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INTRODUCTION

Communication is often considered an intentional, 
planned set of behaviors designed to relay information 
(Cherry, 1966). When adults interact socially, their con-
scious verbal communication is accompanied by a “hid-
den” unconscious layer of subtle behaviors, as well as a 
rich set of responses to the autonomic nervous system 
that enables enhanced emotional perception (Tamietto 
& de Gelder,  2010), anticipation (Adolphs,  2001), and 
empathy (Prochazkova et al., 2018). For example, subtle 
decreases in eye blinking or muscle tension in the fore-
head convey comfort (Marchak,  2013), and changes in 
heart rate foster noticeable changes in skin color, such 
as blushing or turning pale (Kret,  2015)—all of which 
point to the communicative social value of these auto-
nomic signals.

These autonomic changes elicit a sense of connect-
edness using automatic mimicry mechanisms (Fawcett 

et al., 2016) and synchronization (Hoehl et al., 2021). In 
social interactions, dilated pupils in one person elicit di-
lation responses in the other and tension evokes tension 
(Fawcett et  al.,  2016), fostering a sense of togetherness 
(Prochazkova & Kret,  2017). Given the importance of 
these cues for conveying social meaning, including them 
in models of communication deepens our understanding 
of intercultural and individual differences in commu-
nication and our knowledge of the role of primal com-
munication in developing secure affiliative bonds at the 
start of life.

The mechanisms that enable mature simultaneous 
multilevel communication develop gradually during 
infancy and toddlerhood (Rodriguez, 2022), raising the 
question of how early primal communication is formed 
and how it is supported. To understand more thoroughly 
communication in general and caregiver- infant social 
interactions in particular, we must consider the role of 
diverse automatic responses and behaviors and their 
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interplay in laying the foundation for symbolic commu-
nication bids.

Historically, infants' limited communication behav-
iors have led canonical theorists to believe that the first 
weeks of infancy may be depicted as a “blooming, buzz-
ing confusion” (James,  1890, p. 488), showing “hardly 
any sign of perceiving anything beyond their own body” 
(Mahler,  1958, p. 77). As developmental scientists learn 
more, this paradigm gradually shifts to include young 
infants taking active roles in dyadic communication 
(Filippetti,  2021; Ludwig & Welch, 2022). Technological 
advancements facilitate the exploration of young in-
fants' perception and communication using autonomic 
changes in arousal, as an indicator of both perception 
(Jackson & Sirois, 2009; Zeng et al., 2022) and attention 
(Rothbart et al., 2011), to study their communicative value 
(Kret, 2015). These advances allow researchers to surpass 
behavioral barriers to understand more fully the mecha-
nisms at the base of social interaction (Geva et al., 2017; 
Wass et al., 2019). (For the sociodemographic characteris-
tics of the studies reviewed herein, see Table S1.)

With this notion in mind, in this article, we propose 
an integrative theoretical model for understanding 
changes in parent- infant communication using three lev-
els of communication: (1) symbolic communication, (2) 
voluntary and involuntary behaviors, and (3) autonomic 
responses. We review the development of each level 
during infants' first year and explore how they affect 
one another during social interaction with their care-
givers, creating complex two- way, contingent, multilevel 
communication.

TH REE LEVELS OF 
COM M U N ICATION IN IN FA NCY

Level 1: Symbolic communication

Symbolic communication enables people to ex-
press intention or meaning through sound or gesture 
(Gomez, 2007; Mundy & Newell, 2007). Emerging at the 

end of infants' first year of life (Cohen & Billard, 2018; 
Orr & Geva, 2015), symbolic communication is thought 
to rely on cognitive development that allows infants 
to understand symbolism, action and consequences, 
and violation of expectancies (Rodriguez,  2022). The 
neural bases of these emerging abilities depend on the 
experience and maturation of cortical areas (Ahmad 
et  al.,  2023), especially the prefrontal cortex, which 
receives signals from multiple regions (Grossmann 
et al., 2010; Kolb et al., 2012). The significant increase in 
prefrontal functional activity indicating neural matura-
tion aligns with infants' cognitive development (Ahmad 
et  al.,  2023; Lemaitre et  al.,  2021). Developments that 
occur at around 9 months in reasoning and generaliza-
tion abilities of sensory input, planning motor responses 
(Kagan & Herschkowitz, 2006), language, and complex 
social behaviors (Grossmann, 2013) enable the transition 
from a reactive behavioral level of communication to a 
symbolic one.

