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Social scientists from different disciplines have long argued that direct reci-
procity plays an important role in regulating social interactions between
unrelated individuals. Here, we examine whether 15-month-old infants
(N=160) already expect direct positive and negative reciprocity between
strangers. In violation-of-expectation experiments, infants watch successive
interactions between two strangers we refer to as agentl and agent2. After
agentl acts positively toward agent2, infants are surprised if agent2 acts
negatively toward agentl in a new context. Similarly, after agentl acts nega-
tively toward agent2, infants are surprised if agent2 acts positively toward
agentl in a new context. Both responses are eliminated when agent2’s actions
are not knowingly directed at agentl. Additional results indicate that infants
view it as acceptable for agent2 either to respond in kind to agentl or to not
engage with agentl further. By 15 months of age, infants thus already expect a
modicum of reciprocity between strangers: Initial positive or negative actions
are expected to set broad limits on reciprocal actions. This research adds
weight to long-standing claims that direct reciprocity helps regulate interac-
tions between unrelated individuals and, as such, is likely to depend on psy-
chological systems that have evolved to support reciprocal reasoning and
behavior.

Over the past two decades, investigations of early moral cognition
have revealed that infants already possess sophisticated expectations
about individuals” actions in different types of social exchanges and
interactions*”. Many of these expectations echo moral norms—fair-
ness, harm avoidance, ingroup support, and authority—that have been
extensively studied in adults® . Thus, infants expect individuals to act
fairly when distributing windfall resources or allocating rewards for
efforts®™; they expect members of the same moral circle to avoid
inflicting severe harm upon one another'®'’; they expect members of
the same social group to supply needed care and to display loyalty to
one another?®?%; and they expect leaders in a group to protect their

followers, and followers to obey their leaders?*°. Our research built on
these efforts in a new direction by examining whether infants might
also possess an expectation of reciprocity.

Although reciprocity has long been a topic of study in the social
sciences, there is relatively little consensus on how it should be
defined; scholars from different disciplines have offered markedly
different definitions, yielding a confusing picture®*2. Here, we built on
the seminal writings of Trivers®, Gouldner*, and others**°, which
underscore the importance of direct positive and negative reciprocity
in regulating social interactions among non-kin. With respect to posi-
tive reciprocity, the emphasis is typically on the initiation,
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development, and maintenance of equitable reciprocal partnerships
between unrelated individuals. To start, agentl may offer agent2 a gift
or perform some other altruistic act toward agent2. If agent2 chooses
to accept this overture of friendship and responds in kind (i.e., renders
a comparable benefit), and if these altruistic interactions are repeated
over time, a cooperative partnership or friendship may gradually
develop that is advantageous to both agents. With respect to negative
reciprocity, a similar logic applies except that the emphasis is on the
return of injuries rather than benefits, and feelings of animosity rather
than friendship are expected to arise across repeated negative
interactions®*°,

Do infants already possess an expectation of reciprocity? To find
out, we conducted violation-of-expectation experiments* in which 15-
month-old infants watched successive interactions between two
women who appeared to be strangers to one another, agentl and
agent2. Our experiments examined whether initial positive or negative
actions by agentl toward agent2 would influence infants’ expectations
about how agent2 might subsequently act toward agentl. In particular,
would infants be surprised if agent2 chose to harm agentl1 after being
the beneficiary of her positive actions, or chose to help her after being
the victim of her negative actions?

In line with the accounts of reciprocity described above, we
speculated that one of the mechanisms underlying such judgments
might be as follows. Infants might interpret positive actions by agentl
as an overture of friendship, resulting in a decrease in the social dis-
tance between the two agents and making them somewhat closer than
strangers or neutral outgroups. At a minimum, such a decrease in
social distance might have the consequence that moderate negative
actions, which would normally be deemed acceptable toward neutral
outgroups>'’?***2 would no longer be viewed as such. Infants might
thus be surprised if agent2, having been the beneficiary of agentl’s
positive actions, chose to harm agentl. Conversely, infants might
perceive negative actions by agentl as an unprovoked act of aggres-
sion, resulting in an increase in the social distance between the two
agents and making them somewhat farther apart than neutral out-
groups. At a minimum, such an increase in social distance might mean
that moderate positive actions, which would normally be deemed
acceptable toward neutral outgroups>*>****2, would no longer be
viewed as such. Infants might thus be surprised if agent2, having been
the victim of agentl’s negative actions, chose to help agentl.

Our experiments also addressed two additional questions. First,
would infants bring to bear an expectation of reciprocity to reason
about agent2’s actions only when her actions were knowingly directed
at agentl? A positive answer to this question would rule out concerns
that infants simply detected low-level differences in the valences of
successive actions, irrespective of their targets. Second, finding that
infants detected a violation when agent2 chose to harm agentl after
being the beneficiary of her positive actions, or chose to help her after
being the victim of her negative actions, would demonstrate that they
possessed an expectation of reciprocity—but it would leave unclear
what actions they might view as consistent with reciprocity. We
speculated that infants might view a range of actions as acceptable
depending on whether or not agent2 chose to engage with agentl
further, and we began to explore these possibilities.

In sum, our experiments sought to ascertain whether 15-month-
old infants who observed initial positive or negative interactions
between two strangers would bring to bear considerations of reci-
procity when forming expectations about subsequent interactions
between them.

Our tasks were informed by prior research on direct reciprocity in
young children. Experiments with preschoolers have used several
different types of tasks, with diverging results. While tasks with higher
attentional demands*’ have consistently yielded negative results with
children under 5.5 years of age***, tasks with lower demands have
produced positive results with children as young as 3", For example,

in a costly-sharing task with 3.5-year-olds™, the child and a hand pup-
pet (animated by an experimenter) each played with an identical toy
apparatus that required tokens to operate. In critical rounds, the
puppet still had eight tokens left when the child ran out; the puppet
either gave away half of its remaining tokens (nice puppet) or explicitly
refused to give away any tokens (mean puppet). When the tables were
turned (i.e., the puppet had used up all its tokens and the child still had
eight left), children who interacted with the nice puppet gave away
significantly more of their tokens, gradually matching the allocations
of the nice puppet across rounds. In contrast, 2.5-year-olds tested with
the same task®® did not distinguish between the two puppets, leading
the authors to conclude that “reciprocity begins to matter at 3.5 years
of age” (p. 346). However, another possible interpretation of the
negative results obtained with the 2.5-year-olds was that concern with
preserving their own tokens precluded other responses.

