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The social brain is the cornerstone that effectively negotiates and navigates complex
social environments and relationships. When mature, these social abilities facilitate
the interaction and cooperation with others. Empathy, morality, and justice, among
others, are all closely intertwined, yet the relationships between them are quite complex.
They are fundamental components of our human nature, and shape the landscape of
our social lives. The various facets of empathy, including affective arousal/emotional
sharing, empathic concern, and perspective taking, have unique contributions as
subcomponents of morality. This review helps understand how basic forms of empathy,
morality, and justice are substantialized in early ontogeny. It provides valuable information
as to gain new insights into the underlying neurobiological precursors of the social brain,
enabling future translation toward therapeutic and medical interventions.
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INTRODUCTION

The ability to detect contextual cues, such as those of distress and need, has been proposed as
the genesis of the mechanism by which basic forms of mimicry and conditioning will naturally
evolve into empathy, and later result in helping/moral behaviors (Hoffman, 2007). The perceptual
capacity for identifying such cues is significantly meaningful in evolutionary terms, both in regards
to the parental care of the offspring, as well as for intra-kin group bonding purposes, as it
facilitates group survival. The basic affective circuits on which this ability rests upon emerge much
earlier in the brain’s evolution than do higher cognitive capacities (Decety and Svetlova, 2012).
The underlying mechanisms that enable mammalian species to discern and react with care to
the distress and suffering of another, derive from evolutionarily archaic subcortical circuits (e.g.,
brainstem, amygdala, hypothalamus, and basal ganglia) and neuro-hormonal systems and processes
interrelated with attachment, parental care, and affective sensitivity (Tucker et al., 2005; Decety
et al., 2016).

Moral behavior has been theorized to have its roots in this distress detection ability. When
human infants perceive distressful cues derived from the other, they themselves will also be affected
by this negative emotionality as if it was their own, this due to the children’s premature brain
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still being unable to effectively differentiate between self and
other. Consequently, the infants will try suppressing this distress,
but only as a mean to overcome the distress that is produced and
mirrored within themselves. This primitive form of egocentric
empathy is the precursor for moral behavior. But it is this archaic
form of empathy the one that will, across time, and thanks to a
future successful differentiation between self and other, turn into
genuine, real empathy for the other’s distress (Hoffman, 2007).

Actions to alleviate another infant’s afflictions (e.g., by sharing
toys with the other, or comforting him) in emotionally painful
situations, are already forms of altruism. As such, these behaviors
are pro-social and moral in nature. Altruism at the same
time encompasses instrumental helping, whereby an infant acts
charitably on behalf of another to help him achieve his goal. But
behaviors such as helping and sharing resources inevitably lead to
notions such as justice (Warneken and Tomasello, 2009a,b).

The aim of this review is to give account of the neural
processes underlying each of the aforementioned aspects of the
social brain, beginning with the distress detection ability, going
through how this relates to empathy and harm sensitivity, thus,
impacting moral behaviors (e.g., inequity aversion), and ending
with how the typical processing of others’ distress is affected in
different neuropsychiatric disorders, consequently conditioning
pro-social behaviors. By the end of this paper, our intention is
to have effectively bridged some of the existing psychological
and neuroscientific research dealing with the themes of empathy,
morality, and justice.

