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The capacity to establish relations with others is based on the capacity of the nervous system to 

encode social stimuli and to express appropriate responses that allow the infant not only to 

successfully survive but also to generate an internal representation of the external world. The 

constant change of visual and other sensory information captured by the developing nervous system 

needs to be tuned in order to build up a social “aroundness” that is invariant. Clearly, some aspects 

of infant social development in primates are strongly guided by the constant relationship that the 

infant engage with the mother. In primates, the early stages of life are characterized by a continuous 

mother-infant contact that represents the primary source of coherence, regularity and predictability 

of social relations. Disrupting such relatively invariant social environment it is known to lead to 

dramatic consequences in the infant social cognitive development (Suomi 1999). Thus, the capacity 

of the nervous system to exploit such social invariants to generate a coherent representation of the 

social world becomes a building block in primate social cognitive development. This type of 

relationship, typical of primates, is probably the evolutionary social environment in which the social 

mind has been shaped and has taken its first steps.  

The view that infant builds up an internal representation of the social world by responding 

appropriately to stimuli and by tuning and refining the own behavior according to the stimuli 

provided by the environment is based on the assumption that the infant is a passive entity that is 

stimulated to gradually respond to environmental stimuli and that, his/her cognitive skills are 

confined to few very basic sensory-motor stereotyped responses. This view also holds and 

important common theoretically thinking among developmental psychologist on how the brain 

works: perception processes and executive functions are part of two different interacting domains. 

Both these views, describing infant development at different levels of analysis, have been 

challenged by several psychological/behavioral and neurophysiological researches. Studies in 

developmental psychology (Threvarten 1974; 1977; 1980; Stern 1985, 2004) in fact showed that 

infants at birth are endowed with several sensorimotor competences tuned for interpersonal 

relations, in a game of bi-directional communication that enables him/her of direct alteroception or, 

as Braten (1998) defined it, of “altero-centered participation”. Mother-infant interactions are 

characterized by mutual exchanges taking the forms of facial expressions, timing their behaviors 

and/or anticipating other’s intentions.  A further evidence of such forms of exchanges taking place 

soon after birth is neonatal imitation (Meltzoff and Moore 1977) and cross-modal imitation, or other 

forms of sharing not only overt behaviors but also inner feeling states such as affect attunement 

(Stern 1985). 

 Despite the large amount of data in the literature on infant-mother relationship it is still open the 

questions of which are the possible neural mechanisms underpinning these forms of early social 

interactions and which are the evolutionary roots of such skills.   

Neurophysiological research has largely contributed to the notion that our brain encode others’ 

experience by exploiting a neural code that do not belong solely to the sensory domain but it 

necessitates of the functioning of the motor system. One of the main brain mechanisms that 

probably is at the basis of the understanding of the social world is represented by mirror neurons. 

This class of visuomotor neurons were firstly described in the monkey premotor cortex and 

subsequently also in humans (see Rizzolatti and Craighero, 2004 for a review).  I will posit that the 

mirror neuron systems might constitute the neural underpinnings necessary for the basic functioning 

of interpersonal relations.  



It will be also provided behavioral evidence that such a system can be at the basis early forms of 

intersubjectivity  in human and nonhuman primates. This will help in delineating a possible 

evolutionary scenario in which intersubjectivity emerged. 

Mirror neurons in the monkey 

Mirror neurons have been discovered more than ten years ago in the monkey premotor cortex. 

These neurons are a specific class of premotor visuomotor neurons that discharge when the monkey 

executes goal-related hand actions like grasping objects, and also when observing other individuals 

(monkeys or humans) executing similar actions (di Pellegrino et al. 1992; Gallese et al. 1996; 

Rizzolatti et al. 1996). Neurons with similar properties were later discovered in a sector of the 

posterior parietal cortex reciprocally connected with area F5 (PF mirror neurons, see Rizzolatti et al. 

2001; Gallese et al. 2002; Fogassi et al. 2005).  

The most interesting property of mirror neurons consists in the fact that in most of them there is a 

good congruence between the seen and the executed actions effective in activating them. Because of 

this congruence, it was hypothesized that mirror neurons, by matching action observation with 

action execution, allow understanding of actions made by others. This latter capacity is not simply 

limited to recognition of motor patterns, but it extends also to the goal of the observed action. Every 

time we observe an action made by another individual, we are able to understand its goal because 

the observed action is matched on our internal representation of it, which, in turn, is endowed with 

the knowledge of the goal. 

So far, the capability of monkey mirror neurons to connect the observed individual with the 

observer seems to configure a mechanism that can be useful in understanding actions but with no 

necessity to directly interact with another individual or participate from within the action.  

 

The mirror neuron system for actions in humans 

 

The first indirect evidence of the presence of a mirror neuron system in humans was provided by a 

transcranial magnetic stimulation (TMS) experiment by Fadiga and collegues (1995). They 

stimulated under threshold the motor cortex with TMS and recorded the motor evoked potential 

(MEP) from the muscles of the distal extremity of the controlateral arm while the subject was 

observing meaningful actions (e.g. grasping an object). The results showed that the motor cortex 

excitability is increased during action observation, probably reflecting an activation of the mirror 

neuron system in premotor areas.  

