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Humans are an exceptionally cooperative species, but there is sub-
stantial variation in the extent of cooperation across societies. Under-
standing the sources of this variability may provide insights about
the forces that sustain cooperation. We examined the ontogeny of
prosocial behavior by studying 326 children 3-14 y of age and 120
adults from six societies (age distributions varied across societies).
These six societies span a wide range of extant human variation in
culture, geography, and subsistence strategies, including foragers,
herders, horticulturalists, and urban dwellers across the Americas,
Oceania, and Africa. When delivering benefits to others was per-
sonally costly, rates of prosocial behavior dropped across all six
societies as children approached middle childhood and then rates
of prosociality diverged as children tracked toward the behavior of
adults in their own societies. When prosocial acts did not require
personal sacrifice, prosocial responses increased steadily as children
matured with little variation in behavior across societies. Our results
are consistent with theories emphasizing the importance of ac-
quired cultural norms in shaping costly forms of cooperation and
creating cross-cultural diversity.

development | population differences | gene-culture coevolution

uman cooperation poses one of the great problems of the

human sciences (1). Although all human groups are gener-
ally more cooperative than other primates (2), the extent and
scale of cooperation varies across societies, behavioral domains,
and through historical time (3). Evolutionary researchers gen-
erally agree that kinship and reciprocity have shaped our incli-
nations to help others in important ways, but disagree about
whether these evolutionary processes are sufficient to explain the
levels of cooperation in contemporary human societies or to
account for the diversity in cooperation across societies (4).
Some researchers have argued that the psychological mecha-
nisms that underlie our concern for the welfare of others and
motivate helpful (prosocial) behavior have been shaped by an
interaction between genes and culture (3-7). In this account,
gene—culture coevolution has shaped social norms, which are
acquired during development, and subsequently influence in-
dividual behavior and social preferences in ways that affect the
relative success of competing social groups (3).

Many models predict that there will be substantial variation in
prosocial behavior across social groups, but gene—culture co-
evolutionary models make two distinctive predictions about this
variation: (7) variation in prosocial behavior across groups will be
more pronounced when the costs of cooperation (and incentives
to defect) are higher, and (ii) this variation will emerge as chil-
dren begin to acquire the social norms of their communities. To
investigate these predictions, we conducted a study of 3- to 14-y-
old children’s prosocial choices in six different societies that col-
lectively capture a substantial amount of human environmental
and cultural variation. We demonstrate that population differ-
ences in costly prosocial behavior (but not noncostly prosociality)
first emerge in middle childhood, suggesting that this is when
children become sensitive to cultural influences that modulate
their willingness to provide costly help to others.
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There is substantial variation in the levels of cooperation across
societies, and this is reflected in people’s willingness to share
monetary rewards with others and incur monetary costs to punish
unfair behavior (5-10). Gene—culture coevolution predicts that
population-level variation in sharing and punishment is linked
to demographic and economic variables. Consistent with these
predictions, individuals from larger societies are more willing to
punish stinginess, and members of world religions and more
market-oriented groups are more willing to share (6, 9). These
relationships may be the result of selection for social norms and
institutions (i.e., sets of norms) that maintain cooperation even
under conditions in which cooperation has high costs and is thus
fragile, as in large societies where many interactions are ephemeral
and there are many opportunities for exchange among strangers or
anonymous others (6, 9, 11). However, it is unlikely that cultural
evolutionary forces generate identical norms and institutions across
all societies. Instead, selective forces acting on cultural beliefs and
motivations should maintain differences in cooperative behavior
across populations that vary in how costly cooperation is used to
overcome ecological and economic challenges. An important im-
plication of this is that gene—culture coevolution predicts more
systematic population-level variation in prosociality in contexts in
which the costs of cooperation are relatively high, and less variation
in contexts in which the costs of a prosocial act are lower.

