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Humans establish and maintain complex cooperative interactions with unre-
lated individuals by exploiting various cognitive mechanisms, for instance
empathic reactions and a preference for prosocial actions and individuals over
antisocial ones. The key role played by these features across human socio-
moral systems suggests that core processes underpinning them may be
evolved adaptations. Initial evidence consistent with this view came from
studies on preverbal infants, which found a preference for prosocial over
antisocial individuals. In this study, 5-day-old neonates were shown pairs of
looping video interactions in which a prosocial event (approach in Experiment
1, helping in Experiments 2 and 3) appeared on one side of the display and an
antisocial event (avoidance in Experiment 1, hindering in Experiments 2 and 3)
appeared on the other; newborns’ attention to each event type was measured.
Across 3 experiments, newborns consistently looked longer at the prosocial
than the antisocial events, but only during socially interactive versions of the
stimuli. Together, these findings suggest that basic mechanisms to distinguish
simple prosocial versus antisocial acts, and to prefer prosocial ones, emerge

with very limited experience.

Humans are a remarkably cooperative species, with unrelated
individuals and groups readily able to establish and maintain
complex systems of mutual benefit'>. The uniqueness and suc-
cess of human cooperation has led to a host of theoretical and
empirical work into the cognitive and emotional mechanisms
required to support it*¢; candidate mechanisms include empathic
concern and other prosocial motivations’’, an ability to distin-
guish cooperative versus non-cooperative actions and
individuals'®, a preference for prosocial acts and actors and/or
aversion to antisocial ones", and the acceptance of and/or desire
for the punishment of the antisocial>*. Given the key role of each
of these phenomena within human moral systems across cultures,
this work has led to the broader and more substantial claim that
human morality stems, at least in part, from evolved adaptations
for sustaining cooperation within large groups™™.

Potentially consistent with these claims, developmental psychol-
ogists have recently documented various socio-morally relevant phe-
nomena in young infants who may be too young to have acquired such
tendencies via learning alone®. For instance, infants as young as
3 months show concern for others in distress that predicts subsequent
prosocial behaviours?, and from 4 months show baseline expectations
for fairness between novel social agents>*, Infants have also been
shown to preferentially attend to and approach a variety of more
‘prosocial’ over more ‘antisocial’ agents, including those who align
their behaviours with those of other agents®? (from 4.5 months), help
versus hinder others’ goals (from 3 months)**™°, distribute resources
fairly over unfairly (from 4 months)**, affiliate with versus aggress
against others (from 10 months)***, and protect victims versus fail to
do so (from 6 months)*. Within these studies, non-social control
versions of the same events have not led to selectivity, suggestive that
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infants’ responses are based on relative prosociality as opposed to
lower-level aspects of the stimuli.

The evidence for infants’ selective responses to the sociomoral
world amassed to date is broadly consistent with claims for the evo-
lution of human morality**™", and has led some to argue that it reflects
an “innate moral core” in which some aspects of human morality
emerge independently of experience with morally relevant input. That
said, current evidence nevertheless falls short of providing irrefutable
evidence of such claims in at least two ways. First, as several scholars
have noted”, preverbal infants’ responses to morally relevant acts
could stem from relatively simpler mechanisms, ones that are social
but not moral in nature’®”. For instance, perhaps infants who prefer
prosocial others are identifying those who align themselves with other
social agents (by matching their actions or adopting their goals)® %,
rather than engaging in any higher-level moral assessments of the
goodness or rightness of those acts. Although there are a few studies to
date that have attempted to address this possibility by pitting equally
social, but more- versus less-moral, characters against each other via
manipulations of prosocial and antisocial others” intentions %, and
have found evidence for moral responding, those studies were
necessarily complex and have typically examined infants from late in
the first year and beyond for whom considerable learning and devel-
opment has undoubtedly occurred. Thus, whether or not infants’
earliest responses are truly “moral” remains very much an open
question.

