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Abstract: Although the population-level preference for the use of the right hand is the clearest
example of behavioral lateralization, it represents only the best-known instance of a variety of
functional asymmetries observable in humans. What is interesting is that many of such asymmetries
emerge during the processing of social stimuli, as often occurs in the case of human bodies, faces and
voices. In the present paper, after reviewing previous literature about human functional asymmetries
for social and emotional stimuli, we suggest some possible links among them and stress the necessity
of a comprehensive account (in both ontogenetic and phylogenetic terms) for these not yet fully
explained phenomena. In particular, we propose that the advantages of lateralization for emotion
processing should be considered in light of previous suggestions that (i) functional hemispheric
specialization enhances cognitive capacity and efficiency, and (ii) the alignment (at the population
level) of the direction of behavioral asymmetries emerges, under social pressures, as an evolutionary
stable strategy.

Keywords: hemispheric specialization; functional lateralization; sensory asymmetries; motor
asymmetries; right-handedness; left-face bias; left-cradling bias; perceptual frequency effect

1. Introduction

In humans, the population-level preference for the use of the right hand (around
90% of individuals being right-handed; e.g., see [1,2]) represents the clearest example of
behavioral lateralization. However, it is only the best-known instance of a variety of func-
tional asymmetries reported in humans, such as pseudoneglect [3], the right ear advantage
(REA [4]), the left-face bias (LFB [5]), asymmetries in social touch [6], turning behavior [7]
and similar. It is noteworthy that many of such asymmetries are observed during the pro-
cessing of social stimuli, and in particular human bodies, faces and voices. In the present
paper, we first review extant literature about human behavioral (and neural) asymmetries
for social stimuli (with particular attention to the auditory, visual and haptic/motor do-
mains), and then we suggest some possible links among them. Specifically, we endorse
Vallortigara and Rogers’ [8,9] suggestions that (i) functional hemispheric specialization
may enhance cognitive capacity and efficiency and (ii) the directional alignment (at the
population level) of behavioral asymmetries may represent an evolutionary stable strategy
shaped by social pressures, and assume that such principles can be usefully applied to the
case of asymmetries for social stimuli. In our opinion, a comprehensive account of these
not yet fully explained phenomena will benefit from the identification of both ontogenetic
and phylogenetic factors involved.

2. Auditory Asymmetries

Historically, the dichotic listening paradigm turned out to be the first procedure
to disclose asymmetries in the perception of social stimuli. It is 60 years since Doreen
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Kimura discovered the existence of a REA when different linguistic stimuli are presented
simultaneously in the two ears [4,10]. This presentation mode—the so-called dichotic
listening (DL)—was initially proposed by Broadbent [11] to study attention. However,
it is only with Kimura’s discovery of a REA for speech sounds that such a paradigm
was applied for the first time to neuropsychology. The original DL studies, consisting
in the presentation of series of three, four or five pairs of digits to be reported later, had
the limit of producing an effect of order and an involvement of working memory [12,13].
Consequently, the consonant–vowel (CV) syllable paradigm [14] was introduced, in which
the stimuli typically consist of combinations of CV syllable pairs composed of the six stop
consonants /b/, /d/, /g/, /k/, /p/, /t/ and the vowel /a/ (e.g., /ba/-/pa/) recorded
as natural voices. In each trial, the two syllables of a pair are presented simultaneously,
one in each ear, and participants have to identify and report the stimulus perceived first or
best. Typically, they indicate more stimuli presented to the right than to the left ear (namely,
the REA; Figure 1a). A REA is also observed in the discrimination of sound duration for
CV syllables [15]. The mechanism at the basis of this effect can be accounted for by the
structural, or neuroanatomical, model suggested by Kimura [16,17]. This model states
that the REA is a consequence of the organization of cerebral auditory pathways, in which
the contralateral pathway predominates over the ipsilateral one, in association with the
specialization of the left temporal lobe for speech processing. It follows that the presentation
of an auditory stimulus in one ear activates the contralateral auditory cortex more than the
ipsilateral one [16,18,19], and that verbal stimuli presented to the right ear overcome those
presented to the left ear. The input from the left ear can be transferred across the corpus
callosum from the contralateral auditory cortex to reach the ipsilateral one [20], but such a
transfer would cause a delay and attenuation of speech information. Besides the structural
model, an attentional model has been proposed [21,22], according to which the perceptual
asymmetry would be due to the dynamic imbalance in hemispheric activation, the left
hemisphere being more activated than the right one by verbal inputs [23,24]. However,
both models emphasize the left-hemispheric specialization for verbal stimuli.

Figure 1. Examples of verbal (a) and emotional (b) dichotic listening (DL). Participants tend to report
the stimulus presented to the right and left ear, respectively.

The hemispheric asymmetry originating the REA has been largely confirmed by
several neuroimaging studies. For example, a positron emission tomography study by
Hugdahl et al. [25] revealed bilateral activation in the areas of language perception during
the presentation of dichotic CV syllables, with the involvement of the superior temporal
gyrus and a significantly stronger activation in the left hemisphere. Moreover, data from
electrophysiological and neuroimaging studies [26–28] showed an involvement of the upper
posterior part of the temporal lobes, including the primary and secondary auditory cortices.
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The crucial role of the auditory cortex in the processing of verbal dichotic stimuli has also
been supported by research with transcranial electric stimulation (tES). For example, tES
delivered bilaterally to both temporal cortices seems to increase the REA compared with
a control (sham) condition [29]. However, a unilateral stimulation of the temporal cortex
would not modulate the REA [30,31].

Thus, the REA reflects the left-hemispheric dominance for verbal stimuli [32,33], and after
decades of research it can be considered a global phenomenon of human perception [34,35].
The magnitude of the REA may vary among different populations, but it is observed
from childhood [36,37] to old age [38], in males and females [37,39] and in right- and
left-handers [40,41]. In addition, the REA for verbal material is observed across different
languages in bilingual individuals [42–44], further confirming that this bias is related to the
left-hemispheric specialization for language.