PERCEIVING SIGNALS OF DISTRESS
AND NEED ACROSS SPECIES

Bird and mammal progenitors who learn to be affected by their
offspring’s needs, as a function of their ability to detect such
signals, are able to secure the survival of their offspring more
successfully than those who remain indifferent due to a lack
of such capacity. Consequently, and unsurprisingly enough, a
communication system would develop over time and across
species where the children’s stylized distress signals would
automatically trigger parental care, an ability which later would
evolve into even more complex mechanisms such as perspective
taking and empathy (de Waal, 2008). Likewise, emotion
contagion is an archaic and basic form of hereditary intra-species
communication previously observed and researched in many
vertebrates (Hatfield et al., 1993). In one study, rats that were
taught to action a lever in order to receive food would refrain
from doing so if their actions were coupled with the delivery
of electrical shocks to an unconcealed, adjacent rat (Church,
1959). Therefore, we can infer that rats perceive a conspecific’s
pain as aversive. In another study, rats that were allowed to run
free learned to intentionally and quickly open the restrainers
of their cage-mates, in order to also liberate them. In another
experiment of this same study, when releasing a cage-mate was
pitted against obtaining chocolate placed inside a second cage,
rats would typically open both of the restrainers, and share the
acquired chocolate with said cage-mate (Ben-Ami Bartal et al.,
2011). The finding that rats show pro-social behaviors as a

result of a conspecific’s distress provides compelling proof for
the notion that empathy and helping behavior have their roots
in biology. Moreover, the rats’ helping behavior was observed
to be reduced by anxiolytic treatment, and associated with
sympatholytic corticosterone response (Ben-Ami Bartal et al.,
2016). These findings suggest that affect has a fundamental,
motivational role in the pro-social behavior of rodents, as shown
by the necessity of the rat-helper to resonate with the affective
status of the rat-victim.

Nevertheless, there is a downside. Because empathy evolved
within the confines of parental-care and cooperatively group
coexisting, there’s a great probability that it may still be biased
and limited to benefit only “known” or “in-group” members, as
members of other groups can be seen as competitors or free-
riders (Tomasello and Gonzalez-Cabrera, 2017). For example, it
was observed that rats did not help other rats of a different strain,
as they were considered strangers. This would change, however,
if the freed rat was previously housed with the trapped one.
Thus, pair-housing rats would prompt them to help each other,
even when they belonged to a different strain (Ben-Ami Bartal
et al., 2014). This outcome may provide evidence to support
the notion that rats can broaden their pro-social motivational
scope to include phenotypically similar others. Consistent with
kin selection and reciprocal altruism theory, individuals regarded
as familiar, as well as previous cooperators, are favored from an
empathy-related standpoint (de Waal, 2008). As stated before, the
drawback is the possibility that empathy may not lead all the time
and invariably toward morality -as these findings let us observe,
and can sometimes be the starting point for wrongful actions by
championing exclusively for kin- or self-related interests (Decety
and Cowell, 2014b).

DISTRESS PERCEPTION IN THE HUMAN
INFANT BRAIN

At the very early stages of ontogeny in humans, the neonatal
brain has been found to have enough sensitivity to discriminate
distressful and threat-related voices from emotionally neutral
sounds, even when the neonates were in a sleeping state (Cheng
et al., 2012b; Zhang et al., 2014).