In line with this suggestion, forced-choice tasks designed to cir-
cumvent children’s self-interest have yielded positive results with
infants®*~’. Two types of forced-choice tasks have been used, first- and
third-party tasks. In first-party tasks, infants themselves are the reci-
pients of positive and negative actions by two protagonists. In one
such task**, 21-month-olds faced two women, one who gave them toys
(nice woman) and one who offered them toys but teasingly took them
back (mean woman). Next, the two women were offered a toy that fell
out of their reach but within infants’ reach. Infants were significantly
more likely to return the toy to the nice as opposed to the mean
woman, and the same result was found even if the nice woman
attempted but failed to give infants toys. In third-party tasks, another
individual is the recipient of the protagonists’ positive and negative
actions. In one such task involving geometric shapes with eyes>’,
10-16-month-olds watched a climber try unsuccessfully to reach the
top of a steep hill. On alternate trials, it was helped to the top of the hill
by one character (nice character) or knocked down to the bottom of
the hill by another character (mean character). Next, in the test trials,
the hill was removed, and the climber stood between the two char-
acters. Infants expected the climber to approach the nice character,
and they were surprised if it approached the mean character instead.

For present purposes, one limitation of the preceding findings
with preschoolers and infants is that they cannot tell us whether young
children expect others to act in accordance with reciprocity. Across
repeated rounds in costly-sharing tasks, children might come to match
the positive actions of a nice puppet for a variety of reasons, without
holding a general expectation of reciprocity. Similarly, forced-choice
tasks indicate which of two protagonists children view as the more
fitting target for a positive or affiliative action, but they do not reveal
how children expect individuals to act when responding to others’
actions. These considerations suggested that assessing whether
infants possess an expectation of reciprocity required tasks that more
directly explored what actions infants would deem acceptable fol-
lowing a protagonist’s positive or negative actions. The present
research introduced such tasks.

In violation-of-expectation experiments depicting interactions
between two strangers, agentl and agent2, we first show that 15-
month-old infants look about equally whether agentl directs a mod-
erately positive or negative action toward agent2; in line with prior
work, both actions are deemed acceptable toward a stranger. Never-
theless, infants do expect the two actions to have distinct con-
sequences for the agents’ subsequent interactions, in accordance with
reciprocity. Thus, after agentl acts positively toward agent2, infants
are surprised if agent2 chooses to act negatively toward agentl in a
new context. Similarly, after agentl acts negatively toward agent2,
infants are surprised if agent2 chooses to act positively toward agentl
in a new context. Both responses are eliminated when agent2’s actions
are not knowingly directed at agentl (because they are directed at a
new agent, or because agent2 does not know she is acting on agentl’s
possessions). Finally, we find that infants view a range of actions by
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Fig. 1| Familiarization events shown to infants in the give and steal conditions
of the baseline group in Experiment 1. Infants faced a puppet-stage apparatus and
received three identical familiarization trials. In the give condition, agent2 initially
sat alone at a window in the back wall of the apparatus. After a brief pause, agentl
opened a curtained window in the right wall, brought in a plate with two cookies,
and said, “My cookies!” Next, she gave one of her cookies to agent2, who had none.

The two agents ate their cookies and then agentl left, closing her window as she
went. In the steal condition, each agent had a cookie and said, “My cookie!” in turn.
Next, agentl grabbed agent2’s cookie and then stuffed it in her mouth and left with
her own cookie. After agentl left in each trial, agent2 looked down and paused, and
infants saw this paused scene until the trial ended.

agent2 as consistent with reciprocity: They find it acceptable for
agent2 either to respond in kind to agentl or to not engage with her
further. By 15 months of age, infants thus already expect a modicum of
reciprocity between strangers: Initial positive or negative actions are
expected to set broad limits on reciprocal actions.

Results

Experiment 1

In Experiment 1, we created scenarios in which agentl acted either
positively or negatively toward agent2. In designing these scenarios,
we built on prior evidence, alluded to earlier, that infants typically view
both moderate positive actions (e.g., giving, helping) and moderate
negative actions (e.g., stealing, hindering, knocking down a tower,
crumpling a drawing) as acceptable toward non-ingroup
members'®?*?427 By contrast, negative actions are generally
deemed unacceptable toward ingroup members, as they violate
expectations of ingroup support'*?>*2538,

Infants in a baseline group (N =40) were randomly assigned to a
give or a steal condition. In the give condition, agentl gave agent2
cookies; in the steal condition, she stole agent2’s cookies (Fig. 1). The
two agents wore different shirts and presented no particular cues that
they belonged to the same social group, so they were expected to be
viewed, at least initially, as strangers or neutral outgroups®*?>*, We
reasoned that finding equal looking times in the give and steal condi-
tions would provide evidence that infants (a) identified agentl and
agent2 as neutral outgroups and (b) perceived both the positive and
the negative actions of agentl toward agent2 as acceptable, in line with
prior findings. Such a looking pattern was essential to ground our
exploration, in subsequent experiments, of infants’ expectation of
reciprocity: Broadly speaking, any deviation from this pattern, with
infants looking significantly longer at either event, would make it dif-
ficult to isolate the contribution of reciprocity to infants’ interpreta-
tion of agent2’s actions toward agentl.

Infants received three familiarization trials. At the start of each
trial in the give condition, agent2 sat alone at a window in the back wall

of a puppet-stage apparatus, with an empty plate in front of her. After a
brief pause, agentl opened a curtained window in the right wall of the
apparatus. She brought in a plate with two mini-Oreo cookies,
deposited the plate on the apparatus floor, and told agent2, “My
cookies!” Next, agentl placed one cookie on agent2’s plate, the two
agents ate their cookies, and then agentl left with her empty plate,
closing her window as she went. Agent2 then looked down and paused
until the trial ended (see Procedure in Methods for criteria used to end
trials). In the steal condition, each agent had a cookie and said, “My
cookie!” in turn. Next, agentl grabbed agent2’s cookie and then stuffed
it in her mouth and left with her own cookie.

Infants’ looking times at the paused end scenes of the three
familiarization trials were averaged and analyzed using an analysis of
variance (ANOVA) with condition (give, steal) as a between-subjects
factor (Fig. 2). The main effect of condition was not statistically sig-
nificant, F(1, 38)=0.016, p=0.899, np2 =0.000, 90% confidence
interval (CI)=[0.000, 0.034] (all tests were two-tailed, with o set at
0.05; for descriptive statistics, see Supplementary Table 1). A non-
parametric Wilcoxon rank-sum test confirmed this result, Z=0.162,
p=0.871. In addition, a Bayes Factor (BF) test comparing the two
conditions, using the default Cauchy prior (scale = 0.707), yielded a BF
of 3.22 in favor of the null hypothesis (according to conventional cut-
offs, a BF factor of 3-10 is considered moderate support for a
hypothesis®**¢°). Similar ANOVA results were obtained for the incon-
sistent, control, and consistent groups tested in Experiments 2 and 3,
who received the same familiarization trials, all three Fs(1, 38) <1.061,
ps=0.309, n,%s <0.027, 90% CI for the largest n,?=[0.000, 0.152].
Wilcoxon rank-sum tests again confirmed these results, all Zs < 0.433,
ps > 0.665. Finally, a BF test combining all four groups (N =160, 80 per
condition) yielded a BF of 5.67 in favor of the null hypothesis.

