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Abstract
Most people are much less generous toward strangers than close others, a bias termed social discounting. But people who engage in 
extraordinary real-world altruism, like altruistic kidney donors, show dramatically reduced social discounting. Why they do so is 
unclear. Some prior research suggests reduced social discounting requires effortfully overcoming selfishness via recruitment of the 
temporoparietal junction. Alternatively, reduced social discounting may reflect genuinely valuing strangers’ welfare more due to how 
the subjective value of their outcomes is encoded in regions such as rostral anterior cingulate cortex (ACC) and amygdala. We tested 
both hypotheses in this pre-registered study. We also tested the hypothesis that a loving-kindness meditation (LKM) training 
intervention would cause typical adults’ neural and behavioral patterns to resemble altruists. Altruists and matched controls (N = 77) 
completed a social discounting task during functional magnetic resonance imaging; 25 controls were randomized to complete LKM 
training. Neither behavioral nor imaging analyses supported the hypothesis that altruists’ reduced social discounting reflects 
effortfully overcoming selfishness. Instead, group differences emerged in social value encoding regions, including rostral ACC and 
amygdala. Activation in these regions corresponded to the subjective valuation of others’ welfare predicted by the social discounting 
model. LKM training did not result in more generous behavioral or neural patterns, but only greater perceived difficulty during social 
discounting. Our results indicate extraordinary altruists’ generosity results from the way regions involved in social decision-making 
encode the subjective value of others’ welfare. Interventions aimed at promoting generosity may thus succeed to the degree they can 
increase the subjective valuation of others’ welfare.
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Significance Statement

Most people are much less generous toward distant strangers than close others. But real-world extraordinary altruists (e.g. altruistic 
organ donors) choose to sacrifice for a stranger as most people would only for a close friend or relative. We found no evidence that this 
results from altruists effortfully overcoming selfish preferences. Instead, our results suggest altruists are more generous to strangers 
because of how they encode the subjective value of distant others’ welfare in a constellation of social brain regions that include the 
amygdala and rostral anterior cingulate cortex. We sought to reproduce altruists’ generous behavioral and neural patterns in controls 
using a meditation intervention but were unsuccessful.

Introduction
Why people sometimes choose to provide costly help to strangers 
—including anonymously giving them money, blood, or even or
gans—is a longstanding puzzle (1, 2). Anonymously helping social
ly distant others is inconsistent with established biological 
theories of altruism such as kin selected and reciprocal altruism 
(3, 4). Such actions also seem to contradict widespread beliefs 
among many scholars and the general public that humans are in
herently selfish (5, 6). One possible resolution to this puzzle is that 

acting generously toward socially distant others requires success

fully overriding selfish preferences. Some prior neuroimaging 

studies of intra-individual variation in generous decision-making 

support this possibility. Increased activation in regions such as 

the temporoparietal junction (TPJ) during generous decisions in 

social discounting tasks has been interpreted as reflecting this re

gion modulating value signals in medial prefrontal cortex (PFC) to 

resolve conflicts between selfish and generous choices (7, 8). This 

interpretation is consistent with theories of prosocial restraint, 
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according to which prosocial choices result from deliberately re
straining selfish impulses (9, 10).

This interpretation suggests that those who engage in extraor
dinary, costly altruism to benefit anonymous strangers, such as 
altruistic organ donors, may be more generous both in the real 
world and in social discounting tasks (11, 12) because they are 
extraordinarily good at overriding their selfish preferences. And 
perhaps interventions with the potential to increase costly gener
osity, such as loving-kindness meditation (LKM) training (13, 14), 
do so by improving the ability to override selfish preferences.

But other findings from behavioral and comparative research 
are inconsistent with this hypothesis. Behavioral research sug
gests costly generosity (including real-world extraordinary altru
ism) tends to be fast and intuitive, consistent with it reflecting 
true prosocial preferences (15, 16). Prior work also finds real-world 
altruists are characterized by unselfish personality traits (11) and 
elevated empathic responding for others’ distress or negative out
comes (17–19). This suggests that variation in costly altruism 
across individuals may result from processes that are distinct 
from those that support intra-individual variation in generous 
decision-making in typical adults. Rather than overriding selfish 
impulses when they make generous decisions, unusually altruis
tic individuals may instead encode the subjective value of others’ 
outcomes differently in value-encoding brain regions, causing 
them to genuinely value others’ welfare more. However, no prior 
research has tested this hypothesis.

We thus recruited a rare sample of extraordinary real-world 
altruists, all of whom had donated a kidney to a stranger. 
Operationalizing altruism as objectively measured, real-world 
costly generosity enables inferences to be drawn about the origins 
of altruism that may not be possible when using only laboratory 
measures, which cannot ethically assess highly risky or costly al
truism and which may, like self-report measures, be contami
nated by social desirability and norm-adherence motives and 
may not reliably correspond to real-world altruism (20). We com
pared altruists to demographically matched typical adults as they 
completed a social discounting task in which they had the oppor
tunity to make selfish or costly, generous choices (21, 22) during 
functional magnetic resonance imaging (fMRI) scanning. This 
task has emerged as a particularly good model of altruistic helping 
(11, 23). Prior work consistently finds that among typical adults, 
generosity in this task progressively declines for more socially dis
tant recipients (7, 12, 24–27), following a hyperbolic function:

v =
V0

1 + kN
, 

where V0 represents the intercept or undiscounted value of the re
ward, k represents degree of discounting (discounting rate), N rep
resents social distance (for example, 1 representing the closest 
social relationship such as a spouse or child, and 100 representing 
a stranger), and v represents the amount willing to forgo for each 
social other. As N increases, the resources individuals are willing 
to forgo (v) typically decrease in a hyperbolic fashion governed 
by the parameter, k, which represents the rate by which the func
tion decays across social distance.

The amount people are willing to sacrifice (v) is thought to re
flect variation in the subjective value respondents place on others’ 
welfare (21, 22). But, it is poorly understood how this value is neur
ally encoded during social discounting (one study considered this 
question, but the authors largely focused on the role of TPJ and 
found it was not associated with the subjective valuation of 
others’ outcomes during generous choices (7)). And nothing is 

known about whether or how this subjective value is encoded dif
ferently in real-world altruists.

Two regions prior work has been found to be involved in encod
ing the subjective value of others’ welfare are the amygdala and 
medial PFC, specifically rostral anterior cingulate cortex (ACC) 
(28, 29). Recent work in nonhuman animals finds that during gen
erous decision-making, activation in rostral ACC is modulated by 
signals from the amygdala that encode the value of outcomes for 
others (30, 31). A growing body of research in both humans (32–36) 
and nonhuman animals (29–31, 37) supports the idea that these 
regions play a causal role in prosocial decisions that promote 
others’ welfare (38). And extraordinary human altruism has 
been previously linked to increased volume and activation of the 
amygdala (19). But whether activation patterns in this region or 
rostral ACC correspond to generous decision-making in altruists 
is not yet known.

It also remains unknown whether typical adults’ behavioral or 
neural patterns of generous decision-making can be made to more 
closely resemble those of real-world altruists. LKM (or metta) 
training is among the best-supported interventions for increasing 
care and generosity for distant others (13). This practice is de
signed to increase feelings of love and positivity for others at vary
ing social distances (39). Prior work has linked LKM training with 
increased feelings of social connectedness (13, 40, 41), decreased 
intergroup bias (42), prosocial behavior in the laboratory (13, 14), 
and charitable donations (13, 43)—although a recent systematic 
review and meta-analysis found that the robustness of such ef
fects is moderated by the type of control group (active control ver
sus waiting list) and whether the meditation intervention teacher 
co-authored the published work (44). Thus, while prior work sug
gests LKM may cause reductions in social discounting comparable 
to those observed in naturally-occurring altruists, this has not 
previously been tested.

