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Abstract

From the very beginning of their life, human beings are immersed in a social and interactive environment that contributes to shap-
ing their social and cognitive development under typical and at-risk conditions. In order to understand human development in its 
bidirectional relationship with the social environment, we need to develop a ‘complexity-sensitive’ approach in neuroscience. Recent 
advances have started to do so with the application of hyperscanning techniques which involve recording adult and child neural activity 
simultaneously and highlighting the presence of similar patterns of brain activity in the dyad. Numerous studies focused on typically 
developing children have been published in recent years with the application of this technique to different fields of developmental 
research. However, hyperscanning techniques could also be extremely beneficial and effective in studying development in atypical and 
clinical populations. Such application, namely translational hyperscanning, should foster the transition toward a two-brain transla-
tional neuroscience. In this paper, we envision how the application of hyperscanning to atypical and clinical child populations can 
inform family-centered care for children and their parents.
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In 2020, researchers found a set of footprints in the White Sands 
National Park (New Mexico) which were those of an adult mov-
ing along with a child (Bennett et al., 2021). The footprints date 
back to the Pleistocene, and they represent the most ancient 
proof of our inner nature of humans as living beings who are 
inherently socially wired and care for the most fragile ones. In 
developmental and social neuroscience, the notion of humans 
as living beings who cannot be separated from their social envi-
ronment is clearly established. This has been highlighted by the 
well-known research on newborns’ imitative skills (Simpson et al., 
2014) and infants’ sensitivity to transient interactive ruptures and 
violations of expected contingencies (Provenzi et al., 2016; Perone 
et al., 2020). While the inherently relational nature of humans is 
widely recognized, its translation to consistent and effective clin-
ical practices and policies in health-care settings is still partial. In 
pediatric settings, barriers to proper family-centered care include 
institutional culture and policies, absence of care coordination, 
insufficient training and family-related factors (Lotze et al., 2010; 
Hamilton et al., 2020). A recent survey on the status of family-
centered care for preterm newborns in Europe revealed large 
variations among countries (Aija et al., 2019), suggesting that the 
road to translating developmental and neuroscientific evidence 

into consistent clinical programs is still not within walking
distance.

In the present paper, we take advantage of newly available 
research opportunities in developmental and social neuroscien-
ces—namely, hyperscanning techniques—to help bridge the gap. 
Hyperscanning research allows us to assess and quantify the real-
time brain-to-brain attunement between two or more interactive 
partners (Nguyen et al., 2020). With the concept of attunement, 
we refer here to a general form of dyadic co-variance in the 
activity rhythms of the brain of the interactive partners. From 
a developmental viewpoint, the possibility of obtaining direct 
information about how parents and children co-regulate their 
brain activity while engaging in reciprocal exchanges is opening 
new frontiers for scientists (Marriott Haresign et al., 2022; Turk 
et al., 2022). At the same time, hyperscanning applications to 
pediatric clinical populations are yet to be explored. Here, we 
highlight the potential applications of parent–child hyperscan-
ning in preventive, therapeutic and rehabilitative approaches to 
child health care. We do so starting from a well-established epis-
temic framework that values the nature of humans as socially 
wired living beings—i.e. the non-linear dynamic system theory 
(Camras and Witherington, 2005)—and by integrating principles 
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from translational neuroscience (Roos et al., 2018) and neuro-
constructivism (Karmiloff-Smith, 2009). The emergent vision of 
what we call translational hyperscanning outlines not only a promis-
ing novel area of investigation but also a programmatic mani-
festo that can promote a more effective culture of translational 
research in pediatric neurosciences.

Wearing complexity-sensitive glasses: 
translational neuroscience and 
development
Translational neuroscience includes both basic experimental sci-
ence and clinical research (Wiggins and Monk, 2013; Roos et al., 
2018). The application of translational neuroscience in pediatric 
settings presents many challenges. First and foremost, the model 
needs to be tested in rapidly evolving phenotypes shaped by the 
interaction between genetic predispositions and environmental 
exposures (Wiggins and Monk, 2013). The non-linear dynamic 
system theory describes the apparent messiness of developmen-
tal processes as a never-stabilized equilibrium between con-
straints and degrees of freedom (Smith and Thelen, 2003). When 
exposed to limited environmental perturbations, a living sys-
tem presents fluctuations of different parameters—from brain 
activity to behavior regulation and from respiration to alertness—
within specific thresholds or constraints. Within these thresholds, 
the system features specific degrees of freedom that determine 
all plausible outcomes. Nonetheless, degrees of freedom might 
expand or reduce to face more intense or repeated environmen-
tal perturbations that require a systematic adaptation and a 
recalibration of constraints and thresholds, a process known as 
allostatic load (McEwen, 2012; Doan, 2021).

