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Neurocomputational evidence that con icting prosocial motives
guide distributive justice
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In the history of humanity, most con icts within and between societies have origi-
nated from perceived inequality in resource distribution. How humans achieve and
maintain distributive justice has therefore been an intensely studied issue. However,
most research on the corresponding psychological processes has focused on inequality
aversion and has been largely agnostic of other motives that may either align or oppose
this behavioral tendency. Here we provide behavioral, computational, and neuro-
imaging evidence that distribution decisions are guided by three distinct motives—
inequality aversion, harm aversion, and rank reversal aversion—that interact with
each other and can also deter individuals from pursuing equality. At the neural level,
we show that these three motives are encoded by separate neural systems, compete
for representation in various brain areas processing equality and harm signals, and are
integrated in the striatum, which functions as a crucial hub for translating the motives

to behavior. Our ndings provide a comprehensive framework for understanding the
cognitive and biological processes by which multiple prosocial motives are coordi-
nated in the brain to guide redistribution behaviors. is framework enhances our
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from the advantaged to the disadvantaged party (19, 20).
Supporting this tendency, people are averse to overturn stable hier
archies in a society even though such preexisting hierarchies may
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reduced the inequality level (e ect éhéquality with ORE = 1.58,

95% CI[1.37-1.83], R 0.001, Fig. 1@ eft and SI Appendix, Table

S2) and when the initial inequality was greater (e ectritiah
endowment with ORE = 1.12, 95% CI [1.01-1.24}, ®04, SI
Appendix, Fig. S2A and Table S3). However, individuals’ probability
to choose the more equal o er was lower in the Rank-reversal
condition than in the No Rank-reversal condition (ORE = 0.37,
95% CI[0.33 — 0.42)], R rankreversfEQqual) = 0.78 + 0.03 (MEAN

* SE), RancreversdEQual) = 0.38 £ 0.0456) = 8.88, K 0.001,

Fig. 1C Right), demonstrating that rank reversal aversion in uences
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focused these analyses on the Rank-reversal condition, which in
contrast to the No Rank-reversal condition allowed us to di erentiate
inequality aversion from harm aversion and rank reversal aversion.
We describe the principles and rationales of the four model families
(M1-M4) in the following section and then report the results of the
corresponding analyses. For detailed expositions of all the models
and technical details of model selection and estimation, please see
S| Appendi§l Materials and Methods and Table 1.

Model Construction. € control model M1 only considered
inequality aversion, whereas M2—-M4 considered combinations
of inequality aversion and the other motives.

e simplest model M1 followed the classical inequality aver-
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there was no reliable di erence in the accuracy with which choice
data generated by M3a were recovered by M4a (0.84 + 0.02) and
M3a (0.82 + 0.02, t(53) = 1.66, P = 0.104). us, the winning
model M4a was indeed able to predict and capture unique aspects
of the data compared to the closest alternative model.

Model Parameters.  In line with the model-free analyses, model-
based analyses con rmed that participants’ redistribution behaviors
in the Rank-reversal condition were driven by inequality aversion,
harm aversion, and rank reversal aversion: Participants weighed the
inequality di erence between the two alternative arers((51

+ 0.06, (56) = 8.90, K 0.001, Cohen's d = 1.18), devalued the
more equal o er by the extra harm for the initially advantaged party
(8 =0.45 £ 0.06(%6) = 7.83, K 0.001, Cohen's d = 1.04), and
valued rank reversal negativety@.96 + 0.07(56) = 13.23, K