In a pre-registered study, we thus sought to identify the neural 
basis of social discounting in a sample of extraordinary altruists 
as well as a sample of controls, half of whom were randomized to 
undergo an eight-week LKM training intervention created by the 
world-renowned LKM trainer Sharon Salzberg (39). We tested the 
following hypotheses: (i) that costly altruism for strangers reflects 
effortful prosocial restraint and (ii) that it reflects altruists’ true 
valuation of distant others’ welfare. We also tested a third hypoth
esis, (iii) that typical adults’ behavior and neural patterns of 
decision-making—in pre-registered regions such as amygdala, an
terior cingulate, ventromedial PFC, insula, temporal gyrus, and 
TPJ—would converge with those of altruists following LKM training.

Results
Eighty participants completed three runs of a social discounting 
task during fMRI. This task was designed to incorporate features 
of previous discounting tasks (7). Three participants were ex
cluded (one for excessive motion, with more than 15% of volumes 
greater than 0.5 mm framewise displacement, one because they 
asked to change over 20% of their choices after completing the 
scan, and one because they missed responding to more than 
half of all choices). The final sample thus included 77 participants 
(62.34% female; M age = 41.49 years, SD = 7.65 years). 26 partici
pants were extraordinary altruists verified as having donated a 
kidney to a stranger. The remaining 51 were demographically 
matched typical adults who had never donated an organ. 
Twenty-five of these control participants were randomly selected 
(with stratification by age and gender) to complete an 8-week LKM 
training intervention prior to scanning. (See Supplementary 
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Table S1 for participant characteristics.) The meditation training 
program was custom-designed for the purposes of this research 
by world-renowned LKM training expert Sharon Salzberg and in
cluded 40 training sessions in which participants practiced LKM 
five times per week for 8 weeks prior to scanning (see Materials 
and methods). Participants randomized to LKM completed an 
average of 89.6% of training sessions (SD = 0.07%, range = 77.5– 
100%). Both wait-list controls and altruists were offered access 
to the meditation training program after the study’s completion.

All participants then completed a social discounting task dur
ing fMRI. Prior to this task, and following established procedures, 
participants identified six individuals ranging in social closeness 
about whom they would make decisions during testing. These in
dividuals included the person closest to them (N = 1), the person 
second-closest to them (N = 2) and so on, such that each partici
pant identified an N = 1, 2, 5, 10, 20, and 50. Groups did not differ 
in their subjective ratings of nominated social others in terms of 
emotional closeness nor in terms of relationship types across so
cial distances, suggesting that all groups similarly understood 
nomination instructions and similarly differentiate between 
ranked social targets (see Materials and methods). The task also 
included choices for N = 100, representing a stranger (7). In each 
trial of the social discounting fMRI task, participants had the op
tion to choose to keep an amount of money for themselves or to 
share with one of these seven people. The task consisted of three 
independent runs of fMRI scanning, during which participants 
made 189 decisions separated into 21 randomized social distance 
blocks corresponding to one of these seven individuals (i.e. three 
blocks per social other). Within each block, participants made 
nine dichotomous choices to either keep resources for themselves 
(selfish option) or share them with the Nth person listed (generous 
option) (Fig. 1). Following MRI scanning, all participants rated how 
difficult each decision they had made was on a scale from 1 (very 
easy) to 7 (very difficult).

To avoid deception and meet standards of behavioral econom
ics, participants’ decisions resulted in real monetary outcomes. 
Participants were informed that one of their choices would be ran
domly chosen and implemented such that the participant would 
be paid 10% of the amount they selected to receive themselves, 
and, if a generous choice was selected, the other person in ques
tion also would be contacted and disbursed 10% of the amount 
the participant selected for them (see Materials and methods). If 
a participant chose to share with a stranger, a random name 
was selected from an online directory (United States), and the pay
ment was disbursed to them.

The primary difference between our task design and the task 
previously used by Strombach et al. (7) is that we omitted the vis
ual number line indicating social distance using spatial referents. 
Instead, participants saw a numeric indicator of social distance. 
We selected this design to minimize potential confounds due to 
correlations between the spatial positions of items on the number 
line and generous and selfish decisions.

We first aimed to confirm that altruists exhibit reduced social 
discounting relative to typical adults (11, 12). Results of a hyper
bolic mixed-effects model confirmed that altruists are indeed 
more generous to socially distant others than controls (Table 1, 
Fig. 2), with altruists showing significantly shallower discounting 
slopes (logk) relative to wait-list controls (β = −1.64, SE = 0.67, 
95% CI = [−2.96, −0.33], P = 0.015, n = 77). However, we did not 
find that controls who completed LKM were any more generous 
towards socially distant others than wait-list controls.

We also ran a linear mixed-effects model predicting response 
times (log-transformed) as a function of group and decision type 

(Supplementary Table S2, Supplementary Fig. S1). Results indi
cated a main effect of decision type and altruist group. People 
were generally faster for generous than selfish choices on average 
(β = 0.286, SE = 0.011, 95% CI = [0.266, 0.307], P < 0.001, n = 80) and 
altruists were relatively slower than controls on average (β =  
0.185, SE = 0.085, 95% CI = [0.015, 0.355], P = 0.033, n = 80). We 
also found a meditation group × decision type interaction: 
Among LKM controls, the difference in response times were less 
pronounced than wait-list controls on average (β = −0.047, 
SE = 0.024, 95% CI = [−0.093 −0.0004], P = 0.048, n = 80).

We next tested the reported difficulty of decision-making using 
a linear mixed-effects model to test how participants’ subjective 
difficulty ratings varied as a function of social distance and group 
(Table 2, Fig. 3). Results showed that across groups, participants 
rated their decisions to be more difficult as social distance in
creased, but this effect was stronger among LKM controls than 
among either altruists or wait-list controls (β = −0.004, SE =  
0.001, 95% CI = [−0.01, −0.003], P < 0.001, n = 77). Thus, LKM in
creased how subjectively difficult decisions to share with socially 
distant others were, even though the outcomes of prosocial deci
sions were not themselves affected. By contrast, altruists’ re
ported difficulty of decisions as a function of social distance 
were not different from wait-list controls’. This contradicts the 
hypothesis that altruists’ generosity for more distant others re
flects greater effortful control. We also ran a logistic mixed-effects 
model to test the relationship between subjective difficulty and 
decision type (Supplementary Table S3, Supplementary Fig. S2). 
We found that generous decisions are easier on average across 
all groups (log odds = −0.517, SE = 0.040, 95% CI = [−0.596, 
−0.438], P < 0.001, n = 77). In addition, we found that the strength 
of this relationship was stronger for both altruists (log odds =  
−0.496, SE = 0.107, 95% CI = [−0.706, −0.286], P < 0.001, n = 77) 
and meditation controls (log odds = −0.390, SE = 0.095, 95% 
CI = [−0.576, 0.203], P < 0.001, n = 77) relative to wait-list controls.

We next assessed neural activation during generous versus 
selfish decision-making across social distances and across the 
three groups. These analyses tested the alternative hypotheses 
that extraordinary altruists’ generosity toward distant others re
flects effortful control versus greater valuation of distant others’ 
welfare. For analyses of effortful control, we could only include 
the 62 participants who exhibited variation in generosity (i.e. 
those who did not choose the generous option for >99% of trials, 
as did 10 altruists, 4 wait-list controls, and 1 LKM control; 
Supplementary Table S4). We fit a first-level general linear model 
(GLM) to BOLD responses to estimate percent signal change maps 
for generous and selfish choices (see Materials and methods). 
Group-level analyses found no differences in activation patterns 
between LKM and wait-list controls, consistent with their statis
tically identical choice patterns. With the aim to include as 
many participants as possible, we additionally tested whether 
groups differed in neural activation for generous choices versus 
implicit baseline (fixation) among all participants with complete 
social discounting behavior (N = 77; Supplemental Table S4; see 
Materials and methods) and again did not find any group differen
ces. We therefore combined both groups’ data for subsequent 
analyses.