The application of translational neuroscience to human devel-
opment is further challenged by two other systemic characteris-
tics: multifinality and equifinality. Multifinality means that two 
individuals who share the same constraints—e.g. biological pre-
dispositions to stress reactivity—may exhibit different pheno-
types and risk gradients for psychopathology in later childhood 
or adult life (Del Giudice, 2012; Ellis et al., 2022b). Equifinality 
suggests that two different living beings may start from very 
different conditions—in terms of rearing, quality of care, avail-
able resources and social context—and still show comparable 
phenotypes (Cicchetti and Rogosch, 1996). It should be clear 
that the action theory needed to build effective translational 
neuroscience models in human development is not immedi-
ate, as it needs to incorporate some degrees of such untidy
complexity.

Finally, translational neuroscience in pediatric settings needs 
to recognize the crucial role of experience as the primary driver 
of central nervous system development (Karmiloff-Smith, 1998). 
And for humans, experience is primarily social. This is true dur-
ing the first months of life when innate intersubjectivity makes 
infants sensitive and ready to interact face-to-face (Trevarthen 
and Aitken, 2001). This is also evident from studies describing 
how children co-create meanings about the physical and social 
environment during interactions with their caregivers (Yoshida 
and Smith, 2008). In typical and atypical conditions, the pos-
sibility to experience contingencies within the interaction with 
the caregiver—while exploring social or physical environments—
steers infants’ learning and contributes to reliable self and other 
mental representations (Beeghly and Tronick, 2011; Montirosso 
and McGlone, 2020). As such, it is not surprising that even small 
deviations, mismatches, asynchronies or missed contingencies in 
the two-person environment of a child can accumulate alongside 

the developmental experience contributing to exerting large 
and cascade effects on the later phenotype (Karmiloff-Smith,
1998).

In sum, understanding development—and developmental 
psychopathology—requires opting for a multifaceted perspec-
tive on humans that recognizes and embeds complexity into 
the action models that will inform translational neuroscience 
approaches. Such perspective should not neglect the importance 
of assessing the equilibrium through space and time between con-
straints and degrees of freedom (allostatic load), the non-linear 
pathways of change that originates from similar and diverse start-
ing points (equifinality and multifinality) and the key role of two-
person experiences for children self-development (interpersonal 
contingency).

Humans: two-brained living beings
As we conceptualize humans as living beings who are inher-
ently socially wired—we may say ‘born to be wired’—we need 
to develop a concept of translational neuroscience that is not 
focused on the individual’s central nervous system; rather, that 
incorporates and takes advantage from a dual unit of analy-
sis (Hoehl and Markova, 2018). Innovative studies suggest that, 
from very early in life, we can coordinate with others during 
interactions and calibrate the timing and intensity of our behav-
ioral outputs accordingly (Dumas et al., 2014). Starting from fetal 
life, the movements of twin fetuses are not random or acci-
dental. Since the 14th week of gestation, each twin fetus exe-
cutes movements specifically aimed at their co-twin and themself 
(Castiello et al., 2010). After birth, newborns actively contribute 
to regulating the breast temperature during kangaroo care and 
skin-to-skin contact, suggesting that biological predispositions 
to thermal synchrony exist since the early hours of life and are 
key to mother–infant adaptation (Ludington-Hoe et al., 2005). 
Focusing on the emerging field of social touch, Montirosso and 
McGlone (2020) have recently further suggested that the dyad 
should be the minimum unit of analysis for developmental and 
social neuroscience. They propose that the child’s body image is 
co-constructed within the moment-by-moment interaction with 
the caregiver and shaped by interpersonal tactile stimulations pri-
marily vehiculated by c-tactile fibers and elaborated in the ante-
rior insula (Olausson et al., 2010). In line with Dumas (2011), here 
we propose to consider humans as inherently bi-cerebral living
beings.