These results provided no credible evidence that infants respon-
ded differently when agentl gave cookies to agent2 or stole cookies
from her. As such, they ensured that we had a sound, even platform
from which to assess the contribution of reciprocity to infants’
expectations about agent2’s response to agentl; findings of divergent
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Fig. 2 | Violin plots showing infants’ raw looking times in the averaged paused
scenes at the end of the three familiarization trials in the give condition
(purple violin plot) and the steal condition (green) of the baseline group in
Experiment 1 (N =20 per plot). Dots represent means, and error bars represent
standard errors. In each violin plot, the width of the shaded area represents the
proportion of looking times observed at each value, smoothed by a kernel density
estimator. Overlaid on each violin plot is a boxplot ranging from the 25th to the
75th percentile, with a line drawn at the median. All violin plots in this article were
produced using R version 4.3.1 and Adobe Illustrator version CS3.

expectations following agentl’s positive and negative actions could
not be attributed to infants’ differential reactions to these
actions alone.

Experiment 2
Experiment 2 examined whether infants would detect a reciprocity
violation if agent2 chose to harm agent1 after being the beneficiary of
her positive actions, or chose to help her after being the victim of her
negative actions. Infants (N = 80) were assigned to an inconsistent or a
control group.

Infants in the inconsistent group were assigned to a give or a steal
condition, and they first received the three familiarization trials
appropriate for their condition, as in Experiment 1. Next, they received
atest trial whose final outcome was inconsistent with reciprocity, given
the events shown in the familiarization trials. At the start of the test
trial, agentl faced a stack of three colorful stickers and a stack of three
yellow papers. While agent2 watched, agentl selected the top sticker,
removed its transparent backing, and affixed it to the top paper. Next,
she picked up her newly decorated paper and briefly admired it before
storing it in an open treasure box to the left of her window. She then
repeated these actions with the two remaining stickers. While she was
admiring her third and last decorated paper, a bell rang. Agentl then
deposited her paper on the apparatus floor, said, “Oh, I have to go, I'll
be back!”, and left. Next, Agent2 picked up the paper, and what she did
with it differed between the two conditions. In the give condition, she
tore the paper into four pieces, dropped them onto the apparatus
floor, and then looked down and paused (Fig. 3). In the steal condition,
she helpfully stored the paper into the box, thus completing the action
sequence agentl had been performing when she was called away;
agent2 then looked down and paused (Fig. 4). In each condition,
infants thus saw an outcome inconsistent with reciprocity.

The control group was designed to address concerns that infants
in the inconsistent group might simply detect low-level differences in
the valences of the actions shown in the familiarization and test trials,
irrespective of their targets. Trials in the control group were identical
to those in the inconsistent group except that, in each condition, the
initial portion of the test trial was modified so that considerations of
reciprocity no longer applied. Two different modifications were used,
for greater experimental control. For half of the infants, a new agent,
agent3, replaced agentl in the test trial (new-agent subgroup). For the
other infants, agent2 did not enter the apparatus until agentl had been
called away, so that agent2 had no knowledge that the decorated paper
and the box belonged to agentl (no-knowledge subgroup). This second
modification was suggested by prior evidence that when observing
social interactions, infants take into account what agents know when
evaluating their actions'***""* (e.g., although infants generally expect
rewards to be commensurate with efforts, they view it as acceptable
for an individual who assigned a task to two workers and does not
know that one did all the work to reward both equally*). In the new-
agent subgroup, reciprocity did not apply because agent2’s actions
were directed at agent3, instead of agentl; to infants, tearing up
agent3’s paper or helpfully storing it for her would both seem accep-
table, as moderate negative and positive actions are typically viewed as
acceptable toward neutral outgroups. In the no-knowledge subgroup,
reciprocity did not apply because agent2 did not know that the paper
and the box she found on the apparatus floor belonged to agentl, so
that her actions were not knowingly directed at agentl; tearing up or
storing the paper were simply two possible actions agent2 could per-
form with these toys.

We reasoned that if by 15 months infants (a) expect at least some
degree of positive and negative reciprocity in an interaction between
two strangers, but also (b) recognize that a reciprocal action can be
appropriately targeted only at the protagonist who initiated the
interaction, and only at items knowingly associated with this prota-
gonist, then two predictions followed. In the inconsistent group,
infants in both conditions should view the test outcomes they were
shown as surprising: In the give condition, infants should be surprised
that agent2 chose to harm agentl (by tearing up her paper) after being
repeatedly given a treat by her; and in the steal condition, they should
be surprised that agent2 chose to help agentl (by storing her paper for
her) after being repeatedly robbed by her. In the control group, in
contrast, infants in the two conditions should not view the test out-
comes they were shown as surprising: The paper and the box either
belonged to agent3 or were not clearly identified as belonging to
agentl, so that considerations of reciprocity did not apply, making it
acceptable for agent2 to either tear up the paper or store it in the box.
In sum, we predicted that infants in the inconsistent group would look
significantly longer at the test outcomes they were shown than infants
in the control group, and that this looking pattern would be found in
both the give and the steal conditions.