To test the hypothesis that altruistic decisions reflect greater 
effortful control, we repeated analyses performed by Strombach 
et al. (7), which assessed how activity varies as a function of the 
temptation to be selfish. To do this, for each participant and for 
each trial, we first computed a “selfish temptation value” by sub
tracting the subjective valuation placed on others’ welfare from 
the value of a potential selfish reward for a given choice. 
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According to this calculation, the temptation to be selfish in
creases as the value of the potential self-reward increases relative 
to the amount a participant would sacrifice by making a generous 
decision (7). For example—consider a choice between $125 and 
$75/75 for N = 20—if the participant’s model estimated amount 
willing to forgo for their N = 20 was $65, then the modulator is 
$125–$65 = 60 (lower temptation bias). Considering a choice be
tween $125 and $75/75 for N = 50: If the participant’s model esti
mated amount willing to forgo for their N = 50 was $25, then the 
modulator is $125–$25 = 100 (higher temptation bias). We thus 
fit a first-level GLM to BOLD responses that included two addition
al regressors that assessed the amplitude modulation of re
sponses as a function of this temptation bias for generous and 
selfish choices.

In contrast to observations in their prior sample (N = 23) that 
activity in right TPJ increases as a function of the temptation to 
be selfish when a generous choice is made, we found no differen
ces in TPJ either across the full sample or between groups. Only 
when small-volume correcting in a 6-mm sphere around the right 
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Fig. 1. Social discounting paradigm. Note. Prior to scanning, participants were provided with instructions that they will make 189 decisions across three 
independent runs involving six people from a participant’s social network of varying social distances (N = 1, 2, 5, 10, 20, 50) plus one stranger (N = 100). 
The task consisted of 21 blocks with nine trials each, in which they made 9 dichotomous choices about keeping and/or sharing amounts of money with 
each. For each trial, participants were asked to indicate if they would prefer to keep an amount of money for themselves alone (selfish option) or to keep 
an amount of money for themselves and also share an amount of money with the Nth person on their list (generous option). The selfish options ranged 
from keeping $165 to $65 in the order of decreasing $10 increments, and the generous option always kept a set amount of money (either $85, $75, or $65) 
and sharing that same amount with the Nth person. Each trial lasted 5 s and the interval between trials was randomly jittered with an average of 4 s 
(jittered ±1 s). The ordering of the blocks was pseudo-randomized. Stimuli consist of text only in which participants chose between two options: “$XX for 
YOU” or “$XX for YOU and $XX for N=##”, where ## indicated the number of the social distance. Participants were informed that their decisions would 
result in real outcomes. One of each participant’s choices was randomly chosen and implemented such that the participant was paid 10% of the amount 
they selected to receive themselves, and, if a generous choice was selected, the other person in question also was contacted and disbursed 10% of the 
amount the participant selected for them.

Table 1. Hyperbolic mixed-effects model results for group 
differences in social discounting.

N = 77 b SE 95% CI T P

Level 1
v1, mean amount to 

forgo for N = 1
76.06a 1.56 73.01, 79.12 48.70 <0.0001

logk, mean 
discounting rate

−4.52a 0.43 −5.35, −3.69 −10.67 <0.0001

Level 2
LKM controls 

>Wait-list controls
0.13 0.60 −1.05, 1.31 0.21 0.830

Altruists >Wait-list 
controls

−1.65b 0.67 −2.96, −0.33 −2.45 0.015

Note. b represents unstandardized coefficients. 95% CI indicates lower/upper 
limits of a confidence interval. Groups are indicator variables relative to the 
reference group (wait-list controls). 
aP < 0.001. 
bP < 0.05. 
LKM, loving-kindness meditation.
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Fig. 2. Social discounting in altruists, meditation controls, and wait-list 
controls. Note. Group labels are listed in descending order of mean 
discounting slope across groups (logk). Ribbons reflect the 95% CIs around 
each group mean.
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TPJ [Montreal Neurological Institute (MNI) coordinates: x = 51, 
y = −49, z = 34], we found an effect in this region—except our 
findings indicated that altruists exhibited the opposite effect 
as previously reported in ordinary adults (7) (Supplementary 
Fig. S3). This finding contradicts the hypothesis that altruists’ 
generous choices reflect the exertion of greater effortful control 
to overcome a selfishness bias. Similarly, a psychophysiological 
interaction (PPI) analysis, also repeating analyses by Strombach, 
that assessed functional connectivity with this seed region in right 
TPJ also provided no evidence for a role of TPJ in modulating other 
regions during generous versus selfish choices. We found no re
gions that were significantly functionally correlated with right 
TPJ during generous versus selfish choices.

Overall, results revealed a main effect of choice type (generous 
versus selfish choices), but no main effect of group. Across altru
ists and controls, generous choices in contrast to selfish choices 
recruited several regions previously linked to prosocial decision- 
making (36), including left medial PFC, right superior temporal gy
rus, and left temporal pole. Selfish choices preferentially recruited 
regions that included left inferior frontal gyrus, bilateral presup
plementary motor area, and bilateral posterior cingulate gyrus 
(Fig. 4; Supplementary Fig. S4; Supplementary Tables S5 and S6). 
But no whole-brain differences were observed across groups, sug
gesting that altruists and controls engage similar processes when 
making generous decisions.

We next tested the alternate hypothesis that altruists’ height
ened generosity may reflect how they encode the subjective value 
of others’ welfare during decisions. Evidence in favor of this hy
pothesis would reveal divergent profiles of activation between al
truists and controls corresponding to the subjective value that 
they assign to social others’ welfare (v) (N = 77; Supplementary 
Table S1). To test this, we fit a first-level GLM to BOLD responses 
to estimate the extent to which the amplitude of responses was 
modulated by the model-fitted value v (amount participants 
were willing to forgo for each social other; see Materials and meth
ods). Because a second-level group analysis again found no differ
ences between LKM and wait-list controls, participants were 
combined. Group-level analyses yielded the only results to reveal 
distinct profiles of activation in altruists and controls. We found 
multiple regions in which neural activity encoded subjective valu
ation of others’ welfare differently for altruists than controls. 
These regions notably included two regions that we predicted: bi
lateral amygdala and left rostral anterior cingulate gyrus (BA 32) 
(Figs 5 and 6; Supplementary Fig. S5; Supplementary Tables S7 

Table 2. Linear mixed-effects model results for group differences 
in difficulty.

N = 77 b SE 95% CI T P

Intercept 6.64a 0.10 6.44, 6.84 65.28 <0.0001
LKM controls 

>Wait-list 
controls

0.07 0.14 −0.21, 0.36 0.51 0.61

Altruists 
>Wait-list 
controls

−0.08 0.15 −0.36, 0.21 −0.52 0.61

Social distance (N) −0.002b 0.14 −0.003, −0.001 −3.26 0.001
LKM controls × N −0.004a 0.001 −0.01, −0.003 −5.43 <0.0001
Altruists × N −0.0001 0.001 −0.002, 0.001 −0.22 0.83

Note. b represents unstandardized coefficients. 95% CI indicates lower/upper 
limits of a confidence interval. Groups are indicator variables relative to the 
reference group (wait-list controls). 
aP < 0.001. 
bP < 0.05. 
LKM, loving-kindness meditation.
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Fig. 4. Neural activation for generous versus selfish decisions across the 
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visualization purposes) between generous and selfish choices across the 
full sample. Surface corresponds to the following key: left lateral = top 
left; right lateral = top right; left medial = bottom left; right medial =  
bottom right.
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and S8), regions in which neurons that encode the value of out
comes for others have been observed in nonhuman animal stud
ies (29–31, 37). Mean magnitude differences were assessed in 
these regions by fitting the same GLM to BOLD responses including 
regressors of interest that corresponded to social other blocks (in
cluding nuisance regressors, but excluding the amplitude modu
lator of subjective valuation assigned to others’ welfare). Results 
revealed that, relative to controls, altruists exhibited more uni
form mean activity in left rostral ACC and right amygdala as the 
value assigned to social others increased (by contrast, in controls, 
activation increased in left rostral ACC and decreased in right 
amygdala as social value increased). Other regions in which altru
ists showed more uniform patterns of activity than controls as so
cial value increased included left superior frontal gyrus (BA 8), left 
precuneus (BA 31), and right inferior occipital gyrus (BA 18). 
Importantly, these patterns parallel altruists’ more uniform gen
erosity across social distances (Supplementary Fig. S6).