For translational neuroscience to be effectively applied in both 
typical and atypical conditions, its principles should be made 
explicit to guide methodological choices and research questions. 
First, the early social experience with the caregiver is the priv-
ileged locus of infants’ learning and meaning-making (Beeghly 
and Tronick, 2011; Provenzi et al., 2020), emotion regulation devel-
opment (Norona and Baker, 2014), social (Sharp and Fonagy, 
2008; Tamis-LeMonda et al., 2014) and cognitive skills acquisition 
(Yoshida and Smith, 2008; Lee et al., 2017). Second, theoretical 
models of human development and brain functioning should be 
framed by a transactional viewpoint characterized by non-linear 
causality and bidirectional influences between the human system 
and the environment (Wiggins and Monk, 2013). Third, interac-
tions should be the primary targets of early preventive, thera-
peutic and rehabilitative interventions, as protective and adaptive 
changes promoted in the immediate surrounding environment 
are warranted to initiate cascade effects for all the engaged indi-
viduals. Applying a two-brain perspective in developmental sci-
ence could allow us to embed into action-theory models elements 
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of the physical and social environment experienced by infants in 
their everyday life. Consistently, the translational hyperscanning 
field will inform interventions that shape the optimal growth and 
well-being of both infants and their caregivers.

Hyperscanning as a privileged observation 
point
Hyperscanning is a synchronous recording of multiple brain 
activities. It can be performed with different techniques such 
as functional magnetic resonance imaging (fMRI) (Montague, 
2002; Misaki et al., 2021), functional near-infrared spectroscopy 
(fNIRS) (Miller et al., 2019), electroencephalography (EEG) (Toppi 
et al., 2016) and magnetoencephalography (Hirata et al., 2014; 
Czeszumski et al., 2020). Such simultaneous recordings allow us to 
obtain neurophysiological measures of human dyadic coordina-
tion, namely inter-brain synchrony (IBS) (Czeszumski et al., 2020). 
The focus can be directed on processes underlying many fun-
damental social phenomena, such as collaborative behaviors in 
lovers (Pan et al., 2017), interpersonal learning (Pan et al., 2020), 
cooperation and competition (Balconi and Fronda, 2020), joint 
attention (Lachat et al., 2012), communication (Kawasaki et al., 
2013) and behavioral co-regulation (Dumas et al., 2014). Another 
advantage of hyperscanning techniques is that we might explore 
IBS in a wide variety of settings, from laboratory tasks to ecologi-
cal conditions (Hoehl and Markova, 2018; Czeszumski et al., 2020). 
For example, laboratory settings often conducted hyperscanning 
research to observe the inter-brain underpinnings of behavioral 
coordination during experimentally designed collaborative tasks 
(e.g. two individuals were asked to press a key simultaneously 
or to imitate the partner’s hand movements) (Hu et al., 2017). 
Examples of more ecological applications are the study of brain-
to-brain attunement in musicians playing together (Acquadro 
et al., 2016) or in pilots and co-pilots during the takeoff, flight and 
landing of an airplane (Astolfi et al., 2011).

Synchrony is a key dimension of the early parent–child rela-
tionship as it is involved in a wide set of interactive formats that 
characterize the precocious exchange between caregivers and 
children, from imitation to face-to-face encounters and from joint 
attention to daily routines such as feeding and bathing (Striano 
et al., 2003; Feldman, 2012; Provenzi et al., 2018a). By apply-
ing hyperscanning approaches to the study of early parent–child 
interaction, we may be able to understand and describe the neu-
ral underpinnings that allow caregivers and children to achieve 
and regulate dyadic states of interactive synchrony. There are two 
ways to use inter-brain EEG effects as neuromarkers (Koike et al., 
2015): first, as indicators of social interactions’ quality in daily life 
through coherence or synchronization (e.g. a measure of success-
ful learning processes in educational environments; Nguyen et al., 
2020); second, they may signal bidirectional influences between 
two brains, which could be a better marker of interaction qual-
ity when there is an asymmetry in the interaction (e.g. verbal 
communication between individuals on different teams in a com-
petitive relationship; Astolfi et al., 2011). Among the different 
techniques that can be used for hyperscanning studies, both EEG 
and fNIRS are suitable for pediatric populations and have the 
particular advantage of allowing ecological investigations. Such 
techniques are not invasive and allow freedom of movement, 
opening the possibility of studying, for instance, mother–infant 
interactions in an ecological approach from the first year of life 
(Nguyen et al., 2020).