It is not yet clear how population differences in prosocial be-
havior emerge during the life span. Many developmental studies
suggest that prosocial behavior increases substantially across
childhood (12, 13), but these findings are largely based on chil-
dren in Western societies or urban settings [(14-18), but see refs.
19-21 for some samples from small-scale non-Western societies).
This narrow focus constrains our ability to assess the extent of
variation in children’s prosocial behavior across populations and
to examine the relationship between the cost of helping and the
development of population differences in prosocial behavior.
To overcome these limitations, we conducted a set of simple
choice tasks in which children had the opportunity to deliver
benefits to peers, but the personal costs of delivering benefits
varied across trials. We conducted these studies with 326 3- to 14-
y-old children in six different populations (Table 1; see SI Ap-
pendix, Appendix 2 for age distributions), and 120 adults from five
of the six populations. Participants were not immediate family
members. This sample includes nomadic hunter-gatherers liv-
ing in the Congo Basin (Aka), one of the last remaining societies
of this kind, as well as seminomadic agro-pastoralists from
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Table 1. Populations in the current study
N (female)
Population Location Children Adults Primary subsistence
Los Angeles United States 75 (34) 28 (23) Urban
Yasawa Island Fiji 75 (33) 25 (10) Horticulture, marine foraging
Aka Central African Republic 35 (13) 10 (6) Hunting/gathering
Himba Namibia 82 (48) 32 (19) Pastoralism, horticulture
Shuar Ecuador 37 (13) 25 (7) Horticulture
Martu Australia 22 (10) — Hunting/gathering

See S/ Appendix, Appendix 2 for additional details about age distributions and demographics across samples.

Namibia (Himba), slash and burn horticulturalists from Ama-
zonia (Shuar), sedentized foragers from Australia (Martu), ma-
rine forager-horticulturalists from Melanesia (Yasawa Island,
Fiji), and urban Americans (Los Angeles). We investigated the
effects of age and population of origin on children’s responses
when they were presented with opportunities to provide ben-
efits to others.

We used a standardized task to assess the generosity of a
subject actor when it was personally costly for them to deliver
rewards to a peer recipient [costly sharing game (CSG)] and
when it cost them nothing to confer benefits on recipients
[prosocial game (PG)]. This task was based on methods used by
Thompson et al. (22) and Fehr et al. (23), along with several
other studies (24-27). Following previous work on chimpanzees
(28, 29) and children (24, 26), we included a social condition in
which children were paired with a familiar peer in a face-to-face
interaction and an asocial condition in which no recipient was
present, and rewards were not allocated to anyone except for
the actor (see Materials and Methods and SI Appendix, Appendix
1 for details and SI Appendix, Appendix 1 for variations in
methods across sites). If participants were prosocial, they were
expected to deliver more rewards in the social condition than the
asocial condition.

Both the asocial and social conditions included the same four
choice tasks: two familiarization (FAM) tasks followed by two
test tasks. In each of the four choice tasks, actors were presented
with a pair of different payoff options to choose between (option
1 and option 2), where each pair differed in the distribution of
payoffs to the actor and recipient.

In the test trials, actors chose between a prosocial outcome
and a selfish outcome. In the CSG (a simplified dictator game),
actors chose between one option that provided two real and
visible food rewards to themselves and nothing to their partner
(2/0) and a second option that provided one reward to them-
selves and one reward to their partner (1/1). In the PG, actors
chose between one option that provided one reward for them-
selves and nothing for their partner (1/0) and another that pro-
vided one reward to both themselves and their partners (1/1).

The FAM trials were designed to provide actors with the expe-
rience of recipients obtaining a reward and the experience of
recipients obtaining nothing. In FAM1, actors chose between one
option that provided two rewards to both themselves and to their
partner (2/2) and a second option that provided one reward to
themselves and one reward to their partner (1/1). In FAM2, actors
chose between one option that provided two rewards for themselves
and nothing for their partner (2/0) and another option that pro-
vided one reward to themselves and nothing to their partners (1/0).
Thus, after both FAM trials, actors had seen a recipient obtain
a reward in one trial and not obtain a reward in another trial.

We can use actors’ choices in the FAM1 social condition as
a measure of participants’ comprehension of the basic choice
task by investigating the development of children’s tendency to
select 2/2 (the income-maximizing outcome) over 1/1. The other
FAM trials (FAM1 asocial, FAM2 asocial, and FAM2 social)
cannot be used for such an analysis because they are potentially
confounded by inequity aversion. Children who understand our
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choice task might choose 2/2 or 2/0 on these trials because it
maximizes their income, but they might also choose 1/1 or 1/0
because it minimizes inequity between themselves and the re-
cipient. Due to this, we focus only on FAMI1 social in our analyses
because it is not confounded in this way (see SI Appendix, Appendix
7 for more details and an analysis of all FAM trials).