Altruists’ value-related activity also differed from controls in a 
nonuniform manner in several regions that were not predicted 
(Supplementary Fig. S6). These included left superior temporal 
sulcus (BA 21), right fusiform gyrus (BA 19), left anterior inferior 
temporal gyrus (BA 20), right superior medial frontal gyrus (BA 
9/10; dorsomedial PFC), left inferior frontal gyrus (triangularis; 
BA 45), left middle frontal gyrus (BA 8), right inferior temporal gy
rus (BA 20), parahippocampal gyrus, right inferior frontal gyrus 
(BA 44), right putamen, left supplementary motor area (BA 6), 
and right cerebellum (lobule IV–V). To address potential devia
tions from parametric assumptions due to the unequal sample 
sizes from pooling control participants, we employed a bootstrap 
resampling approach to test in which regions in which neural 
activation encoded subjective valuation of others’ welfare 

differently between 5,000 bootstrap samples of altruists and con
trols. A large majority of identified regions using this approach co
incided strongly with resulting maps from parametric statistics 
(Supplementary Fig. S7, Supplementary Table S9). We did not 
find value-related group differences in insula, temporal gyrus, or 
TPJ.

To test whether our neural findings could reflect group differ
ences in the processes engaged in discounting decisions more 
broadly (as opposed to specifically social discounting), we con
ducted a conjunction analysis between our contrast map assess
ing regions which in altruists differed from controls in 
subjective valuation encoding of social distance (Fig. 5) to three 
Z-statistic maps assessing subjective valuation encoding of phys
ical effort, probability, and time delays (45). Results revealed that 
the altruist-control difference in BOLD activation tracking sub
jective valuation during social discounting only partially over
lapped with BOLD activation tracking subjective valuation 
during nonsocial discounting. Importantly, this conjunction of 
voxels only partially overlapped with the rostral ACC/medial 
PFC cluster from the present study and did not overlap with any 
of the other clusters (Supplementary Fig. S8), suggesting that the 
processes altruists engage during social discounting are unlikely 
to stem from differences in discounting more broadly.

Discussion
Combining both ecological and experimental approaches, we con
ducted the first pre-registered assessment of the neural underpin
nings of generosity for socially distant others in real-world 
extraordinary altruists and demographically matched controls, 
approximately half of whom completed an LKM intervention. 
We tested two alternative hypotheses regarding the origins of 
these patterns: (i) that altruists’ generosity for distant others re
flects their more successfully overcoming an egoism bias (7, 8) 
or (ii) that their generosity reflects how they represent the subject
ive value of distant others’ outcomes. Our findings provided no 
support for greater effortful suppression of selfish preferences in 
altruists. Instead, we found that group differences in social dis
counting corresponded to activity in a constellation of regions 
reflecting the subjective value placed on others’ welfare (v), in
cluding rostral ACC and amygdala. Relative to typical adults, 
value-related activation patterns were more uniform across social 
distances among altruists—a pattern consistent with altruists’ 
more uniform generosity for close and distant others. We thus 
conclude that altruists are more generous to strangers because 
of how they encode the subjective value of their welfare.

Recent research in humans and nonhuman animals has impli
cated medial PFC, specifically rostral ACC, and amygdala, in pro
social decision-making. In nonhuman primates, ACC responding 
is selective for others’ rewards (46) and is also found to be critical 
for value-based social choices (29, 47). Excitotoxic lesions to this 
region also impair prosociality (29). In rodents, populations of cells 
in these regions have been found to compute subjective valuation 
of others’ outcomes, with enhanced coordination in firing pat
terns between neurons in the ACC and amygdala facilitating pro
social decisions (31). Although functional neuroimaging cannot 
yield similarly specific results, we found for the first time that in 
typical adults, mean activity in left rostral ACC increased, and 
mean activity in amygdala decreased as the subjective valuation 
of others’ welfare (v) increased during decision-making. By con
trast, altruists in our study exhibited more uniform mean activity 
in both of these regions than controls, paralleling their more 

–0.004 –0.002 0.000

Fig. 5. Regions in which altruists exhibited a different relationship 
between neural activation and social valuation in contrast to all controls. 
Note. Colormap corresponds to the difference in subjective social 
value-related activity (FDR-corrected q < 0.05) between altruists and 
controls. Surface corresponds to the following key: left lateral = top left; 
right lateral = top right; left medial = bottom left; right medial = bottom 
right.
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consistent generosity across social distances (i.e. shallower dis
counting slopes) (11, 12).

There are a few reasons this might be the case. This includes 
our current interpretation that it reflects more uniform subjective 
valuation of others’ welfare in altruists. It may also reflect another 
form of implicit or affective responding that is more uniform for 
various others during decision-making. However, evidence in 
nonhuman species linking activity in amygdala and ACC to the 
genesis of prosocial preferences supports the former possibility. 
These patterns are generally consistent with evidence from prior 
neuroimaging research in humans as well. For example, ACC ac
tivation has been found to track the value of others’ rewarding 
outcomes, the probability that others will receive rewards, and 
prediction errors after observing the outcome of others’ choices 
(48–51). And previous research in extraordinary altruists finds 
both increased amygdala volume in altruists and increased acti
vation in this region corresponds to altruists’ empathic respond
ing to strangers’ distress (19, 52). These findings have been 
interpreted to suggest that variation in the structure and function 
of amygdala and ACC may underpin a “caring continuum” (3), ran
ging from highly uncaring populations (such as those with psych
opathy) (53–56) to highly caring populations (17–19).

Our findings do not support the notion that individual variation 
in costly real-world generosity reflects variability in overcoming 
an egoism bias, as previously suggested by models of prosocial re
straint (9, 10). We found no group differences for generous versus 
selfish decisions. We instead found similar activation patterns 
across the full sample reliably linked to prosocial versus selfish 
choices (36). In addition, altruists exhibited activity in right TPJ 
for generous versus selfish decisions that decreased with a greater 
temptation to be selfish. Given that we also did not observe 
within-subject differences among controls, our finding could be 

related to methodological differences between our task and the 
task used previously (7, 8). Notably, we opted not to include a 
visuo-spatial depiction of social distance (a number line) in our 
paradigm; we instead used a simple numeric indicator of social 
distance. We made this choice because tasks using the number 
line have reported results in the right angular gyrus (BA 39), a re
gion known to encode information about spatial, temporal, and 
social distance (57). It is possible that increased activation in 
this region during generous versus selfish decisions in previous 
tasks reflected the spatial location of avatars on the number 
line, because selfish choices would be correlated with avatars ap
pearing toward the right of the screen, whereas more generous 
choices would be correlated with avatars appearing towards the 
left of the screen (given the hyperbolicity of participants’ choices). 
In discounting tasks that use a number line, it is thus difficult to 
discern whether activation in this region reflects changes in spa
tial and social distance versus overcoming egoism bias during 
generous choices, or both. It should also be noted that recent neu
rostimulation research on prosocial decision-making corrobo
rates our findings, showing that inhibitory transcranial 
magnetic stimulation to right TPJ does not alter selfish choices 
(58). Taken together, our results are instead more consistent 
with neuroimaging evidence that activity in TPJ reflects a conflict 
between personal motives rather than a conflict between selfish 
and altruistic motives (59, 60). Based on the evidence reported pre
viously (12) and in the present study, it is also unlikely that our ob
served differences in behavior or neural activation tracking social 
value are related to extraordinary altruists’ ability (or lack thereof) 
to differentiate between elements on a rank-ordered list. In the 
present study, altruists did not differ from controls in their ratings 
of nominated social others in terms of emotional closeness nor in 
terms of relationship types across social distances. Despite similar 

A

B

Fig. 6. Amygdala voxels in which altruists exhibited a different relationship between neural activation and social valuation in contrast to all controls. 
Note. A) Colormap corresponds to the difference in subjective social value-related activity between altruists and controls in a pre-registered a priori region 
of interest (BA; FDR-corrected q < 0.05). A smaller cluster of voxels in this region also survived multiple-comparison correction across the whole brain 
(FDR-corrected q < 0.05). B) Plots of mean activation magnitude in these regions as a function of subjective social valuation, group, and social distance. 
The average plot corresponds to the signal change by value aggregated across all social distances.
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judgments about these people, they nonetheless exhibited diver
gent patterns of generous behavior as a function of social 
distance.