In a first analysis, infants’ test looking times in the two control
subgroups were examined using an ANOVA with subgroup (new-agent,
no-knowledge) and condition (give, steal) as between-subjects factors.
There were no statistically significant effects, all Fs(1, 36) <0.171, ps >
0.682, n,?s <0.005, 90% ClI for the largest n,?=[0.000, 0.094]. In
addition, when comparing the two subgroups, a Wilcoxon rank-sum
test revealed no statistically significant difference, Z=0.217, p = 0.829,
and a BF test yielded a BF of 3.13 in favor of the null hypothesis. Thus, as
expected, comparison of the two subgroups yielded no credible evi-
dence that infants responded differently when agent2 acted on
agent3’s toys or on toys not clearly belonging to agentl. Next, the two
subgroups were pooled, and test looking times in the control group as
a whole were compared to those in the inconsistent group using an
ANOVA with group (inconsistent, control) and condition (give, steal) as
between-subjects factors (Fig. 5). The only statistically significant
effect was the main effect of group, F(1, 76)=23.550, p<0.001
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Fig. 3 | Familiarization and test trials presented in the give condition of the
inconsistent and control groups in Experiment 2. Infants received the same
three familiarization trials as in the give condition of the baseline group in
Experiment 1, followed by a single test trial. In the inconsistent group, agentl
initially faced a stack of three colorful stickers and a stack of three yellow papers.
While agent2 watched, agentl selected the top sticker, removed its transparent
backing, and affixed it to the top paper. Next, she picked up her newly decorated
paper and briefly admired it before storing it in an open treasure box to the left of
her window. She then repeated these actions with the two remaining stickers. While
she was admiring her third and last decorated paper, a bell rang. Agentl then
deposited her paper on the apparatus floor, said, “Oh, I have to go, I'll be back!”, and

left. Next, Agent2 picked up the paper, tore it into four pieces, dropped the pieces
onto the apparatus floor, and then looked down and paused. Infants thus saw an
action that violated reciprocity. In the control condition, the initial portion of the
trial was modified so that agent2’s action no longer violated reciprocity. For half of
the infants (new-agent subgroup), agentl was replaced with agent3; for the other
infants (no-knowledge subgroup), agent2 arrived after agentl had left and thus did
not know that the toys on the apparatus floor belonged to agentl. In each sub-
group, the trial again ended with agent2 tearing up the decorated paper left on the
apparatus floor and then pausing. The test trial was always preceded by a brief
pretest trial (not shown) in which agentl/agent3 sat alone (agent2’s window was
closed) and prepared and stored two additional papers.

np2 =0.237, 90% CI = [0.108, 0.359], with infants in the inconsistent
group looking significantly longer than those in the control group.
Planned comparisons confirmed that this result held separately in the
give condition, F(1, 76) =11.320, p = 0.001, r]p2 =0.130,90% Cl=[0.034,
0.247], and the steal condition, F(1, 76) =12.239, p=0.001, np2 =0.139,
90% CI =[0.039, 0.257]. Wilcoxon rank-sum tests confirmed the group
effect observed in the two conditions combined, Z=4.203, p < 0.001,
in the give condition, Z=2.856, p=0.004, and in the steal condition,
Z=2.991, p=0.003.

The results of Experiment 2 supported three conclusions. First,
they indicated that by 15 months of age, infants already possess an
expectation of reciprocity. Following agentl’s positive actions toward
agent2, infants in the inconsistent group were surprised if agent2

chose to act negatively toward agentl; following agentl’s negative
actions, they were surprised if agent2 chose to act positively toward
agentl. This response pattern could not be attributed to a low-level,
novelty-based tendency to look longer when positive actions were
followed by a negative one, or when negative actions were followed by
a positive one: Infants in the control group saw identical outcomes yet
showed no novelty response. Second, infants selectively and appro-
priately applied their expectation of reciprocity. It was only when
agent2 knowingly acted on agentl’s belongings that infants brought to
bear considerations of reciprocity to interpret agent2’s actions. When
these actions were directed at agent3 (new-agent subgroup), or when
agent2 did not know she was acting on toys belonging to agentl (no-
knowledge subgroup), infants gave no evidence that they considered
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Fig. 4 | Familiarization and test trials presented in the steal condition of the
inconsistent and control groups in Experiment 2. Infants received the same
three familiarization trials as in the steal condition of the baseline group in
Experiment 1, followed by a single test trial. For infants in the inconsistent group
and in the new-agent and no-knowledge subgroups of the control group, this trial
was identical to that shown in the give condition (Fig. 3), except that at the end of

the trial agent2 stored the decorated paper left on the apparatus floor into the box
and then paused. This test trial again violated reciprocity in the inconsistent group,
but not in the control group. The test trial was always preceded by a brief pretest
trial (not shown) in which agentl/agent3 sat alone (agent2’s window was closed)
and prepared and stored two additional papers.

reciprocity. Finally, infants in the inconsistent group successfully
detected the reciprocity violations in agent2’s actions even though
these actions occurred only once and in a different context than
agentl’s actions, hinting at both the immediacy and the abstractness of
infants’ expectation of reciprocity.

Experiment 3

In Experiment 2, infants viewed agent2’s decision to harm agentl after
receiving a treat from her, or to help her after being robbed by her, as
inconsistent with reciprocity. What actions by agent2 might infants
view as consistent with reciprocity? Experiment 3 began to examine
this question.

Infants in a consistent group (N =40) were assigned to a give or a
steal condition, and they first received the same familiarization trials as
in Experiments 1 and 2, followed by a test trial similar to that in
Experiment 2. We speculated that infants in each condition might view
a range of actions by agent2 as consistent with reciprocity, depending

on whether or not she chose to engage with agentl further (after all,
the two agents were strangers interacting in an unfamiliar situation,
and agent2 might decide, for a variety of reasons, not to pursue this
interaction). If agent2 chose to engage with agentl further, she might
respond to her in kind: help her after being the beneficiary of her
positive actions, and harm her after being the victim of her negative
actions. Conversely, if agent2 chose not to engage with agentl further,
she might act more neutrally: not help her following her positive
actions, and not harm her following her negative actions.

In line with these two broad possibilities, infants in each condition
were assigned to one of two subgroups. In one, agent2 opted to engage
with agentl further and responded in kind to her actions (in-kind
subgroup). Thus, in the give condition, agent2 helpfully stored agentl’s
last decorated paper, and in the steal condition, she tore it up and
dropped the pieces on the apparatus floor (Supplementary Fig. 1).
Infants in this subgroup thus saw the opposite outcomes from those
shown in the give and steal conditions of the inconsistent group in
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Experiment 2. In the other subgroup, agent2 chose not to engage with
agentl further (no-engagement subgroup). To make clear agent2’s lack
of engagement, the experimental setup of the test trial was modified
slightly. While agent2 watched, agentl first decorated two papers with
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Fig. 5| Violin plots showing infants’ raw looking times in the paused scene at
the end of the test trial. a Overall looking times in the inconsistent group of
Experiment 2 (yellow violin plot), the control group of Experiment 2 (blue), and the
consistent group of Experiment 3 (beige; N=40 per plot). b Looking times in the
same groups shown separately for the give condition (N=20 per plot). ¢ Looking
times in the same groups shown separately for the steal condition (N =20 per plot).
Dots represent means, and error bars represent standard errors. In each violin plot,
the width of the shaded area represents the proportion of looking times observed
at each value, smoothed by a kernel density estimator. Overlaid on each violin plot
is a boxplot ranging from the 25th to the 75th percentile, with a line drawn at the
median.

stickers, as usual. However, her last decorated paper, already pre-
pared, now lay across the apparatus, out of her reach but within
agent2’s reach®?5; agentl tried unsuccessfully to grasp it until she was
called away by the bell. After she left, in both the give and steal con-
ditions, agent2 picked up the paper, examined it, and then returned it
to its original position on the apparatus floor, out of agentl’s reach
(Supplementary Fig. 2). Thus, in both conditions, agent2 chose not to
engage with agentl further: not to help her by bringing her paper
closer or storing it in the give condition, and not to harm her by
stealing or destroying her paper in the steal condition.