Results

Unlike chimpanzees tested in a similar version of the PG (28,
29), children and adults across societies differentiated between
the asocial and social conditions in both the PG and CSG. In the
PG, children chose the prosocial outcome (1/1) more in the so-
cial condition when another child was present to receive rewards
[mean number of trials (SE) = 0.60 (0.03)] than in the asocial
condition when no one was present to receive rewards [mean
(SE) = 0.51 (0.03)]. In the CSG, the likelihood of choosing the
prosocial option (1/1) over the selfish option (2/0) was lower
than the likelihood of choosing the prosocial option in the PG,
reflecting the increased cost of prosocial behavior in this game.
However, in the CSG, children still chose the prosocial outcome
more in the social condition [mean (SE) = 0.34 (0.03)] than in
the asocial condition [mean (SE) = 0.22 (0.02)]. Similarly, adults
also selected 1/1 more frequently in the PG social [mean (SE) =
0.73 (0.08)] than in the PG asocial [mean (SE) = 0.43 (0.09)] and
more frequently in the CSG social [mean (SE) = 0.57 (0.09)]
than the CSG asocial [mean (SE) = 0.33 (0.08)] (see SI Appendix,
Appendix 3 for analysis of the effect of condition and population
membership on adults’ behavior).

To model the effects of children’s age on the likelihood of
choosing the prosocial option in the CSG and PG (and the in-
come-maximizing option in FAM1), we centered participants’
ages to create an age parameter called centered age (CA) and
created a second age parameter by squaring CA (CA? see Materials
and Methods for details). Including both CA and CA? permits our
regression models to create either monotonic or nonmonotonic
age functions, allowing for a range of developmental trajectories.

To investigate whether the development of children’s choices
in the CSG and PG varied across our conditions (social and
asocial) and populations, we compared how well these choices
were fit by a set of generalized linear multilevel logistic re-
gression models (Table 2). These models either included a single
age function (CA and CA?) for all populations and both con-
ditions (model A), separate age functions for the social and
asocial conditions but collapsed across populations (model B),
separate age functions for each population but collapsed across
conditions (model C), or separate age functions for each con-
dition for each population (model D). We also investigated
whether the development of children’s choices in FAM1 social
varied across populations and thus focus on models A and C for
this task.

All models for the CSG and PG include random effects for
actor identity (actor ID) to compensate for the fact that each
actor contributed two observations (one from each of the social
and asocial conditions). Where we modeled age functions for
each condition, we included a fixed effect parameter for condition
(social coded as 1; asocial as 2). As we focused only on the social
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Table 2. Multilevel logistic regression models

CSG [DIC PG [DIC FAM1 social
Model Parameters included Hypothesis (weight)] (weight)] [DIC (weight)]
A FE: CA, CA? One overall developmental trajectory 765.12 (0.00) 904.61 (0.06) 321.53 (0.05)
RE: Actor ID
B FE: CA, CA?, condition, CA x condition, One trajectory for each condition 746.86 (0.00) 899.10 (0.94)
CA? x condition
RE: Actor ID
C FE: CA, CA? One trajectory for each population 747.30 (0.00) 914.97 (0.00) 315.58 (0.95)
RE: Actor ID
Population | CA, CA?
D FE: CA, CA?, condition, CA x condition, One trajectory for each condition, 734.49 (1.00) 916.52 (0.00)
CA? x condition for each population
RE: Actor ID

Population | CA, CA?,
condition, CA x condition,
CA? x condition

This table includes details about the fixed effect (FE) and random effect (RE) parameters included in each model, the developmental hypothesis reflected in
each model, and the DIC and DIC weight values associated with each model when it is applied to the CSG, PG, and FAM1 social. Best-fit models are in bold.

conditions for FAM1, we did not consider models that included
the condition parameter (models B and D), nor did we include
actor ID as a random effect.

Where we modeled age functions for each population, we in-
cluded population as a random effect, which estimates parame-
ters for each population in relation to our entire dataset (rather
than just the observations from that sample). By using a random
effect analysis to estimate parameters for each population using
the entire dataset, these models are robust to variation in sample
sizes across populations, and they also provide a conservative test
of population differences by tending to shrink estimates for each
population toward the grand mean of the data.

