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Abstract

Human social preferences are the product of gene-culture coevolution, and rely on predispositions 

that emerge early in development. These social preferences encompasse distinct motivations, 

mechanisms, and behaviors, that facilitate social cohesion and cooperation. Developmental social 

neuroscience critically contributes in elucidating the mechanisms involved in social decision-

making and prosociality, and their gradual maturation in interaction with the social and cultural 

environment.
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Successful social interactions often require individuals to balance their own self-interest with 

the wants and needs of others within specific contexts. This interplay between self-interest 

and other-regarding concerns plays a prominent role in human societies and is supported by 

social preferences. These preferences have evolved in response to the socio-ecological 

challenges faced by our ancestors who lived in environments, both natural and socially 

constructed, in which groups of individuals who were predisposed to cooperate and uphold 

social norms tended to survive and expand relative to other groups, thereby allowing these 

prosocial motivations to proliferate [1]. Moreover, selective pressures favoring alloparenting 

have shaped ontogenetic adaptations for social cognitive skills that distinguish human 

infants for navigating effectively the regime of cooperative childcare characteristic of Homo 
sapiens [2*].
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The term social preferences refer to motives such as altruism, reciprocity, intrinsic pleasure 

in helping others, aversion to inequity, and ethical commitments that induce people to help 

others beyond simply maximizing personal wealth or material payoffs. These prosocial 

motivations include different types of behaviors such as helping, cooperating, sharing, 

comforting, rescuing, and informing. These various forms of behaviors have distinct 

underlying motivations, such as caring, fairness, reputation management, group loyalty, 

reciprocity, and social rewards, and may rely on both domain-specific mechanisms for social 

preference, as well as co-opting domain general social cognitive systems responsible for 

sustained attention, theory of mind, and executive function. Many of these social motivations 

begin to emerge in nascent form in early ontogeny because they are needed for the child to 

survive and thrive. Studying the neural underpinnings of prosociality in young children 

deepens our understanding of the determinants of social preferences and the extent to which 

the epigenetic landscape shapes their development.

In this paper, we briefly review recent findings on the early emergence and development of 

social preferences from psychology, behavioral economics, and cognitive neuroscience. We 

examine early capacities for social evaluations that can be observed in non-verbal infants. 

This provides strong evidence for an embedded cognitive architecture, shaped by natural 

selection, that has been interpreted richly in support of a partner choice theory, or more 

leanly through approach/avoidance motivation that facilitate affiliation and cooperation, and 

thus survival.

Sociomoral evaluations and preferences

When visually presented with positive and negative third-party social interactions, involving 

puppets or cartoonish characters, 9-months-old infants have the ability to distinguish 

between prosocial actions such as helping or comforting and antisocial actions such as 

hitting or hindering, assign valence to these interactions, and express a preference for 

individuals who have acted prosocially to those who have acted antisocially [3,4]. Moreover, 

one study demonstrated that toddlers’ and infants’ emotional expressions are more positive 

after watching prosocial events than after watching antisocial events [5]. Importantly, these 

effects were not attributable to mere approach/avoidance behaviors, as infants’ body 

movements did not differ following prosocial and antisocial events. These early evaluations 

have some degree of developmental consistency. Infant preference for prosocial over 

antisocial characters predicts fewer callous-unemotional traits in late preschool, suggesting 

that these rudimentary and developing social preference may set the stage for later social 

development [6]. Recent investigations suggest that these visual presentations, already in 3 

years and older children, of third-part social interactions are predictive of traditional moral 

versus conventional violations using vignettes [7,8]. Thus, while these social preferences are 

not necessarily moral, per-se, the do appear to influence later moral-conventional 

distinctions.