The ability to perform and understand symbolic 
communication relies on evolving cognitions and motor 
skills necessary to perform the gesture in a controlled 
way (Rothbart et  al.,  2007), as well as on experiences 
that create learning opportunities (Malachowski & 
Needham, 2023). Through mechanisms of parental men-
talization, infants' goal- directed behaviors are assigned 
meaning and interpretation by the parent (Goldstein & 
Schwade,  2008; Shai & Belsky,  2011), who uses imita-
tion and elaboration to help infants learn their symbolic 
value (Grienenberger et al., 2005).

A prominent example of this notion is the develop-
ment in the first year of life of pointing during social 
interaction as an “elaboration” of reaching attempts 
(see Figure  1). As soon as they can, infants try reach-
ing for objects in their vicinity, regardless of whether 
they can reach them (Ramenzoni & Liszkowski, 2016). 
At 8 months, when infants are alone, their frequency of 
reaching a desired out- of- reach object decreases, but not 
when they are with their caregiver or an experimenter, 
suggesting a social understanding and an early attempt 
to signal their desire (Ramenzoni & Liszkowski, 2016). 

F I G U R E  1  The development of pointing during social interaction. The figure shows a schematic representation of the developmental 
cascade pointing to behavior in the first year of life as an “elaboration” of reaching attempts: (a) infants' behavioral response is trying to reach a 
desired object in their proximity, (b) caregivers' understanding of infants' signals and desires, and (c) infants' symbolic gesture to signal to their 
caregivers their desire.
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Then, at 9 to 15 months, reaching becomes symbolic in 
the form of pointing (Carpenter et al., 1998). This pro-
cess requires intentions (Tomasello et al., 2007), expec-
tations (Carpendale & Carpendale, 2010), and a primal 
ability of theory of mind (Liszkowski, 2013), as well as 
joint attention (Mundy & Newell, 2007), and a responsive 
caregiver who demonstrates pointing and responds to in-
fants' gestures (Ger et al., 2018) based on a pre- existing 
motor repertoire that is now used to signal a desire or 
an idea (Geva & Orr, 2016). A similar trend may apply 
to other symbolic behaviors that emerge from simple 
behaviors (e.g., aversion communicated by turning their 
heads away is reconverted to signal “no” by turning their 
heads away, specific babbling sounds are used to signal 
verbal ideas resembling heard words).

The transition from motor behavior to a symbolic idea 
may include a phase of uncertainty in which infants' in-
tentions and meaning are unclear to the receiving agent. 
During this phase, parents could interpret a behavior as 
meaningful (symbolic) or meaningless (“just” a motor 
response). This uncertainty could make it complex to 
distinguish between symbolic communication (level 1) 
and behavioral communication (level 2), yet this vague 
distinction represents the actual interrelations among 
the three communication levels. Work on parental men-
talization (Shai & Belsky,  2011) demonstrates why this 
phase, which is confusing to define and observe, is cru-
cial for infants' development. The efforts of discerning 
meaning on the parental side and expressing oneself 
more clearly on the infants' side are aided by autonomic 
cues, signaling effort, and importance (Goldinger & 
Papesh, 2012). Caregivers' ability to deduce implicit in-
formation from simple behaviors and understand their 
infants' state of mind facilitates infants' development of 
a sense of self and their learning of the symbolic value of 
behaviors (Camoirano, 2017). Here, we propose a model 
that highlights the significance of primal behaviors and 
subtle autonomic cues, infants' primary communica-
tive abilities in expressing symbolic representations and 
strengthening the caregiver- infant bond.

Level 2: Behavioral communication

From birth, infants use behavior, small movements, and 
crying to communicate with their caregivers and relay 
their needs (Farroni et al., 2010; Hym et al., 2021; Shinya 
et  al.,  2016). Infants' communicative behaviors can be 
observed by parents in three domains: (1) orienting and 
shifting attention via head or eye movement (Petersen & 
Posner, 2012); (2) emotional expressions via facial muscle 
movement and vocal output (Leppanen & Nelson, 2009); 
and (3) motor, namely body movements, changes in mus-
cle tone, posture, and emerging abilities to roll, sit, crawl, 
and walk (Geva & Orr, 2016).