Irrespective of the social versus moral nature of infants’ respon-
ses, a second reason that infants’ sociomoral responses fall short of
providing evidence for an innate moral core is that even the very
youngest infants tested in the studies reviewed above all have at least
3 months of experience in the postnatal environment, and in many
cases much more, rendering the relative roles of innate and learned
abilities unclear”*%. To date, evidence with human newborns, who
possess extremely limited experience with sociomoral phenomena
relative to older infants, suggests that selective responses to some
aspects of the social world may emerge independently from experi-
ence. For instance, newborns become distressed when listening to
another newborn’s cry relative to their own cry or matched control
sounds***, argued to be a form of primitive empathy. Newborns also
show spontaneous preferences for social stimuli over non- or less-
social comparisons; looking longer at faces over scrambled faces*®™*’,
direct over indirect gaze®, and biological over scrambled motion®.
Newborns have also been shown to prefer specific dynamic cues
relevant to animacy perception®’**, as well as physically possible, goal-
directed manual actions over impossible and/or non-goal directed
ones*8,

The social responsivity and selectiveness in human newborns
described above falls well short of evidence for innate morality.
Nevertheless, more recent evidence on newborns’ responsiveness to
cues that distinguish different types of social interaction gets some-
what closer. For instance, a very recent study found that newborn
humans looked more at point-light-walker displays of adult humans
that appeared to walk toward them (e.g., approach) rather than away
from them (e.g., avoid), and more at point-light walker approach (e.g.,
social approach) than at approach performed by scrambled point-light
displays (e.g., non-social approach). These results were argued to
indicate a predisposition for cues indicating social closeness or against
cues indicating social avoidance, at least when those cues are directed
at newborns themselves*’. Further, similarly to a host of recent findings
demonstrating that older human infants and adults show dedicated
processing  of  face-to-face  versus  back-to-back  social
configurations®®®?, female visually naive newborn chicks (that is,
chicks deprived of all relevant visual input) preferentially approach
face-to-face over back-to-back (chicken) biological motion®®, sugges-
tive that orientation to meaningful social interactions can arise inde-
pendently from relevant input at least in a bird model. Finally, and

most relevant to the biological roots of sociomoral evaluation, female
visually naive newborn chicks may avoid an aggressive agent relative to
its victim®, suggestive of unlearned abilities to distinguish different
types of social interactions and/or social roles.

In sum, findings with relatively inexperienced vertebrates (infant
humans, newborn humans, and female newborn chicks) suggest that at
least some of the abilities required for understanding and evaluating
morally relevant stimuli may be unlearned, emerging in the absence of
extensive sociomoral experiences. That said, the vast majority of this
evidence comes from older human infants, whose sociomoral experi-
ences are obviously limited but far from nonexistent. To our knowl-
edge, no previous study of human newborns has demonstrated
sensitivity to behaviours with any sociomoral relevance at all.

In the current studies, including a preregistered replication, we
find that 5-day-old newborns attend longer toward prosocial than
antisocial interactions looping continuously on either side of a dis-
play. Newborns attend more to prosocial interactions both for
extremely simple, clearly non-moral forms of prosocial versus anti-
social acts (approach versus avoidance; Experiment 1); and for
interactions that are more complex and that possess some moral
value (helping versus hindering; Experiments 2; and a partial repli-
cation study of Experiment 2, Experiment 3). Crucially, 5-day-olds
watching matched pairs of non-social control versions of the same
displays show no significant preference, suggesting that newborns’
responses in the social conditions are not the result of low-level
features of the displays. By just days after birth, then, humans are
already sensitive to a crucial distinction within the sociomoral world:
the difference between prosocial and antisocial acts.

Results

Preliminary validation experiment

To validate the simplified social stimuli created for newborns, we
assessed adults’ explicit interpretations of the prosocial/antisocial and
matched non-social control events by showing students two minutes
of each side-by-side set of videos shown to newborns (see detailed
descriptions below and in Supplementary Information). Each adult was
randomly assigned to watch videos from both social conditions (e.g.,
approach/avoid and help/hinder) or videos from both non-social
control conditions in a mixed design. After watching the videos, par-
ticipants were asked to write down “what happened” during the event
on each side of the screen, as well as what “kind of thing” was each
circle within each event. As predicted, students almost exclusively
(>95% of descriptions) described the social videos in social terms,
referencing approach/avoidance or helping/hindering appropriately.
In contrast, very few adults (10 %) described the non-social videos in
social terms, instead referencing distinct patterns of motion.
Descriptions of the characters in the social condition included fre-
quent use of both social and moral terms (e.g., friendly, helpful,
altruistic, good, unfriendly, aggressive, bad) whereas descriptions in
the non-social condition essentially never used these terms (for a table
of all adult descriptions see Source Data file). These descriptions
suggest that our stimuli, though highly simplified, are nevertheless
interpretable as instances of social and/or moral interactions to adult
participants.