Lloyd-Fox et al. (2012) demonstrated that 4- to 7-month-old
infants already possess the ability to differentiate between voices
(e.g., coughing, yawning, throat clearing, laughing, and crying)
and non-vocal sounds (e.g., sounds from water running and toys).
Moreover, Cheng et al. (2012b) observed that when newborns
discern between the emotional voices and the non-vocal sounds,
their responses are dominant at the right hemisphere, which is
the brain region related to natural speech perception (Alexandrou
et al., 2017). In one functional magnetic resonance imaging
(fMRI) study, neutral voices (e.g., coughing, sneezing, yawning,
and throat clearing), happy voices (laughing), sad voices (crying),
and non-vocal sounds (toy and water running sounds) were
presented to 3- to 7-month-old babies (Blasi et al., 2011). Infants
at this age were found to have activations not only in voice-
sensitive regions (the right anterior middle and superior temporal
gyri, and medial frontal gyri), but also in brain regions specific
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to negative voices (i.e., the left orbitofrontal cortex and insula).
Since it has been observed that the ability of speech perception,
especially for discriminating phonetic contrasts, emerges during
the first month of birth (Dehaene-Lambertz and Dehaene, 1994;
Cheour et al., 1998; Dehaene-Lambertz and Pena, 2001; Kuhl,
2004), and because of the fact that voice perception emerges
earlier than speech perception in human development (Belin
et al., 2004; Blasi et al., 2011), it is plausible to conclude that the
ability to perceive voices appears before, or at least around birth.
This conclusion is supported by previous studies yielding findings
that demonstrate that fetal heart rate increases when hearing
the maternal voice, and decreases when listening to a stranger’s
(Kisilevsky et al., 2003). These results suggest that fetuses already
possess vocal identity. In the same manner, Beauchemin et al.
(2011) reported that newborns could discern the mother’s voice
from a female stranger’s one. Furthermore, according to Cheng
et al. (2012b) serial experiments, newborns were sensitive to
emotional voices beyond specific language, but it is key to note
that the specificity is driven by voice perception per se. Thus,
it sounds reasonable to infer that newborns exhibit the ability
comparable with adults to process the affective information, such
as pain and distress, being conveyed through the voice (Schirmer
et al., 2005; Fan et al., 2013; Chen et al., 2014, 2015, 2016b, 2017a;
Hung and Cheng, 2014). Voices with affective information are
presumed to elicit more processing resources than those without
affect. Hence, the emergence of the specialization for processing
emotions is already advanced at the first days of life.

When visual affective discrimination is involved, studies have
shown that between 18 and 24 months of age, and comparable to
auditory stimuli, infants show decreased ERPs when exposed to
strangers’ faces than when exposed to their mother’s face (Carver
et al., 2003). Nevertheless, children’s initial ability to discriminate
facial emotions is not as effective, and only significantly improves
with age (Boyatzis et al., 1993). Children’s attention to visual
cues varies depending on if the stimuli is static or dynamic. The
infants’ processing of visual whole-body static images (whether
their faced is veiled or not) appears to be immature, but
when shown dynamic whole-body stimuli (a more real-life-like
scenario), their processing resembles that of adults (Nelson and
Mondloch, 2018).

When it comes to the neural underpinnings of visual affective
cues processing, a recent review paper by Bachmann et al. (2018)
reports that emotional stimuli evokes greater neural responses
than neutral stimuli, and that the brain regions observed to
have a significant activation during these processes encompass
the action observation network (conformed by the inferior
frontal gyrus, the premotor cortex, and the inferior parietal
lobe), suggesting that human brains interpret others’ actions by
employing motor simulations grounded on the motor programs
they already possess (Kilner et al., 2007); the mentalizing network
(which includes the temporo-parietal junction, the temporal pole,
the lateral orbitofrontal cortex, and the dorsomedial prefrontal
cortex), making it possible for the individual to infer the other’s
mental state (also known as theory of mind) (Frith and Frith,
2006); as well as other regions whose task is to process body
motion and form, such as the extra striate body area, the fusiform
body area, and the posterior superior temporal sulcus, which

interestingly respond selectively to emotional body movements
(Downing et al., 2001; Blake and Shiffrar, 2007; Peelen et al., 2007;
Pichon et al., 2009; Sinke et al., 2010; Kret et al., 2011; Atkinson
et al., 2012). In addition, the amygdala and the hypothalamus
have also been observed as having pivotal roles when observing
body expressions containing emotional valences, as the former
brain region is involved in emotional processing, while the
latter holds a crucial role in regards to defensive reactions and
in action preparation (Barbas et al., 2003). What’s more, due
to self-protection purposes, an appropriate recognition and a
suitable response to threatening or dangerous individuals is of
utter importance, thus, the processing of this experiences is
particularly favored. This is suggested by the fact that emotional
content possessing the aversive valences of threat and anger, in
contrast to those containing negative valences of fear and sadness,
specifically elicit greater activity in brain structures such as the
superior temporal sulcus, the premotor cortex, the temporo-
parietal junction, the dorsomedial prefrontal cortex, and the
lateral orbitofrontal cortex (Pichon et al., 2008, 2009; Peelen et al.,
2010).