Several brain imaging studies have demonstrated also in the human brain the existence of a mirror 

neuron system matching action perception and execution. The cortical network activated during 

action observation is formed by the posterior part of the inferior frontal gyrus (IFG), the ventral 

premotor cortex and the inferior parietal lobule the likely human homologue of the monkey areas in 

which mirror neurons were originally described (for a review, see Rizzolatti et al. 2001; Buccino et 

al. 2001; Rizzolatti and Craighero 2004).  

 

Mirror neurons, communication and neonatal imitation 

 

In primates’ social relations the main source of information about identity and emotions is the face. 

The face is also the main communicative channels for exchanging significant information between 

two or more individuals. The study by Darwin on facial expressions (1872) represent a landmark in 

evolution for our comprehension on how communication evolved in primates and how the complex 

configuration of the muscles in the face is the result of a complex work of the natural selection.  

Decades of work on infant-mother behaviors demonstrate the fundamental nature of the face-to-face 

interaction and in the capacity to understand facial expressions and in mutual coordinating the 

behavior of the mother with a of the infant. (Threvarten 1974; 1979; 1980). The capacity of the 



infant to imitate facial gestures at birth (Meltzoff and Moore 1977) is supporting the view that the 

face represents the most salient stimulus in the infant world. Thus, the infant face represents for the 

mother a window into the his/her mind and for the infant the mother’s face is a mirror in which the 

own emotions are reflected.   

Phylogenetically, this phenomenon can be traced in other primates. The observation that 

chimpanzees can imitate tongue protrusion and mouth opening (Myowa 1996; Myowa-Yamakoshi 

et al. 2004) has been confirmed with more extended investigations (Bard 2007). More surprising is 

the evidence that also rhesus macaques imitate two basic facial gestures: tongue protrusion and 

lipsmacking (Ferrari et al. 2006). Since the lipsmacking gesture is an important facial 

communicative display which is used in affiliative contexts, it has been proposed that at the 

evolutionary origin of neonatal imitative response there could be the necessity to establish and 

subsequently sustain an affiliative relation with the caregiver (typically the mother; see Ferrari et al. 

2006).   

We recently advanced the hypothesis that at the basis of this behaviour in humans and monkeys 

there could be a resonance mechanism of the motor system underpinned by mirror neurons. 

According to it in early imitation neonates’ motor system can innately respond specifically to the 

experimenter’s facial gesture without having visual feedback from their own face (Ferrari et al. 

2006; Ferrari and Gallese 2007). During the observation of a facial gesture the same motor circuit 

that would produce the observed gesture is activated. This activation is in the format of a motor 

information that can be temporarily stored and used for repeating that same action. This resonance 

mechanism may be relatively uninhibited at birth, thus allowing the motor system to give rise to an 

overt replica of the observed gesture. The presence of mirror neurons in the macaque premotor 

cortex for communicative gestures and intransitive acts such as lipsmacking and tongue protrusion 

are in support of this hypothesis (Ferrari et al. 2003a).  

From this perspective, the recent neurobiological findings in the monkey of mirror neurons 

responding to communicative gestures might have important implications for  understanding how 

early forms of intersubjectivity evolved in humans. In are F5 in fact it has been described a new 

category of mirror neurons (mouth mirror neurons) that respond to observation of ingestive actions 

such as biting, tearing with the teeth, sucking, licking, etc (Ferrari et al. 2003). They show the same 

specificity of hand mirror neurons. They do not respond to simple object presentation or to mouth 

mimed actions. 

Interestingly, a small percentage of mouth-related mirror neurons discharge during the observation 

of intransitive, communicative facial actions performed by the experimenter in front of the monkey 

(“communicative mouth mirror neurons”), such as lips-smacking, lips protrusion or tongue 

protrusion. 

The presence of communicative mouth mirror neurons is in support to the view that some affiliative 

facial gestures of macaques evolved through a ritualization process from actions related to ingestion 

(van Hooff, 1967).  This evolutionary process has probably involved premotor cortical areas 

originally part of a neural system for understanding transitive mouth action and subsequently 

exploited for an oro-facial communicative system (Ferrari et al 2003; Fogassi & Ferrari, 2004; 

Fogassi and Ferrari, 2007).  

The properties of mouth mirror neurons, and in particular of the “communicative” ones, could 

constitute an emergent property of the monkey mirror neurons in which the open access to others’ 

experiences by means of the observer’s own body-related knowledge is also extended to oro-facial 

actions which may imply a direct participation of the observer in a dyadic communication.  

 

THE STUDIES HERE PRESENTED ON PRIMATE INTERSUBJECTIVITY CLEARLY SUGGEST THAT IN 

SOME SPECIES OF PRIMATES THE NEWBORN IS CAPABLE OF TUNING HIS/HER BEHAVIOR WITH 

THAT OBSERVED BY ANOTHER INDIVIDUAL. THIS EARLY TUNING IMPLIES THAT THE SENSORY-

MOTOR SYSTEM IS SET TO BE COORDINATED WITH SOMEONE ELSE’S EXPERIENCE IN A 

PARTICIPATORY SENSE. THIS (PROBABLY) INNATE CAPACITY TO ENTER AND PARTICIPATE IN 



OTHER’S EXPERIENCE COULD BE SERVED BY A NEURAL MECHANISM SUCH AS THAT OF THE 

MIRROR NEURONS.  
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