If we were right in supposing that infants in the in-kind and no-
engagement subgroups of each condition would view agent2’s actions
as acceptable and broadly consistent with reciprocity, then several
predictions followed: In both conditions, infants in the two subgroups
should respond similarly, and with little or no surprise, to the test
outcomes they were shown; the responses of the consistent group as a
whole should differ significantly from those of the inconsistent group
in Experiment 2; and this last pattern should hold separately in the give
and steal conditions.

In the first analysis, infants’ test looking times in the two con-
sistent subgroups were examined using an ANOVA with subgroup
(in-kind, no-engagement) and condition (give, steal) as between-
subjects factors. There were no statistically significant effects, all
Fs(1, 36)<0.604, ps=>0.442, npzs <0.017, 90% CI for the largest
r1p2 =1[0.000, 0.133]. In addition, when comparing the two subgroups,
a Wilcoxon rank-sum test revealed no statistically significant differ-
ence, Z=0.135, p=0.892, and a BF test yielded a BF of 3.01 in favor of
the null hypothesis. Thus, as expected, a comparison of the two sub-
groups yielded no credible evidence that infants responded differently
when agent2 chose to respond in kind to agentl or to not engage with
her further. Next, the two subgroups were pooled, and test responses
in the consistent group as a whole were compared to those of the
inconsistent group in Experiment 2 using an ANOVA with group
(inconsistent, consistent) and condition (give, steal) as between-
subjects factors (Fig. 5). The only statically significant effect was that of
group, F(1,76) =37.446, p < 0.001, n,? = 0.330, 90% CI =[0.189, 0.447],
with infants in the inconsistent group looking significantly longer than
those in the consistent group. Planned comparisons revealed that this
result held separately in the give condition, F(1, 76) =19.891, p < 0.001,
np220.207, 90% Cl = [0.085, 0.330], and the steal condition, F(1,
76)=17.591, p<0.001, n,? =0.188, 90% Cl = [0.071, 0.310]. Wilcoxon
rank-sum tests confirmed the group effect observed in the two con-
ditions combined, Z=5.088, p < 0.001, in the give condition, Z=3.694,
p <0.001, and in the steal condition, Z=3.505, p < 0.001 (for an overall
analysis of the test data in Experiments 2 and 3, see Supplementary
Methods; for online surveys with adults used as manipulations checks
for the events shown in Experiments 1- 3, see Methods and Supple-
mentary Note 1).

Experiment 3 thus extended Experiment 2 by providing a more
complete picture of how infants reason about reciprocity. Following
agentl’s positive or negative actions toward agent2, infants viewed it as
acceptable for agent2 either to respond in kind to her or to not engage
with her further; in each case, infants could generate an explanation for
agent2’s actions. Together, Experiments 2 and 3 thus demonstrate that
when watching two strangers interact, infants do not necessarily
expect initial actions by agentl to be met with actions of equal valence
and magnitude by agent2. Infants do bring to bear an expectation of
reciprocity: Moderate positive actions by agentl are expected to lead
agent2 to refrain from directing moderate negative actions toward her,
and moderate negative actions by agentl are expected to lead agent2
to refrain from directing moderate positive actions toward her. Still,
infants do not hold particular expectations about how far
agent2 should go in matching the exact value of agentl’s actions, at
least in the minimal interactive context studied here. To paraphrase
the oft-cited description of reciprocity found in the 13" century

Nature Communications | (2024)15:7742


www.nature.com/naturecommunications

Article

https://doi.org/10.1038/s41467-024-51982-7

Icelandic literary work the Edda, our results indicate that rather than
expecting strangers “to meet smiles with smiles and lies with treach-
ery”, infants simply expect smiles not to be met with treachery, or lies
with smiles.

Discussion

Our experiments demonstrate that by 15 months of age, considera-
tions of direct reciprocity already modulate infants’ expectations
about social interactions between strangers. After agentl acted posi-
tively toward agent2, infants no longer viewed it as acceptable for
agent2 to harm agentl. As we speculated in the Introduction, this result
suggests that infants interpreted agent1’s actions as a friendly overture
that somewhat decreased the social distance between the two agents.
As a result, negative actions normally deemed acceptable toward a
neutral outgroup became unacceptable. Conversely, after agentl acted
negatively toward agent2, infants no longer viewed it as acceptable for
agent2 to help agentl. This result suggests that infants interpreted
agentl’s actions as an unprovoked act of aggression that somewhat
increased the social distance between them, rendering positive actions
normally deemed acceptable toward a neutral outgroup unacceptable.
Importantly, these response patterns were obtained only when
agent2’s actions were knowingly directed at agentl: They were elimi-
nated when agent2’s actions were directed at a new agent or at items
agent2 did not know belonged to agentl.

These results echo prior findings that 29- and 13-month-olds
expect indirect reciprocity, or third-party punishment, following harm
to an ingroup victim®, In violation-of-expectation experiments, chil-
dren watched events involving three agents: a bystander, a wrongdoer,
and a victim. Group memberships were manipulated across experi-
ments and were marked by novel labels or outfits. While the bystander
watched, the wrongdoer stole a toy from the victim; next, the
wrongdoer needed help to complete a task because a relevant item lay
out of her reach, but within the bystander’s reach. When the bystander
and the victim belonged to one group and the wrongdoer to a different
group, children looked significantly longer if the bystander helped the
wrongdoer (by bringing the item closer) as opposed to harmed the
wrongdoer (by discarding the item). In contrast, across ages and
experiments, children looked equally at the two outcomes if the
bystander had no knowledge of the theft, if the victim belonged to the
same group as the wrongdoer instead of the bystander, or if group
memberships were not marked. Thus, it was only when the bystander
knowingly experienced an injury to her ingroup, and by extension to
herself, that infants brought to bear considerations of reciprocity: The
outgroup wrongdoer’s negative action increased the social distance
between the two groups, rendering positive actions toward her unac-
ceptable (for a review of additional research on early third-party
punishment of harm and fairness transgressions in ingroup and non-
ingroup interactions, see ref. 28).