In sum, hyperscanning is a privileged standpoint to observe 
humans as two-brained living beings. To date, many studies have 

been conducted with this methodology. Here, we will lay out 
some relevant findings from a subset of these studies that give 
some notion of how parent–child interactions can be a funda-
mental experience in shaping neurodevelopment (Norton et al., 
2022). This happens from the most basic face-to-face interac-
tions to language development and more complex social tasks, 
such as joint actions (Hasson et al., 2012). For instance, dual-EEG 
recordings of 8-month-old infants and an adult show changes in 
neural network connectivity depending on the adults’ changes 
in gaze orienting: both the adults and the infants had a greater 
influence on the interactive partner’s neural activity during direct 
rather than indirect gaze (Leong et al., 2017). Moreover, it has been 
shown that the real-time temporal alignment of brains during 
social interactions is facilitated by ostensive social signals (Wu 
et al., 2014). Another study showed that parent–infant IBS is mod-
ulated by dyadic social interactions’ emotional quality and tone 
(Santamaria et al., 2020). Mothers were asked here to show positive 
and negative emotions toward objects while interacting with their 
10-month-old infants. The stronger integration of the dyads’ neu-
ral processes was observed during maternal demonstrations of 
positive than negative emotions, whereas infants had a stronger 
influence on the inter-brain connectivity during negative emo-
tional states. Again, other dual-EEG recordings performed from 
12-month-old infants and their primary caregivers measured the 
neural correlates of attention shared during social interactions, 
i.e. while playing with an object together (joint play) or alone (solo 
play). When infants were engaged in solo play, fluctuations in neu-
ral activation—specifically in the theta power—predicted visual 
attention in both infants and adults (Wass et al., 2018a). Inter-
estingly, during interactive social play, this predictive relationship 
within individuals was reduced, but caregivers’ brain activation 
was more attuned to infants’ brain activation, successfully track-
ing their attention. The study of IBS can be informative for older 
children as well. For instance, a recent study involving dyads of 
24- to 42-month-old toddlers and their mothers examined the 
neurobiological correlates of dialogic reading (DR) and mobile 
phone–interrupted DR. Mother–child neural synchrony decreased 
in the DR-interrupted condition compared to the uninterrupted 
DR condition (Zivan et al., 2022). Evidence such as this shows 
how environmental factors can interfere with IBS in caregiver–
child dyads in several ways during developmental phases in which 
language, cognitive and socio-emotional domains are undergoing 
fundamental changes.

It is important to note that various aspects are still debated. 
For example, for the most part, linear associations between IBS 
and cognitive or behavioral measures have been tested. Yet, it is 
also possible that more complex and non-linear associations are 
present; thus, a model based on the assumption that ‘more syn-
chrony is better’ could be merely simplistic (Mitsven et al., 2022). 
In real life, most social interactions are asymmetric and imply 
different roles and turns in taking action. Even when hyperscan-
ning paradigms consider these behavioral mismatches, it is not 
clear if coherence analysis can capture this aspect (Hamilton, 
2021). Furthermore, we mentioned here only examples of inter-
active settings between two partners. Crucially, triadic (e.g. with 
both parents) and group contexts (e.g. with peers) are interesting 
observational settings, too. Examples of hyperscanning with tri-
ads or groups of adults are present in the literature (for a review, 
see Nam et al., 2020), while fewer studies have done the same 
with pediatric populations. While focusing on the dyad limits 
the complexity of human social interactions, it provides a first 
observational tool with the advantage of starting to build knowl-
edge on the parent–infant brain during interactions, which are 
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uniquely informative on development (Norton et al., 2022). More-
over, hyperscanning alone cannot address a fundamental issue, 
namely whether the observed synchronizations in neural activ-
ity are something that individuals achieve to better function in 
their environment or whether they are a mere consequence of 
sharing the same sensory input or motor activity. The only way 
to disentangle this matter would be to exogenously manipulate 
IBS through multi-brain stimulation and assess its causal effects 
on social interactions (Novembre and Iannetti, 2021). Despite 
these limitations, the potential of this developing field of inves-
tigation remains vast. Having real-time neurophysiological and 
behavioral indexes of adult–child social interactions has been 
suggested to be a promising framework for developing new social 
brain health tools (Leong, 2022). This is what we call translational
hyperscanning.