We determined model fit using deviance information criterion
(DIC) (30) and DIC weights, which adds a more appropriate
penalty to the deviance of multilevel models than does Akaike
information criterion (AIC) (31). DIC estimates the out-of-
sample prediction error of a model by penalizing a model for its
flexibility in fitting. As a result, smaller values of DIC indicate
better-expected out-of-sample predictions (i.e., better predictions
about new participants from our populations), and complex models
must overcome a large penalty to be deemed better than simpler
models. DIC weight is a transformation of DIC that can be thought
of as the probability that an individual model is the best out of
the set of models being considered. These values allow a group
of models to be compared rather than requiring that individual
models be accepted or rejected, and they permit the comparison
of models with different structures without the concern that
more complex models might appear better due to overfitting.

Model B has a DIC weight of 0.94 for the PG, meaning it has
a 0.94 probability of being the best model for this task. This model
indicates that development very likely differed across the social
and asocial conditions but that differences across populations
were likely small. In contrast, model D is the best fit for the CSG,
indicating that development likely varied substantially across the
social and asocial conditions and also across our six populations.
Model C (without including actor ID as a random effect) had a
0.95 probability of being the best model for FAM1 social, sug-
gesting that here, too, development varied substantially across
populations. We obtain the same best-fit models when we include
actor sex as a covariate in our regression models and when we focus
only on children 5-10y of age (SI Appendix, Appendix 4, Table S4b).

Fig. 1 plots how model B estimates the probability that chil-
dren select the 1/1 outcome in the PG as a function of age, for
both the social and asocial conditions. Fig. 2 plots how model D
estimates the probability that children from different populations
select the 1/1 outcome in the CSG as a function of age, for both
the social condition (Fig. 24) and the asocial condition (Fig. 2B).
Fig. 3 plots how model C estimates the probability that children
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from different populations select the 2/2 outcome in FAM1 so-
cial as a function of age. Fully specified models used to plot Figs.
1-3 are provided in SI Appendix, Appendix 4.

Figs. 1-3 reveal a number of important developmental pat-
terns. Fig. 1 depicts the effects of condition in the PG, showing
that across all populations there is a general tendency for chil-
dren to select 1/1 more frequently in the social condition than in
the asocial condition and that this effect of condition increases
with age. In the PG asocial, the probability of selecting 1/1
doesn’t deviate from 0.5 (chance) across the entire age range,
whereas in the PG social, the probability of 1/1 choices increases
monotonically across the age range, rising above the probability
of 1/1 choices in the PG asocial by about age 6-7.

For the CSG, our model selection procedure indicates that we
must consider both condition and population to fully understand
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Fig. 1. Best-fit model of actors’ choices of 1/1 in the PG. Vertical axis is the

estimated probability that children will choose the prosocial (1/1) outcome.
Bottom horizontal axis is children’s age (in years), and top horizontal axis is
the equivalent value of CA. Age functions capture the estimated probability
that children will select the 1/1 outcome as a function of age, with estimates
extracted from the best-fit model for the PG (Model B, Table 2) for both the
social condition (solid line) and the asocial condition (dotted line). Wide Cls
above age 13 are due to small samples above this age. The dot and hollow
circle on the right side of the plot reflects the proportion of 1/1 choices
actually made by adults in the PG social and PG asocial (respectively). The
lines above and below the dot and circle correspond to 95% Cls. See S/
Appendix, Appendix 4 for models and a comparable plot for the CSG.
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Fig. 2. Best-fit model of actors’ choices of 1/1 in the CSG. Vertical axis is the estimated probability that children will choose the prosocial (1/1) outcome.

Bottom horizontal axis is children’s age (in years), and top horizontal axis is the equivalent value of CA. Colored lines represent estimates for child partic-
ipants’ choices in each population. Dots on the right side of the plot represent data from adults’ actual choices in these populations, and lines above and
below the dots correspond to 95% Cls. A plots choices in the CSG social, whereas B plots choices from the CSG asocial. Estimates are all extracted from the
best-fit model for the CSG (Model D, Table 2). See S/ Appendix, Appendix 4 for models and S/ Appendix, Appendix 6 for Cls.