Further evidence of a right ear preference for linguistic sounds came from a dichotic
speech illusion paradigm, in which a white noise could be presented alone or simultane-
ously with a vowel in one of the two ears: a right ear preference was found both when
the verbal stimulus was absent and when it was present, extending the REA for verbal
processing from the perceptual to the illusory domain [45]. The presence of a REA was also
observed in paradigms involving imagery, and specifically in studies in which participants
were invited to imagine hearing a voice in one ear only [46–48]. Interestingly, a REA seems
to emerge also in ecological conditions, with listening individuals orienting their head
so as to offer their right ear to a speaking individual during verbal exchanges in a noisy
environment [49].

Although DL has corroborated the specialization of the left hemisphere for speech
processing beyond the original neuropsychological findings [50,51], this technique can also
be used to explore the asymmetries involved in the processing of other characteristics of
vocal stimuli. For instance, discriminating the pitch, intensity, identity or gender of a vocal
stimulus can produce an opposite pattern of asymmetries, indicating a right-hemispheric
advantage [52–54]. The same occurs when the DL technique is used to investigate the later-
alization of emotional perception. Indeed, a left ear advantage (LEA) is generally reported
for the identification of emotional stimuli (syllables with positive and negative intonation)
presented dichotically (Figure 1b), which supports the hypothesis of a right hemisphere
superiority for emotions [55,56]. Studies carried out with split-brain patients (individuals
with surgical resection of the corpus callosum) confirmed a left-hemispheric superiority
in verbal DL [57] and a right-hemispheric superiority in the emotional evaluation of CV
syllables pronounced with happy or sad accent [58].

Finally, we must emphasize that the size and direction of ear advantage in DL can be
modulated by various factors. For example, varying the focus of attention to either the
right or left ear results in an increase in the REA or LEA, respectively, compared with a
condition without attentional instructions [59]. Furthermore, the modulation of the REA
effect has been studied in relation to the manipulation of other cognitive factors such as,
for instance, memory retention [60,61] and music pleasantness [62]. The relative advantage
of the right or left ear in DL can also be affected by the time delay and acoustic similarity
between the two stimuli [63,64], which further shows that the functional interhemispheric
asymmetry involved is not stable. In this respect, a recent study has also found that such an
asymmetry can be dynamically modulated through the application of biofeedback during
a lead-lag dichotic paradigm [65].

3. Visual Asymmetries

The second paradigm that revealed asymmetries in the perception of social stimuli is
that of chimeric faces [66,67]. Levy et al. [67] photographed actors in smiling and neutral
poses, cut down the photographs along their midsagittal axis and finally juxtaposed an
emotional hemiface to a neutral hemiface of the same actor (Figure 2). Each chimeric
face obtained in this way was presented together with its mirror image, one stimulus
above the other, and the observers were required to select the face which looked happier
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in the pair. The authors found that participants judged as more expressive the chimeras
in which the emotional half was on the left side of the face from the observer’s point of
view (and thus directly projected to the right hemisphere). The authors also reported that
this left visual field (LVF) advantage was stronger in right-handers than in left-handers,
revealing that handedness plays a role in hemispheric asymmetries for faces, as confirmed
by following studies (e.g., [68]). The main advantage of this paradigm is that of being
a free-viewing presentation task, so that the printed stimuli can be observed for all the
required time without affecting the LVF advantage. The chimeric face paradigm became a
milestone in the field of hemispheric asymmetries for face processing [69] so that it was
soon transformed into a computerized task, in which the presentation time of each stimulus
is easily controllable, allowing for many experimental manipulations. For instance, the two
chimeras can be presented either simultaneously, side by side [70], or one after the other, in
the center of the screen [71]; response times can also be collected, further confirming the LVF
advantage [72]. Facial features other than emotional expressions have been manipulated in
the chimeric face paradigm, such as gender (female/male [73]), age (younger/older [5]) and
ethnicity (e.g., Caucasian/Asian [74]). For instance, Chiang et al. [73] used a free viewing
chimeric face paradigm and showed that the LVF advantage emerges by 6 years of age and
reaches a plateau at about 10 years of age, as regards both emotions and gender. Burt and
Perrett [5] extended the evidence of a LVF bias in adults to facial age and attractiveness.

Figure 2. Example of a chimeric face. The present image has been created by juxtaposing one happy
(original image id: AM08HAS) and one neutral (original image id: AM08NES) hemiface of the same
actor from the Karolinska Directed Emotional Faces [75]).

Despite the great importance of the chimeric face paradigm in the research on hemi-
spheric asymmetries for faces, other paradigms can be exploited to the same aim. Among
these, the divided visual field (DVF) paradigm is based on the same neural assumptions as
the chimeric face task, namely the contralateral projections of the human visual system [76].
In this paradigm, a stimulus is flashed in either the LVF or the right visual field (RVF) for
less than 150 ms, which is about the minimum time needed to make a saccadic movement.
In this way, a stimulus presented in the LVF or in the RVF is supposed to be directly
projected to the right or left hemisphere, respectively (e.g., [77]). By means of such an
experimental manipulation, the ability of one hemisphere in processing a specific stimulus
can be directly compared with that of the opposite hemisphere, allowing researchers to
further confirm the LVF advantage for faces [78]. The same paradigm has also been ex-
ploited to investigate another hemispheric imbalance, namely that for positive vs. negative
emotional valence: for instance, in an electroencephalography study [79], angry (negative
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valence) and happy (positive valence) faces were presented either unilaterally (LVF or
RVF) or bilaterally (one in the LVF and the other in the RVF, simultaneously). Behavioral
results supported the so-called valence hypothesis [80], according to which the right and
left hemispheres are specialized for negative and positive emotions, respectively, but the
event-related potentials (ERPs) confirmed a right-hemispheric dominance for all emotional
stimuli (see also [81,82]), as assumed by the right hemisphere hypothesis for emotional
stimuli [83,84]. This unexpected evidence parallels the contrasting results found in previ-
ous research on hemispheric asymmetries in emotion processing, both theories receiving
support from a number of studies (e.g., see [85]).