Envisioning translational hyperscanning
Using hyperscanning techniques in clinical settings may improve 
our ability to construct development models consistent with 
the principles of the dynamic systems framework and capable 
of embedding complexity levels that maximize their exploita-
tion in ecological environments and clinical settings. The accu-
mulating knowledge arising from parent–child hyperscanning 
research sets the stage to integrate findings into a theory of 
action that might inform smarter care strategies in pediatric 
health-care settings in multiple ways, for instance, obtaining a 
deeper knowledge of inter-brain dynamics as they unfold in daily 
life in at-risk conditions, acquiring potentially new indexes of 
diagnostic or prognostic paths in atypical development, under-
standing how environmental manipulation might affect and 
improve brain-to-brain coupling and providing tailored neuro-
feedback for developmental care and cognitive training. Such 
a translational approach to hyperscanning can be successfully 
applied to a variety of developmental risk conditions and pedi-
atric health-care settings. Here, we highlight a few exemplifica-
tive areas of relevant preventive, therapeutic and rehabilitative 
applications for translational hyperscanning (Figure 1). Impor-
tantly, not all three applications will be possible in every 
scenario, and these exemplifications are not meant to be
exhaustive.

Developmental psychopathology
The application of hyperscanning techniques to study inter-
brain co-regulation in children and parents with psychopathology 
may reveal primary dyadic pathways that are involved in set-
ting a higher risk for behavioral and affective disturbances later 
in life. Depressed mothers may show altered brain responses 
to their own infants’ signals (e.g. cry acoustics) (Laurent and 
Ablow, 2012), and children of depressed mothers might present 
structural brain alterations (e.g. cortical thickness in frontal 
and temporal regions; Lebel et al., 2016). Additionally, differ-
ences have been shown in functional brain activity. For example, 
during the second year of life, infants of depressed mothers 
showed reduced left frontal brain EEG activity, which was signifi-
cantly associated with measures of maternal affectionate engage-
ment. In contrast, increased generalized frontal EEG activity was 
linked with the reports of more negative temperament (Dawson 
et al., 1999). Interestingly, Foland-Ross et al. (2016) showed that 
depressed mothers and their children might exhibit concordant 
alterations in regional gray matter thickness. By investigating 
the two-brain regulatory correlates of parental and child psy-
chopathology, we can integrate our knowledge with innovative 
and valid evidence to inform preventive interventions focused 
on the parent–child relationship. From this point of view, it 
may be proposed that a pragmatic application of translational 
hyperscanning may be the development of double-brain neu-
rophysiological feedback interventions paired with well-known 
video-feedback approaches to support the quality of early parent–
child relationships (Fukkink, 2008). In future applications, it 
is possible to speculate that by receiving immediate graphical 
feedback on their brain-to-brain coupling while interacting with 
their children, parents may be supported in providing contin-
gent responses to their children’s needs and empowered in their
caregiving role.

Sensory impairment
Translational hyperscanning can benefit families of infants with 
sensory impairment, such as low-vision or blind infants. For these 
infants and their parents, much of what we know about the 
role of face-to-face contingency in early interactions is only par-
tially applicable. A recent review of the literature highlighted that 
reading their infants’ signals can be particularly challenging for 
these parents and that the rhythm of dyadic coordination can 

Fig. 1. Summary of the proposed model. Starting from the accumulating knowledge arising from IBS parent–child hyperscanning research, we 
envision implications of an innovative field of translational neuroscience—namely, translational hyperscanning—as applied to different at-risk and 
clinical conditions of child development and care contexts.
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be largely disrupted or at least altered in these dyads (Grumi 
et al., 2021). By applying a hyperscanning approach to the study 
of the interaction between parents and their low-vision or blind 
infants, we may collect relevant information that may be benefi-
cial for researchers and clinicians. Consider, for instance, the case 
of a caregiver–infant dyad where the infant has a severe visual 
impairment. Interactive dynamics may not be functional, as the 
lack of shared visual attention can be reflected in the parents’ 
strategies for interpreting and providing contingent responses to 
children’s communication signals (Tadicö et al., 2013; Nagayoshi 
et al., 2017). By applying hyperscanning in these dyadic popula-
tions, we might detect how sensory processes other than sight 
are implied in building synchrony and co-regulation patterns. We 
could then develop potential interventions built on these same 
processes and action mechanisms, providing families of children 
with low vision with evidence-based and targeted family-centered 
support. For instance, parents can be assisted in discovering and 
investing in different strategies (e.g. auditory and/or tactile chan-
nels) to stimulate, catch and sustain the social attention of their 
visually impaired infant (Adamson et al., 2019). This knowledge 
can be further applied and explored in dyads of sighted infants, 
enriching our comprehension of the sensory processes involved 
in the early establishment of parent–child attunement and
co-regulation.

