYHUVDO DQG 5DQN UHYHUVDO FRQGLWLRQV ZLWKLQ WKH VLIJQL<FDQW
6WULDWXP 33, VWUHQJWK RI VWULDWXP HTXDOLW\ LV DVVRFLDWHG ZLWK D ORZHU VWULDWXP QHXUDO VHQ'
E 6FDWWHU SORWV VKRZ WKDW VWURQJHU HTXDOLW\ UHODWHG '03)& 6WULDWXP 33, FRQQHFWLYLW\ LV DV\
ZLWK JUHDWHU K pUBDtDN FDVQAHR® LQ WKH 5DQN UHYHUVDO UHODWLYH WR 1R 5DQN UHYHUVDO FRQGLWLRQ |
DQG HUURU EDUV UHSBPHVHQW B(0V P 6LIQL<FDQW FOXVWHUYV DUH WK UHYVKRKQERG UHF W R GHD QZ3 \FID X
):( FRUUHEWHG

in the Rank-reversal condition. Congruent with these observatipnecessing and equal choice in the No Rank-reversal condition,
we found that activity in DMPFC and TPJ was enhanced mdret we found no such e ects in the Rank-reversal condition. In
strongly when more inequality-averse individuals chose the rtteeurrent analysis, we thus explored whether this striatum region
unequal o er, again implying that harm-related activity in DMPFE&till interacted with other systems during unequal/equal choices
and TPJ may deter more equal distributions, in particular for pedplthe Rank-reversal condition with motive con icts, where striatal
who are averse to inequality. activity was not related to either equality processing or equal
choice. We thus de ned as ROI the striatum region involved in
'L HUHQW ORWLYHV $+HFW &KRLFH YLD 'L-H eguality processing\wsrdagual Rhoice in the No Rank-reversal con
1HWZRUN -QWH empaterms@¥ results until now suggest dition (a sphere with 6-mm radius centered on peak MNI coor-
that inequality and harm aversion are implemented by di eratihates of [ 18, 11, 2]) and now examined with PPl analyses
neural systems, which functionally interact with one anothehnich areas show context-dependent connectivity with this area
during redistribution choice. To test more directly for the relatiamthe fully independent Rank-reversal condition, where equality
between choice outcome and such network interactions, wes not neurally represented. is revealed that the connectivity
performed PPI analyses focusing on the contrast between unetyeaigth between striatum and right IFG (peak MNI coordinates:
choice and equal choice in the Rank-reversal condition @i, 23, 13], t-value = 5.08, cluster-wise p (FWE) = 0.046, k =
considered striatum (involved in equality processing) as the $26dSI| Appendix, Table S12) increased in people with greater
region. In particular, we examined how such network interactiomsquality aversion when they chose the more unequal o er (i.e.,
may be expressed in individuals with strong behavioral expressionalizedr, tau = 0.38, P < 0.001, Fig. 6 A and.&}). is
of the di erent motives. suggests that the striatum interacts with IFG more strongly when
We examined two possibilities in this respect. First, for individere inequality-averse individuals choose the more unequal o er
uals with stronger inequality aversion to take unequal choigespntexts where the more equal o er reverses ranks. Moreover
harm- or rank-reversal-related neural activity may need tothHmeconnectivity strength between striatum and superior frontal
recruited to interact with the striatum in a way that guides actigyrus (SFG, peak MNI coordinates: [ 24, 1, 49], t-value = 5.35,
selection according to context or individual preferences. us, oluster-wisp (FWE) = 0.041, k = 145, S| Appendix, Table S12)
inequality-averse individuals, we should see stronger activifjydreased more strongly in people with greater rank reversal avel
harm- or rank-reversal-related neural systems and stronger cosiogcwhen they chose the more unequal o ers(itay = 0.36,
tivity with striatum during more unequal choices (see also refsP310.001, Fig. 6 And BRight), suggesting that con icts between
and 42 for similar suggestions). Alternatively, individuals witink reversal aversion and equality-related motives during choice
strong harm and rank reversal aversion may exhibit more intemsg be coordinated in the brain via neural connectivity between
processing of the corresponding information and thus enharitesi SFG area and striatum. However, we note again that our
communication between the regions involved in these motieegnectivity analyses cannot provide conclusive evidence abou
re ecting more neural evidence about potential harm and ratfikectionality and modulatory nature of such interactions, pre-
reversal during more unequal choices. venting us from further speculation about the speci ¢ functional
In previous analyses, we have shown that the striatum (pea&hanisms underlying these e ects. Note that although-inequal
MNI coordinates [18, 11, 2]) was involved in equalityity aversion (i.eq) and rank reversal aversion (&g.are
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A.  NnRank-reversal canditian:.Uneayial.chaice > Fajial.chaice. to achieve distributive justice has become an intensively studiec
6] x=51 P issue among researchers in many elds, mcludmg eCONORICS, pol
%""FG/'FG Y ' itics, philosophy, and psychology. Although in uential theories
J\ . claim that fairness norms take precedence over other concern
= (e.g., e ciency) underlying distributive justice (4), empirical evi-
B Rank-reversal condition: Unequal choice > Equal ¢hoice ™
x=-54 y=3