Hemispheric asymmetries have also been explored in neurological populations, and a
special contribution in this field comes from studies with split-brain patients [86,87]. For
example, when presented with emotional chimeric faces, the performance of A.P., a patient
with a large callosal resection sparing the splenium, confirmed the right-hemispheric
superiority, but that of D.D.V., a patient with a complete callosal resection, revealed a RVF
advantage [58], possibly attributable to the left-hemispheric superiority in labeling the
emotional content of the stimulus presented contralaterally. A.P.’s performance confirmed
the right-hemispheric superiority also in a different study in which chimeric faces were
manipulated to obtain hybrid stimuli, in which the emotional content was presented only
in the lowest spatial frequencies of the image, superimposed to the neutral expression of
the same face filtered at high spatial frequencies (resulting in an apparently neutral face,
which contained subliminal emotional content [88]). However, when the same hybrid
faces were presented unilaterally by means of a DVF paradigm, both A.P.’s and healthy
participants’ performances revealed a right/left-hemispheric superiority in processing
subliminal negative/positive emotions, respectively (see also [89]). It has been proposed
that, starting from a right-hemispheric superiority for facial emotion processing, a valence-
specific asymmetry can be observed when more than one stimulus has to be processed at
once, and that such a hemispheric division of labor could be intended as an evolutionary
tool to optimize the processing of multiple stimuli [88]. Moreover, ERPs recorded on
healthy participants during the presentation of hybrid emotional faces in the center of the
screen confirmed a higher activity of the right hemisphere, independently of the emotional
valence [90], similar to that found for unfiltered emotional faces [79]. However, no effects
of left vs. right transcranial stimulation on emotion processing were found [91], so that
hemispheric asymmetries for emotions remain a still open research field [85].

A complex pattern of results has also been described in a study in which healthy
participants and a male split-brain patient, D.D.C., were required to categorize the gender
of faces [92]. Differently from healthy participants, who showed—regardless of their own
sex—a right- and left-hemispheric specialization for categorizing female and male faces
(see also [93,94]), D.D.C. showed a right-hemispheric superiority in categorizing male faces.
Indeed, his performance was at chance level for female faces presented in either visual
field and for male faces presented in the RVF, but it did not differ from that of controls
(and was higher than chance) for male faces presented in the LVF [92]. Different results
were observed in another male patient with a lesion involving the posterior portion of the
corpus callosum (the splenium) and the left medial occipitotemporal area: when required to
categorize the gender of female/male chimeric faces, the patient based his response on the
left hemiface, thus showing a right-hemispheric dominance for gender categorization [95]
(see also [96]).

We can conclude that the superiority of the right hemisphere in face processing
is a widely accepted bias, which has been largely confirmed by means of the chimeric
face paradigm as well as the DVF paradigm, in both healthy observers and split-brain
patients [86]. Consistently, such a bias was not found in patients with right brain lesions [97].
Moreover, the LVF advantage did not emerge in schizophrenic and depressed patients
tested with chimeric stimuli [98], indicating that in these clinical conditions there could
be an alteration of the normal interhemispheric balance. In this respect, also the peculiar
evidence found in some studies with split-brain patients, which differs from that observed
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in controls, confirms a crucial role of the interhemispheric connections in this domain [86].
The main role of the right hemisphere in face processing is conclusively supported by
extensive evidence of a brain region specialized in face processing, localized predominantly
in the right temporal cortex (e.g., [99,100]), namely the fusiform face area [101]. Furthermore,
the acquired lesion of this area in the right hemisphere leads to the selective inability to
recognize the identity of a person through her/his face (i.e., prosopagnosia [102,103]), even
if the same person can be recognized by other cues such as the voice. All these results
confirm the specialization of the right hemisphere in face processing, although it has to
be considered that faces are very complex social stimuli, conveying different information,
including gender, age, ethnicity, emotion, identity and so on. Even if an overall right-
hemispheric superiority is widely confirmed for most of these facial features, some others
need to be further explored in order to obtain clearer results (as discussed above, one of
these domains is facial gender, for which there is contrasting evidence (e.g., [92,95,96]).
Finally, handedness seems to play an important role in hemispheric asymmetry for faces,
as shown by functional magnetic resonance studies revealing a stronger activation of the
left fusiform face area in left-handers than in right-handers during face perception [104].