0.001, Cohen's d = 1.75, Fig) 2B line with expectations, greater
inequality aversioa)(was associated with higher probability of more
equal choice (tau = 0.74<®.001, SI Appendix, Fig. ISff). By
contrast, greater harm avergigia = 0.27, P
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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\86ere 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 S$FWLYLW\ LQ WKH VWULDWXP ZDV DVVRFLDWF
ORUH SRVLWLYH SDUDPHWULF VWUHQJWK RI HTXDOLW\ VLJQDO LQ WKH VWULDWXP LQ WKH 1R 5DQN UHYHU
HVWLPDWHYVY 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 G V3ADWIDEPHMWRIF 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
ZL\WH XQFRUUHFWHG DQG FOXVWHRU ZLVRRRYFRODWERG®HVXOW LQ C LK WKUHNNKRPOBEG DROXRH 6RALY
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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
may re ect functional in uences on the striatum that change behav
ioral sensitivity to equality concerns, we tested for the Rank-reversal
condition whether across individuals, a stronger e ect of equality
signals on DMPFC-Striatum connectivity may relate to a weaker
striatum response to equality and a dampened tendency for equal
choice. To this end, we extracted an index of neural equality sensi-
tivity (Beta (high A) — Beta (low A&)) from the independent
striatum seed region shown in Fig. Ag\already shown in the
initial ROl analyses described above, this index con rmed that the
striatum was sensitive to equality in the No Rank-reversal condition,
but not in the Rank-reversal condition (Fig. #Bline with the
conjecture that DMPFC may act to dampen these striatal equality
representations, the index of DPMFC-Striatum connectivity
(Fig. 4G exhibited the opposite pattern: It was stronger during
Rank-reversal and weaker during the No Rank-reversal condition.
Importantly, this e ect was not just present on average but also at
an individual level, since the di erences between the Rank-reversal
and No Rank-reversal condition in equality-related DMPFC-
Striatum connectivity correlated negatively with the corresponding
di erences in neural equality sensitivity in the striatum (
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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 pUBDN FBIDVQAHR® LQ WKH 5DQN UHYHUVDO UHODWLYH WR 1R 5DQN UHYHUVDO FRQGLWLRQ |
DQG HUURU EDUV UHSWHVHQW B(OV P 6LIQL<FDQW FOXVWHUYV DUH WK UHYVKRKQERG UHFW R GHD QA3 \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 No Rank-reversal condition: Unequal choice > Equal choice to achieve distributive justice has become an intensively studiec
x=-30 x=5 issue among researchers in many elds, including economics, pol
itics, philosophy, and psychology. Although in uential theories

TPJ ouf rrevpreere >
S < A CYA ) g@].\ .
J% S Sawera i ' claim that fairness norms take precedence over other concern
s @‘Jﬂ G/Insula (e.g., e ciency) underlying distributive justice (4), empirical evi-

B Rank-reversal conditionsbinequakshaicas Equalchaisa dence c_hallenges this view and suggests tha_lt o_the_r motives ce
s : ~seas il undermine fawness 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
2 explain why individuals can prefer greater inequality when di er-
g 0, ent motives are in con ict (6, 25, 33). Although previous studies
i 05| wel . s have demonstrated that harm aversion and rank reversal aversio
- °°‘ e 0o, & o s : are indeed involved in modulating moral decisions and redistri-
égz , tau=029 °l, tau=036 -osl” T - r=.0.29 bution decisions (8, 18, 31), it is still unclear how these motives
f:-4| . . p=0.003 —5.o|‘ ~ p<0.001 _1,0|. " p=0.003 interact with inequality aversion to bias individuals’ choices.
T S W VR e Bridging these gaps, the current study establishes a redistribu
S Inequalityaversion Inequalityavursivn= Mrdruavesonn tion paradigm and an integrated computational modeling

% {Nermalizes) w(Nenmalized) B (Normalized] approach to examine how con icts between di erent prosocial

Fig.5.>1HXUDO UHVSRQVHV DVVRFLDWHG ZLWK PRUH Melives basrindividuals’ prefereneasvin wealth distribution. We
PRWLYHV WR EHKQWWRWVRADQN UHYHUVDO FRQGLWLAGMOMSIAYE that ddrim aversion and rank reversal aversion ca
,QVXOD $&& DQG 73- ZDV HQKDQFHG ZKHQ LQGLYL | P ; :

RSHU YV PRUH HTXDOWGSHBD@N UHYHUVDO FRQGLWL E&%%WW%O%‘G@ gtbél%'lﬁfﬁrgcessmg to prevent more
left SDQHO DQG 73- Middle SDQHO zDV HQKDQFHG z K HEMHa LdiSIrutian dQWh nevral vesults further suggest that the:
LQGLYLGXDOV aL FKRWHIJWHY PRUH XQHTXDO RSHU sgiatwnrpsernvew as awiub dor signaling equality and guiding deci-