Infants' ability to use behaviors for communication 
improves rapidly. Among examples: newborns moving 

from making small shifts of attention by slight move-
ments of their eyes (Farroni et al., 2010) to an improved 
ability to follow using head and body movements at 3 to 
6 months (Gredeback & Daum, 2015); neonates commu-
nicating by crying, then moving to affective expressions 
by cooing, smiling, and laughing, starting with the so-
cial smile at 2 months (Lavelli & Fogel,  2005); and in-
fants being mostly stationary before moving to turning 
at 4 to 5 months, crawling at 6 months, and standing and 
walking toward desired targets at about 1 year (Geva & 
Orr, 2016; Yamamoto et al., 2019). These motor improve-
ments are part of infants' developing communication 
toolbox, enabling them to relay to their caregivers more 
effectively their interests (Cohen & Billard,  2018) and 
emotional states (Prochazkova & Kret, 2017).

Our model highlights the role of infant behaviors 
preceding symbolic communication during parent- 
infant interaction when infants form a relationship 
with their caregivers (Welch & Ludwig, 2017). We sug-
gest that the change in infants' ability to communicate 
using behaviors improves the ability of their caregivers 
to understand them and affects infants' internal state. A 
prominent example of the effect of early behavior on in-
fants' internal state is their ability to use gaze aversion in 
response to social stimuli (Zeng et al., 2022) or during so-
cial interaction (Field, 1981) to cope with over- reactivity 
(De Schuymer et al., 2012; Zivan et al., 2021); this serves 
as a primal mechanism of self- regulation (Rothbart 
et al., 2011), links internal states, and changes behaviors 
and autonomic responses (Zivan et al., 2021).

Level 3: Autonomic responses

Activity in the autonomic nervous system (ANS) alters 
multiple physiological processes, such as changes in 
pupil diameter (Geva et al., 2017; Jackson & Sirois, 2009), 
heart rate and respiration (Porges & Furman, 2011), and 
skin conductance that are accompanied by changes 
in skin color and skin brightness (Kret,  2015). These 
changes are perceivable, yet they are mostly processed 
subconsciously (Ludwig & Welch, 2020; Tamietto & de 
Gelder,  2010), leading researchers to address them as 
an outcome of interaction (Feldman et al., 2011). In our 
model, autonomic activity has a communicative value, 
serving a central role in caregivers' ability to understand 
their infants and provide them with their basic physical 
and emotional needs as their affiliative bond forms.

For an autonomic activity to have a communicative 
value, it needs to be contingent and change as part of 
social interaction or elicit a social response (Ludwig & 
Welch,  2020). When two individuals interact, they ex-
change multiple autonomic responses in milliseconds- 
seconds (Prochazkova & Kret,  2017), creating a 
bidirectional feedback loop (Welch & Ludwig,  2017) 
and causing dyadic changes in arousal levels that facil-
itate empathy, coregulation, and learning (Ludwig & 
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Welch, 2020; Prochazkova & Kret, 2017). Indeed, auto-
nomic activity and synchrony are correlated with bene-
ficial and affiliative bonds between caregivers and their 
infants (Hoehl et al., 2021); however, we suggest that they 
also play a role in forming them. This extended frame-
work of primal communication integrates the ANS 
and its communicative value into a three- level mode 
of operation. The communicative autonomic level of 
communication is based on primal automatic reflexes, 
hardwired into the brainstem (Geva et al., 2017; Ludwig 
& Welch, 2022), that may be partly or fully elusive from 
conscious perception (Geva & Feldman, 2008), sending 
and receiving signals through the noradrenergic activity 
(activity in neural areas related to changes in arousal) via 
the ANS (Petersen & Posner, 2012).

The ANS matures during gestation (Leppanen & 
Nelson, 2009) and is a crucial part of the neonatal transi-
tion from the womb to the external environment, enabling 
infants' vital functions, like regular heart rate, breath-
ing, feeding, and maintaining stable body temperature 
(Mulkey et al., 2021). However, infants still depend on their 
parents for basic needs (Beebe & Lachmann, 2015; Porges 
& Furman, 2011). By fulfilling its evolutionary functions, 
the ANS causes changes in arousal levels (Petersen & 
Posner,  2012), activating two parallel communication 
channels, a reciprocal autonomic loop and an autonomic- 
behavioral loop, designed to ensure that infants' basic 
needs are met by their caregivers (see Figure 2).