dence challenges this view and suggests that other motives ce
undermine fairness norms and deter equal distribution (5, 19).
However, previous studies mainly focused on how self-interest
motives may run counter to inequality concerns to a ect wealth
distribution, and most prevailing econometric models cannot
explain why individuals can prefer greater inequality when di er-
ent motives are in con ict (6, 25, 33). Although previous studies
have demonstrated that harm aversion and rank reversal aversic
are indeed involved in modulating moral decisions and redistri-

05

0ol & =

Betas
(Unequal choice > Equal choice)
|
N

tau=029 °° tau = 0Rftih e iregis bution decisions (8, 18, 31), it is still unclear how these motives
4. . p=0003 -sof p<0001 _of. * p=-0.003 interact with inequality aversion to bias individuals’ choices.
To o T3 0o 0T T T3 6055 1o T8 Bridging these gaps, the current study establishes a redistribu
Inequalityuauercion,  !regualityaucrsien,  Harm RIS tion paradigm and an integrated computational modeling
o (Normalized) o (Normalized) B (Normalized)

approach to examine how con icts between di erent prosocial

Fig. 5.>1HXUDO UHVSRQVHV DVVRFLDWHG ZLWK PRUH Maiives b@as-individuals’ prefereneasvin wealth distribution. We
PRWLYHV WR EHKQWLRWMR/ADQN UHYHUVDO FRQGLWLAEMOMMarE that @erm aversion and rank reversal aversion ca
,QVXOD $&& DQG 73- ZDV HQKDQFHG ZKHQ LQGLYL ; R : ;

RSHU YV PRUH HTXDQOWKSHHED@N UHYHUVDO FRQGLWL E&%f?wm&ﬁéﬁ\e@ gtbél%'lﬁfﬁrgcessmg to prevent more
left SDQHO DQG 73- Middle SDQHO zDV HQKDQFHG zK HEAIR@ LiStridutian. dQun revral vasults further suggest that the
LQGLYLGXDOV aL FKR¥HIJWHWY PRUH XQHTXDO RSHU gkiatwnrpsernvew as awiub dor signaling equality and guiding deci-

SXWDPHQ zZDV HQKDQFHG ZKHQ PRUH KPUBQBLYWGHKSGEWM in fihd flith equality concerns: and that striatal representa-
FKRVH WKH PRUH XQHTXDO RSHUbRight SDQHO )RU Yti,(\)/é(é)lso)\ﬁ; DWHE@ g){\m\{%o HVWh:F’

e, & frontal
RI WKH VLIQL<FDQW FOXVWHUV ZHUH H[WUDFWHG DQ _ ) ach Wil RINET sysipms, (e.9., fronta
SDWWHUQV SHptioiO  6LJQL<FDQW FOXVWHUV ZHUH waontexktoodrive cheicesiwhen.these are in conict with harm

P XQFRUUHFWHG DQG FOXVWIRU ZLVH ):( FRUUHRRMid&nce and rank preserving motives.