Experiment 1

Experiment 1 examined newborns’ sensitivity to an extremely basic cue
to relative prosociality: whether an agent tends to approach or avoid
another agent. Specifically, newborns watched two 60 s trials involving
side-by-side videos each depicting two faceless grey balls; the move-
ments of the balls depicted approach on one side and avoidance on the
other. In the social condition, both balls displayed self-propelled
motion and appeared agentic. In the social approach video Agent B
moved toward Agent A twice, ending in close proximity to it; in the
social avoidance video Agent B moved toward and then away from
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Fig. 1| Four frames extracted from the animation videos displaying the social
(left panel) and non-social (right panel) conditions of Experiment 1. The first
and last frames depict the start and ending positions of each ball, respectively. In
the Social condition, agent A (the ‘recipient’) moves first, while agent B (the
‘approacher’/’avoider’) moves second. Agent B approaches agent A in the
approaching event, and avoids agent A in the avoiding event. In the Non-social
condition, movements are similar to those performed by agents in the Social
condition, except that agent A is an inert object so only agent B moves.

Agent A, ending farther away from it. In the non-social condition, only
one of the balls (Agent B) displayed self-propelled motion and
appeared agentic; it acted identically to Agent B in the social condition
while the other ball remained inert. Thus, the videos depicted
approach and avoidance, but of an inert object (see Fig. 1).
Newborns’ attention toward each side of the display was coded
offline by a coder blind to condition. For each trial, coding continued
for the entire 60-second trial or until the infant looked away for 10
consecutive seconds, suggesting they lost interest. A repeated mea-
sure analysis of variance (rmANOVA) of the total fixation times with
Trial (first vs. second) and Action Type (approach vs. avoidance) as
within-subject factors, and Condition (social vs. non-social) as a
between-subjects factor revealed a significant main effect of Trial (F
(1,34)=6.483, p=0.016, n,°=0.160), and of Action Type (F
(1,34) =8.071, p=0.008, 1,°=0.192). The interaction Action Type X
Condition was also significant (F (1,34) =8.378, p = 0.007, n,” = 0.198);
no other statistically significant main effects or interactions were
observed: Trial X Action Type F (1,34) =0.209, p = 0.963, n,’=0.001,
Trial X Condition F (1,34) =0.903, p=0.763, n,°=0.003, and Trial X
Action Type X Condition F (1,34)=0.209, p=0.651, n,’=0.006.
Follow-up t-tests indicated that newborns looked longer during the
first trial (M;=35.1s; SD;=12.1) versus the second trial (M>=30.4s;
S$D,=10.1; ¢ (1,35)=2.580, p=0.014, d = 0.428, 95% CI [1.008, 8.462]),

as well as longer toward approach (Mapproach =37.6'S; SDapproach =17.4)
versus avoidance (Mavoidance =27.9S;  SDavoidance =11.9  actions;
t (1,35)=2.582, p=0.014, d=0.660, 95% CI [2.063, 17.248]). Crucially,
planned contrasts exploring the significant interaction between Action
Type and Condition revealed that in the social condition newborns
looked longer at approaCh (Msocialfapproach =445s; SDsociaI_approach =
18.8) than avoidance (Msocial_avoidance = 25.1S; SDsocial_avoidance =11.6;
t(1,17) =3.624,p=0.002, d = 0.883, 95% CI [8.146, 30.842]); there was no
statistically significant difference between newborns’ total fixation times
toward approach and avoidance in the non-social condition
(Mnon-sociaLapproach =30.6 S; SDnon-social_approach = 131r Mnon-social_avoidance =
30.8's; SDron-social_avoidance = 11.3; £ (1,17) = —0.044, p = 0.966, d = —0.017,
95% CI[-8.952, 8.588]) (Fig. 2a). These effects also emerged at the level
of individual infants: 14 of the 18 newborns (77.7%; p = 0.030, binomial
test, two-tailed) in the social condition looked longer at approach,
whereas only 8 of the 18 newborns (44.4%; p = .814, binomial test, two-
tailed) in the non-social condition did so. The difference in rate of
preferring approach across conditions was significant, X>(1, N=36) =
4.208, p=0.040.

Results from Experiment 1 provide evidence that human new-
borns distinguish between an extremely simple form of prosocial
versus antisocial interaction, and selectively attend to the prosocial
one. That said, this result is limited to approach/avoidance behaviours,
which may signal an agent’s baseline orientation toward other agents,
but do not themselves possess moral content.