Preterm birth
Another context of a beneficial translational hyperscanning appli-
cation is preterm birth and the neonatal intensive care unit (NICU) 
environment. During the NICU stay, infants born before term are 
exposed to life-saving yet stress-inducing procedures that feature 
intense sensory stimulations (lights and sounds), painful skin-
breaking maneuvers and partial access to parent regulatory con-
tact and emotional bonding (Axelin and Salanterä, 2008; Flacking 
et al., 2012; Aita et al., 2013). These precocious adverse exposures 
may contribute to the long-lasting developmental trajectories of 
preterm infants, even for those who do not present severe neona-
tal comorbidities (Montirosso and Provenzi, 2015). These include 
adrenocortical stress dysregulation (Grunau, 2013), increased 
risk for behavioral problems (Vinall and Grunau, 2014), altered 
brain structure and neurophysiological activity (Brummelte et al., 
2015; Ranger et al., 2015) and epigenetic alterations of stress-
related genes (Provenzi et al., 2018b). NICU stress may also impact 
parental psychological well-being (Caporali et al., 2020), increasing 
the risk of depression and anxiety (Treyvaud et al., 2019), and later 
parenting stress and bonding challenges after discharge (Ionio 
et al., 2016; Mäkelä et al., 2018). At the same time, it has been 
shown that by investing in early developmental care interventions 
that maximize physical and emotional closeness, the NICU staff 
may achieve outcomes of neuroprotection, promoting better out-
comes for both preterm infants and their parents (Feeley et al., 
2016; Browne, 2021; He et al., 2021). Hyperscanning approaches to 
the study of the interaction between parents and their preterm 
infants may provide markers of risk related to precocious stress 
and separation exposures, highlighting how early adversity in the 
caregiving environment may leave dual-brain neurophysiological 
footprints. Moreover, these same markers can be used to guide the 
development of interaction-focused early interventions that stem 
from investing in parental engagement and aim to promote better 
behavioral, neurological and cognitive outcomes for infants while 
also protecting parental psychological well-being.

Cerebral palsy
Families of infants with cerebral palsy can also benefit from trans-
lational hyperscanning. Cerebral palsy results from prenatal, peri-
natal or postnatal brain damage, and it entails chronic motor 
and postural difficulties (Rosenbaum et al., 2007). In this scenario, 
neuroscience has already provided clinicians with instruments to 
improve the developmental outcomes of children with cerebral 
palsy. Numerous studies have shown how the motor and pre-
motor cortexes involved in producing movement are the same 
recruited during the observation of finalized gestures and move-
ments, and based on this knowledge, innovative treatments—e.g. 
the well-known action observation therapy (AOT)—have been 
developed (Kirkpatrick et al., 2016; Buccino et al., 2018). Several 
randomized clinical trials have been launched in recent years, 
and they witnessed the efficacy of AOT in treating children with 
hemiplegic (e.g. upper limb) (Sgandurra et al., 2011; Buccino et al., 
2012) and unilateral cerebral palsy (Simon-Martinez et al., 2020). 
AOT appears to be a promising rehabilitation tool to favor motor 
recovery in this clinical population by affecting cortical plastic-
ity in driving the reorganization of sensorimotor areas (Quadrelli 
et al., 2019). Translational hyperscanning can further improve this 
field by collecting data on dyadic interactions during this type of 
intervention. While existing studies have so far focused on actions 
targeting objects, interactive exchanges are particularly salient 
during development. Expanding this field of investigation and 
moving from one-person sensorimotor networks to two-person 
inter-brain networks can lead to the discovery of new strategies 
for enhancing cortical reorganization.