Although infants detected a reciprocity violation when agent2
chose to harm agentl after being the beneficiary of her positive
actions, they looked equally whether she chose to respond in kind to
agentl’s friendly overture or to not engage with her further. This result
suggests that infants perceived both actions to be broadly consistent
with reciprocity and dovetails well with reciprocity accounts that
emphasize partner choice® %, as opposed to partner control. Just as
agentl had a choice in approaching agent2 as a potential partner and
might move on to a different partner if rebuffed, agent2 had a choice in
whether or not to embark on a reciprocal partnership with agentl. In
the infancy literature, there is extensive evidence that infants construe
personal preferences as subjective and individual-specific®®”: For
example, they understand that the fact that agentl prefers stuffed
animals over balls provides no information about whether agent2 will
have a preference for either of these toy categories. In a similar vein,
infants in our experiments appreciated that although agentl might be
trying to make friends with agent2, agent2 might or might not want to

become friends with her, and they viewed actions by agent2 that befit
either possibility as acceptable.

Likewise, although infants detected a reciprocity violation when
agent2 chose to help agentl after being the victim of her negative
actions, they looked equally whether she chose to respond in kind to
agentl’s act of aggression, by countering it with one of her own, or
chose to not engage with agentl further. This result again suggests that
infants viewed both actions to be broadly consistent with reciprocity.
Agent2 might want to retaliate against agentl and stoke their nascent
antagonism, or she might opt to not add fuel to it, and infants viewed
actions that befit either possibility as acceptable.

Together, our results indicate that infants expect a modicum of
reciprocity between strangers. Initial moderate positive or negative
actions are expected not to be met with reciprocal moderate actions of
opposite valence: Smiles should not be met with treachery, or lies with
smiles. Beyond this, however, infants hold no particular expectations
about how far reciprocal actions should go in matching the exact value
of initial actions. Initial positive actions by agentl toward agent2 will
bring the two closer than neutral outgroups—but how much closer
remains to be seen. Likewise, initial negative actions by agentl toward
agent2 will move the two farther apart than neutral outgroups—but
how much farther will depend on a variety of factors.

Our findings dovetail with prior results showing that by about 3
years of age, children not only expect others to exhibit direct positive
and negative reciprocity but do so themselves, in a variety of
contexts*®, For example, preschool children were more likely to
share their tokens for a game when paired with a nice puppet who had
previously shared its tokens with them than when paired with a mean
puppet who had refused to do so®; they were more likely to return a
toy fallen out of reach to a nice puppet who had given them needed
information for solving a task than to a mean puppet who had refused
to do so*%; they were more likely to ask for items from one of two toy
animals to whom they had given more stickers®’; and they directed a
protagonist to give more items to dolls who had given pennies to the
protagonist than to dolls who had either kept their pennies or given
them to someone else*’.

However, our findings and those summarized above contrast with
other results suggesting that although children exhibit direct negative
reciprocity by at least 4 years of age, they do not exhibit direct positive
reciprocity until several years later’?. To illustrate this latter result, in
an experiment with 4- to 5-year-olds, each child played a computer
game with four confederates who were represented by animal avatars
and were described as unfamiliar children playing the game remotely.
There were four trials, with new confederates introduced in each trial.
In the first half of each trial, the confederates each received a sticker,
and one confederate voluntarily gave its sticker to the child, who had
received none. In the second half, the child received a sticker, but the
confederates did not. When told to give their sticker to one of the
confederates, children were no more likely to give it to their bene-
factor than to any other confederate (memory checks confirmed that
children remembered who their benefactor was). In another experi-
ment, children were given the option of either keeping their sticker or
giving it to one of the confederates. Only about half of the children
gave away their sticker, and those who did again selected a con-
federate at random. In yet another experiment with 4- to 9-year-olds,
children received two trials designed to tap their understanding of (as
opposed to their ability to exhibit) direct positive reciprocity. In one
trial, children first received a sticker from one of the confederates and
then were asked to which confederate they should now give a sticker.
In the other trial, children first gave a sticker to one of the confederates
and then were asked which confederate should now give them a
sticker. Strikingly, children did not select their benefactor or their
beneficiary at above-chance levels until about 7 years of age. The
authors concluded that prior to that age, “children do not seem to
know that they should return a favor to the same person who benefited
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them previously, and they do not even expect positive reciprocity
from a person they had just rewarded” (p. 12).

However, other interpretations are possible. One is that the
anonymous, minimal interactions that took place between children
and confederates in the experiments were too limited to elicit con-
siderations of direct positive reciprocity. As children and confederates
never met in person nor knew each other’s identity, and confederates
varied from trial to trial, there was little reason for children to construe
a benefactor’s gift as a potential overture of friendship. Another
interpretation, consistent with the present research, is that children
tended to view a benefactor’s gift as requiring only a modicum of
reciprocity, which the measures used could not detect. In this view,
even though children felt no compunction to respond in kind to a
benefactor’s gift, they could still have balked at harming the bene-
factor. One way to evaluate this interpretation would be to test whe-
ther children would be less likely, when told to steal one of the
confederates’ stickers, to select that of a benefactor. Positive results
would suggest that in the context of these anonymous, minimal
interactions, children felt compelled not to harm their benefactors,
even if they chose not to engage with them further.

Future research can build on our findings in several directions. One
would be to confirm the results of our inconsistent and consistent groups
using new positive and negative actions similar to those used here (e.g.,
agentl might first give or steal goldfish crackers and then need help
opening a box containing a desired toy***?). Another direction would be
to confirm the results of our control group using a new, non-evaluative
manipulation in which infants did not see giving or stealing actions in the
familiarization trials. For example, infants could be tested using the same
procedure as in the inconsistent group except that the start of each
familiarization trial would be modified. In the modified-give condition,
agent2 would have a cookie, agentl would bring in a cookie, each agent
would eat her cookie, and then agentl would leave as before; in the
modified-steal condition, agent2 would have no cookie, and agentl
would bring in two cookies, place one in her mouth, and then leave with
her remaining cookie as before. We would expect infants to show little or
no surprise in the test trial when agent2 harmed (modified-give condi-
tion) or helped (modified-steal condition) agentl: As the familiarization
trials did nothing to alter the social distance between the two agents,
both actions should still be viewed as acceptable.