Our study extends economic theories of social preferences by
negatively correlated with each other, the ndings that these tighlighting the trade-o between multiple prosocial motives in
motives are related to di erential connectivity patterns with sttvird-party wealth distribution and by exploring the boundaries
atum provide evidence that they function as two di erent motiv&ithin which inequality aversion determines wealth redistribution
that independently modulate neural circuitry underlying redistbiehavior. In the literature of third-party norms, theories often argue
bution behaviors. e correlation patterns of the above networkisat people tend to punish norm violators in order to facilitate social
also held after controlling for the e ect of the other two modebrms (7, 45, 46). e current paradigm excludes the possibility
parameters (see S| Appendix, S| Results for details). of intentional violation of fairness norms, since the initially unequal

We did not observe striatal connectivity speci cally associal@gributions were generated from random draws. Given that par-
with harm aversion in this analysis, but together with the obsmipants still exhibit strong preferences for equal distribution in
vations of brain activity and connectivity associated with hagath situations, we suggest that inequality aversion, rather thar
aversion shown in previous analyses, our ndings emphasizentiogitzes to punish norm violation, drives redistribution behaviors
distinct neural pathways link di erent motives (inequality aveds a core principle in wealth redistribution. However, we observed
sion, harm aversion, and rank reversal aversion) to redistributianpeople weighed equality less when it con icted with preferences
behaviors, with striatum interacting with prefrontal areas in pedfaleharming others (i.e., harm aversion) or preserving initial rank-
with stronger aversion to inequality, harm, and rank reversalings (i.e., rank reversal aversion), suggesting that equality-seekir

Together, our PPI results thus provide neural evidence tatives (i.e., inequality aversion) are coordinated with other proso
striatum connectivity is crucially involved in motive trade-odal motives in wealth redistribution. Our results were gathered in
from at least two perspectives. First, the strength of functiahalcontext of third-party preferences, so the question arises whethe
connectivity between the striatum (involved in equality procesgy would similarly apply to rperson contexts requiring people
ing) and DMPFC (involved in harm signaling) is associated withallocate wealth between themselves and others. Previous studi
individuals’ harm aversion, suggesting that this behavioral tiggest that similar mechanisms are at play in such contexts, bt
dency relates to the functional communication between thesedweh studies have not yet clearly dissociated the di erent motives
regions. Second, the striatum was related to equality respdfesxample, higher (lower) initial endowments will drive people
and choices in the No Rank-reversal condition; and its connecallocate more (less) wealth to themselves relative to others (19
tivity with di erent frontal regions for more unequal choice wad lower social ranking can also decrease individuals’ inequalit
related to individuals’ inequality aversion and rank reversal aaggrsion strength and make them more willing to accept unfair
sion in the Rank-reversal condition. is also implies that rank ers (47). us, while people may also be averse to harm others
reversal aversion may interact with equality-related motivesowit reverse initial social ranking when making distributions for
striatal-prefrontal interactions during choices of (un)equal o efiseir own interests, these motives were often intertwined with

self-interest and equality-seeking motives. Explicit evidence that
Discussion our results would also apply to rst-party preferences thus requires
further empirical study. In general, our ndings extend in uential
It is widely acknowledged that increased social inequality is aReories of fairness norms (25, 26) which mainly focused on e ects
ciated with more risk-seeking behaviors, higher crime rate, afidlequality aversion on distribution behaviors and emphasize the
greater health problems (43, 44). erefore, the question of howportance of considering other motives (i.e., harm aversion and
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A PPIEUREguaT cholee > EauElials. inequality aversion. Although previous studies have_proposed
that the striatum signals rewarding aspects of equality-related
distributions (5-7), it is still unclear which speci ¢ aspects of
the distributions behavior engage the striatum and trigger the
corresponding behavior—does it signal equality or other poten
tially rewarding aspects, such as e ciency or the other’s out-
comes? While stronger activity in putamen was related to higher
e ciency (i.e., greater overall prots) (5), e ciency cannot
account for the pattern of results in the current study since
neither of the two alternative o ers changed the overall pro ts
of the distributions. An alternative explanation is that striatum

Seed: Striatum [-18, 11,-2]