children’s behavior, and Fig. 2 plots separate age functions for
each population in both conditions. In the CSG social (Fig. 24)
there is considerable conformity across populations before middle
childhood, with children in all groups becoming less likely to
select the 1/1 outcome up until about middle childhood. After
this point, the societies begin to diverge, as children in some
groups become relatively more likely to select 1/1. The extent of
the increase in prosociality among older children varies consid-
erably across populations, but the model’s predictions about the
behavior of older children roughly corresponds to the actual
behavior of adults from the same population in the same task
(colored dots on the right side of Fig. 24). Variation across groups
in adults’ behavior in the CSG also matches population-level
variation in anonymous dictator games (6), and this suggests that
children’s behavior in the CSG reflects the same kinds of
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Fig. 3. Best-fit model of actors’ choices of 2/2 in FAM1 social. Vertical axis is
the estimated probability that children will choose the income-maximizing (2/2)
outcome. Bottom horizontal axis is children’s age (in years), and top horizontal
axis is the equivalent value of CA. Colored lines represent the age functions for
child participants’ choices in each population. Dots on the right side of the plot
represent data from adults’ actual choices in these populations, and lines above
and below the dots correspond to 95% Cls. Estimates for each population were
extracted from the best-fit model for FAM1 social (Model C, Table 2). See S/
Appendix, Appendix 4 for models, and S/ Appendix, Appendix 7 for Cls.
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preferences that are captured by other allocation games with
adults and children (S Appendix, Appendix 8). See SI Appendix,
Appendix 5 for additional discussion and analyses showing that
these effects are not due to small samples and for a version of
Fig. 24 that provides means and SEs for children’s choices for
each population across three age groups (3-5y, 6-8 'y, 9-14 y).

In the CSG asocial (Fig. 2B), across populations, the probability
of selecting 1/1 is below 0.5 for almost the entire age range, and
either drops or remains generally flat as age increases. There are
some differences in the shape of the age functions across pop-
ulations, but they are qualitatively similar in that they reveal a
common tendency to choose 2/0 across our age range, a pattern
that starkly contrasts both with the greater likelihood of 1/1 choices
in the CSG social and with the substantial population variation in
the development of children’s likelihood of selecting 1/1 (Fig. 24).

Fig. 3 depicts the probability of children’s choices of 2/2 (the
income-maximizing option) in FAM1 social, which is our proxy
measure of children’s comprehension of the task. There are
some differences in the age trajectories across societies, but the
overall pattern is that children are likely to select 2/2, and this
likelihood increases with age. Looking across groups, children
show systematic preferences for 2/2 over 1/1 by about age 5 (see
SI Appendix, Appendix 7 for details and CIs). Thus, we assume
that children across societies understand this task by at least this
age, and when we repeat our model selection procedure with
those subjects who selected 2/2 in FAMI1 social, we obtain the
same qualitative patterns as obtained from the full sample (S/
Appendix, Appendix 4, Table S4b). We also note that because our
methods use face-to-face interactions and the immediate distri-
bution of real food rewards, our task is likely more easily un-
derstood by children than tasks that use participants that are
anonymous or present only in photographs.

These analyses point to four important developmental pat-
terns. First, in the CSG, children in all six populations are rela-
tively unlikely to choose the prosocial option as they approach
middle childhood. Second, beginning in middle childhood par-
ticipants in the CSG show population-specific developmental
shifts toward adult levels of prosocial behavior in their own
groups. Third, in the PG children from all populations show
a common shift toward more prosocial behavior with age, but
there is markedly less variation across populations in the de-
velopment of prosocial behavior when generosity is less costly
(PG) relative to when it is more costly (CSG). Fourth, there is
evidence that in all six societies, children understand the choice
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task substantially before middle childhood and the emergence of
population variation.

The steep decline in prosocial behavior in the CSG social
among children before middle childhood in all six populations
(Fig. 24; SI Appendix, Appendix 6, Fig. S4g) suggests a de-
velopmental trend toward progressively stronger preferences for
self-interested outcomes as children approach middle childhood.
This pattern is somewhat surprising because most studies of
prosocial behavior indicate that children become more generous
as they mature (12, 13). Thus, it is important to consider the
possibility that this pattern is the product of young children’s
confusion about the task or the relative value of the two options
that they were presented with. Our analysis of data from FAM1
social suggests that children understood the choice task by at
least age 5, but they may have understood the task even earlier.
If our youngest subjects were confused, they should have made
similar choices in the asocial and social conditions. However,
there is some evidence that children younger than about 6 y of
age (n = 100; 3.0-5.96 y) were more likely to select 1/1 in the
CSG social condition than in the CSG asocial condition (see SI
Appendix, Appendix 6, Fig. S6 a—g for age functions with CIs). By
showing that children discriminated the conditions, this result
suggests that our youngest participants understood the choice
task, and it implies that the developmental trajectory we observe
before middle childhood reflects a shift in children’s preferences
away from outcomes that benefit others and toward outcomes
that benefit themselves.