Other research directions could address new questions about
early reciprocity. First, would infants be more likely to expect in-kind
responding or exact reciprocity if agentl’s positive actions involved
greater costs to herself and greater benefits to agent2? In our experi-
ments, agentl offered simple gifts that were neither needed nor
requested by agent2. What if instead agent2 needed critical help to
complete a task, agentl provided it at a substantial cost to herself, and
the roles were then reversed, with agentl now needing help? Evidence
that infants expected in-kind responding would suggest that from a
young age, infants’ expectation of reciprocity is sufficiently sophisti-
cated to take into account meaningful conceptual variation (e.g., a
small, unnecessary gift creates a weaker obligation to reciprocate than
does costly critical assistance).

Second, how would infants’ expectation of reciprocity interact
with their expectations of ingroup support”®2® and authority**°? For
example, following agentl’s negative actions, would infants expect
agent2 (a) to retaliate less if the two agents were members of the same
group, and (b) to retaliate even less, or not at all, if agentl was a leader
of the group?

Third, additional research could explore how infants’ expectation
of reciprocity changes with age and experience. When adult partici-
pants read scenarios adapted from those we showed infants (see
Supplementary Note 1), their ratings of agent2’s actions were generally
in line with infants’ responses (e.g., harming agentl after receiving a
cookie from her, and helping agentl after being robbed of a cookie by
her, were both rated as implausible scenarios), with one exception.

When agentl gave agent2 a cookie and later needed help with a simple
task, adults rated a decision not to help her as less plausible than a
decision to help her, whereas infants seemed to view both decisions as
equally plausible. One explanation for this age difference could be that
when judging what actions are acceptable following an overture of
friendship that one has no desire to pursue, infants view only moderate
negative actions as unacceptable, whereas adults also tend to view
mild negative actions as less than ideal, particularly when the costs
associated with more positive courses of action are fairly minimal. In
our adult scenarios, the actions needed to help agentl (e.g., picking up
her fallen sticker and moving it closer to her sticker book) were so
trivial and required so little effort that to adults, agent2’s decision not
to produce them may have bordered on churlishness (for additional
discussion, see Supplementary Note 1).

Finally, research is also needed to explore how infants’ expecta-
tion of reciprocity comes to guide their own interactions with siblings
and peers, and how parental, social, and cultural factors help shape
these interactions’”.

In sum, our research demonstrates that by 15 months of age,
infants already expect a modicum of reciprocity between strangers.
Our findings add weight to long-standing claims that direct reciprocity
helps regulate social interactions between unrelated individuals and,
as such, is likely to depend on psychological systems that have evolved
to support reciprocal reasoning and behavior® #0665,

Methods

The protocols used in Experiments 1-3 were approved by the Institu-
tional Review Board at the University of Illinois Urbana-Champaign,
and each infant’s parent gave written informed consent prior to the
testing session.

Power analysis

Experiments 2 and 3 reported primary and secondary analyses using
ANOVAs with 2 x 2 between-subjects designs. The primary analyses
were group x condition analyses, comparing the give and steal con-
ditions in the inconsistent and control groups (Experiment 2) and in
the inconsistent and consistent groups (Experiment 3). The secondary
analyses were subgroup x condition analyses, comparing the give and
steal conditions in the new-agent and no-knowledge subgroups of the
control group (Experiment 2) and in the in-kind and no-engagement
subgroups of the consistent group (Experiment 3). These secondary
analyses were necessary to allow the subgroups (which were expected
to yield identical responses in each experiment) to be combined for
the primary analyses comparing groups. For our power analysis, we
relied on previous experiments by Jin and Baillargeon? that examined
sociomoral reasoning in 17-month-old infants using the violation-of-
expectation method, live events, and 2 x 2 between-subjects ANOVAs.
The average interaction effect size (npz) in their experiments was 0.19.
A power analysis using G*Power version 3.1’° based on this value
indicated that, with power set at 0.80 and « set at 0.05, the minimum
number of participants required per subgroup x condition cell was
nine participants. In line with this analysis, we tested 10 participants in
each subgroup x condition cell, resulting in 40 participants each in the
control and consistent groups. We similarly tested 40 participants
each in the baseline group of Experiment 1 and the inconsistent group
of Experiment 2. This resulted in a total of 160 participants across all
three experiments, with 40 participants per group and 20 participants
per group x condition cell.

Participants

Participants in Experiments 1-3 were 160 healthy, term 15-month-old
infants (83 male, M =15 months, 22 days; range: 15 months, 3 days to
16 months, 16 days). Forty infants were randomly assigned to each of
four groups: the baseline group (22 male, M=15 months, 22 days;
Experiment 1), the inconsistent group (21 male, M =15 months, 21 days;
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Experiment 2), the control group (20 male, M=15 months, 24 days;
Experiment 2), and the consistent group (20 male, M=15 months,
21 days; Experiment 3). Data collection in all four groups overlapped.
The control group was evenly divided into two subgroups (new-agent,
no-knowledge), as was the consistent group (in-kind, no-engagement);
in each group, the two subgroups saw experimental manipulations
that were expected to have and did have identical effects. Within each
group (and subgroup, where applicable), half of the infants were ran-
domly assigned to the give condition, and half to the steal condition.
Another 25 infants were tested but excluded: 16 were distracted (6),
fussy (5), inattentive (3), or drowsy (2); 1 was the subject of parental
interference; 1 was uninterested and crawled away; and 7 (3 in the
control group and 4 in the consistent group) had a test looking time
over 2.5 standard deviations from the group mean.

In each experiment, infants’ names were obtained from a
university-maintained database of parents interested in participating
in child development research. Parents received a child’s gift or travel
reimbursement as compensation for their participation.

Apparatus

The apparatus consisted of a brightly lit puppet-stage apparatus (201 cm
high x 102 cm wide x 57 cm deep) with a large opening (46 cm x 95 cm)
in its front wall; between trials, a supervisor lowered a curtain in front of
this opening. Inside the apparatus, the walls were white, and the floor
was covered with pastel adhesive paper. Up to three female experi-
menters worked together to produce the events shown to infants.
Agent2 wore a green shirt and sat at a window (50 cm x 50 cm) in the
back wall of the apparatus; this window could be closed with two iden-
tical white doors. Agentl wore a blue shirt and knelt at a window (51 cm x
38 cm) in the right wall of the apparatus; this window could be closed
with a sliding white curtain. In the control new-agent subgroup, agentl
was replaced in the pretest and test trials by agent3, who wore a gray
shirt. As an event unfolded, the experimenters never made eye contact
with the infant: They only looked at each other or at the objects they
acted on. Floor-to-ceiling white curtains surrounded the apparatus and
experimenters and hid the testing room from the infants. Stimuli inclu-
ded mini-Oreo cookies, two white plates, five colorful stickers, five pieces
of yellow paper, and an open black-and-white treasure box.