4. Perceptual and Attentional Asymmetries for Human Bodies

In more recent years, the DVF paradigm was also introduced in the study of human
body parts, and in particular hands. Specifically, the lateralized presentation of bodies
and body parts has been suggested as a way to study hemispheric asymmetries in motor
representations [105–107]. For instance, it has been shown that participants respond faster
when left and right hand stimuli are presented to the ipsilateral hemifield/contralateral
hemisphere than when they are presented to the contralateral hemifield/ipsilateral hemi-
sphere [105]. Moreover, Parsons et al. [107] found that callosotomy patients were faster and
more accurate in judging the laterality of both left and right hand stimuli when they were
presented to the ipsilateral hemifield/contralateral hemisphere than when they were pre-
sented to the contralateral hemifield/ipsilateral hemisphere (similar results were observed
in healthy controls). In agreement with such findings, de Lussanet et al. [106] suggested
that each hemisphere contains better visuo-motor representations for the contralateral body
side than for the ipsilateral body side. Specifically, these authors showed that—compared
with leftward-facing point-light walkers (PLWs)—rightward-facing PLWs were recognized
better in the RVF, whereas—compared with rightward-facing PLWs—leftward-facing PLWs
were recognized better in the LVF. In other words, compared with PLWs facing toward
the point of gaze, those facing away from the point of gaze appeared more vivid. Such a
lateralized facing effect was explained by de Lussanet et al. [106] by proposing that the
visual perception of lateralized body stimuli is facilitated when the corresponding visual
and body representations are located in the same hemisphere (given the contralateral orga-
nization of both the visual and motor-somatosensory systems). Actually, this is true when a
PLW faces away from the observer’s fixation point, so that a lateralized embodiment of the
observed body is fostered because the hemibody seen in the foreground is processed by the
sensory-motor cortex located in the same side as the visual cortex processing the stimulus.
In line with previous studies [105–107], Marzoli et al. [108,109] and Lucafò et al. [110,111]
showed that both static and dynamic human silhouettes with ambiguous handedness or
footedness were interpreted more frequently as right-limbed in the RVF than in the LVF,
corroborating the notion that a link exists between the visual representation of others’
bodies and the hemispheric specialization of one’s own body. Compared with the findings
by Aziz-Zadeh et al. [105], de Lussanet et al. [106] and Parsons et al. [107], those by Lucafò,
Marzoli et al. [108,109] indicate that the right and left hemispheres do not merely facilitate
the recognition of stimuli with a specific laterality (respectively, left and right hands or
leftward- and rightward-facing PLWs), but that they can also foster a biased interpretation
of ambiguous stimuli (respectively, left and right limb actions). Thus, whereas several
studies show that right- and left-handed individuals differ as regards the laterality of hand
action representations, the DVF paradigm indicates that each hemisphere is biased not
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only to perform but also to perceive contralateral hand actions, revealing a subtle instance
of embodiment.

It should be noticed that asymmetries in the perception of human bodies or body parts
have also been reported in studies that do not resort to the DVF paradigm. Specifically,
various studies investigating the perception of sport actions showed that the result of right
limb actions is anticipated better than that of left limb actions [112–118]. As suggested
by Hagemann [112] and Loffing et al. [114] (see also [113,115,116,118,119]), the ability to
discriminate actions performed with the left hand is less developed than that to discriminate
actions performed with the right hand. This is consistent with the advantage that left-
handers and left-footers exhibit in several interactive sports [119–136]. These findings could
be considered as evidence of the perceptual and attentional bias toward the right side of
others’ bodies reported by Lucafò, Marzoli and collaborators. Specifically, these authors
used static silhouettes with ambiguous orientation [108,137,138] (Figure 3) and dynamic
silhouettes with ambiguous spinning direction [110,111,139], and thus with ambiguous
handedness or footedness, and found that participants exhibited a significant tendency to
interpret the silhouettes as right-limbed rather than left-limbed. On the whole, these results
could be interpreted as due to a perceptual frequency effect (see also [140]): in most social
exchanges, we observe and interact with right-limbed individuals, which might result in a
better discrimination of right limb movements by both right- and left-handers. From an
evolutionary point of view, the attentional and perceptual bias toward the right limbs could
be adaptive in daily social life, given the high frequency of face-to-face interactions with
right-limbed individuals (for a more detailed discussion, see [141]). Therefore, the tendency
to pay attention to the body region that usually contains others’ dominant hands or feet
might entail an enhanced detection of both communicative and aggressive acts, because the
right limb is more used than the left in both types of behavior. However, the aforementioned
perceptual frequency effect [140], by prompting individuals to preferentially attend to the
right side of human bodies rather than to the left one, might jeopardize the monitoring of
left limb actions. This would result in a reduced ability to discriminate left limb actions in
comparison with right limb actions, which in turn might account for the “surprise effect”
regarded as the crucial factor for the advantage shown by left-handers in fighting and
sport [119–136].

Figure 3. Examples of static silhouettes with ambiguous orientation with the action represented on
the left (a) and right (b) side of the figure. Although participants tend to perceive front- rather than
back-facing stimuli, a larger proportion of right- rather than left-handed actions is perceived.
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5. Asymmetries in Social Touch

Many other examples of behavioral asymmetries can be found during social inter-
actions among humans, and are mainly observed in complex motor activities such as
embracing, kissing and infant-holding, wherein the motor behavior shared reciprocally by
two persons entails necessarily a sensory counterpart, social touch [6,142]. Relatively few
studies have systematically investigated the first two instances of interactive social touch,
showing a substantial rightward asymmetry for both embracing [143,144] and kissing [145],
with the latter finding being considered as more controversial (e.g., see [146]). As regards
infant-holding, the left-cradling bias (LCB: the tendency to hold infants predominantly
using the left rather than the right arm [147]; Figure 4) has received much more scholarly
attention over the last 60 years. Although this lateralized behavior, differently from those
reviewed above, refers to a motor rather than perceptual asymmetry, it nonetheless en-
tails dealing with a human social stimulus (the infant) and seems to be related as well
to perceptual asymmetries for social/emotional stimuli. Accordingly, we argue that a
guiding thread exists between the aforementioned LVF advantage for faces, the higher
social salience of infant facial features found in women than in men [148–150], and the
left-sided infant positioning during cradling interactions being shown to a greater extent
by women than by men [151]. First of all, it should be noticed that a fairly robust LCB has
been shown—regardless of assessment methodologies—both in left-handed women (and
men, although to a lesser degree [152,153]) and in a mother affected by situs inversus with
dextrocardia (i.e., a condition in which the heart is atypically placed in the right rather than
the left side of the chest [154]). Therefore, the two first explanations proposed, namely the
“handedness” (i.e., cradling infants with the non-dominant hand would free the dominant
arm for other tasks [155]) and “heartbeat” (i.e., cradling infants on the left side would
enhance the soothing effect of the mother’s heartbeat sound [147]) hypotheses cannot be
accepted as reliable accounts of the LCB. On the contrary, it is now believed that the LCB is
due to a population-level right-hemispheric dominance for socio-emotional processing, as
suggested by several studies carried out in this particular field over the last three decades
(e.g., [156]). For example, Harris et al. [157] used the chimeric face paradigm in order to re-
veal the relationship between participants’ right-hemispheric specialization for processing
facial emotion and their lateral cradling preference, as assessed by means of an imagination
task. These authors found that participants who imagined holding the infant on the left
side showed a stronger LVF advantage (i.e., judged as more expressive the chimeras in
which the emotional half was on the left side of the face) compared with participants who
imagined holding the infant on the right side. Bourne and Todd [158] confirmed this finding
using the chimeric face paradigm as well and a life-like doll to assess participants’ cradling
lateral preferences. Consistent findings were reported by Vauclair and Donnot [159], who
used a similar methodology (chimeric face paradigm and doll cradling task), although
only in women. Interestingly, Harris et al. [160] corroborated their previous findings by
showing a relationship between the LVF advantage for emotional faces and the left-side
bias for holding when participants handled a doll, but not a book or a bag. Furthermore,
Huggenberger et al. [161] argued that cradling-side preferences might serve the function of
saving cognitive resources during the monitoring of socio-emotional states from the infant
face: these authors showed that the preferred side of cradling corresponded to a lower
response bias (i.e., the erroneous assignment of emotional states to neutral stimuli) to infant
face stimuli presented in the ipsilateral visual field. Very recently, using a task consisting
in the simple evaluation of the attractiveness of neutral baby faces, it has been found that
left-cradling women showed a larger preference for left-facing profiles (i.e., those including
the more expressive side of the face [162]) rather than right-facing profiles of human babies
compared with right-cradling women [163]. Despite few instances of inconsistent results
(e.g., [164–167]), it is possible to conclude that a relationship exists between the LCB and
the LVF advantage for faces, further supporting the “hemispheric asymmetry” account of
the LCB.
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Figure 4. Example of left-cradling bias (LCB).