B FPT; Unsasial sholes > Exusl sholes activity re ects dopaminergic responses in reward computation
tau=0.38 tau = 0.36 of social welfare, as it has been widely observed that stronge
*® | <0001 e 0001 . striatum activity is associated with charitable giving (52, 53),
2 oz o x 02 altruistic punishment to norm violation (23), and more equal
£ oo £ oo wealth distributions (6, 7). _ _
2 P 5 Moreover, striatum has been involved in arousal representations
= 03] 5 -0z (54). For example, stronger striatal activation was related to greate
2 06 & o4l motivation for norm compliance (55). In the current study,
0 e QUL ATl T— e e e smaller equality di erence between the two alternative o ers may
o (Normalized) require participants to base their decisions more heavily on the

evidence of equality signals and result in stronger motivation to
Fig.6.>1HXUDO QHWZRUNY OLQNLQJ GLSHUHQW PRWLY(thnp'] mefa{m@ﬁﬁwmq@HWQMmeh is manifested by
Ao JNKH SDON UHYHUVDO FROGLWLRQ GWULDWX@@ﬁag%&&ﬁﬁéﬁéﬂ%&t?@i‘ty}%aé‘tﬁéP"Witﬁ'ﬂq\é nding that greater

HQKDQFHG ZKHQ PRUH LQHTXD® LIQ MLWHBWKD OKL FK P ot h >
XQHTXDO RSHUV YV PRUH HTXDO RSHUV Leit SDQHO BRIGIEWILY [heauality inmutamenvas kglated to higher probability
VWUHQJWK ZDV HQKDQFHG ZKHQ PRUH UDQN sUHYBuUmoI@ equel ¢Hoide Hourkeskltsusuggest that striatum not only

LQGLYLGXDOV FKRVH PRUH XQHTXDO RSHUV YV Plﬁ.élécbeﬁH gﬁmgf(aé%@yvgggﬁﬁlﬁlthSa(IJS'QVP\I;omOtes fairnes

1HXUDO HVWLPDWHYV RI WKH VLIQL<FDQW FOXVWHUV ZHUH
VKRZ WKH FRUUHODWLRQ SDWWHUQV B 6LJQL«FDHNUMENVANAD&L -zHUH WKUHVKROGHG DW
YR[HO ELVH XQFRUUHFWHG DQG FOXVWRU ZLVH ):( FlRpoHantly,aepresentations of equality in striatum were only

observed in the No Rank-reversal condition, and this striatal sig-

rank reversal aversion) in econometric models, especially-sinceating of equality was dampened in the context with con icts
icts between these di erent motives are prevalent in real-life #istween motives (i.e., Rank-reversal condition). Moreover,
tribution decisions (e.g., taxation policy). stronger DMPFC-Striatum connectivity was associated with lower

Harm aversion, as a critical type of moral virtue, drives pe@gjaality sensitivity in striatum, less equal choice, and higher
to achieve a more equal distribution by transferring as little mosiggngth of harm aversion in the Rank-reversal condition. ese
as possible between two parties. When making moral decisiadiigs help to clarify the neurocognitive mechanisms of the
people typically conform to the “do-no-harm” principle and prefeeighing processes of di erent motives, by providing a potential
not to bene t one party by harming another party (2, 18). Studiesural explanation for the weaker impact of equality on redistri-
of morality suggest that people are not willing to take responsibiililyion decisions in the Rank-reversal condition: DMPFC may
for others’ bad outcomes when making moral decisions (18, $8)cess harm-related information, convey the harm aversion
as such moral responsibility will induce individuals’ anticipatenytive to striatum, interact with striatum, and dampen the ten-
guilt emotion which proscribes people from harming others (8@ncy for more equal choice. Evidence from two lines of researct
49). erefore, taking more money away from others brings na&upports such a modulating role of DMPFC. First, DMPFC, with
only greater cost for the initially advantaged party but also gresdiggicent regions ACC, is engaged in con ict monitoring, con ict
cost of moral responsibility (i.e., harm aversion) for participargsolution, and action selection in a variety of cognitive tasks (37,
which will in turn dampen their motives to seek equality. 38), which may support the resolution of con ict between di er-

