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Infants from birth do express a sense of their own body as a differentiated entity among other entities in
the world, an entity that is situated, physically bounded, organized, and agent in the environment. Quickly
however, this implicit sense of self develops to become explicit, conceptual, and more importantly, public
and social. This development would correlate with the maturation of specific prefrontal cortex regions.
By 2 years of age, children begin to perceive and represent the embodied self through the evaluative,

possibly coveting eyes of others. They become self-conscious. This developmental transition is further
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exemplified with the parallel emergence of an explicit sense of possession. By the second birthday, the
“me” is extended to include the “mine”, giving children new embodied power to share, exchange, and

© 2009 Elsevier Ltd. All rights reserved.

In this article, I re-visit the sense of the body at the origins of
development. There are 2 questions of interest: what do we know
about young infants’ sense of their own body? And how does the
early sense of the body develop into childhood?

The first question pertains to the old issue of what is the starting
state self-awareness of the infant. Are babies born in a blooming,
buzzing, confusion (William James)? Lacking perceptual unity and
coordination among the various sensory modalities (Jean Piaget)?
Or even, in a starting state of un-differentiation with the world,
described as some sort of “normal autism” or “primary narcissism”
(Sigmund Freud)?

The second question deals with the issue of what changes in
the development of self-awareness in the course of the first years,
in particular the awareness of a body that matures quickly in both
appearance and capacity, getting eventually recognized, evaluated,
and labeled as an intrinsic part of the concept of “Me”. What char-
acterizes these changes and what might drive them, both in terms
of brain maturation and new socio-affective factors coming on-line
as the child develops?

Selected infancy research is reviewed establishing that, rather
than confused and disorganized, we are born with an implicit sense
of the body as an entity that is differentiated, organized, and situ-
ated in the environment. Beyond such evidence, I then turn to my
main point that is to show that the embodied self-awareness of
infants is not just a private self-experience. Within a few months
after birth, the perception and representation of the body become
increasingly social: a public affair. I try to show that, quickly, self-
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awareness is determined by the perception and representation of
others as evaluators of the embodied self, including its possessions.
But first, as a general frame, I present a brief overview of the link
emerging between neural maturation and levels of consciousness,
including levels of self-consciousness in early development. Follow-
ing this brief brain-based account, I will then turn for the rest of
the paper to a behavioral account of such development that future
research might more precisely correlate with neural growth.

1. Brain-based account of developing levels of (self-)
consciousness

When children start explicitly to recognize themselves in mir-
rors or begin to manifest shame or embarrassment, they take a
meta-evaluative stance toward the embodied self. They begin to
show self-consciousness and this happens by the end of the second
year (Lewis, 1999). Such new “meta-step” in development corre-
lates with significant brain maturation, particularly regions of the
prefrontal cortex.

In general, structural MRI studies document changes in brain
structure over developmental time. Both the volume of neural con-
nection density indexed by “gray matter”, and the volume of “white
matter” or fatty insulation of nerve fibers (myelination) enhancing
neuronal communication increase markedly and regularly across
brain regions, through infancy and into adolescence (Giedd, 2004;
Johnson, 1993).

In relation to behavior and cognition, recent works distinguish
levels of cognitive consciousness in the developing child, linking
them to particular neural functioning of prefrontal cortex regions.
These regions are known to develop steadily, but at different rates,
coming chronologically on-line through childhood (see Gogtay et
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al., 2004). Each of these prefrontal cortex regions would be linked to
particular levels of cognitive control achieved by the child (Zelazo,
Hong Gao, & Todd, 2007).

Bunge and Zelazo (2006) distinguish four types of rules (from
simple stimulus-reward to complex higher order “meta” rules),
indexing various levels of cognitive control children achieve in
early development. These levels of cognitive control would also
correspond to levels of self-awareness as they are directly linked
to children’s executive functioning when for example they try to
resolve a problem or anticipate events.

These four types of developmentally graded, more complex and
abstract rules appear to be represented in four cortical regions that
mature in succession: the orbitofrontal, ventrolateral, dorsolateral,
and the rostrolateral regions of the prefrontal cortex. Based on both
developmental neuroscience (EEG, PET), animal models, and neu-
rological case studies, each of these regions controls for particular
levels of executive functioning and rule use, from simple to more
complex, eventually reflective and evaluative consciousness. This
development is linked in particular to the maturation of the ros-
trolateral region of the prefrontal cortex (Bunge, 2004; Bunge &
Zelazo, 2006).

This developmental model finds some supports in afMRI study
testing 8-12 year-old children showing that activation of lateral
regions of the prefrontal cortex increases as a function of rule
complexity in sorting task games (Crone, Wendelken, Donohue, &
Bunge, 2006; see also Zelazo, 2004). This provides indirect support
to the brain-based model of developing levels of consciousness in
children proposed by Zelazo (2004) and that Zelazo et al. (2007)
extend to the development of self-consciousness.

The development of self-consciousness and bodily awareness,
like the development of the ability to use rules at higher lev-
els of complexity, would “mirror the protracted developmental
course of the prefrontal cortex” (Zelazo et al., 2007, p. 412). Sensory
evoked potential recorded in pre-term infants indicate that mini-
mal level of phenomenal consciousness might be present already
by 30 weeks of gestational age as thalamo-cortical connections
become functional (Klimach & Cooke, 1988). Behaviorally, by 30
weeks gestational age, fetuses show marked changes in their habit-
uation to acoustic vibrations, coupling of movement to heart rate,
as well as some indications that they might begin experiencing
pain (Anand & Hickey, 1987), all suggesting that there is a minimal
experience of “what it is like” (Block, 2007).