Assuming that, as seen before, the right hemisphere of the brain is specialized not
only for the visual processing of faces, but also for the auditory processing of emotional
voices and sounds, a link between the LCB and auditory lateralization has also been sug-
gested [168]. This issue was widely discussed in the early 2000s and then surprisingly
shelved. In fact, very few studies have examined in depth such a potential link by exploiting
standardized paradigms (e.g., DL), and inconsistent results were observed. In particular,
Turnbull and Bryson [169] empirically investigated, in a sample of nulliparous women,
the relationship between the LCB, as measured with a doll task, and the LEA for speech
prosody, as measured with an emotional DL task (i.e., a task in which the same sentence
spoken in different emotional tone is simultaneously presented to the left and right ear).
They reported no significant correlation between the measures of LCB and LEA, apparently
not supporting the existence of an association between the cradling lateral preference and
the right-hemispheric dominance for the auditory processing of social stimuli. However,
Sieratzki et al. [170] raised methodological issues about Turnbull and Bryson’s [169] re-
sults, reanalyzed their data and claimed that the LEA was almost significantly larger in
left-cradling participants (94.4%) than in right-cradling participants (75%); see also [171] for
further details on this controversy. Whilst Donnot and Vauclair [164] confirmed the absence
of an association between the LCB and asymmetries in the auditory modality in a sample of
new mothers, Donnot [172], who tested only left-handers in order to neutralize the potential
effects of handedness, showed a significant correlation between the LCB and the LEA for
perceiving emotions in left-handed female students, but not in left-handed mothers. When
taken together, all the above mentioned results seem to converge toward a cerebral explana-
tion of the population-level LCB underpinned by the right-hemispheric specialization for
the processing of socio-emotional stimuli in humans. However, conflicting, albeit sparse,
results on visual and auditory asymmetries cannot be ignored.

In dealing with the LCB, many authors seem to also consider the role of both the mental
state of the cradling individual (usually the mother) and the quality of the mother–infant socio-
emotional relationship. In particular, it has been widely shown that depression [173–176],
stress and social pressures [177–181], anxiety [167,182], negative attachment styles [183,184],
low social and cognitive competencies [185,186], autistic traits and low empathic abili-
ties [187–189] and even racial prejudice toward the cradled individual [190] could decrease
to some extent the prevalence of the LCB. Therefore, it could be hypothesized that the typi-
cal LCB can be reduced or reversed by any impairment in the socio-emotional well-being
of the cradling individual, which in turn might somehow have a negative effect on the
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exchange of emotional information (through the respective right cerebral hemispheres)
between the cradler and the cradled individual. It should be remarked that this point
has been very recently pushed beyond by suggesting an epigenetic role of the LCB on the
brain development of the cradled child. In particular, it has been hypothesized that the
typical LCB “received” during infanthood might be part of a complex biobehavioral system
fostering the development of a typically lateralized brain in the child, whereas systematic
deviations from the LCB might represent an early sign—among many others—of the later
incidence of neurodevelopmental disorders [151,191,192]. Given that the aforementioned
aspects represent a still open issue, it should be said that further investigations are needed
to conclusively determine the role of the right hemisphere in the emergence of the LCB as a
population-level bias, as well as to find out which—and to what extent—environmental,
epigenetic and other potential factors are influential.

6. A Possible Role for Social Interactions in the Link between Perceptual and
Motor Asymmetries?

On the basis of the reviewed literature, we can notice how many instances of human
behavioral lateralization emerge when social stimuli (and, specifically, human faces, voices
and bodies) are involved. It is noteworthy that, to our knowledge, there are no occurrences
of similarly strong perceptual asymmetries for non-social stimuli (indeed, most instances
of perceptual asymmetries for non-social stimuli are detected, by and large, in laboratory
settings). Therefore, one might wonder whether a common origin for such asymmetries
for social stimuli could be identified. In this respect, we must point out that an association
between handedness and perceptual asymmetries has often been suggested [193], but its
explanation has not usually gone beyond the proposal of hypothesized advantages in terms
of division of labor between the hemispheres or related disorders when such a division is
absent [194–196]. However, it should be stressed how some authors have recently proposed
a link between perceptual and motor asymmetries, although there is not yet a common
view in this respect (e.g., [197–199]). If the link between perceptual and motor asymmetries
is extended to social interactions among conspecifics, this view would be in line with
previous data showing a relationship between cradling asymmetries and aesthetic prefer-
ences for baby face profiles [163] or a right-ear orienting in individual listening in a noisy
environment [49], as well as with the account in terms of perceptual frequency proposed for
the left-handers’ and left-footers’ advantage in sports [119–136] and for the attentional and
perceptual bias toward the right side of human bodies [108,110–118,137–139]. However,
what is still missing is a comprehensive theory allowing to account for the emergence of
the different asymmetries in social behavior and their possible relationships. Of course,
outlining a similar theory represents an ambitious but worthy challenge, because it could
deeply improve our understanding of brain asymmetries. The fact that such asymmetries
seem to involve mostly social stimuli constitutes a useful standing point, circumscribing
the range of phenomena to be investigated.