Experiment 2

Experiment 2 explored what is arguably a more morally relevant cue to
relative prosociality, one agent helping or hindering another, utilizing
a highly simplified version of a common display from the
literature® "%, At the start of the social helping event, agent A rests in
the middle of an inclined plane and agent B at the bottom. Agent A
makes two small movements toward the top of the plane as though
trying to move up, and then moves back to its original position each
time as though falling backward. Agent B then moves up the plane,
comes into contact with agent A, and pushes it to the top as though
helping. At the start of the social hindering event, agent A rests in the
middle of the plane and agent B at the top. Agent A moves up and falls
down the plane twice, and then agent B moves down toward agent A
and pushes it to the bottom as though hindering. In the non-social
condition, all approach/pushing movements by agent B were identical
to those in the social condition. However, because the other ball
remained inert, the movements depicted only upward/downward
pushing of an object as opposed to helping/hindering of an agent
(see Fig. 3).

A rmANOVA of total fixation times was performed with Trial (first
vs. second) and Action Type (helping vs. hindering) as within-subject
factors, and Condition (social vs. non-social) as a between-subjects
factor. There were no statistically significant main effects of Trial (F
(1,34)=3.186, p=0.083, n,7=0.086), Action Type (F (1,34)=2.088,
p=0.158, n,°=0.058) or Condition (F (1,34)=2.213, p=0.146,
n,’=0.061); the interactions Action Type X Condition (F
(1,34) =10.365, p=0.003, n,°=0.234), and Trial X Action Type X
Condition (F (1,34) = 8.511, p=0.006, 17,° = 0.200) were significant. No
other statistically significant interactions were observed, Trial X Con-
dition F (1,34) = 0.436, p = 0.514, n,’ = 0.013, and Trial X Action Type F
(1,34) =0.001, p= 0.974, n,,> = 0.001 (Fig. 2b). Planned t-tests indicated
that newborns in the social condition looked longer at helping
(Msocial_helping =45.6 S;  SDsocial_helping =11.9)  than at  hindering
(Msocial_hindering =30.1s; SDsociaI_hindering =8.7,t(117)=3.730, p=0.002,
d=1.53, 95% CI [6.760, 24.361]), but that there was no statistically
significant  difference in newborns’ attention to ‘helping
(Mnon-social_helping =3L65; SDnon-social_helping = 13.8) versus ‘hindering’
(Mnon-social_hindering =3735s; SDnon-social_hindering =12.7) in the non-social
condition ¢ (1,17) = -1.137, p = 0.271, d = -0.45, 95% CI [-16.907, 5.067]).
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Fig. 2 | Box plots with whiskers showing newborns’ total fixation times in the
preferential looking test of Experiments 1-3. a Experiment 1: total looking time
toward the approach event (first box) and the avoidance event (second box) in the
social condition (first set of boxes) and the non-social condition (second set of
boxes; (N =18 per set). b Experiment 2: total looking time toward the helping event
(first box) and the hindering event (second box) in the social condition (first set of
boxes) and the non-social condition (second set of boxes; (N=18 per set).

¢ Experiment 3: total looking time toward the helping event (first box) and the
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hindering event (second box) in the social condition (N=18). Box plots show the
median centre line and 25/75 percentiles. Whiskers show min and max values.
Internal data points that fall within the whiskers (between the lower quartile -1.5IQR
and the upper quartile +1.5IQR) are considered “within the range” of the data.
External data points that fall outside the whiskers are considered outliers. Asterisks
indicate significant differences of the infants’ total looking times observed with
paired ¢-tests, two-tailed (*p < 0.05).

These effects also emerged at the level of individual infants: 14 of the 18
newborns in the social condition looked longer at helping (77.7%;
p=0.030, binomial test, two-tailed), whereas only 6 of the 18 in the
non-social condition did so (33.3 %; p=0.237, binomial test, two-
tailed); this difference was significant, X*(1, N=36) =7.200, p=0.007.

Planned t-tests exploring the significant (though unexpected)
interaction Trial X Action Type X Condition revealed that in the social
condition newborns looked longer at helping (MIsocial_helping =27.5'S;
SDIsocial_heiping=13.6) than hindering in the first test trial
(Mlsocial_hindering =12.8s; SD-Isocial_hindering =9.6;, t (117)=2.819,
p=0.012, d=5.17, 95% ClI [3.687, 25.626]), while there was no sig-
nificant  difference in  attention in the second trial
(Mzsocial_helping =18.1s; SD2social_helping =84,  M2social_nindering =17.2S;
SD2socialhindering=8-3; t (1,17)=0.251, p=0.650, d=0.44, 95% CI
[-6.688, 8.497]). In the non-social condition, newborns showed an
opposite pattern of results, looking longer at ‘hindering’ (MI,on-
social_hindering = 22.8s; SDIon-social hindering = 10.9) than at ‘helping' in the
first trial (MInon-sociaI helping=12-9 S; SD]non-sociaI helping = 7.02; t
(1,17) =-2.622, p=0.018, d = 4.51, 95% CI [-18.029, 1.952]), and showing
no significant statistically difference in the second trial (M2,,,-
social_helping = 18.7s; SDznon»social_helping =8.6; Mznon-social_hindering =
14.6 S; SD2non-social_hindering = 10.4; £ (1,17) = 1.120, p = 0.278, d = 1.76, 95%
CI [-3.597, 11.739]).