Discussion

These patterns have important implications for understanding
the ontogeny of prosocial behavior and for the study of child
development more broadly. Our results suggest that the proso-
cial behavior of young children may develop through a different
process than does the prosocial behavior of older children. This
finding highlights the importance of considering nonmonotonic
developmental patterns, which have been documented for a
number of behaviors and cognitive competencies (32). Very
young children are certainly shaped by social learning, but the
similarity in the prosocial behavior of our youngest subjects
across the very diverse populations we studied suggests that so-
cial learning in early childhood does not shape prosocial be-
havior in a population-specific manner. However, during middle
childhood the development of prosociality begins to diverge
along population lines, suggesting that children are beginning to
become sensitive to society-specific information about how to
behave in costly cooperative situations.

The fact that children begin to show increasing rates of pro-
social behavior in middle childhood in the CSG social is con-
sistent with evidence from relatively similar studies showing that
Swiss (23) and American (33) children become substantially
more averse to inequity after 7-8 y of age. This increasing shift
toward egalitarianism in Western children beginning at age 7-8
is consistent with our sample of children from Los Angeles but is
not as consistent with samples from several of our non-Western
populations. This pattern supports the idea that variation in
egalitarian motives underlies some of the population-based vari-
ation in prosocial behavior in these games. Interestingly, in a re-
cent study of American children, 3—4 y olds reported that both
they and others should distribute payoffs equally in a dictator
game, yet children in the study failed to actually do so until about
7-8 y of age (34). This finding suggests that middle childhood may
be when children begin to conform to cooperative social norms,
even if they may have learned these norms years prior. Overall,
the timing of the shift in the developmental trajectory of prosocial
behavior is consistent with claims that middle childhood—a period
with unique features in humans that begins around age 6 and ends
with sexual maturity (35)—is an important developmental stage
across human societies in which children are incorporated into the
larger cultural community outside their households (36). This
period would therefore be a particularly important time during
development for individuals to conform to local social norms.
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Group-specific differences emerged in the CSG but not the PG,
suggesting that population-specific influences on the development
of prosocial behavior are most pronounced when prosocial out-
comes are costly. This result fits predictions from gene—culture
coevolutionary models, which hypothesize that social norms and
institutions will be most influential when group beneficial behavior
is costly and therefore more difficult to maintain. Further work
should explore specific cultural beliefs and institutions that in-
fluence cooperative behavior and how their acquisition and ap-
plication shapes children’s behavior across development.

Previous work on the ontogeny of prosocial behavior in Western
subjects has suggested a trajectory of increasingly prosocial be-
havior throughout childhood. By tracing the ontogeny of pro-
sociality across a wide age range and in diverse populations, our
study shows that this picture is incomplete in several important
respects and suggests a more complex role of culture in the
ontogeny of prosocial behavior. Although there is an important
phase of prosocial development before middle childhood that
appears to be largely independent of society-specific information,
it is one characterized by low and perhaps decreasing rates of
costly prosociality in our choice task. Beginning in middle child-
hood, costly prosociality generally increases but the extent of the
increase is highly variable and moves toward population-specific
levels of mature adult prosociality, developmental diversity that
conforms to a distinctive set of predictions derived from gene—
culture coevolution models. We note that in daily life there is
substantial cooperation in all of these groups, and our study
likely does not capture all of the factors that influence proso-
ciality (e.g., institutions, social norms, evolved biases). We cau-
tion that behavior in this study may not be sufficient to predict
naturalistic prosocial behavior by individuals in these groups.
However, our data show that population membership is one
factor that influences cooperative behavior, and this influence
emerges in middle childhood.