It has been proposed that lateralization could result in a substantial increase in the
brain capacity to execute several processes simultaneously and that it might remain stable
at the population level for the sake of coordination among conspecifics [9], and thus it is not
astonishing that also in humans it emerges mainly during the processing of social stimuli.
However, whereas the coordination hypothesis might account for various instances of mo-
tor asymmetries (in particular, handedness, cradling, embracing and kissing), it cannot be
easily applied to several perceptual asymmetries whose alignment at the population level
does not reveal—at first sight—a clear adaptive function. The (maybe) simplest explanation
could be that a genetic specification for the site of each brain function might improve brain
efficiency, for example, by reducing the so-called “cognitive crowding” [194–196], but such
an account suffers from the fact that no single specific gene has yet been identified for
either motor or perceptual asymmetries, which likely have a polygenic basis [200]. An
alternative explanation could be that, once certain “core asymmetries” are established
(likely under genetic control during typical development), they foster the emergence of



Symmetry 2022, 14, 1096 11 of 24

further asymmetries which are more affected by epigenetic factors (e.g., see [198,201] for
similar considerations), and this would be in agreement with the polygenic view on brain
lateralization. Although, in light of the present knowledge, this might appear an ambitious
theory, we point out how some authors have already attempted to link the development of
motor and perceptual asymmetries. For example, Karim et al. [198] hypothesize that biases
in visuospatial functions might foster other instances of cerebral lateralization such as hand-
edness and turning behavior. However, these authors recognize that further studies are
warranted to test their models as well as to clarify the effects of cultural and environmental
factors on the emergence of behavioral and neural asymmetries. A similarly crucial role
of environment in the development of lateralization has been proposed by Rogers [199],
who also hypothesizes that sensory lateralization precedes motor lateralization. Several
authors suggest that the development of handedness might arise from a spontaneous
preference to turn the head to the right which can be already observed in fetuses and
newborns [202–207]. However, social aspects could also be involved in the emergence of
right-handedness, children imitating adults’ handedness preferences [208–211]. Interest-
ingly, this might also explain the finding that left-handedness is more common among
right-cradled children [212], both because their right-cradling mothers are more likely to be
left-handed [155,212,213] (see [152] for a meta-analysis and review) and because holding
the infant on the right side would free the left hand for other tasks [155,214]. In this respect,
it should be noticed that cradling side seems to be associated with hand preferences of both
mother and infant also in nonhuman primates [215–217].

7. Potential Effects of Social Interactions on Functional Lateralization

Observed handedness—due to the high prevalence of right-handed individuals at
the population level (e.g., see [1,2])—might account for both the left-handers’ edge in
sports [119–136] and the attentional and perceptual bias toward the right side of human
bodies [108,110–118,137–139], likely due to the potential advantage of attending to the right
side of others’ bodies, which usually hosts their dominant hand and foot. Marzoli, Prete
and Tommasi [141] also proposed that such an attentional and perceptual bias toward the
right limbs of others, which fall in the observer’s LVF during face-to-face interactions, might
foster the emergence of several leftward biases in spatial attention, such as those observed
in pseudoneglect (see [3] for a review) and face perception (e.g., [5]). In particular, the
notion that continuous interactions with right-handed individuals might contribute to the
emergence of the leftward bias for faces would be corroborated by research showing that
such a bias can also be found in children aged around 5 years and seems to increase until
reaching a level comparable to that of adults by the age of around 10 years (see [218] for a
review). This proposal is further supported by the finding that, whereas in infancy a broad
leftward bias can be observed for both upright and inverted human faces, monkey faces
and objects, in adulthood a leftward bias is only observed for upright human faces [219]
(see [220] for congruent findings in chimpanzees). Moreover, the increase in leftward
bias is observed exclusively for human faces, which likely indicates the involvement of
experience-dependent developmental factors [221]. A leftward bias for human faces was
also found in laboratory-raised rhesus monkeys and domestic dogs [219]. We point out
that in dogs no bias was observed for monkey and dog faces, and we suppose that such a
selectivity might be explained more by continuous interactions with right-handed humans
(see [220] for congruent findings in chimpanzees) than by other interpretations such as the
existence, not only in humans but also in dogs, of a right-hemispheric specialization for
human but not dog faces. It should be noticed that there is some evidence of population-
level right-handedness in various primates such as rhesus monkeys, baboons, gorillas and
chimpanzees [222,223]. Such a bias is observed more often in captive than in wild primates,
and during communicative gestures than in non-communicative gestures. This specificity
could be a consequence of interactions with humans [222,223] and could indicate that also
in nonhuman primates social factors might contribute to the emergence of the left-face/LVF
bias observed during emotional processing (see [224] for a review). The proposal that left-
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ward biases might be promoted by the frequent interaction with right-handed individuals
is in agreement with both experience-expectant and experience-dependent views of brain
development [225], as well as with previous research indicating that the lateralization of
face processing can be affected by experience (e.g., infant holding biases [226] and reading
habits [227–230]). However, it should be remarked that the emergence of such biases cannot
be accounted for by reading habits both because eye-tracking studies indicate that, as re-
gards face perception, a LVF bias appears within the first 9–11 months of life [231,232] and
because the leftward bias becomes increasingly more specific for upright human faces with
age [219]. On the contrary, our hypothesis would be in agreement with the reduced left-bias
for chimeric faces observed in adults whose mothers exhibited a right-cradling bias [226],
given that such women are more likely to be left-handed [155,212,213] (see [152] for a
meta-analysis and review) and—more in general—to use the left hand for concurrent tasks
while cradling [155,214]. Moreover, the age-related increase in the strength and selectivity
of the LFB [218,219] might be due to the growing experience with right-handed individuals.
The developmental trend observed in right-hemispheric specialization for faces has also
been ascribed to a concomitant increase in right-hemispheric specialization for configural
processing [233], which is disrupted by face inversion [234]. The configural processing of
human bodies is also disrupted by inversion (e.g., [235,236]), and it was suggested that
human body configural information might incorporate the implicit knowledge that the
dominant hand is commonly located on the right side [141], a hypothesis corroborated
by the finding that the bias to perceive right-handed actions in ambiguous human sil-
houettes is abolished by inversion [138]. In our opinion, the proposed link between the
high prevalence of right-handedness and the emergence of a LFB might also account for
why face inversion disrupts not only configural processing [234] but also the leftward
bias/right-hemispheric advantage for face processing [233,237–241]. The association be-
tween configural processing and the leftward bias/right-hemispheric specialization for
faces seems to be further supported by their analogous developmental trends, given that,
as occurs for the LFB, configural processing and face-inversion effects also reach a level
comparable to that of adults by the age of around 10 years [242–244]. In this respect, it
should be noticed that both the face inversion effect [245,246] and the leftward bias for
face processing [231,247] (see also [248]) are observed to a lesser extent in individuals with
autism, who show impaired configural processing [249].