Reciprocal autonomic loop: Infants' ans 
responses cause changes in caregivers' ans

This form of communication uses an automatic, au-
tonomic mimicry mechanism through direct contact, 
primarily by skin- to- skin contact, eye contact, or 

spontaneous physiological synchrony during social in-
teraction (Feldman, 2012), to elicit changes in arousal 
levels in parents and their infants that enable them 
to share their arousal state unconsciously (Fawcett 
et al., 2016), and to synchronize and adapt their behavior 
to one another (Woodhouse et al., 2020). Physiological 
synchrony plays a significant role in coregulation pro-
cesses (Geva & Feldman, 2008; Welch & Ludwig, 2017), 
increasing feelings of safety and trust that support 
emotional regulation (Porges & Furman,  2011). The 
reciprocal autonomic loop is the most primal commu-
nication between infants and their caregivers. It starts 
before birth and becomes fundamental in the first 
months of life when infants' behavioral abilities are still 
underdeveloped. For mimicry and synchrony to occur, 
caregivers must be attentive and engaged, at least at 
a sufficient level, to receive sensory input from their 
infants and vice versa (Feldman,  2012; Yarmolovsky 
& Geva,  2023). When parents are inattentive, infants' 
arousal increases, creating an attention- getting behav-
ioral response (Zeskind,  2013) and opening the auto-
nomic loop for behavioral communication.

Reciprocal autonomic- behavioral loop: Infants' 
ans responses cause a behavioral response

Infants can perform a set of behavioral communica-
tion signals soon after birth, mainly by crying, coo-
ing, and engaging in bodily movements that may range 
from smooth and calm to agile and frantic. These be-
haviors are triggered by arousal changes in response 
to endogenous evolutionary signals such as hunger, 
cold, and sleep (Fotopoulou & Tsakiris, 2017). Infants' 
behavioral response triggers their caregivers' alerting 
attention network (Petersen & Posner,  2012), leading 
to parental behavior designed to meet infants' needs 
(Zeskind,  2013) or calm them using interpersonal so-
cial touch (Tanaka et al., 2021), thereby facilitating the 
return of infants' arousal to baseline. The asymmetric 
nature of the reciprocal autonomic- behavioral loop en-
ables infants to learn to predict their environment, de-
velop expectations from their surroundings, and form 
representations of their caregivers (Atzil et  al.,  2018; 
Ciaunica et  al.,  2021). Given the potency and contin-
gency of these cues, available from childbirth or even 
earlier, they are an integral, interdependent part of 
young infants' communication toolbox.

MODES OF INTERDEPEN DENCY  
ACROSS COM M U N ICATION  
SYSTEMS

Infants are thought to be born with a relatively mature 
autonomic system (Mulkey et al., 2021) and some be-
havioral capabilities (Zeskind, 2013). At first, infants' 

F I G U R E  2  The reciprocal autonomic and reciprocal autonomic- 
behavioral loops. The model shows a schematic representation of 
communicative autonomic loops: (1) Reciprocal Autonomic Loop 
(orange). (2) Reciprocal Autonomic- Behavioral Loop (blue). HR, heart 
rate; PD, pupil dilation; Resp, respiration; Skin, skin conductance/
color.
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primary communication channel is autonomic, com-
bined with raw behaviors designed to provide them 
with basic modes for expressing needs like feeding, 
sleep, and warmth (Prochazkova & Kret, 2017). Then, 
after 2–3 months, infants begin to express their needs 
and to interact with their surroundings using smiling 
(Lavelli & Fogel,  2005) and following in a more con-
trolled manner, which changes the nature of the in-
teraction (Gredeback & Daum,  2015). The next step, 
indicating a change in the interaction mode, happens 
between 6 and 9 months, when infants begin to use 
symbolic gestures (Rodriguez,  2022) and joint atten-
tion (Mundy, 2018), and can gain distance from their 
caregivers, taking a much more active behavioral role 
in the interaction (Hodges et al., 2020).

The ability to communicate at multiple levels con-
tinues to evolve as infants mature, and as they expand 
their communicative repertoire and their ability to relay 
more complex notions or finely tuned signals about their 
emotional state (Leppanen & Nelson,  2009) and needs 
(Cohen & Billard,  2018). New abilities affect infants' 
communicative skills at the same and other levels. Even 
though we do not fully understand the interdependency 
among the three levels of communication, the supposi-
tion is that access to greater self- regulation capacities 
enables acting or inhibiting action while sustaining hy-
per-  or hypo- arousal (Blair & Ursache,  2011; Engel & 
Gunnar, 2020). Decreased contingency with autonomic 
activity due to infants' growing ability to contain arousal 
increases while sustaining a stable behavioral output 
(Blair & Ursache, 2011; Zeng et al., 2022). Schematically 
depicted in Figure  3, the newly developed symbolic 
abilities enable infants to self- regulate and decrease the 
weight of autonomic signals in altering behavioral out-
put, such as changes in proximity from the parent during 
dyadic interaction (Rothbart et al., 2011).