These early capacities are served particularly well with developmental neuroscience 

research, which has begun to identify specific neural computations related to early 

sociomoral evaluations. One study examined the neural dynamics of third-party moral 

scenarios in infants and toddlers, aged twelve to twenty-four months [9]. Infants watched 
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cartoon characters engaging in prosocial and antisocial actions while continuous 

electroencephalography (EEG) and eye-tracking were collected. Children expressed 

preferential looking toward the prosocial characters over the antisocial characters, 

suggesting additional non-verbal metrics of a social preference. Moreover, overall alpha 

band hemispheric asymmetry (left) was stronger for antisocial versus prosocial behaviors, 

potentially indexing increased avoidance or withdrawal from antisociality. Using time-

locked evoked potentials (ERPs), relatively automatic differences (300–500 milliseconds) 

after observing characters helping versus hindering each other were detected. Critically, 

children with greater negativity in this time window for the perception of prosocial 

characters compared with antisocial characters also tended to exhibit behavioral preference 

for the prosocial character, choosing to reach for it when prompted.

Infants may possess richer moral sensitivities, beyond harm avoidance, than was initially 

thought, harboring interactional predictions that are context sensitive. For example, 13-

month-olds viewed provisions of assistance as obligatory when individuals belonged to the 

same social group, but as optional when individuals belonged to different groups or when 

group memberships were unspecified [10**]. These findings provide further evidence for an 

early-emerging expectation of ingroup loyalty, which is one universal moral principle [11].

Behavioral and neuroscience evidence converge to suggest that some foundational aspects of 

social evaluation are present very early in ontogeny. There is an aversion to antisocial 

actions, which constitutes a rudimentary and critical element of morality [12**]. These 

evaluations, in turn, can drive and interact with affiliative attitudes, critical for survival and 

setting the stage for cooperation. Importantly, these predispositions are in place before 

children integrate social conventions and norms from their culture.

Early sensitivity to fairness

Another hallmark of human morality is a deep sense of fairness. People are motivated by 

both self-interest and a concern for the welfare of others. Sensitivity to fairness appears to 

emerge by the end of the first year. Specifically, infants seem to possess expectations for 

how resources are typically distributed to other individuals. For example, 12, but not 6, 

month-old infants, looked significantly longer when one recipient received more crackers 

than the other versus equal distributions [13]. Similarly, infants appear to prefer to interact 

with fair over unfair individuals that they had seen distributing resources [14]. Fairness may 

dictate that a resource be divided equally between ingroup and outgroup recipients, but 

ingroup support may dictate that it be reserved for ingroup recipients, particularly when it is 

scarce or otherwise valuable [15**].

An EEG study compared 6-months and 12-months infants’ ERP response to categorical 

versus continuous instances of unfairness, while ensuring that infants recognized the relevant 

perceptual distinctions that are necessary to detect unfairness [16*]. At 12 months, infants 

demonstrated 3 different waveform components that discriminate between fair and unfair 

outcomes. They noticed the perceptual differences between the fair and unfair outcomes, 

demonstrated greater attentional orienting to the unfair event, and also that evaluative 

processes were implemented in relation to the two outcomes.
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Another neurodevelopmental study examined ERPs in preschool children while they 

watched equal and unequal resource distributions [17*]. Then children were given a limited 

number of candies to distribute to other children that varied in their merit, wealth, and need. 

The ERPs showed early differentiation (around 300 ms) between equal distributions and any 

type of distribution that deviates from equality reflected by a greater frontal negativity. 

Extreme unequal distributions were also distinguished from slightly unequal distributions by 

a later evoked response (400-800 ms). Further, differences in the magnitude of this LPP 

predicted the distribution of third-party contextual resources taking into account the wealth 

and merit of the recipient. Consistent with a developmental integration of context into social 

preferences, another EEG study in 5-year-old children documented a marked difference in 

both an early (P2) ERP waveform with greater positivity for inequitable versus equitable 

distributions (to poor or wealthy recipients) and a later LPP difference for equitable versus 

inequitable distributions, which was also predictive of harsher evaluations of the 

distributions [18].

Together, these behavioral and developmental neuroscience investigations illuminate the 

constructive nature of developing fairness conceptions across early and middle childhood, 

stemming from early recognition of inequalities, to later integration of this knowledge and 

context into attempts to attenuate inequalities through prosocial action.