8. Selectivity of Perceptual Asymmetries in Light of Face-to-Face Interactions with
Right-Handed Individuals

The possible association between social factors and the LFB seems to be supported by
the fact that adult humans show a leftward bias for upright human faces, but not for other
stimuli such as fractals, landscapes or vases [250,251]. In particular, Leonards and Scott-
Samuel [250] suggested that the leftward bias could be specific to socially relevant stimuli.
Such a hypothesis is consistent with research indicating that the leftward bias for faces
increases when the stimuli or tasks imply a higher emotional load [238,252,253]. Moreover,
centrally presented social stimuli consisting of gaze cues improve the ability to detect
spatially congruent targets shown in the LVF (i.e., the region that contains the right hand of
the observed individuals during face-to-face interactions) but not in the RVF, whereas the
effect of non-social stimuli consisting of arrow cues is similar in both visual fields [254] (see
also [255]). A series of studies by Mogg and Bradley [256,257] corroborated the notion that
social relevance might foster the emergence of leftward attentional asymmetries. These
authors found that, compared with happy and neutral faces, threatening faces prompted
a greater attentional capture when the faces were flashed subliminally in the LVF but
not in the RVF, and this effect was stronger for more anxious participants. A similar
pattern of results was reported by Field [258], who generalized the leftward bias for
threatening stimuli to another population (children aged 7–9 years) and another class of
stimuli (animals). Thus, although the leftward bias/right-hemispheric dominance seems
to be particularly evident for faces, it can be extended to other classes of stimuli, as also
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demonstrated by results that generalize the LVF bias to pictures of houses and cars [259] and
line drawings of common objects [260]. However, we deem that more general perceptual
and attentional asymmetries might emerge from an early leftward bias for bodies and/or
faces: given that the bodies and faces of our conspecifics are at the same time the most
ecologically relevant and one of the most recurring stimuli we encounter in everyday life,
the asymmetrical processing elicited by such stimuli might generalize to other domains (at
least to some degree). In this respect, the fact the leftward bias for faces and pseudoneglect
exhibit a similar developmental trend might suggest their related origin [261–263].

According to the literature reviewed, compared to non-social stimuli, social (and, in
particular, emotional) stimuli are more likely to elicit perceptual and attentional asym-
metries. As already claimed by Watling et al. [218], future studies should clarify which
are the advantages provided to emotion processing by lateralization and which are the
related sex differences. For example, children’s left hemispatial advantage for emotion
perception is positively related to their ability to recognize emotional states in eyes and
in cartoon situations [264], as well as in faces, but this is true exclusively for males [265].
Dahl et al. [220] extended such findings by showing that in both humans and chimpanzees
the ability to discriminate faces of both species is positively related to left-lateralized pro-
cessing. On the whole, these findings might indicate an association between the lateralized
processing of faces and the recognition of others’ emotional/cognitive states. This link
seems to be corroborated by their similar developmental trend, given that theory of mind
emerges by the age of 4 years and improves during childhood [266]. It should be also
remarked that the leftward bias for faces reaches a level comparable to that of adults by
the age of around 10 years [73,233,247,264], shortly before the emergence in children of
a preference for the left eye (from the observer’s perspective) during face scanning [267]
and of a clear enhancement of the ability to recognize emotion from eyes [268]. As al-
ready proposed [141], an advantageous consequence of the right-hemispheric dominance
for emotion processing might consist in the possibility to monitor both emotional states
and actions of other individuals within the same hemisphere. Moreover, the constant
association between the facial expressions and eye movements of interaction partners’
and their right-handed actions might strengthen leftward biases. Given that emotions are
expressed more intensely on the left side of the face, which is in the RVF of observers in
face-to-face interactions [269], the LFB observed for emotion processing might be regarded
as counterintuitive. However, it should be noticed that the expression of anger seems
to be more intense on the right side of the face [270] and that, compared with pro-social
emotions, anti-social emotions (and, in particular, anger) seem to elicit a larger LFB [271].
Thus, the LFB appears to be less counterintuitive if one considers the potential ecological
advantages that might ensue from the combined tendency to direct attention toward both
the hemiface that expresses threat-related facial displays more intensely and the region that
contains the right arm of an angry individual. This would be especially important during
interactions among males (because of their higher odds of resulting in violent conflicts),
and it is not surprising that, compared with females, males exhibit a stronger LFB [68] (see
also [272]; see [121,132,273] for consistent findings in sport studies). Moreover, the LFB
reaches its utmost degree in males observing male faces that express anger rather than
any of the other basic emotions or female faces that express any basic emotion [274]. The
prominent role of anger in comparison with other emotions has also been highlighted by
Indersmitten and Gur [270] (see [271] for similar considerations), who emphasized both
its enhanced likelihood of being detected by the observer (the fact that anger is expressed
more intensely on the right hemiface increases its impact on the right hemisphere, which is
specialized for emotion processing) and its quality of evolutionarily important precursor
of action (it activates the organism in anticipation of conflicts). In this respect, it is not
astonishing that a greater leftward bias is observed in more anxious than in less anxious
individuals [275–278], and one could also wonder whether a greater attention toward the
right limbs of human bodies is observed in anxious than in non-anxious individuals.
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9. Conclusions