The fact that our youngest participants (<5-6 y) were relatively
more likely to engage in costly prosociality than immediately older
children (7-9 y) is a surprising finding, although it is consistent
with the considerable evidence that children aged 3 y and younger
act prosocially (22, 37-44). Indeed, prosociality has been found as
early as 25 mo of age in choice tasks similar to the one used
here (26). A focused investigation of very young children’s
understanding of these tasks is needed, but our primary results
concerning the emergence of population variation are not tied to
this issue, as our results show that task comprehension clearly
precedes the emergence of population variation in prosociality.

We also note that the specific age predictions that emerge
from our models should be interpreted in light of our methods.
Differences between our results in the CSG and those obtained
with other tasks based on the dictator game may be partly due to
the fact that, unlike most of these other studies, interactions in
our study were not anonymous (as this was unnecessary for our
primary questions about population variation). Our subjects’
behavior could have been influenced by reciprocity, reputational
concerns, and other factors.

The emergence in middle childhood of population differences
in costly prosociality, together with a population-independent
pattern of monotonically increasing noncostly prosociality, sug-
gests that human prosocial behavior develops through a complex
interaction with acquired local culture. Our findings contribute
to ongoing discussions of the processes that underlie both uni-
formity and diversity in social behavior across societies, and
highlight the importance of expanding the scope of developmental
studies to encompass a wider range of extant human diversity. This
expansion is particularly important given the growing evidence for
considerable population variation in experimental studies of hu-
man behavior (45).

Materials and Methods

Setup. Actors and recipients were seated across from one another, with
a primary experimenter seated on one side. At some sites, a secondary ex-
perimenter observed from nearby. Using an apparatus based on prior studies
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(23), two 8.5 x 14-in. paper trays were placed on the floor between the actor
and recipient (S/ Appendix, Appendix 1, Fig. S1 A-C). Each tray had one red
circle and one blue circle printed on it. For each trial, payoffs were placed in
the circles, and the actor was permitted to choose one of the two trays. In the
social condition, actors received the payoff in the circle closest to them on the
tray that they chose, whereas recipients received the payoff in the circle closest
to them on the same tray. In the asocial condition, when there was no re-
cipient, actors still only received the payoff in the circle closest to them on the
tray that they chose (payoffs in the other circle were retrieved by the exper-
imenter). Payoffs were real, visible, food items and immediately edible (see S/
Appendix, Appendix 1, Table S1b for rewards used across sites).

Procedure. Each actor was presented with two FAM trials (FAM1 and FAM?2)
and two test trials (CSG and PG) in each of two different conditions (social and
asocial), for a total of eight different trials. In the asocial condition, actors
made choices without a recipient obtaining rewards (S/ Appendix, Appendix 1,
Fig. S1b), whereas in the social condition, a recipient was seated across from
them and received rewards (S/ Appendix, Appendix 1, Fig. S1¢). In each condi-
tion, FAM trials were always presented before test trials. FAM trials were always
presented in the same order (FAM1 then FAM2), but the side of presentation
for each payoff was counterbalanced across subjects. The order of the test trials
(PG and CSG) was also counterbalanced, as was the order of the two conditions
(social and asocial). Before all four FAM trials, the actor was given the full set of
instructions. Instructions were not given during the test trials (CSG and PG). See
SI Appendix, Appendix 1 for protocols and scripts. Data were recorded live on
paper datasheets by the experimenter, as video recording was not reliably
available at all sites. Datasheets were coded twice (once by a researcher naive to
hypotheses), and inconsistencies in coding were resolved before analysis.
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Analysis. We used multilevel logistic regressions to analyze our binary out-
come variable: whether or not participants selected the 1/1 payoff distri-
bution in the CSG and PG or the 2/2 payoff in FAM1. We center participants’
age (PA) to create an age parameter CA, and we create a second age pa-
rameter by squaring CA:

CA=[PA—(mean of PA)]/(SD of PA)

CA?={[PA—(mean of PA)]/(SD of PA)}?.

We analyzed the data in the R Environment for Statistical Computing (46).
We fit the models using Stan (47), a Hamiltonian Monte Carlo sampler.
Results are based on 5,000 samples each from four chains, after 5,000
adaptation steps in each. Convergence was assessed by both trace plots
and the R-hat Gelman and Rubin statistic. Model code was generated and
DIC calculated using glmer2stan (48), a convenience package for Rstan.
We analyzed the data using both uninformative (flat) priors, as well as
weakly informative variance priors, without any substantive change
in inferences.
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