Bachmann et al. (2018) further posit that when it comes
to attentional matters, implicit and explicit tasks appear to
activate brain regions differentially, while the hypothalamus, the
premotor cortex, and the amygdala are equally activated by
both implicit and explicit tasks, other areas, in particular those
conforming the mentalizing network, react to explicit judgements
of emotionally charged stimuli.

AFFECTIVE AROUSAL/EMOTIONAL
SHARING

The effective perception of distress will give rise to several
other facets involved in human empathy, including affective
arousal/emotional sharing, empathic concern, and perspective
taking. Each facet of empathy affects moral cognition differently
and predicts distinct consequences regarding moral behavior
(Decety and Cowell, 2014a). Among them, the affective element
comprising empathy evolves earlier than the cognitive aspect. For
instance, newborns and infants become significantly distressed
immediately after another newborn starts crying (Dondi et al.,
1999). What’s more, they themselves also begin crying when
this happens, and their cry shows as much distress as that of
the infant who initiated it. Noteworthy, is that this cry is far
from just a form of imitation, as it is not as intense when
they are exposed to a chimpanzee’s cry, nor even when they
are exposed to a recording of their own cry (Simner, 1971;
Sagi and Hoffman, 1976; Martin and Clark, 1982). Furthermore,
human infants (around 10 weeks of age) can readily imitate
expressions of fear, sadness, and surprise (Haviland and Lelwica,
1987), fitting individuals for future empathy-based connections
by means of affective interactions with others (Decety, 2010).
Notwithstanding, when it comes to this form of imitation, a
recent longitudinal study put into question the notion that this
ability is present since birth (Oostenbroek et al., 2016). It was
found that there was no such imitation by neonates, attributing
previous findings to be the cross-sectional nature of the research.
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When it comes to emotional sharing, this capacity may be
partially underpinned by the mirror neuron system (MNS),
which -as observed by electroencephalographic (EEG) studies-
appears to be already operating in infants with ages as young as 6
months old (Nystrom, 2008). First observed in the 1990’s in non-
human primates, the MNS is a system hypothesized to be the
motor behind action understanding and imitation (Lepage and
Theoret, 2007), hence, having an important role in perspective-
taking and empathy (Nystrom, 2008), assumptions which have
drawn much debate in the scientific community. While some
research have found evidence just partially supporting these
hypotheses (Dinstein et al., 2008), others have argued against
these claims to the extent that they even doubt the existence
of an MNS in humans (Hickok, 2009), although more recent
studies have endorsed the initial assumptions (Woodward and
Gerson, 2014), as well as supported the notion that the MNS in
the human brain is already present since infancy. Furthermore,
Meltzoff (2007) considered the MNS as a possible platform for
the foundation of social cognition as a whole. He argued that
infants effectively identify and match between actions performed
by others and the proprioception arising from their own bodily
movements. By registering these equivalences between the acts
performed by another and those performed by the self, the
infant is able to perceive that the others are ‘like me.’ This
recognition of others as having similar perceptions and emotions
would form the bedrock and starting point for social cognition.
Nevertheless, further research is warranted as to elucidate the
issues and intricacies, as well as to bridge the diverging literature,
surrounding the MNS.

Moreover, in research using EEG/ERP in both children and
adults, there is ample evidence showing that passive observation
of visual stimuli depicting physical injuries to body parts, triggers
an early component (N2, ∼200-ms) and a late-positive potential
(LPP, ∼800-ms) (Chen et al., 2012; Cheng et al., 2014; Fan
et al., 2014). The early N2 within a time window of 200 to 300-
ms was observed to be modulated by attention to emotionally
salient stimuli, and reflects affective arousal or emotional sharing;
whereas LPP within 500 to 800-ms indexes cognitive reappraisal
and emotion regulation (Li and Han, 2010). Adolescents, in
comparison to young adults, elicited an earlier N2 in reaction
to another’s pain, and a greater LPP in response to neutral
stimuli, demonstrating that affective and cognitive empathy is
still developing during the adolescent years (Mella et al., 2012).