Empathy

Naturalistic observations suggest that by the end of the first year some children comfort 

others in distress through simple, nonverbal, mostly gestures and postures such as touching, 

patting, hugging, and affectionately leaning in [19]. Preliminary developmental neuroscience 

investigations have found that infants at eight months of age display increased left versus 

right frontal alpha power activity when witnessing a peer in distress were more likely to 

approach the peer [20]. In laboratory settings, another study reported that 12-month-olds are 

in fact not especially interested nor concerned by their peers in distress [21]. Eighteen- and 

twenty-four-month-olds, by contrast, were generally similar in their positive social interest 

and attentiveness to the infant in distress, but twenty-four-month-olds exhibited greater 

affective concern. Moreover, empathic concern was rare at eighteen months, with only 25 

percent of children at that age exhibiting any concern at all. In contrast, by twenty-four 

months of age, two-thirds of children exhibited affective concern for the crying infant, and 

10 percent displayed high levels of concern.

A negativity bias has been observed in the first days of life for the vocal modality [22], and it 

emerges later for facial expressions. Only in the first year of life do infants begin to pay 

more attention to negative emotions expressed by others. For instance, seven-month-olds 

looked longer at fearful than happy faces [23], and they exhibited greater amplitudes in a 

negative component over the frontal and central electrodes around 700 milliseconds labeled 

negative central (Nc) in response to fearful rather than to happy faces. The Nc is usually 

interpreted to reflect infants’ allocation of attention.

Facial expressions in response to adults expressing happiness, fear or anger, as measured 

with electromyography, show no corresponding selective activation in babies aged 4 months 
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[24]. This further supports the absence of an innate capacity for imitation [25**]. A recent 

study presented two-years-old children and adults with videos showing a crying baby, a 

laughing baby, a babbling baby, and a neutral baby with white noise [26]. Facial expressions 

of joy and sadness when viewing the videos. While adults exhibited more sadness toward an 

infant crying than any other stimulus, the response of young children to crying and white 

noise was similar. As such, this response seems to correspond more to a reaction to an 

aversive stimulus than to empathy.

Children’s ability to respond prosocially to others’ distress seems to emerge more clearly 

during the second year of life, and this is associated with an increased understanding of 

other people as psychological agents with internal states that differ from the child’s own 

[27]. Developmental studies have supported a positive relation between empathy and 

prosocial behavior in young children, although it is worth noting that this relation is modest 

in strength [28,29].

One study measured EEG/ERP responses while children aged three to nine years watched 

visual stimuli depicting physical injuries to people. Irrespective of the age, both an early 

component, which reflects attention to emotionally salient stimuli (affective arousal or 

emotional empathy), and a late-positive potential, indexing the purposeful and more 

complex processing of emotional stimuli were detected. Only the LPP component showed 

an age-related differentiation between painful and neutral scenarios, suggesting a 

developmental difference in the level of processing [30].

A cross sectional functional magnetic resonance imaging study has demonstrated that 

perceived intentional harm in 4years-olds is associated with increased activation in brain 

areas involved is understanding of others’ mental states, such as the medial prefrontal cortex 

(mPFC), right posterior superior temporal sulcus/temporoparietal junction (pSTS/TPJ), 

regions processing the valence of these actions (amygdala and insula), and social valuation 

(ventromedial prefrontal cortex, vmPFC) [31]. Ratings of empathic sadness for the victim 

was associated with activity in the insula and subgenual prefrontal cortex. This latter region 

shares extensive and reciprocal anatomical connections with areas implicated in emotional 

and behavioral regulation, such as the orbitofrontal cortex, amygdala, hippocampus and 

hypothalamus.

There is limited solid evidence for signs of empathic concern and comforting behavior 

before the first year of life. The neural pathways that allow affect sharing are in place early 

in ontogeny, but activation alone of these circuits is not sufficient to elicit a comforting 

response [12**]. Neural maturation and prefrontal regulation in dynamic interaction with 

learning and socialization seem requisite to give rise to such behaviors, allowing 

rudimentary empathic sensitivities to be actualized in motivated behaviors.