Another potential explanation for why our results differ from 
those reported previously may be related to the possibility that 
their sample was more selfish as a function of a social distance 
relative to than our control samples (7). The estimated discount
ing function of the current control sample is similar to previous 
studies (11, 12, 61). But, it is also possible that our control sample 
showed slightly greater prosocial preferences (despite careful re
cruitment and matching to the altruist sample on various demo
graphics) than in some prior studies. This could be for several 
reasons. First, the study was conducted during the global pan
demic, which introduced several challenges related to participant 
recruitment. Thus, the controls that participated in our study may 
be more generous than typical controls, as prosocial behavior in
creased during this time period (62, 63). It could also be due to 
meditation study recruitment drawing participants from less self
ish populations. Lastly, it is possible that this difference is due to 
potential geographic or cultural differences in social discounting; 
noting that work has shown consistent social discounting be
tween rural and urban backgrounds in China (24) and between 
Germany and China (25), but none between the United States 
and Europe.

Our results also found that altruists also exhibited 
value-related activity that differed from controls in a network of 
other regions that varied nonuniformly. These included the right 
dorsomedial PFC, in which altruists’ activation generally de
creased while controls’ activation generally increased as a func
tion of social value. This finding in controls is consistent with 
work showing that dorsomedial PFC activity during social judg
ment tasks increases with prosociality (i.e. increases as the value 
of others’ outcomes increases), suggesting that helping others 
may stem from the spontaneous ability to understand others 
(64). And in dorsal striatum (right putamen), altruists exhibited in
creasing activity in contrast to controls, who exhibited decreasing 
activity, as the subjective value placed on others increased. 
Because activity in this region increases during reward-based 
decision-making as a function of resulting personal reward mag
nitudes (65, 66), this result may reflect how rewarding individuals 
find prosocial actions on average. The observed pattern in this re
gion is consistent with altruists finding prosocial decisions more 
rewarding than controls, a possibility that future research could 
test.

We found that generous decisions are reported to be subject
ively easier on average across all groups, which is generally 
more consistent with the conclusion that generosity is driven by 
prosocial preferences than by inhibition of selfishness. In add
ition, we found that the strength of this relationship was stronger 
for both altruists and LKM controls relative to wait-list controls. 
One interpretation of this finding is that people who have greater 
prosocial preferences (e.g. altruists) find it easier to make pro
social decisions, in line with existing theories (16). However, it is 
important to note that subjective difficulty ratings cannot be as
sumed to index selfish impulses because a decision can be difficult 
for many reasons other than an implicit bias to be selfish. Recent 
work has demonstrated that computational models of altruistic 
behavior (e.g. sequential sampling models) can account for behav
ioral and neural effects attributed to self-control and the value of 
generosity, with generous choices slower than selfish choices 
when the relative weight placed on one’s own welfare is higher 
and faster when the weight placed on others’ welfare is higher 
(60). Although our task was not optimized for this model, our 

data are consistent with this work. Qualitatively, the difference 
in response times between generous and selfish choices for con
trols decreases as social distance increases for controls but is fair
ly consistent across social distances for altruists. Taken together, 
altruists may be behaviorally responding similarity for all social 
others because the weight they place on all others’ welfare is simi
lar to the weight placed on their own. However, future work 
should test this directly.

Finally, our study also indicated that undergoing an 8-week 
LKM training protocol aimed at increasing care and kindness to
wards others at varying social distances did not reduce social dis
counting, despite our predictions and despite some evidence 
linking similar training to laboratory-based prosociality (13, 14). 
Instead, LKM training made decisions for distant others more dif
ficult for participants. We do not believe these null findings re
flected the quality of the training modules, which were explicitly 
designed to elicit care for others at varying social distances, and 
which were created by one of the world’s most renowned LKM 
training experts, Sharon Salzberg (39). Instead, these findings sug
gest that although LKM training may promote some forms of pro
sociality, it may not change how people fundamentally value 
distant others’ welfare, a conclusion consistent with findings 
from a recent review and meta-analysis (44) and noteworthy given 
increased popularization of meditation techniques in both scien
tific and nonscientific contexts. While LKM participants in this 
study completed nearly all of the training sessions and consistent
ly reported enjoying them, we did not find either behavioral or 
neural evidence that these sessions changed how they encoded 
the subjective value of others’ welfare. It is possible, however, 
that LKM might increase other types of prosocial outcomes such 
as responding empathically others’ pain or distress. Future work 
could assess the effects of the present LKM training on social dis
counting in a loss context (67). In the present LKM training, partic
ipants were also free to direct loving-kindness towards anyone 
who met the criteria for a given week. It is possible that identifying 
targets that overlapped with those nominated for the decision- 
making task could have reduced social discounting. Future work 
should examine this possibility.

Our findings should also be considered in light of certain limi
tations. For one, we did not employ an active meditation control 
group. This was necessary to allow direct comparison between al
truists (who did not undergo meditation training) and wait-list 
controls. It should be noted, however, that the use of a wait-list 
control group generally increases meditation intervention effect 
sizes relative to active control conditions (44), so this feature of 
our paradigm is unlikely to be confounding. Consistent with this 
conclusion, a similar LKM training protocol has been used (the 
same recordings, but over 4 weeks instead 8) with an active con
trol condition (progressive muscle relaxation meditation) and pro
duced similar null effects related to perceived social 
connectedness and real-world prosocial behavior (68). In addition, 
we did not collect baseline discounting or neuroimaging data prior 
to LKM training in order to reduce bias in our control groups. This 
makes it possible that our LKM group could have exhibited in
creased social discounting preferences at baseline such that 
within-group changes after the 8-week program were missed. 
However, our control groups were carefully recruited concurrent
ly, randomly assigned to each condition, and matched on multiple 
psychosocial and demographic features to each other and to al
truists, so we do not believe this is likely.

It is important to note that matching controls to extraordinary 
altruists on demographics led to a fairly demographically homo
genous sample of participants—likely due to the fact that kidney 
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donors are often selected based on factors related to age, sex, and 
health, among other factors that can represent barriers to health
care. However, other populations of extraordinary altruists are 
more demographically diverse than the present sample (e.g. 
bone marrow donors, heroic rescuers) (11, 69, 70) and are also 
characterized by decreased social discounting (11). It should also 
be noted that because all altruists were recruited after donating, 
our results are not aimed at prospectively predicting extraordin
ary altruism. Our results instead characterize divergent behavior
al and neural patterns among individuals who have already 
engaged in extraordinary acts of altruism. It is possible that altru
ists’ divergent behavioral and neural patterns reflect their aware
ness that they were recruited for a study on altruism (an issue 
relevant to all research on special groups, including all clinical 
samples) and thus are responding to experimental demand. 
However, several lines of evidence argue against this possibility. 
Altruists do not score highly on self-report altruism scales that 
are more straightforwardly related to altruism and thus arguably 
less susceptible to demand effects (11, 71). In addition, we do not 
find that the characteristics actually differentiating altruists from 
controls are those that the average person predicts will set them 
apart (11), which suggests altruists are not simply responding in 
altruistic stereotype-consistent ways.

Prior work has established that decreased social discounting 
with monetary costs captures an important latent variable rele
vant to valuation of others’ welfare and to various ecologically 
valid forms of altruism (11). However, it should be noted that 
monetary costs are only one form of costs that can be incurred 
from altruistic behavior. Willingness to undergo physical effort 
costs (72, 73) could also be closely linked to the costly helping re
lated to organ donation; future work could test the extent to which 
altruists will exert more effort in the lab to benefit social others’ 
welfare.

Despite these limitations, these results resolve key questions 
about the origins of real-world costly altruism. We find the first 
evidence that real-world altruists’ generosity for distant others re
flect their true valuation of distant others’ welfare, not overcom
ing selfish biases. More, this work adds to the emerging evidence 
linking value-related calculations in rostral ACC and amygdala 
to prosocial decision-making across species and shows that acti
vation patterns in these regions diverge in real-world extraordin
ary altruists. Altruists may engage in costly generosity for socially 
distant others due to their relatively unbiased value-related neur
al responses across both socially close and distant others in these 
and other regions, such that they respond generously to both dis
tant and close others.