Experiment 3

Experiment 3 was a preregistered replication of the social helping/
hindering condition, thereby partially replicating Experiment 2
(https://osf.io/p84br). All methods and relevant analyses were iden-
tical. Although we originally pre-registered also replicating the
non-social condition, we noted that that might not be possible
given the first author was moving universities and would soon

lose access to testing newborns. We stated that we would there-
fore run the social condition first, because it presented the main
effect of interest. We were only able to run the social condition
prior to A.G.”s move; at the time of final submission we were still
unable to access newborns.

A rmANOVA of the total fixation times with Trial (first vs. second)
and Action Type (helping vs. hindering) as within-subject factors
showed a significant main effect of Action Type (F (1,17) =11.956,
p=0.003, n,°=0.413), but no statistically significant main effect of
Trial (F (1,17)=0.197, p=0.663, 1,/ =0.011) nor interaction between
Trial and Action Type (F (1,17) =0.008, p=0.932, n,°=0.001) was
observed (Fig. 2c). Replicating Experiment 2, a planned contrast
revealed that newborns looked longer at helping (Mheiping=45.2's;
SDhelping=14-5) than hindering (Mhindering=28-2 S, SDhinderingzll-Z; t
(1,17) =3.458, p=0.003, d=1.31, 95% Cl [6.638, 27.418]); 14 of the 18
newborns did so (77.7%; p = 0.030, binomial test, two-tailed).

Discussion

The current findings represent evidence that human newborns dis-
criminate different types of social interactions, and that they selec-
tively attend to prosocial interactions over antisocial ones. These
findings go significantly beyond past work in lending support to claims
that humans are in possession of unlearned mechanisms for detecting
and evaluate key features of the sociomoral world***°**, consistent
with theories of the evolution of cooperation'™, Indeed, during their
short lives it seems highly unlikely that these newborns could have
encountered sufficient relevant inputs to have possibly learned the
differences between social approach versus avoidance, and/or helping
versus hindering; nor should they have had any basis by which to
attribute distinct value to them. Although there is significant evidence
for foetal learning of common auditory and gustatory stimuli
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Fig. 3 | Four frames extracted from the animation videos displaying the social
(left panel) and non-social (right panel) conditions of Experiment 2. The first
and last frames depict the start and ending positions of each ball, respectively. In
the Social condition, agent A (the ‘climber’) moves first, while agent B (the ‘helper’/
’hinderer’) moves second. Agent B helps agent A in the helping event and hinders
agent A in the hindering event. Movements in the Non-social condition are very
similar, except that agent A is an inert object so only agent B moves.

experienced in the womb®®, our stimuli are visual and contain
information that is entirely unavailable to fetuses. Further, although
newborns in the first few days of life are presumably regularly
“approached” (moved toward) and “avoided” (moved away from),
those actions inevitably lead to both positive and negative outcomes
for them including cuddles, feedings, diaper/clothing changes, and
heel sticks/other health checks; it is extremely unlikely that such young
newborns would have ever either experienced or observed helping
and/or hindering in the situation examined here. Finally, newborns
demonstrated sensitivity to approach versus avoidance and helping
versus hindering between two entirely novel animated faceless agents,
but not to the same actions performed by one animated faceless agent
toward an identical inert object. These patterns suggest that newborns’
abilities are both abstract and specific enough to distinguish between
distinct types of social interaction, significantly extending prior lit-
erature on newborns’ predisposition toward social stimuli more
generally**°,

Although the current findings lend significant support to models
positing that infants’ prosocial preferences reflect something
unlearned®®, they nevertheless fail to address the issue of whether
those preferences are moral versus social in nature. Indeed, although
newborns’ attention to prosocial acts could reflect an innate tuning to
the moral world, it is also possible that our newborns merely

responded to the social features of the interactions, such as agents’
relative contingency or alignment with other agents, and preferred
interactions reflecting greater social alignment®™ . Given that relative
social alignment (acting with or like others) and relative prosociality
(acting for others) are often confounded, particularly within social
interactions that can be sufficiently simplified to show to newborns
(but see refs. 20,69-71 for evidence with older infants), convincingly
distinguishing between social versus moral accounts of the current
results may prove challenging. That said, we look forward to future
work that attempts to distinguish these accounts in newborns, and to
work that generalizes these findings beyond a White, Italian newborn
sample’.