Throughout early development, children display enhanced
N2 to pain during empathic concern engagement. Larger early
N2 ERPs were evoked when perceiving painful stimuli versus
when perceiving neutral stimuli. Within the slow wave window
of LPP, greater differences between painful and neutral images
occurred in the empathic concern condition when compared
to the perspective-taking condition. Increased pain-evoked
N2 responses in the cognitive empathy condition were also
associated with empathy regarding parental disposition (Decety
et al., 2018). Multilevel analyses, including neurophysiological
responses to different empathic conditions and parental
empathy levels, is warranted to demonstrate the important
differences between the various aspects in children’s empathy.
This provides a thought-provoking link between parental

dispositions and the children’s neural workings during early
development.

EARLY INTERPERSONAL HARM
SENSITIVITY

One recent framework proposed the importance of third-party
harm aversion as a necessary platform for constructing morality
(Decety and Cowell, 2018). When presented with wooden
characters pushing a red circle up (i.e., helping) or down (i.e.,
hindering) a hill, preverbal infants (6- and 10-month-olds)
showed a negativity bias by staring significantly longer at, and
reaching for the pro-social character, indicating aversion to
anti-social behavior (Hamlin et al., 2010; Hamlin, 2014). In
another experiment using the same paradigm, when the red
circle was attached with “googly eyes” (social condition), 3-
month-old infants preferred the character helping the climber
uphill, over the character pushing the climber downhill, but
they didn’t show any preference when the “googly eyes” were
not attached to the circle (inanimate control condition). The
3-month-olds’ preference for the helpers over the hinderers
appeared to indicate specific social evaluation (e.g., a perceptual
predilection for uphill-helpers over downhill-pushers) (Hamlin
et al., 2010). In addition, when researching on sympathy-related
behaviors in 10-month-old infants, one study observed infants’
predilection for victims, as opposed to a preference toward
aggressors and neutral objects, after watching as a third-party
social interactions containing enacted aggression. This indicates
that preverbal infants exhibit sympathy-based responses toward
others when they are attacked, even when they don’t display any
distress (Simner, 1971; Sagi and Hoffman, 1976). Furthermore,
research has showed that 3-year-olds tend to avoid helping adults
whose intentions are forthright harmful (Vaish et al., 2010), or
tend to protest when observing this actions as a third-party
(Vaish et al., 2011). Thus, a primitive form of sympathy toward
others, emanating from interpersonal harm sensitivity that goes
beyond being a simple response to distress as a consequence
of emotional contagion, arises earlier during development than
previously concluded (Kanakogi et al., 2013; Lee et al., 2015).
In line with these findings, Scott and Baillargeon (2017) have
pointed out that previous literature has misreported false-belief
understanding, which empathy seemingly predicts (Ferguson
et al., 2015), as emerging until the 4 years of age, this due to the
experimental design taking into consideration traditional tasks,
and excluding nontraditional ones (e.g., spontaneous-response
and elicited-intervention tasks). When we take into account the
latter, infants under 2 years of age have been seen to already
exhibit false-belief understanding. Hence, and given the infants’
premature verbal ability and insufficient information-processing
resources (Scott and Roby, 2015), the aforementioned third-party
moral evaluations can be considered to be driven by intuitive
processes that form the understructure of a natural, untaught and
unlearned moral core, molded by natural selection in order to
facilitate social cohesion and cooperation (Hamlin, 2015).