Neurodevelopmental disorders
A two-brained perspective would also be beneficial when con-
sidering the study and treatment of children with neurodevel-
opmental disorders (NDDs). Most of what we currently know on 
neural mechanisms underlying NDDs is based on studies that 
apply highly controlled experimental paradigms observing neu-
ral processes through a single brain perspective (Licari et al., 
2020). As previously highlighted, child neural development and 
learning happen during social interactions; however, currently, 
no studies are available focusing on adult–child neural dynam-
ics in these clinical populations. This is unfortunate as, in the 
typically developing population, studies showed that measures of 
neural synchrony during interactions could be seen as an index of 
optimal attention (Santamaria et al., 2020) and have been linked 
to more effective learning (; Piazza et al., 2021). An approach 
that integrates social interactions in the study of neural develop-
ment would be extremely relevant in clinical populations not only 
where social functioning deficits characterize the clinical pheno-
type (e.g. autism spectrum disorder) but also where interactive 
abilities are considered as a strength. As previously highlighted, 
development is a dynamic and probabilistic process, and thus, 
classically neuropsychological approaches identifying ‘impaired’ 
and ‘spared’ functions are oversimplistic (Karmiloff-Smith, 1998). 
First, we should consider that, for the most part, interventions 
and treatments developed for children with social interaction dif-
ficulties are based on interactions between therapist and child or 
parent and child (with the guidance of a therapist). In this context, 
a two-brained perspective could highlight specific behaviors in the 
parent and/or therapist that can lead to more effective learning 
for the child, potentially obtaining more effective and individual-
ized treatments. Second, even in NDD populations with secondary 
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consequences for the quality of social interactions (e.g. attention 
deficit and hyperactivity disorders), the assessment of interper-
sonal brain synchronization dynamics could be a relevant tool to 
highlight which intervention strategies (often based not only on 
adult–child but also on child–child interactions) better support 
adaptive outcomes. As previously highlighted, social interactions 
can have a strong impact on both adult and child’s attentional 
dynamics from an early age (Wass et al., 2018b). Thus, collect-
ing information on the associations among interaction strategies, 
adult–child brain synchronization and attention dynamics dur-
ing real-life interactions, in both child-to-adult and adult-to-child 
directions, could be beneficial to shaping and sustaining child 
attention and learning. To understand child neural and cogni-
tive development and hope to positively impact them, we should 
strive more and more to study neural development in the same 
context where it normally happens.

Conclusions
With the rapid emergence of the hyperscanning research field, 
we are facing an ongoing neuroscientific revolution that facili-
tates the integration between the epistemic complexity principles 
of the dynamic system theory and innovative approaches to the 
study of humans as two-brained living beings (Marriott Haresign 
et al., 2022). Such a revolution is still beginning, and many limita-
tions must be carefully addressed. In the introduction paragraph, 
for instance, we have mentioned some of these challenges: the 
non-linear associations between neural activities, the asymmet-
ric nature of most social interactions and the scarce investigation 
of triadic patterns. Yet, it holds the promise to change the way we 
think about typical and atypical child development. For example, 
it is possible that recalibrations of IBS may be not only a negative 
outcome but rather an adaptive response of the dyad to specific 
developmental challenges and risk factors (Young et al., 2022; Ellis 
et al., 2022a). Similarly, while building on our understanding of the 
importance of parent–infant two-brain co-regulation, the future 
findings might also suggest the benefits of moving beyond a sim-
ple model that more synchrony is better (Mitsven et al., 2022). 
At the same time, this is a potential revolution that needs to be 
steered together by researchers and clinicians to maximize the 
application potential and bridge the gap between neuroscientific 
research and health care in pediatric settings.

The translational hyperscanning arena we envision in this 
paper aims to provide a common viewpoint for researchers and 
clinicians to partner in designing, conducting, disseminating 
and exploiting the intriguing data obtained from hyperscanning 
research and translate them into smarter and effective care 
strategies for at-risk children and their parents. Of course, many 
procedural and methodological challenges come along with the 
seductive allure of hyperscanning research. Nonetheless, as we 
become more and more capable of nurturing the field of hyper-
scanning research according to a complex and transactional 
view of human development (Karmiloff-Smith, 2009; Wiggins and 
Monk, 2013), the translational hyperscanning field will provide us 
with greater and smarter opportunities to improve the quality of 
family-centered care in pediatric settings.
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