The finding that altruists’ generosity reflects their true valu
ation of distant others’ welfare may explain why even a custom- 
designed 8-week LKM intervention was unable to reproduce 
their generous choices or neural activation profiles in a sample 
of typical adults. Genuinely valuing the welfare of strangers 
may reflect powerful life experiences and fundamental beliefs 
about other human beings that cannot be quickly or easily re
produced (74, 75). Interventions that can alter how the subject
ive value of distant others’ welfare is encoded may be more 
successful.

Materials and methods
All recruitment procedures described below (e.g. inclusion/exclu
sion criteria, hypotheses) were outlined in our pre-registration 
(https://osf.io/u8adg) and approved by the Georgetown 
University Institutional Review Board.

Participants
All participants were provided informed consent to participate in 
a study on the behavioral and neural correlates of altruism. Eighty 
participants completed the social discounting portion of our 
study, which surpassed our pre-registered target sample size. 
Our pre-registered sample size (N = 78) was calculated with 
G*Power 3.1 (76) using previously published social discounting 
data in altruistic kidney donors and matched controls (12) to de
tect group differences in behavior with large effect sizes (≥0.80) 
while maintaining an alpha of 0.05. As a post hoc calculation of 
power, we used the whole-brain, unthresholded t-statistic map 
contrasting generous and selfish decisions from a prior neuroi
maging study (7) to estimate the sample size we would need to 
generate a similar map. Using neuropowertools (http:// 
neuropowertools.org/) (77), we determined that sample sizes of 
N = 62 and N = 31 would be required to achieve ≥0.80 power ac
cording to Random Field Theory correction and no correction, re
spectively. Our final sample sizes meeting inclusion criteria (N =  
62, N = 77) exceeded these estimates and would have ≥0.95−0.99 
power according to these simulations. Nondirected kidney donors 
from across North America and typical adults from the 
Washington D.C. metropolitan area were recruited simultaneous
ly. All altruistic kidney donors were verified as having volunteered 
to donate a kidney to a stranger. Control participants were verified 
to have never donated an organ to another person and were 
matched to altruists on age, gender, and IQ. Among control partic
ipants, we employed a randomized wait-list control using blocked 
randomization with stratification by age (above/below 40 years 
old) and gender to select the LKM training group.

All participants did not have any current psychological illness 
(e.g. depression, bipolar disorder, psychosis) as assessed by scores 
above clinical thresholds on the SCL-90 (78) or use of psychotropic 
medication, did not have any history of head injury followed by 10 
+ minutes loss of consciousness, or neurological disorder (epi
lepsy, Tourette’s disorder, etc.), did not have previous formal 
meditation training and/or current meditation practice, did not 
have any contraindication to safe MRI scanning (e.g. ferrous metal 
implants, pregnancy), and did not have an IQ score less than 80 as 
assessed by the Kaufman Brief Intelligence Test—Second Edition 
(79).

Eighty participants meeting the criteria above completed three 
runs of a social discounting task during fMRI. Of these partici
pants, one participant was excluded due to excessive motion dur
ing scanning (more than 15% of volumes greater than 0.5 mm 
framewise displacement), one participant was excluded because 
they asked to change over 20% of their choices after completing 
the scan (indicating that they did not understand the task), and 
one participant was excluded because they missed more than 
half of all choices for a social other. Our final sample included 
77 participants (26 altruists, 25 controls randomized to an 
8-week meditation training, 26 wait-list controls; 62.34% female; 
mean age = 41.49 years, SD = 7.65 years).

Selection of social others
Prior to testing, subjects were asked to provide names and photo
graphic images of individuals from their own social network who 
correspond to each of the social distances, N = 1, 2, 5, 10, 20, and 
50. They were provided the following instructions: “Think about 
a list of 100 people in your social environment, with person #1 
being the closest relationship to you and person #100 being some
one who you do not know. Please provide us the full name and 
photos for the person you would consider #1, #2, #5, #10, #20, 
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#50.” They were also asked to supply a nonoccluded image of the 
person’s face looking into the camera and wearing a neutral or 
mildly positive expression (not analyzed in the present study) 
(80). Although within social networks, it is possible for more 
than one person to represent a given social distance, subjects 
only selected one person for each distance (7). The experiment 
also included social distance level 100, but this level represented 
strangers whose name may not be known (21), so subjects were 
not required to provide a name or photo for this level. Thus, seven 
social distances were included.

To validate that groups ranked people similarly across social 
distances, we administered a pen/paper questionnaire that eval
uated their emotional closeness towards each nominated social 
other (#1, #2, #5, #10, #20, #50) and for two strangers of the oppos
ite sex (#100) using a Likert scale (“How emotionally close do you 
feel with this person?” 1 = Not at all; 9 = Very much). These meas
ures were completed by 79 out of 80 participants. Ratings for the 
strangers were averaged prior to analyses. Results from a linear 
mixed effects model found no significant differences between 
meditation controls (β = 0.32, SE = 0.25, 95% CI = [−0.17, 0.81], 
P = 0.20) or altruists (β = −0.22, SE = 0.54, 95% CI = [−0.71, 0.28], 
P = 0.39) relative to wait-list controls (Supplementary Table S10; 
Supplementary Fig. S9). Means and standard errors are also re
ported across groups for ratings on emotional closeness, trust, 
positive affect, and negative affect, as well as relationship dur
ation and interaction frequency (Supplementary Table S11). 
Participants also described their relationship with each person 
nominated via a free response prompt, which was coded accord
ing to thematic analysis (81). Six relationship categories emerged 
in addition to the stranger category: friend, family member, co- 
worker, spouse, dating partner, and acquaintance. A series of chi- 
square tests of independence was performed at each social dis
tance to examine the relationship between the group and the re
lationship type of the nominated targets. The proportion of 
nominations did not differ among groups for any of the social 
distances (Supplementary Fig. S10): At Social Distance #1, χ2(8, 
N = 79) = 10.22, P = 0.25; Social Distance #2, χ2(10, N = 79) = 8.58, 
P = 0.57; Social Distance #5, χ2(8, N = 79) = 6.19, P = 0.63; 
Social Distance #10, χ2(8, N = 79) = 6.25, P = 0.62; Social Distance 
#20, χ2(6, N = 79) = 5.03, P = 0.54; Social Distance #50, 
χ2(6, N = 79) = 11.38, P = 0.08.

LKM training
The 8-week LKM training program was custom-designed for the 
purposes of this study by renowned meditation expert, Sharon 
Salzberg. In a randomized control trial, this training followed a 
structured approach during which loving kindness is directed to
ward a different target each week: (i) the self, (ii) a benefactor, (iii) 
a friend who is doing well, (iv) a neutral person, (v) a friend who is 
struggling, (vi) a difficult person, (vii) groups, and finally (viii) to all 
beings without distinction. Participants completed five training 
sessions per week. The first session on a given week lasted 
27 min and the remaining four sessions lasted 15 min each 
(87 min per week; 11.6 h in total over 8 weeks).

All control participants were recruited into the study at least 8 
weeks prior to neuroimaging and were randomized into groups 
upon enrollment. Meditation participants were tasked to com
plete five trainings per week for 8 weeks prior to their neuroimag
ing scan date (40 total). Web-based confirmation of participation 
among LKM controls included in analyses indicated that they 
completed at least 77.5% of trainings (range = 77.5–100%, 
mean = 89.6%, SD = 0.07%).