But how could human newborns, who lack both extensive
experience in the socio-moral world and high-level cognitive capa-
cities, demonstrate such abilities? Although the current findings could
reflect experience-independent abilities for computational theory of
mind”*, they are also consistent with a growing body of recent work
in the behavioural and neural sciences demonstrating apparently high-
level social cognitive processing within the visual system itself”.
Indeed, the visual system appears sensitive to cues indicating social
interactions such as facingness and motion congruency, and even to
higher-level social distinctions between roles (e.g., agent versus
patient)’® and interaction type and/or valence (e.g., chasing, helping
versus hindering)””’%. These capacities appear to be rooted in pro-
cessing within visual brain areas such as the extrastriate body area
(EBA)®* and the posterior superior temporal sulcus (pSTS)”**, and they
have previously been demonstrated in young infants®%% These find-
ings shed light on a candidate mechanism through which an inexper-
ienced newborn could demonstrate seemingly high-level capacities to
distinguish prosocial from antisocial acts. In turn, the findings repor-
ted herein strongly suggest that the high-level social abilities recently
evidenced by the visual system are unlearned. Finally, future research
should continue to examine the extent to which high-level social, and
even moral, processing could be triggered by specific socio-visual
cues, and so supported by basic features of the visual system.

Methods

This research on newborns was carried out in accordance with the
ethical standard of the Declaration of Helsinki and approved by the
Research Ethics Committee of the ARNAS Garibaldi Hospital in Catania
(protocol number: 146/C.E.; 20/4/2023). Each newborn’s parent gave
written informed consent prior to the testing session.

Statistics

Frequentist tests were performed using IBM SPSS Statistics version 29.
Kolmogorov-Smirnov tests indicated that data were normally dis-
tributed in Experiments 1-3. Levene’s tests confirmed the homo-
geneity of variances for the test data (approaching/helping vs
avoiding/hindering groups in either social and non-social condition,
and test trail) of Experiments 1-3.

Experiment 1

Participants. Thirty-six healthy and full-term newborns (18 females;
mean age: 5 days; range age: 4-7 days; mean weight: 3180 g) recruited
at the Intensive Neonatal Unit of the ARNAS Garibaldi Hospital in
Catania were tested after feeding and when they were awake and alert,
during their first medical check-up in hospital (from 4 to 8 days of life)
after three days of hospitalization. This first medical check-up is per-
formed to monitor weight, bilirubin, and breastfeeding procedures
and/or to apply screening for metabolic diseases.

Newborns were White (100%) with Italian parents. Half of the
newborns (N =18) were assigned to the social condition and the other
half (NV=18) to the non-social condition. All newborns were full-term
(natural birth between 37 and 41 weeks of gestation), with normal
APGAR scores (range 8-10) and normal birth weights (range
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2500-4200 g). Independent t-tests demonstrated that there were no
statistically significant differences between condition in newborns’
weight (t (34) =0.168, p = 0.867), age in days (¢ (34) = 0.415, p = 0.680)
or gestational age (t (34) = 0.127, p=0.900). Thirteen additional new-
borns were tested and excluded from the final sample due to fussiness
(n=2), strabismus (n=2), crying (n=2), or a position bias® (i.e.,
looking to the right or left side of the screen more than the 85% of the
total looking time across both events; n,,,=7; n=3 in the social con-
dition, and n =4 in the non-social condition). These exclusion criteria
were pre-set and applied prior to any data analysis. Sample size was
chosen based on a power analysis using the effect size from previous
studies using a similar preferential-looking paradigm with newborns
(f=0.30°>°°), and revealed that a total sample size of at least 18 parti-
cipants per group provides enough power (0.80 with an alpha level of
0.05) to identify a similarly-sized effect. Parental written consent was
obtained before testing began.

Apparatus. Participants were tested in a quiet room of the hospital.
Newborns were seated on a parent’s lap, 30 cm from the stimulus
presentation monitor (24’ screen size, 1920 x1080-pixel resolution,
refresh rates of 75 HZ). Newborns’ visual behaviours were recorded by
a camera placed under the monitor to allow offline coding of gaze.