Moreover, we suggest that rank reversal aversion is anathiemotives in the current paradigm. Second, DMPFC is also
prosocial motive that discounts the utility of equality duringought to be part of the mentalizing system that supports vicar-
wealth redistribution. A stable hierarchy can provide tness advians experiences of others’ pain or beliefs (39, 56), which may
tage by satisfying individuals’ psychological need for order &fp)port harm signals in the current paradigm. In line with our
and enhancing intragroup cooperation and productivity (51)dings, connectivity between prefrontal cortex and striatal value
erefore, it is not surprising that people prefer to preserve rathepresentations was also found to modulate individuals’ behaviors
than reverse preexisting hierarchy (8, 21). In line with these malether kinds of social and non-social decision-making (31, 57).
ings, our results suggest that the reversal of initial rankings tadswever, despite the logical consistency of this interpretation, it
contributes to the disultility of equality when rank preserving aisddi cult to unambiguously infer the directionality and precise
equality seeking are in con ict. Together, we demonstrate thafunctional contributions of neural interactions from the results of
contrast to inequality aversion, harm aversion and rank revétPalanalyses. Future studies with brain stimulation may be needec
aversion function as two di erent third-party prosocial preferente®stablish whether DMPFC in uences on striatum are indeed
to deter more equal wealth redistribution. causally involved in guiding redistribution behaviors under cir-

Our neural results rst clari ed how equality-related inforeumstances with con icts between multiple motives.
mation is represented. GLM results support the hypothesis thadur results also provide crucial evidence for frontostriatal cir-
individuals are sensitive to equality signals in the absence otaitvy in redistribution decisions. e critical role of frontostriatal
con ict but will be less sensitive to equality and base their dereuitry in decision-making has been highlighted in both social
sions more heavily on other motives when they con ict witmd non-social behaviors (31, 55, 57). In general, striatum is
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suggested to receive inputs of goal-related representations\iram as two separate prosocial motives to modulate individuals’
lateral prefrontal cortex and output value signals to guide respbakaviors during wealth redistribution. Moreover, our study o ers
selection to maximize reward (58). In line with these suggestinasral explanations for how di erent prosocial motives modulate
lateral prefrontal cortices are implicated in either modulating intedistribution behaviors, by highlighting a crucial role of striatum
itive motivations or value representations that integrate infornmaequality processing and modulation of motives on ultimate
tion from di erent sources for moral and prosocial decision-makidgcisions. Our approach improves our understanding of cognitive
(31, 59). Our ndings further re ne previous accounts of frontaand neurobiological mechanisms underlying social preferences an
striatal circuitry in moral decision-making by clarifying that didlistributive justice and may have implications for development
ferent prosocial motives modulate redistribution decisiaofsreform policies to promote fairness norms and social justice.
through di erential frontostriatal circuitries. Nevertheless, the
speci ¢ functional contributions (i.e., inhibitory or modulatory)aterials and Methods
of these interactions between the striatal and frontal regions still
need to be clari ed in future studies. Participants. ~ Sixty-three right-handed healthy adults were recruited in the
Another critical contribution of our study is to clarify what neurgtperiment. Six participants were excluded because of either making the same
processes underlie the modulations of di erent prosocia| motiveéegﬁon all the time or excessive head movement(> + 3 mmintranslation and/
redistribution decisions. Apart from processes involved in arbitraify: 3° in rotation). The remaining 57 participants were aged between 19 and
between motives (i.e., DMPFC-Striatum connectivity), it is al®y(mean=21.83 5D =1.91;31 female). No participant reported any history
important to identify processes that bias behavior on a trial-by-?rfi%?}'Ch'atr'c' neurolog@ql,orcogmtwe dlsorde(s. Informed written consgntwas
level in line with di erent motives and which may di er bew\/eeﬁ)tamed from egch participant k_)eforethe e_xpe_nment.The study was carried out
people with di erent motive strengths. Activity in both DMPEC! acco_rdance with the Declaration of Helsinski apd Was_appr_oved by the Ethics
and TPJ was stronger when more inequality-averse individuals CRB&Wee of the Department of Psychology, Peking University.
the more unequal o er, and activity in putamen was stronger when
more harm-averse individuals chose the more unequal o er. T o .
possibility suggested by the literature is that DMPFC and TPJ 0 assess |n_(i{V|duaIs prefgrences to redlsFrlbute unequal yveglth gllocatlons.
support social cognitive processes such as mentalizing, pers b\ k, participants were first presenteq \{v!th amonetary distribution scheme
taking, inference, and learning about others’ preferences (39, 56 ;en two anonymous strangers. The initial endowment of each party was
Recent studies further di erentiated the roles of these two regi%| Gated unequally and randomly by computer, and participants had to choose
by suggesting that while DMPFC is implicated in value-based ac glieen two redistribution options (i.e., alternative .of.fe'rs) which transferred a
selection in a domain general manner (61—63), TPJ may be ertain amount of money f.rom the or'1e'\{\nth higher initial gndowment (advan-
speci cally involved in processing of context-dependent soeial irfgfe Pary) to the one with lower initial endowment (disadvantaged party,
mation (64, 65). Although our ndings cannot provide a clear d pg 14). In the. No Rank-reversal condition, both alternative offers were more
sociation between DMPFC and TPJ, among all the regions involt | than the initial offer and kept the same total payoffs and the same relative
in harm signaling, these two regions,may be well-suited to link Ia gs between the two parties as the initial offer. While in the Rank-reversal
social motives to, speci ¢ decisions. ese ndings also parallel tﬁ)&dﬂion, participants were presented with the same initial offer and the same
observation of stronger activity in TPJ for unequal choice vs e ore, unequal alternative offer as the No Rank-reversal condition, but with a
choice in the No Rank-reversal condition, which may implicate rent more equal alternative offer that had the same inequality level as the