Social discounting paradigm
During scanning, participants made 189 decisions across three in
dependent runs involving the seven social distances described 
above. The task consisted of 21 blocks with nine trials each. In 
keeping with established procedures (7), participants were 
prompted to imagine the seven possible individuals on the list 
(N = 1, 2, 5, 10, 20, 50, or 100) and make nine dichotomous choices 
about keeping and/or sharing amounts of money with each. For 
each trial, participants were asked to indicate if they would prefer 
to keep an amount of money for themselves alone (selfish option) 
or to keep an amount of money for themselves and also share an 
amount of money with the Nth person on their list (generous op
tion). The selfish options ranged from keeping $165 to $65 in the 
order of decreasing $10 increments, and the generous option al
ways kept a set amount of money (i.e. keeping $85, $75, or $65) 
and sharing that same amount with the Nth person (i.e. sharing 
$85, $75, or $65). Participants made their selections by pressing 
buttons held in the left and right thumbs. Each trial lasted 5 s, 
and the interval between trials was randomly jittered with an 
average of 4 s (jittered ±1 s). The ordering of the blocks was 
pseudo-randomized. Stimuli consisted of text only in which par
ticipants chose between two options: “$XX for YOU” or “$XX for 
YOU and $XX for N=##”, where ## indicated the number of the so
cial distance. Participants were trained on the task before entering 
the scanner using instructions sheets and verbal testing. They 
were asked to confirm that they knew the identity of each N before 
scanning (see Supplementary Table S12 for instructions).

Participants were informed prior to the task that payments 
were yoked to task responses so that the experiment avoided de
ception and met the full standards of behavioral economics. 
Based on their actual choices, participants were paid 10% from a 
randomly chosen trial, and, if the participant chose the generous 
option, the other person in question also received 10% of the 
amount selected for them. If relevant, participants were asked 
after the task to provide an email address or phone number for 
contacting that person so that payment could be made via 
PayPal or Amazon gift card. If the randomly chosen trial featured 
a person at social distance 100, a random phone number gener
ator was used to select a person to receive the payment using 
Venmo.

Post-scan questionnaire
After the scanning session, participants’ answers to the $75 mag
nitude questions (63 trials) during the social discounting task were 
presented back to them. Participants then rated how difficult each 
decision was for each trial on a scale from 1 (very easy) to 7 (very 
difficult). Furthermore, each participant completed a question
naire regarding each of the targets selected during the tasks.

Behavioral modeling
Following standard practice (82, 83), we estimated an “indiffer
ence point” when each respondent switched from selfish choices 
to sharing with a given person number on the list for each of the 
different generous options (sharing $85, $75, or $65; referred to 
as the “generous option blocks” below). The indifference point 
was calculated for each social other (N ) by solving for the value 
at which the probability (P) between choosing a selfish versus gen
erous option was 50% via binomial logistic regression:

P(share)trials =
exp(b0 + b1× Amounttrials)

1 + exp(b0 + b1× Amounttrials)
, 
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P
1 − P

= exp(b0 + b1 × Amounttrials).

Setting P = 0.5 yields:

ln
P

1 − P

􏼒 􏼓

= ln
0.5

1 − 0.5

􏼒 􏼓

= b0 + b1× Amountindifference trial, 

ln (1) = 0 = b0 + b1 × Amountindifference trial, 

−
b0

b1
= Amountindifference trial.

If the selfish option was chosen for all trials in a block, the indiffer
ence points were assumed at $80, $70, or $60 for the $85, $75, or 
$65 generous options, respectively. If the generous option was 
chosen for all trials in a block, the indifference points were as
sumed at $170, $160, or $150 for the $85, $75, or $65 generous op
tions, respectively. Amounts willing to forgo (v) were calculated by 
subtracting the generous option magnitude ($85, $75, or $65) from 
each indifference point, and then averaging across the generous 
option blocks. Thus, we had seven “amount willing to forgo” (v) ob
servations corresponding to one of seven social others (N ) for 
every participant (i).

Social distance (N ) was centered at N = 1 (decision towards 
closest other); groups were coded as indicator variables with wait- 
list controls entered as the baseline group. We used the nlme 
package v3.1.160 (https://cran.r-project.org/package=nlme) (84) 
in R version 4.2.2 to fit data to a hyperbolic mixed-effects model 
using maximum likelihood estimation, which allowed both inter
cepts (v0i), and discounting rates (logki) to vary across participants 
with group entered at level 2. Because discounting rates are non
parametrically distributed, we employed a variation in the hyper
bolic discounting function to improve model convergence, 
estimating logk rather than k (85):

v =
v0i

1 + ki × Ni
=

v0i

1 + exp(logki) × Ni
.

The model assessed how discounting rates (logki) differed across 
altruists and LKM controls relative to controls: 
Level 1 (hyperbolic function):

vNi =
v0i

1 + exp(logki) × Ni
+ eNi.

Level 2:

v0i = b00 + r0i, 

logki = β10 + β11 × Altruistsi + 

β12 × Meditation controlsi + r1i.

Bayesian model comparison using the Bayesian Information 
Criterion confirmed that the hyperbolic model outperformed a 
null (intercept-only) model, linear model, and exponential model 
(Supplementary Figs S11 and S12), as previously demonstrated 
(11, 12). To validate the estimated logk parameters across partici
pants, we calculated the correlation with a model-agnostic meas
ure of social discounting: area under the curve (AUC), which does 
not assume hyperbolicity in responding (86). AUC was calculated 
for each participant by normalizing amount willing to forgo (v) as 
a percentage of maximum v, normalizing social distance (N ) as a 
percentage of maximum N, connecting the crossover points by 
straight lines, then summing the areas of the trapezoids formed. 
As generosity increases, logk decreases and AUC increases (both 
representing shallower slopes). We observed a statistically signifi
cant negative correlation (Spearman ρ = −0.89), with logk captur
ing more variation across participants (see Supplementary Fig. 

S13 for relationship and mean AUC across groups), validating 
our use of logk to index discounting rates.

Response time modeling
We tested how log-transformed response times varied as a func
tion of group and choice using a linear mixed-effects model using 
the glmer function within the lme4 v1.1.31 package in R version 
4.2.2 that allowed intercepts to vary across participants.

Difficultly rating modeling
We tested how choice difficulty varied as a function of social dis
tance using a linear mixed-effects model (again using the nlme 
package in R version 4.2.2) that nested ratings within social dis
tance blocks and allowed slopes and intercepts to vary across par
ticipants. We also tested how choices varied as function of 
difficulty and decision type (generous versus selfish) using a logis
tic mixed-effects model using the glmer function within the lme4 
v1.1.31 package in R version 4.2.2 that allowed intercepts to vary 
across participants. See Supplementary Figs S14 to S17 for plots 
of difficulty as a function of trials within block.

MRI data acquisition
All scanning took place at the Center for Functional and Magnetic 
Resonance Imaging at Georgetown University, which supplies a 3 
T Siemens Magnetom Prisma Fit MRI scanner. A 64-channel head 
coil was used for data collection. Briefly, following a localizer, we 
collected one double-echo field map (phase encoding direction = A 
>> P). Functional data were first collected four runs of a task not 
discussed in this manuscript, which measured neural responses 
to faces of each of the nominated others at varying social distan
ces in the social discounting task. These runs were followed by a 
magnetization-prepared rapid gradient-echo (MPRAGE) high- 
resolution T1-weighted structural scan: 1 mm isotropic voxels, 
repetition time (TR) = 2,300 ms, time to echo (TE) = 2.99 ms, phase 
encoding direction = A >> P, matrix: 270 × 288 × 176 mm. Finally, 
three runs of functional data during the social discounting task 
were collected: 3 mm isotropic voxels, 204 mm FoV, TR =  
2,000 ms, TE = 30 ms, phase encoding direction = A >> P, slices =  
37, accel mode = GRAPPA factor 2, bandwidth 2,450 Hz/Px. All 
runs were counterbalanced across participants.

Preprocessing
All preprocessing was implemented using fMRIPrep 21.2.1 (87), 
which includes anatomical T1-weighted brain extraction, ana
tomical surface extraction, head-motion estimation and correc
tion, susceptibility-derived distortion estimation and unwarping, 
slice-timing correction, intrasubject registration, and spatial 
normalization (intersubject registration). All functional-to- 
anatomical registration outputs were quality-checked prior to 
analyses. We deviated slightly from our initial preprocessing 
plan in the pre-registration in favor of using ICA-AROMA in the 
long-term release of fMRIPrep 21.2.1 to remove artifacts (e.g. mo
tion, physiological noise) and smoothing the data using a 6 mm3 

full width at half maximum (FWHM) Gaussian kernel. All data 
were also scaled to have a mean of 100 prior to first-level statistic
al modeling.