The abovementioned advantages of lateralization for emotion processing are in agree-
ment with previous suggestions (e.g., [8,9]) that (i) functional hemispheric specialization
may enhance cognitive capacity and efficiency (e.g., a positive association is found between
the LFB for emotion perception and performance in emotion recognition [264,265]), and
(ii) the directional alignment (at the population level) of behavioral asymmetries may
represent an evolutionary stable strategy shaped by social pressures (e.g., the LFB for
emotion processing would be fostered by the advantage of monitoring the emotional states
of others and their dominant hand within the same hemisphere). Both points are consistent
with both ontogenetic and phylogenetic accounts. For example, the constant exposure to
right-handed individuals might facilitate a perceptual and attentional bias toward the right
side of others’ bodies, corresponding roughly to a LVF bias from the observer’s point of
view (noteworthy, the effects of such a bias seem to be intensified and attenuated by a
specific perceptual training represented by the visual presentation of right- and left-handed
actions, respectively [118]), as well as a leftward bias/right-hemispheric advantage for
the processing of emotional faces, which in turn could lead to a general specialization of
the right hemisphere for emotion processing. In turn, the left-cradling bias might arise
from the right-hemisphere specialization for emotion processing in the visual, auditory or
tactile domain (for consistent findings, see [158–161,170,172]). On the contrary, it has also
been proposed that the mother’s left-cradling preference might foster a LFB in the cradled
individual [226]. Analogously, McManus and Humphrey [279] and Conesa et al. [280,281]
speculated that the LCB might account for a preference for left-facing profiles, because
when newborns are held on the mother’s left arm during the first months of life, they
are also exposed to her left profile during a critical period for the development of vision.
Moreover, the possible advantage for cradlers of freeing their dominant arm for other
tasks cannot be ruled out [155,214] with regard to the emergence of a LCB. It has also been
suggested [214] that the LCB might have emerged—for the very same advantage—during
human evolution, which would be consistent with the idea that specific genes or—more
likely—sets of genes have been selected in order to locate different functions in different
brain areas (e.g., cradling behavior and emotion processing in the right hemisphere; speech
and praxis in the left hemisphere [282]) so as to improve neural and behavioral efficiency,
for example, by avoiding “cognitive crowding” [194–196,283]. In this respect, the LCB
might be included in a set of lateralized behaviors which can improve individuals’ biologi-
cal fitness. Although it is unclear which evolutionary pressures shaped such behavioral
asymmetries, animal studies suggest a common pattern of lateralization in vertebrates. In
particular, the right hemisphere could be dominant for avoidance responses, for detecting
and reacting to threatening stimuli (e.g., predators), and for monitoring conspecifics (in-
cluding infants), whereas the left hemisphere could be dominant for processing approach
and manipulation responses (see [8] for a review). In line with the proposal of Giljov,
Karenina and Malashichev [284], the LCB would emerge (if not exclusively, at least mainly)
when a face-to-face interaction between mother and child occurs. This situation implies
that the right hemisphere processes most socio-emotional information, and several studies
indicate a crucial role for visual information in the modulation of the LCB [156–161,163].
As for humans [152,155,212,213], the LCB seems to predict both infant’s and mother’s hand
preferences also in nonhuman primates [215–217]. As previously stated, some evidence
of population-level right-handedness is observed in various primates and could be a con-
sequence of interactions with right-handed humans [222,223], which might also account
for the leftward bias for human faces observed in primates and dogs [219,220]. These
findings suggest that social factors might contribute to the emergence of the LFB/LVF bias
observed during emotional processing also in other species, and nonhuman primates in
particular (see [224] for a review). However, animal studies should be considered with
caution in respect to the origin of the LFB, because several results do not indicate a central
role of interaction with humans. For example, a LVF advantage for conspecific [285] but
not human [286] faces is observed in sheep. Moreover, a LVF preference for monitoring a
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human-like dummy mask [287] is found in domestic chicks without any visual experience
of human eyes and gaze, indicating that the emergence of leftward biases for human faces
can be entirely independent from interaction with humans. Nonetheless, many authors
aim to establish an evolutionary link between animal and human laterality. For example, a
recent review by Boulinguez-Ambroise, Aychet and Pouydebat [215] attempts to frame the
evolution of human handedness by examining limb preferences in animals. In particular,
these authors claim that limb lateralization in animals is associated with both genetic and
ontogenetic factors (the latter including social interactions) and that limb lateralization for
actions directed to self or conspecifics is related to hemispheric asymmetries for emotion
processing. In our opinion, the effects of epigenetic factors acting on the basis of genetically
driven “core asymmetries” and of environmental influences should be considered when
attempting to explain the origin of asymmetries in the processing of social stimuli (e.g.,
see [198,201] for similar considerations). In summary, outlining a broad theory allowing to
account for the emergence of asymmetries in social behavior is an ambitious goal, but we
hope that the present review may stimulate further investigations on this complex topic.
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