Stimuli. Newborns were randomly assigned to either the social or the
non-social condition. In both conditions, newborns were presented
with two simple animated events displayed side-by-side, each playing
in a simultaneous loop with matched start times and overall timing;
one event depicted approach and the other depicted avoidance. In the
social condition, approach and avoidance events each involved two
grey, faceless self-propelled ball agents, 3cm in diameter®. In the
approach event (Supplementary Movie S1) agent A moved slightly
(2.5 cm) toward and then away from agent B twice, and then paused
(Fig. 2, panels 1and 2 left). Agent B then began moving toward agent A,
after which agent A began moving toward agent B once again. Agent A
eventually reached a position 1.5 cm from Agent B and paused once
more, and agent B continued to move toward agent A, eventually
stopping next to it (0.70 cm away; Fig. 2, panels 3 and 4, left). The
avoidance event (Supplementary Movie S1) began in the same manner
as the approach event, with agent A twice moving toward and away
from Agent B (Fig. 2, panels 1 and 2, right), Agent B beginning to move
toward Agent A, and Agent A moving toward Agent B once again and
stopping. Here, however, when Agent B got within 3 cm of Agent A’s
final position, Agent B stopped and then backed away, ultimately
coming to a stop 6 cm away from Agent A (Fig. 2, panels 3 and 4, right).

Events in the non-social condition were designed to be identical to
those in the social condition except for Agent A was replaced by an
inert object (also a grey ball) that displayed no self-propelled motion.
Thus, only Agent B moved (Supplementary Movie S2). Each event in
both conditions lasted 7500 ms (189 frames, 25 frames/second).
Movies were produced by looping the animation for a total of 60's, so
newborns saw a total of 8 events.

Procedure. Stimuli presentation was performed using E-Prime
2.0.10 software. Newborns were presented with two trials of
approaching and avoiding actions being displayed simultaneously and
bilaterally; each trial lasted for 60 seconds. The left/right position of
the videos was counterbalanced across participants and flipped
between the first and the second trials. At the beginning of each trial, a
flickering white cross attention-getter appeared in the centre of the
monitor. Each trial began as soon as the newborns looked at the
flickering white cross. Parents were instructed not to speak to or
otherwise interact with the baby during the experiment.

Coding and reliability. We employed an offline infant-controlled
procedure®, Each trial ended when newborns watched each stimulus

at least once and shifted their gazes away for more than 10s. The
remaining section was discarded from the looking times analysis.

Newborns’ total fixation time to each side of the screen (i.e., the
sum of all fixations) was coded offline from video by a first coder,
which was blind to the left-right position of the events, frame by frame
and using VirtualDub software (https://www.virtualdub.org).

An additional 50% of the sample was re-coded by a second coder
blind to the conditions and the aims of the study. The inter-coder
agreements (Pearson correlations) with the second coder of total
fixation times were 0.96 for approaching and 0.95 for avoiding actions
in the social condition, and 0.90 for approaching and 0.95 for avoiding
actions in the non-social condition.

Experiment 2

Participants. Thirty-six healthy and full-term newborns (16 females;
mean age: 5 days; age range: 4-7 days; mean weight: 3304 g) recruited
at the Intensive Neonatal Unit of the ARNAS Garibaldi Hospital in
Catania were tested after feeding and when they were awake and alert,
during their first medical check-up, like Experiment 1. They were White
(100%) with Italian parents. Half of the newborns (N = 18) were assigned
to the social condition and the other half (N=18) to the non-social
condition. All newborns were full-term (natural birth between 37 and
41 gestational weeks), with normal APGAR scores (range 8-10) and
normal birth weights (range 2400-4800g). Independent t-tests
demonstrated that there were no statistically significant differences
between condition in newborns’ weight (¢ (34) = 0.122, p=0.228), age
in days (t (34)=0.206, p=0.838) or gestational age (¢t (34)=1.228,
p=0.900). Nine additional newborns were tested and excluded from
the final sample due to fussiness (n=1) or a position bias (n,,=8, of
which n=4 in the social condition, and n=4 in the non-social condi-
tion). These exclusion criteria were pre-set and applied prior to any
data analysis. Parental written consent was obtained before
testing began.

Apparatus. The apparatus was the same used in Experiment 1.

Stimuli. Newborns were randomly assigned to either social or non-
social conditions. In both conditions, newborns were presented with
two simple animated events displayed side-by-side, each playing in a
simultaneous loop; one event depicted helping and the other depicted
hindering. The scenario is an adapted version of the hill paradigm used
in prior infant studies® "2,

In the social condition, helping and hindering events each
involved two grey, faceless self-propelled ball agents, 3cm in
diameter®- In the helping event (Supplementary Movie S3), agent A
starts in the middle of an inclined plane (8 cm total) and agent B starts
at the bottom. First, Agent A moves 1.5cm up toward the top of the
plane and then backs down again, twice, as though trying but failing to
reach the top (Fig. 3, panels 1 and 2 left). Then, Agent B moves up
toward Agent A and contacts it (i.e., it moves 3.5 cm, starting from the
bottom to reach the middle of the plane), pushing it up to the top of
the hill (they move 3.5 cm together, starting from the middle to reach
the up) (Fig. 3 panels 3 and 4, left).