During each testing session, a metronome beat softly to help the
experimenters adhere to the events’ second-by-second scripts. One
camera captured an image of the events, and another camera captured
an image of the infant. The two images were combined, projected onto
a monitor located behind the apparatus, and watched by the super-
visor to confirm that the events followed the prescribed scripts. The
images were also recorded, and recorded sessions were checked off-
line for experimenter and observer accuracy.

Trials

Infants in each group first received three familiarization trials. Each
consisted of a 17-s computer-controlled initial phase followed by an
infant-controlled final phase. During the initial phase, infants saw the
scripted actions appropriate for their condition, ending with a paused
scene; during the final phase, infants watched this paused scene until
the trial ended. Infants in the inconsistent, control, and consistent
groups also received a test trial that varied across groups and condi-
tions, as explained in the text. The initial phase of the test trial lasted
44 s, except for the control no-knowledge subgroup where it lasted
49 s (a longer initial phase was needed to allow agent2 time to open her
window after agentl’s departure). Finally, each test trial was preceded
by a pretest trial that had only a 20-s computer-controlled initial phase
and was identical to the beginning portion of the test trial: Agentl, or
agent3 in the control new-agent subgroup, sat alone (agent2’s window
was closed) and decorated and stored two papers (leaving three for the
test trial), to give infants additional exposure to her sequence of
actions and help them understand its goal.

Procedure

Each infant sat on a parent’s lap centered in front of the apparatus. To
avoid influencing infants’ responses, parents were instructed to remain
silent and neutral throughout the testing session, and to close their eyes
for the test trial in Experiments 2 and 3 (infants in Experiment 1 received
only familiarization trials). In the pretest and test trials of Experiments 2
and 3, two observers monitored the infant’s looking behavior through
peepholes in large cloth-covered frames on either side of the apparatus;
each observer pressed a button (linked to a computer) when the infant
attended to the events, and looking times were computed using the
primary observer’s responses. Inter-observer agreement during the final
phase of the test trial was calculated by dividing the number of 100-ms
intervals in which the two observers agreed by the total number of
intervals in the final phase. Agreement was calculated for 116/120 infants
and averaged 92% per infant. To ensure that the primary observer was
blind to the infant’s condition, the primary observer was absent from
the testing room during the familiarization trials. In Experiment 1, only
the secondary observer was present; an offline observer coded each
infant’s recorded testing session from silent video, with the portion of
the computer screen showing the events hidden from view, to ensure
that the observer was blind to the infant’s condition (the observer cor-
rectly guessed whether infants saw give or steal events for only 23/40
infants, two-tailed cumulative binomial probability p=0.430). Looking
times recorded by the secondary observer (give condition: M=14.48,
SD =4.83; steal condition: M =14.28, SD =5.41) and the offline observer
(give condition: M=14.08, SD=5.37; steal condition: M=14.06, SD =
5.16) were highly similar, and inter-observer agreement averaged 86%
per trial per infant. The secondary observer’s responses were therefore
used to compute infants’ looking times in the familiarization trials for all
three experiments.

Infants were highly attentive during the initial phase of each of the
three familiarization trials; across the three experiments, they looked,
on average, for 98% of each initial phase. Infants in Experiments 2 and 3
were also highly attentive during the initial phases of the pretest and
test trials; on average, they looked for 98% of each phase. The final
phase of each familiarization and test trial ended when infants (a)
looked away for one (familiarization) or two (test) consecutive seconds
after having looked for at least five cumulative seconds, or (b) looked
for a maximum of 30 cumulative seconds. A longer look-away criterion
was used in the test trial to give infants ample opportunity to reason
about the outcome they had seen. When the computer signaled that a
trial had ended, the supervisor lowered the curtain at the front of the
apparatus and stimuli were readied for the next trial.

Statistics

Frequentist tests were performed using IBM SPSS Statistics version 26,
and BF tests were performed using JASP version 0.18.1. Levene’s tests
confirmed the homogeneity of variances for the familiarization data
(baseline, inconsistent, control, and consistent groups) and the test
data (inconsistent, control, and consistent groups) of Experiments
1-3. Kolmogorov-Smirnov tests indicated that not all groups had
normal distributions in the familiarization and test data. Normality
violations are common in looking-time experiments with infants, due
in part to the fact that trials have set minimal and maximal values, as
noted in the previous section. Although ANOVAS are robust against
normality violations”, for all key results we also performed non-
parametric Wilcoxon rank-sum tests, which make no normality
assumption; results were identical to those of the ANOVAS.

Preliminary analyses

Infants’ sex, as reported by parents, was included as a factor in a pre-
liminary analysis of the familiarization data in the give and steal con-
ditions of the baseline, inconsistent, control, and consistent groups in
Experiments 1-3. The ANOVA revealed no significant interaction of
infants’ sex with either condition or group, both Fs <1.400, ps > 0.245,
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N,2s <0.028, 90% CI for the largest n,*=[0.000, 0.069]. Similarly,
infants’ sex was included as a factor in a preliminary analysis of the test
data in the give and steal conditions of the inconsistent, control, and
consistent groups. The ANOVA again revealed no significant interac-
tion of infants’ sex with either condition or group, both Fs<0.757,
ps20.386,n,%s < 0.007, 90% Cl for the largest n,? = [0.000, 0.0541. In
each case, the data were pooled across infants’ sex in subsequent
analyses.

Online surveys with adults

When describing the actions we showed infants in Experiments 1-3,
we made claims about the value of individual actions (e.g., moderately
positive or negative in value) and about the acceptability of reciprocal
actions (e.g., inconsistent or consistent with reciprocity). As manip-
ulation checks for these descriptions, we tested adults in two online
Qualtrics (Provo, UT) surveys, using written scenarios adapted from
our events. In one survey (N =115), adults rated the value of individual
actions toward strangers. In the other survey (N =130), adults rated the
plausibility of reciprocal actions between strangers. Like infants’
responses, adults’ ratings were generally in line with our descriptions
(e.g., helping a stranger who has stolen your cookie, or harming a
stranger who has given you a cookie, were both rated as implausible
scenarios), supporting our interpretations of infants’ responses (for
methods and results, see Supplementary Note 1).

Reporting summary
Further information on the methods of Experiments 1-3 is available in
the Nature Portfolio Reporting Summary linked to this article.

Data availability

The infant data generated in Experiments 1 -3 have been deposited on
the Open Science Framework under the name “Jin et al. infant
dataset”’® and are publicly available at https://doi.org/10.17605/OSF.
10/FDQS2. The adult data generated in the online surveys reported in
Supplementary Note 1 are available at the same link under the name
“Jin et al. adult dataset”.
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