Recently, research in developmental neuroscience that has
taken into consideration parental dispositions has largely
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confirmed these behavioral findings, and identifies specific
neural mechanisms underpinning early socio-moral evaluations
and their correspondence to moral preferences. In one study,
infants (ages 12–24 months) watched dynamic visual stimuli
depicting cartoon characters intentionally executing either pro-
social or antisocial acts, while EEG, time-locked ERP, and
gaze fixation were recorded. After watching the animation,
the experimenters provided a physical version of the helper
character and another of the hinderer, as to assess the
infants’ reaching preference. This yielded several specific neural
outcomes, which include asymmetrical frontal spectral power
densities, eye-tracking differences, and time-locked condition
differences in the relatively automatic ERPs component (Nc,
within 300 to 500-ms time window), at the time social
evaluations were occurring. Children’s reaching preference for
the pro-social character, as well as parental sensitivity to
injustice for others, could be predicted by the early automatic
ERPs component, which were sensitive to the perception
of pro-social versus antisocial scenarios (Cowell and Decety,
2015a). This differentiation should be understandably basic in
essence, being firmly established in primitive resource allocation
to relevant stimuli, and approach/withdrawal dispositions.
The domain-general systems concerning attention and self-
regulation, control early evaluations of social and moral nature,
supporting increasing evidence yielded by the neuroscience of
morality.

Another neurodevelopmental study that probed into implicit
moral evaluations of antisocial and pro-social behaviors in
children aged 3–5 years old showed distinct ERP components
for early automatic attention (EPN) while they were watching
characters enacting helping behaviors, and later cognitive control
(LPP) while watching characters enacting harming behaviors.
Noteworthy, later (LPP) waveforms, but not early (EPN) ones,
predicted the children’s current generosity (Cowell and Decety,
2015b). These findings further underscore that automatic,
intuitive/affective, and cognitively controlled processes are
required for what appear to be a basic third-party discernment
concerning harming and helping behaviors.

INEQUITY AVERSION

Taking into account helping behaviors, a considerable amount of
research suggests that the predecessors of what motivates justice
have evolved and developed due to environmental pressures
where stabilized group cooperation was needed for survival
purposes (Decety and Yoder, 2017). Observational studies about
non-human primates’ natural interactions served as the best
opportunity to look into these primates’ understanding of
fairness and justice. Some primate species living in unique social
systems characterized by exceptional social permissiveness and
cooperation (which go all the way from sharing food to child
care) have evolved inequity aversion, consequently responding
negatively when receiving less reward than their social partners
(Brosnan, 2013). As such, these species exhibit enhanced pro-
social behavior when compared to other primates. Thus far,
the extant findings best back the hypothesis that an aversion

to inequity arose jointly with cooperative behavior between
unrelated individuals (Price and Brosnan, 2012).

In the studies with a violation-of-expectancy paradigm,
devised to assess expectations in human infants regarding
equal distribution of resources, 15-month-old infants showed
increased attention to unfair (unequal) over fair (equal) outcomes
(Sommerville et al., 2013). In another developmental study, 19-
month-old children expected a distributor to divide resources
equally between two similar individuals. This expectation could
be attributed to the sensitivity toward social inequity, rather than
to low-level sensory processing, given that it was absent when the
individuals were replaced with inanimate objects. Furthermore,
21- to 36-month-olds have been observed to already expect equity
in distribution when individual efforts resulting in cooperation
are taken into consideration. Hence, infants expected that a hard
worker and a slacker should not be rewarded equally (Sloane
et al., 2012). Nevertheless, and interestingly enough, it has also
been observed that during this age window, rewards are shared
more equitably when there is cooperation than when there is
just parallel-, non-cooperative work involved (Hamann et al.,
2011). The sensitivity degree to fairness as a third-party observer
in 15-month-old infants, was seen to be associated to whether
they shared toys altruistically or selfishly, denoting that moral
appraisal and pro-social behavior are highly interconnected
since early in development (Schmidt and Sommerville, 2011).
These other-regarding inclinations emerge in a parallel and close
knitted manner. The origin of a basic sense of fairness and
altruism during infancy plays a pivotal role in the development
of human-specific types of cooperation.