In the hindering event (Supplementary Movie S3), Agent A starts
in the middle of the inclined plane and agent B starts at the top. As in
the helping event, Agent A twice moves up and down the plane as
though trying to reach the top (Fig. 3, panels 1 and 2, right). Then,
Agent B moves toward agent A and contacts it, pushing it to the bot-
tom of the hill (Fig. 3, panels 3 and 4, right). Events in the non-social
condition were designed to match those in the social condition except
for Agent A was replaced by an inert object (also a grey ball) that
displayed no self-propelled motion (Supplementary Movie S4), and so
made no attempt to climb. Thus, only Agent B moved. Each event in
the social conditions lasted 7100 ms (178 frames, 25 frames/s). Movies
were produced by looping the animation for a total of 60s, so
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newborns saw a total of 8 events. Each event in the non-social condi-
tion lasted 6300 ms (158 frames, 25 frames/s), so newborns saw a total
of 9 events within 60 s. Events in the non-social condition were slightly
shorter (and so looped one more time over 60 s) due to the absence of
independent upward movement by the inert ball at the start of each
event; notably, motion was matched exactly across distinct events
within each condition, and for all conditions was essentially con-
tinuous due to the looping nature of the videos.

Procedure. The procedure was the same used in Experiment 1.

Reliability. Coding followed the same criteria as in Experiment 1. Inter-
coder agreement (Pearson correlation) with the second coder was 0.95
for both helping and hindering actions in the social condition, and 0.95
for helping and 0.90 for hindering actions in the non-social condition.

Experiment 3

Participants. Eighteen healthy and full-term newborns (8 females;
mean age: 5 days; age range: 4-6 days; mean weight: 3060 g) recruited
at the Intensive Neonatal Unit of the ARNAS Garibaldi Hospital in
Catania were tested, after feeding and when they were awake and alert,
during their first medical check-up, like in the previous two experi-
ments. They were White (100%) with Italian parents. All newborns were
full-term (natural birth between 37 and 41 gestational weeks), with
normal APGAR scores (range 8-10) and normal birth weights (range
2380-4000). Five additional newborns were tested and excluded from
the final sample due to sleeping (n=1), fussiness (n=1), strabismus
(n=1) and a position bias (n=2). Parental written consent was
obtained before testing began. These exclusion criteria were pre-
registered (https://osf.io/p84br).

Apparatus, stimuli and procedure. The apparatus was the same used
in Experiment 2. Both stimuli and procedure were like those used in
Experiment 2, except that newborns were presented with only the
social condition.

Reliability. Coding followed the same criteria as Experiments 1 and 2.
Inter-coder agreement (Pearson correlation) with the second coder
was 0.96 for both helping and hindering actions.

Data analysis. In Experiments 1 and 2, we performed repeated mea-
sures ANOVAs of total fixation times with Trial (first vs. second) and
Action Type (prosocial vs. antisocial) as within-subject factors, and
Condition (social vs. non-social) as a between-subjects factor. Then,
follow up planned paired t-tests were used to compare the newborns’
visual attention to the two types of events (prosocial vs antisocial). To
explore whether effects emerged at the level of individual newborns,
binomial tests were used in each condition comparing the number of
infants who looked longer to the more prosocial event (or matched
control) to chance. Finally, chi square tests examined whether the
patterns of response were different between conditions within each
Experiment. In Experiment 3, we performed a repeated measures
ANOVA of total fixation times with Trial (first vs. second) and Action
Type (prosocial vs. antisocial) as within-subject factors. Then, follow
up planned paired t-tests were used to compare the newborns’ visual
attention to the two types of events (prosocial vs antisocial), and a
binomial test was used to explore individual-level responding.

Reporting summary
Further information on research design is available in the Nature
Portfolio Reporting Summary linked to this article.

Data availability
The raw data generated in Experiments 1-3 are been deposited on the
Open Science Framework under the name “Geraci et al. dati”®’, and are

publicly available at https://doi.org/10.17605/0OSF.I0/P84BR. The raw
data generated in the validation study on adults are provided as a
Source Data file. Source data are provided with this paper.

Code availability
SPSS Statistics Outputs of the analyses are available here: https://doi.
org/10.17605/0SF.I0/P84BR.
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