All first-level and second-level neuroimaging analyses were 
performed using AFNI version 22.0.02 (88). We used the 
3dDeconvolve function for all first-level analyses and used the 
3dMVM function (89) for all second-level group analyses. 
Family-wise error rate (FWER)-correction was applied by first 
using AFNI’s 3dFWHMx function to estimate the spatial 
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smoothness of the population-level residuals obtained from 
3dMVM and then using a permutation approach to determine 
cluster-size thresholding via AFNI’s 3dClustSim function, which 
randomizes and permutes input datasets using 10,000 Monte 
Carlo simulations. This approach was developed to reduce the 
false positive rate in response to Eklund et al. (2016). Cluster sig
nificance was determined using an underlying voxel height 
threshold of P < 0.001 and a cluster forming threshold to control 
the false discovery rate (FDR) at P < 0.05.

Neural activation for generous versus selfish 
decisions
To assess whether group differed in terms of their univariate acti
vation during generous relative to selfish decisions, we fit a first- 
level GLM to BOLD data from the 62 participants who exhibited 
variation in generosity (i.e. included those who did not choose 
the generous option for >99% of trials, as did 4 wait-list controls, 
1 LKM control, and 10 altruists; Supplementary Table S4) that in
cluded event-related regressors for selfish choices, generous 
choices, six motion parameters, white matter signal, and cerebro
spinal fluid (CSF) signal. We also included an additional regressor 
for missed choices among 10 participants. When applicable, we 
also censored volumes with motion greater than our pre- 
registered threshold (framewise displacement >.5 mm). This tem
poral data reduction approach produced two whole brain maps of 
interest reflecting a participant’s percent signal change for gener
ous decisions and selfish decisions. We then submitted these to a 
group-level analysis to assess whether their contrast (generous 
minus selfish) varied across groups. Whole brain group-level 
maps were thresholded using an FDR-corrected q < 0.05 and clus
ter size of 10 voxels and a FWER corrected P < 0.001. We also tested 
whether groups differed in neural activation for generous choices 
versus baseline (fixation) among all participants with complete 
social discounting behavior. To do this, we fit a first-level GLM to 
BOLD data from the 10 participants excluded in the generous ver
sus selfish analysis that included event-related regressors for gen
erous choices, which produced whole-brain maps reflecting 
percent signal change for generous decisions that were then sub
mitted to a group-level analysis to assess whether activation dur
ing generous choices (against implicit baseline) varied across 
groups.

Neural activity that scales with the temptation  
to be selfish
Following Strombach et al. (7), we next tested whether activity in 
right TPJ increases as the temptation to be selfish increases. To do 
this, for each participant and for each trial, we first computed a 
“selfish temptation value” by subtracting the subjective valuation 
placed on others’ welfare from the value of a potential selfish re
ward for a given choice. We then fit another GLM that included 
two additional regressors that assessed the amplitude modulation 
of responses as a function of this temptation bias for generous and 
selfish choices in addition to the event-related regressors for self
ish choices, generous choices, six motion parameters, white mat
ter signal, and CSF signal (and a regressor for missed choice 
among 10 participants). When applicable, we also censored vol
umes with motion greater than our pre-registered threshold 
(framewise displacement >0.5 mm). This temporal data reduction 
approach produced two whole brain maps of interest reflecting 
the degree to which a participant’s brain activity during generous 
decisions increased as the selfish temptation increases and the 
degree to which a participant’s brain activity during selfish 

decisions increased as the selfish temptation increases. We again 
submitted these to a group-level analysis to assess whether their 
contrast (generous minus selfish) varied across groups. Whole 
brain group-level maps were thresholded using an 
FDR-corrected q < 0.05 and cluster size of 10 voxels. We also car
ried out this analysis using small-volume FDR-correction 
q < 0.05 in a pre-registered a priori region-of-interest: a 6-mm 
sphere around the right TPJ [MNI: x = 51, y = −49, z = 34].

Psychophysiological interaction
We also followed up with a PPI analysis using the same right TPJ 
sphere as a seed region. To do this, we computed each partici
pant’s average time series within this seed and created two inter
action regressors between the normalized time series and each 
type of decisions (i.e. generous, selfish). Our GLM consisted of 
the following regressors: a physiological regressor (i.e. the entire 
time series of the right TPJ), a psychological regressor for the onset 
of the generous choices, a PPI regressor for the generous choices, a 
psychological regressor for the onset of the selfish choices, a PPI 
regressor for the selfish choices. The onset and PPI regressors 
were convolved with a canonical form of the hemodynamic re
sponse. The model also included six motion parameters, white 
matter signal, and CSF signal (and a regressor for missed choice 
among 10 participants). When applicable, we also censored vol
umes with motion greater than our pre-registered threshold 
(framewise displacement >0.5 mm). This temporal data reduction 
approach produced two whole brain maps of interest reflecting 
the degree of temporal correspondence (i.e. functional connectiv
ity) to the right TPJ during generous and selfish choices.

To identify regions whose connectivity was higher during gen
erous than during selfish choices, we submitted these to a group- 
level analysis to assess whether their varied across groups. Whole 
brain group-level maps were thresholded using an FDR-corrected 
q < 0.05 and cluster size of 10 voxels. We again carried out this 
analysis using small-volume FDR-correction q < 0.05 in a pre- 
registered a priori 6-mm sphere around the right TPJ [MNI: 
x = 51, y = −49, z = 34].

Neural activity that scales with the value assigned 
to others’ welfare
Finally, we tested whether neural activity varied as a function of 
the value assigned to others’ welfare (as estimated from the 
hyperbolic discounting model) differently across groups. To do 
this, we estimated a new GLM that included the following regres
sors: a block regressor for decisions about each social other, a re
gressor that modulated the amplitude of responses as a function 
of the subjective value participants assigned to the welfare of each 
social other, six motion parameters, white matter signal, and CSF 
signal. Because we used the estimated values from the hyperbolic 
model, we were able to include the full sample (N = 77) for this 
analysis and thus included an additional regressor for missed 
choices among 13 participants (three more participants than in 
the previous neuroimaging analyses). When applicable, we also 
censored volumes with motion greater than our pre-registered 
threshold (framewise displacement >0.5 mm). This temporal 
data reduction approach produced one whole brain map of inter
est reflecting the degree to which a participant’s brain activity in
creased as the value assigned to a social other’s welfare increased. 
We then submitted these to a group-level analysis to assess 
whether this amplitude-modulated signal varied across groups. 
Whole brain group-level maps were thresholded using an 
FDR-corrected q < 0.05 and cluster size of 10 voxels and an 
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FWER-corrected P < 0.001. We also carried out this analysis using 
small-volume FDR-correction q < 0.05 in a pre-registered a priori 
region-of-interest (BA from the Harvard–Oxford atlas (90–93)). 
To visualize how the signal varied as a function of the subjective 
value assigned to social others and as a function of social distance 
(Supplementary Fig. S6), we estimated another GLM that included 
seven block regressors for each social other (N = 1, 2, 5, 10, 20, 50, 
and 100), six motion parameters, white matter signal, and CSF sig
nal (and a regressor for missed choice among 13 participants). 
This produced seven whole brain maps of interest reflecting par
ticipants’ percent signal change for each of the seven social others 
included in the task. Supplementary Fig. S6 depicts the mean per
cent signal change (y-axes) as a function of social value (x-axes), 
group (blue = altruists, red = controls), and social distance (col
umns) in the each of the clusters (rows) revealed from the ampli
tude modulation results from Figs 5 and 6.

Bootstrap resampling
To test in which regions neural activation encoded subjective 
valuation of others’ welfare differently in altruists versus con
trols, we also ran a bootstrap resampling test. To do this, we ran
domly generated new samples of controls and altruists (each 
resample contained data from N = 26 participants) using a boot
strapping with replacement procedure and 5,000 permutations. 
On each permutation, we calculated the mean difference between 
the altruists and controls for all voxels within a gray matter mask. 
Thus, at each voxel, we generated a distribution of 5,000 mean dif
ference values. We then applied a voxel height threshold deter
mined using the 99% bootstrap CIs (i.e. thresholded voxels in 
which the bootstrap distribution overlapped with zero) and 
FWER cluster correction.
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