SXWDPHQ zZDV HQKDQFHG ZKHQ PRUH KPUEQBLYWSEKSGAENM in fihd flith equality concerns: and that striatal representa-
FKRVH WKH PRUH XQHTXDO RSHUb Right 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 SB@HO 6LJQL<FDQW FOXVWHUV ZHUH waontexktoodrive choiceswhen.these are in con ict with harm

P XQFRUUHFWHG DQG FOXVWHHU 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 PRIEORETEc et dheire 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: Striatim [-18 _17,-21

B PP Uhequarchioice > Equal’crioice activit)_/ re ects dopaminergic responses in reward computation
tau = 038= toerDo2hn of social welfare, as it has been widely observed that stronge
*l p<o.oee L 5 ea0en R striatum activity is associated with charitable giving (52, 53),
2 o3 . 0 g 0.2 - I altruistic punishment to norm violation (23), and more equal
'E 00 L P — LN wealth dlstrlbut_lons (6, 7). _ _ _
2 p 5 | il Moreover, striatum has been involved in arousal representations
Il g (54). For example, stronger striatal activation was related to greate
9 06 & o4l motivation for norm compliance (55). In the current study,
®C neayality avarsion. Tl varal ATetaGE smaller equality di erence between the two alternative o ers may
o(Narmalized). 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
A LQWKH SDQN UHYHUVDO FROGLWLRQ GWULDWX@@ﬁag%&&ﬁﬁéﬁéﬂ%&t?@i‘ty}%aé‘tﬁéP"Witﬁ'ﬂq\é nding that greater

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

LQGLYLGXDOV FKRVH PRUH XQHTXDO RSHUV YV Pﬁ.élécbeﬁH gﬁmgfeéqg%@yvg&%%{ﬁ,.*?HtSaJJS,QVP\ComOtes fairnes

1HXUDO HVWLPDWHV RI WKH VLIQL<FDQW FOXVWHUV ZHUH
VKRZ WKH FRUUHODWLRQ SDWWHUQV B 6LJQL«FDHNUMENVRNRAD&L -zHUH WKUHVKROGHG DW
YR[HO ELVH XQFRUUHFWHG DQG FOXVWHU 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 inttially relative advan}aggous/disadvantageous rankings of the two parties
In general, our ndings may have economic, political, and sofid £ There were 66 tials in eaCthfthe No Ranlcreversal and Rancreversal
implications (66). e endowment e ect has been introduced foi;ondmonsand 1f5tnalsm eacl? of.two |||ercond|t|0|;]s.Tfkt1e1(;]2 tnalsweredwdeﬁ
decades to explain individuals’ tendency to increase the subjé r%.t ée scanning sessions fasting ~15fmm each. Aftert ee;(pe;]'mem’ .elacf
value of objects they own already (versus those they want toﬁ@df”‘)am recelved CNY120(~ USD 20)for compensation. For urther details o
chase) (67). Forgoing one’s own good is seen as a kind of los ,egh%?nmental paradigm, see S/ Appendix, SI Materials and Methods.
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/ Appendix,
(8). More generally, our ndings may also explain resistance taterials and Methods.
reform policies that aim to promote social welfare or reduce income
inequality (21, 71). For instance, rich people in regions with mdjegroimaging 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 thoS&nfThe images were acquired in 40 axial slices parallel to the AC-PC line
regions with more unequal income distribution (16). Given that tfjgn 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 takhg™ t'\;vne of 305'“5.’ a.ﬂ'lppa"gle of 9&'an.d é f'ild of Vs'i,“,\’/l?;z\?vo lrlnm *
hese motves nt accounthen dsigning measures o educe . 1oLt ey e 17 e
inequality on the one hand and satisfy people in di erent incomﬁrLABp(MathWorks) t% gy, Lonaon, g
. . preprocess the fMRI images, perform GLM analyses
groups who pursue di erent motives on the other hand. ._and PPl analyses. For detailed neuroimaging analyses, see S/ Appendix,
To conclude, the current study provides a neurocomputauzgq},ateﬁals and Methods.
account of the trade-o between multiple prosocial motives under
lying resource distribution. Our ndings suggest that in additianta, Materials, and Software Availability. Data (behavioral and fMRI) and
to inequality aversion, harm aversion and rank reversal averss@mized MATLAB and R codes are available online (https://osf.io/zd2tg/).

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