However, even though research has seemingly led us in a
straight line from empathy to distress relief behaviors, toward
inequity aversion, and leading to fairness and justice, it is
important to underscore that this bridge needs to be treaded
carefully. Empathy can inevitably lead to moral, pro-social
behaviors such as altruism (de Waal, 2008), and, as stated before,
altruism is greatly associated with morality and fairness (Schmidt
and Sommerville, 2011). Nevertheless, not all forms of fairness,
such as that stemming from collaboration in which both actors
reap rewards, is considered as pro-social or altruistic, due to its
underlying selfish nature (Warneken and Tomasello, 2009a). Yet,
we can still push past this issue. Research was conducted with
21- and 27-month-old infants, where they had to collaborate with
an adult toward the achievement of a joint goal. At one moment
during the experiment, the adult simulated that he was unwilling
or unable to continue with the task. When the latter occurred,
the children tried to re-engage their collaborator with the same
magnitude on both scenarios: when they needed their help to
reach their individual goal, and when they didn’t need of their
participation to do so, irrespectively, and in contrast to when the
adult was unwilling to complete such task. Therefore, this study
demonstrated that infants in the employed age range were not
only capable of understanding the other person’s intentions, but
were also able to act altruistically toward them (what is referred
to as instrumental helping), rather than just using the other as
a mere social tool (Warneken et al., 2012). Due to these later
findings, we can now go full circle from distress perception and
empathy, passing by affective arousal and harm sensitivity, to
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inequity aversion and fairness, and back again to empathy and
empathically led pro-social behavior.

ATYPICAL EARLY/AUTOMATIC
PROCESSING IN NEUROPSYCHIATRIC
DISORDERS

One source of evidence concerning the crucial role of these
primitive forms of the social brain, including automatic
distressful voice perception, early affective arousal/emotional
sharing, and early sensitivity to interpersonal harm during the
development, comes from atypical socioemotional processing as
a result of neuropsychiatric disorders.

Previous studies using a passive auditory oddball paradigm to
investigate the automatic processes in human voice perception,
revealed that people with autism spectrum disorder (ASD)
manifest general impairments in affective voice discrimination, as
well as in low-level acoustic distinction. In addition to decreased
amplitudes of mismatch negativity (MMN), which is a reliable
index of the neural representations underlying automatic central
auditory perception in response to acoustically matched non-
vocal sounds, people with ASD failed to discriminate between
happy and angry syllables (thus, having an impaired distress
detection ability). Weak amplitudes of angry-evoked MMN
were associated to severe autistic traits. As a result, examining
emotional MMN may offer an opportunity to facilitate an
early diagnosis for infants at risk for ASD (Fan and Cheng,
2014). Early-onset conduct disorder (CD), the major childhood
predecessor to antisocial personality disorder in adulthood, also
showed an atypical fashion in the processing of distressful
voices at the pre-attentive level. The presence of increased
differences in MMN between fearful and sad voices, and
correlations between MMN and impulsive tendencies in youths
demonstrating CD symptoms and a history of delinquent
behaviors, helps shed light on the neural mechanisms of
aggression (Hung et al., 2013). Atypical neurophysiological
responses to threatening voices were also evidenced in patients
with chronic schizophrenia, suggesting general impairments of
voice perception and acoustic discrimination. The emotional
salience processing of voices exhibited atypical characteristics
at the pre-attentive level, which were related with positive
symptoms in schizophrenia. These results may present evidence
for bottom-up (i.e., perceptually based) cognitive remediation
strategies, and indicates that emotional MMN may be a potential
neurophysiological endophenotype for schizophrenia (Chen
et al., 2016a).