Sharing resources

Sharing is prevalent in all human societies and facilitates reciprocity and cooperation. This 

behavior can be observed in toddlers as young as fifteen months. At this age sensitivity 

toward equal distributions and fairness norms also emerges [32]. Around the third year of 
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age, children state that sharing equally is the norm; from then on, they increasingly follow 

such sharing norm with their actual behavior. Across preschool and through pre-

adolescence, children exhibit a marked shift towards equal divisions of resources [28,33], a 

developmental shift that has been argued to depend on a host of potential social and 

cognitive mechanisms including executive functions/behavioral control, developing empathy 

and theory of mind, shifting number concept, and an increased concern for appearing fair 

[34].

One study examined the neurocognitive mechanisms facilitating sharing in three- to five-

year-old children in response to animations depicting social interactions between two 

characters engaging in prosocial or antisocial behavior [35]. Observing helpful and harmful 

actions differentially affected early and late ERP components. Only the later waveform 

differences were predictive of behavioral sharing.

There is some evidence that behavioral control is positively associated with sharing in 

preschoolers [36]. More recently, explicit experimental manipulations of behavioral control 

impacted sharing directly. In one such study, children aged six to nine years shared less after 

having engaged in a behavioral motor control task compared with sharing after a speeded 

reaction time task [37**]. Moreover, executive function and more advanced theory of mind 

(2nd order), were found to predict sharing in a Dictator game in a cross-cultural sample from 

5 to 12 years of age [28], and several investigations have implicated the role of executive 

function in resource distributions [8]. Importantly, neural maturation, specifically regarding 

connectivity of the prefrontal cortex and parietal lobes throughout childhood and 

adolescence is thought to underlie a vast shift in executive function [38]. These top-down 

executive interpretations of prosocial development are buttressed by the findings of an ERPs 

study that showed an increase of regulatory processes in bringing about sharing during 

childhood [39]. Thus, in older children the P3, a component reflecting behavioral control 

mechanisms, predicted the equal sharing of resources. In younger children, however, this 

was predicted by the early posterior negativity, an early component reflecting affective 

evaluation.

Social influences, such as observation of other peers, also changes children’s sharing 

decisions. One study examined the developmental origins of sensitivity to cues associated 

with reputationally motivated prosociality by presenting five-year-olds with the option to 

provide one or four stickers to a familiar peer recipient at no cost to themselves [40]. 

Children were consistently generous only when the recipient was fully aware of the donation 

options. In all cases in which the recipient was not aware of the donation options, children 

were strikingly ungenerous. This dovetails with theoretical arguments in older children 

suggesting that they develop a “veil of fairness” wherein increases in distributional sharing 

are seen as children begin to care about seeming fair to other potential playmates [41]. To 

date, studies have not yet investigated the neural mechanisms involved in the interplay of 

social influence, expectation and resource allocations using EEG, functional near-infrared 

spectroscopy, or eye-tracking. This critical line of investigation remains ripe for exploration.

Generally, it appears that the development of top-down behavioral control mechanisms, 

supported by the maturation of executive function and connectivity of prefrontal cortical 
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circuitry, may account for many developmental increases in sharing. Such a mechanism 

helps to shift decisions away from the immediate desires of reward maximization, toward 

compliance with social norms of equal sharing.

Conclusion

Human society is a cultural construction that provides the environment for fitness-enhancing 

genetic changes in individuals [42]. As a result, infants possess innate predispositions 

towards sociomoral evaluations as well as preferences that guide their expectations of others 

in relation to fairness, empathic concern, reciprocity, and group affiliation. Such 

predispositions can be considered as emergent properties of gene-culture coevolution. The 

burgeoning body of multi-level analyses (behavioral, neural, environmental) of social 

preferences are arriving at a similar set of findings, early, potentially rudimentary, concepts 

of and sensitivities to interpersonal harm, distress in others, and inequality, followed by a 

later development of motivated actions in these domains, be they reductions of inequality 

through sharing, preferring prosocial characters, or seeking to help or comfort others in 

distress. Developmental research is critical to understanding the foundations of social 

preferences and identifying the mechanisms that guide social decision-making and 

prosociality. Characterizing the psychological mechanisms and understanding ultimate 

causes of why social preferences have evolved is important for promoting and fostering 

moral behavior.
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