role of TPJ in social cognitive processing irrespective Ofwhetherﬁq,'oé?équalaltemativeofferinthe No Rank-reversal condition but would reverse
t

are con icts between di erent motives. e’initially relative advantageous/disadvantageous rankings of the two parties
In general, our ndings may have economic, political, and Sogiigl 1B). There were 66 trials in each of the No Rank-reversal and Rank-reversal
implications ,(66). e endowment e ect has be’en introduced fOi;onditions and 1§trials iq each of.two fillerconditions.The 162 trialswere divided
decades to explain individuals’ tendency to increase the subjé r%.t ee scanning sessions lasting ~15 min each. After the experiment, each
value of objects they own already (versus those they want tog@dfpaqt received CN\_(120(~ USD 20) for compensation. For further details of
chase) (67). Forgoing one’s own good is seen as a kind of los ,egh%?nmental paradigm, see S/ Appendix, S/ Materia's and Metheds.
loss aversion will make it harder to give up the 9090' (,68' 69)C(Jmputational Modeling Analyses.  To formalize different motives underlying
analogy to the endowment e ect (70), our study highlights thafistribution behaviors, we performed model-based analyses by establishing
people are inclined to maintain initial relative rankings and to t&K@families of computational models to examine how inequality aversion, harm
less money away from others in wealth redistribution, consideig@ion, and rank reversal aversion affect individuals' redistribution behav-
the reversal of initial rankings and others’ monetary loss as a ki @f the Rank-reversal condition. For detailed modeling analyses, including
third-party loss which proscribes actions to achieve higher equadidy construction, estimation, comparison, and simulation, see S/ Appendly,
(8). More generally, our ndings may also explain resistances/ taienals and Metheds.
reform policies that aim to promote social welfare or reduce income
inequa”ty (21, 71) For instance, rich peop|e in regions with méegroimaging Analyses. We collected T2*-Weighted echo-planar images
equal income distribution, whose advantaged ranks can be rféiga GE-MR750 3.0Tscanner with a standard head coil at Tongji University,
easily reversed, are less supportive of redistribution than thog@”ﬁﬂhe images were a;quiregl in 40 axial sliges parallel to the AC-PC Ii'ne
regions with more unequal income distribution (16). Given that tifg" interleaved order, with an in-plane resolution of 3 mm x 3 mm, a slice
e ects of di erent motives are scienti cally validated in the currefjtckness of 4 mm, an interslice gap of 4 mm, a repetition time of 2000 ms,
study, this may help to develop better taxation policies by talathacho time of 30 ms, a flip angle of 90°, and a field of view of 200 mm x
these motives into account when designing measures to reduce social
inequality on the one hand and satisfy people in di erent income
groups who pursue di erent motives on the other hand.
To conclude, the current study provides a neurocomputational
account of the trade-o between multiple prosocial motives under
lying resource distribution. Our ndings suggest that in addition
to inequality aversion, harm aversion and rank reversal aversion

rimental Procedure.  In the present study, we developed a redistribution
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