In one neuroimaging study, when visual scenarios depicting
intentional and unintentional harm were presented to CD with
callous unemotional traits, a reduced hemodynamic response
was found in the insula, a brain region which plays a crucial
role in empathy and emotional awareness. Additionally, a
weaker activation of the right posterior insula, as induced by
perceiving the harm of others, was associated with more CD
symptoms and callousness. Similarly, the reactive aggression
scores of CD were associated with hyperactivity in the posterior
insula and anterior mid-cingulate cortex, indicating heightened

emotional response to provocative stimuli (Michalska et al.,
2016). Another study applying electroencephalography and
event-related potentials (EEG/ERPs) in juvenile psychopaths,
appears to echo with the aforementioned findings. Youths
with higher callous unemotional traits exhibited atypical neural
dynamics in regards to pain empathy processing in the early
stages concerning affective arousal, which was coupled with
their comparable insensitivity to actual pain. Their ability
to understand others’ intentions, however, was not seen
to be affected. Such disassociation between affective arousal
and emotion understanding might contribute to generating
aggressive behaviors in juvenile psychopaths (Cheng et al.,
2012a).

Importantly, the link between pain sensitivity and empathic
response was uncovered in adolescents with autistic and CD
symptoms (Chen et al., 2017b). When compared to typically
developing controls, the tactile pressure pain threshold was lower
in the autistic group when compared to the conduct group, whose
threshold was higher. The autistic group exhibited decreased
ratings of unpleasantness and pain intensity to the sufferings
of others than did the controls and the conduct groups. In
the autistic and conduct groups, pain intensity scores were
significantly associated with unpleasantness ratings to others’
pain. Moreover, the color autistic group significantly differed
from the controls in the association between pain threshold
values and unpleasantness scores. Importantly, these results may
cast some light on the relationship between atypical low-level
sensory functioning, for example altered pain sensitivity, and
high-level processing of empathy.

CONCLUSION

This review sheds some light on the primitive forms of the social
brain as observed in early ontogeny. To distinguish among the
different facets of empathy, including affective arousal/emotional
sharing, interpersonal harm sensitivity, and perspective taking,
it is critical to avoid illustrating the complex relationship
between morality and empathy in a misleading and equivocal
way. The presence of affective arousal/emotional sharing, a
basic form of empathy, helps in the understanding of such
relations more precisely, as well as assists in elucidating the
concepts being used in the current literature and, perhaps, also
aids in the abandonment of the muddy concept of empathy
(Decety and Cowell, 2014a). The interpersonal harm aversion
exhibited in early life, shapes the fundamental nature of moral
and social cognition, indicating that such motivational value
lies in more general processes, rather than in fully distinct,
specific neural regions dedicated for morality (Decety and
Cowell, 2018). The realization of how basic forms of empathy,
morality, and justice are substantialized in early ontogeny may
provide valid information as to gain new insights into the
underlying neurobiological precursors of the social brain, which
may enable future translation toward therapeutic and medical
interventions.

Likewise, suggestions for future lines of research can be
inferred from this review. Foremost, we echo the concerns
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voiced by other authors (Nelson and Mondloch, 2018) that
new studies in the fields of distress- and emotion-perception in
others should adopt experimental designs employing dynamic
stimuli over static ones, as they more clearly resemble daily
interpersonal interactions. Furthermore, research is warranted
as to elucidate to what extent empathy in the human
social brain is innately reserved toward kin- and self-related
interests, as well as how strong is the role played by parental
dispositions in the infants’ emergence and maturation of
empathic concern. Parallel to the last point, scholars have
argued that collaboration and instrumental helping might
be grounded on distinct psychological processes (Warneken
and Tomasello, 2009a), thus, it would be of great avail to
address this matter in conjunction with a neuroscientific
standpoint, as to identify the neural underpinnings driving
such differences. Additionally, new lines of enquiry should
be initiated in order to tackle the issues (maybe even the
existence) surrounding the MNS and its relationship to empathy
and social cognition. Last but not least, we make a call for
further studies resulting in the development of therapeutic
interventions for those psychiatric and neurological conditions
where perceptual processes underlying empathy and moral

cognition have been seen to be affected in an atypical
manner.
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