TH REE LEVELS OF 
COM M U N ICATION 
DURING DYADIC 
CONTINGENT INTERACTION

Along with infants' internal adaptation, parents' abil-
ity to adapt and change their behavior according to 
their infants' behavior is a crucial factor in developing 
the infant- caregiver bond (Woodhouse et  al.,  2020). 
However, we know little about what mechanisms enable 
caregivers to discern what their infants need and how to 
adapt before infants develop symbolic communication. 
During early dyadic interaction, infants and caregiv-
ers exchange a series of multilevel contingent responses 
that could exist in both reciprocal autonomic loops and 
autonomic- behavioral loops that facilitate learning and 
perception of the emerging parent- infant bond.

The reciprocal autonomic loop enables caregivers 
to relay and experience infants' physical and emotional 
needs, strengthening the physical and emotional bond 
through reward and learning mechanisms (Beebe & 
Lachmann,  2015; Feldman,  2012; Feldman et  al.,  2011; 
Ludwig & Welch,  2020). The reciprocal autonomic- 
behavioral loop is unique in highlighting the asymmet-
ric relationship between infants and caregivers, which 
enables infants to develop expectations from their sur-
roundings (Tanaka et  al.,  2021), creating a solid repre-
sentation of the caregiver (Woodhouse et  al.,  2020). 
Caregivers' ability to ascribe meaning through mecha-
nisms of mentalization enables infants to begin to orga-
nize their internal state, discern themselves from their 
surroundings, and later use the same signals to express 
themselves. These, in turn, modify parental representa-
tions of the world and alter their predictions based on 
their infant's growing cognitions and communicative 
abilities (Gergely & Watson, 1996). The proposed mul-
tilevel communication model highlights infants' active 
role in the interaction and caregivers' unique role in pro-
viding the infrastructure for development. Our model 
joins lines of study that move from traditional frame-
works that hold the “good enough mother” responsible 
for infants' development (Winnicott, 1960, p. 585), high-
lighting infants' proactive role in dyadic communication 
even before intention or awareness (Ciaunica et al., 2021; 
Goldstein et al., 2009; Gros- Louis et al., 2016; Trevarthen 
& Aitken, 2001; Tronick, 2018).

Caregiver- infant interaction changes and affects 
caregivers' and infants' internal states (Fotopoulou & 
Tsakiris,  2017; Hoehl et  al.,  2021; Leclere et  al.,  2014). 
Gaps in the literature limit the development of a paral-
lel developmental cascade framework of parental brain 
maturation in response to infants' growing abilities. But 
we know that mature neural networks adapt and change 
before and after birth in both fathers and mothers (Diaz- 
Rojas et al., 2021, 2023; Kim et al., 2010, 2016), empha-
sizing their plasticity. Hence, we can assume that such 
changes occur and affect caregiver- infant interaction 

F I G U R E  3  Three levels of communication in infancy: a 
developmental cascade. The model shows a schematic representation 
of the developmental cascade of the three levels of communication 
in infancy: (1) the autonomic level (orange), (2) the behavioral level 
(blue), and (3) the symbolic level (green).
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across all levels of communication. Differences between 
infants' rapidly changing and immature neural systems 
and caregivers' mature neural systems can result in dif-
ferent changes caused by the interaction. Taken together, 
this approach explains how, in addition to caregivers' 
sensitivity and adaptability in forming a contingent dy-
adic communicative dance, infants must be considered 
not only as responders but also as proactive communi-
cative partners from the very first days of postnatal life.

CONCLUSION

In this article, we proposed a developmental model of 
primal communication at the commencement of life that 
features an elaborated three- level communication system 
operating in infancy and after, and we explored its impor-
tance in developing secure affiliative bonds that serve as 
a template for future social interactions. Our model sug-
gests a developing system that relies at first on autonomic 
responses and a narrow behavioral repertoire that evolves 
in the first year of life, setting the stage for the symbolic 
communication capacity that emerges later. This ex-
tended framework accounts for a broad scope of social 
interaction, hosting both the conscious information bits 
of what can be seen or sensed and the deeply rooted ones 
that activate strong footprints in humans' evolving social 
communication and attachment networks.

LOOK ING AH EA D

We call for more extensive research addressing involun-
tary behaviors and autonomic responses not only as an 
outcome but as conveying, at times, a communicative 
value, mainly when symbolic output has not yet evolved 
and when it is no longer fully accessible due to degen-
erative processes (e.g., those related to aging, illness, or 
sensory disorders). This work can enrich theory- based 
research on the effects of dyadic interaction and on de-
tecting risk for atypical development.
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