Children would develop self-consciousness and recursive con-
sciousness by “the iterative reprocessing of the contents of
consciousness via thalamo-cortical circuits involving regions of
prefrontal cortex” (Zelazo et al., 2007, p. 224). Each reprocessing
of the content of consciousness, starting with minimal conscious-
ness and self-consciousness at birth, would require the recruitment
and “excitability” of yet another region of the prefrontal cortex.

An important aspect of the proposed brain-based model of
developing consciousness is that such development starts off with
the innate prescription of a minimal level consciousness. In relation
to the own body and self-consciousness in general, such develop-
ment does not start from scratch, but rather rests on the primary
requirement of a minimal experiential awareness of the embodied
self. The questions are: what might be the content of such minimal
level of self-consciousness expressed from birth, even probably in
the womb? What kind of behavioral evidence is there to support
such minimal level of consciousness about the body, presumably
the starting state of developing self-consciousness? Furthermore,
how does it develop? We discuss these questions next.

2. Primordial perception of a postural schema

When we speak of body representation, we typically think of
the body as an objectified entity that can be categorized as big,

small, fat, or amputated of one of its parts. This view equates the
concept of body representation to “body image”, to the exclusion of
something that is more implicit and pre-conceptual corresponding
to “body schema” (Gallagher & Meltzoff, 1996) or “postural schema”
(Merleau-Ponty, 1967; Wallon, 1942/1970).

In his work on the phenomenology of perception, Merleau-
Ponty insists that what we perceive of the body, presumably from
birth on, is primarily a “postural schema”, in other words forms
and patterns of whole body posture in adjustment to the forces of
both the external and the internal environment: gravitational and
other physical forces exerted from the outside onto the body, as
well as affective and emotional forces exerted on the body from
the inside, a proposed by Wallon in his writing on early emotions
as they relate to postural shaping and tonus (Wallon, 1942/1970).
Merleau-Ponty states in one of his lectures on child development
he gave at the Sorbonne some 50 years ago:

“The awareness of my body is not the awareness of an isolated
entity or “block”, it corresponds instead to the knowledge of a pos-
tural schema, it is the perception of my body’s position in relation
to the vertical, the horizontal, and to certain important axes of
the environment’s coordinates in which my body is embedded.”
(Merleau-Ponty, 1967, p. 23, author’s translation from French).

There are two important ideas in this statement, upheld by cur-
rent infant and child development research. The first idea is that
the awareness of the body, at an implicit, hence pre-conceptual or
cognitively inaccessible level (see Block, 2007, for an in-depth dis-
cussion of such distinction), is not an awareness of something that
exists in itself. It is not experienced as an isolated entity among
other entities. The second idea deriving from the first is that body
awareness is relational. It rests primordially on the experience of
the relations between the embodied self and the environment: the
physical environment, but also the social environment as [ will
insist.

The past 3 decades of infancy research provide multiple evi-
dence thatindeed, as suggested by Merleau-Ponty, body perception
from the very beginning pertains to an implicit awareness of rela-
tions between the body (the embodied self) and the environment
in which it is embedded, made of objects, people, layouts, move-
ments, events, and the force of gravity. Such awareness is evident in
the way newborns orient their actions in relation to these perceived
features of the environment.

2.1. Oriented and differentiated sense of the body at birth

The rooting response of few hour old healthy newborns (i.e.,
head orientation with mouth opening in the direction of a tactile
stimulation on one of the cheek) is significantly more frequent and
predictable when the tactile stimulation comes from the outside
(single touch stimulation), as opposed to the spontaneous self-
stimulation from the baby’s hand touching the cheek (double touch
stimulation) (Rochat & Hespos, 1997).

Such evidence of a differentiated rooting response in newborns
suggest that not only do they show orientation in their rooting act,
but also that they are capable of discriminating, at a very basic
perceptual level, what corresponds to their own body, and what
corresponds to the bodies of other people or things existing in
independence of the embodied self.

2.2. Situated body of the young infant

It is well documented that by 4 months of age, infants begin to
be proficient in eye-hand coordination (Piaget, 1936). Systemati-
cally, and with clear anticipation of physical contacts, they reach
for objects in their environment for manual grasping and explo-
ration, typically transporting them to the mouth for even further
exploration (see Rochat & Senders, 1991). By this age, infants factor
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with astonishing precision the relative distance that separate them
from the object that is the target of their reach acts. For example,
we found that 4-month olds are significantly more inclined to reach
for an object presented within or just at the limit of their prehensile
space (i.e., their own sphere of manual reach-ability from their cur-
rent situation in space with a maximal extension of arms and trunk
without losing whole body balance, Rochat & Goubet, 1995). From
5 to 6 months, infants show more hesitation and less inclination to
reach for objects presented 1 or 2 in. outside the limit of their pre-
hensile sphere, a sphere that is schematic and virtual, represented
based on passed bodily experience. It is also the product of a precise
and rapid postural calibration, infants adjusting their perception of
an object’s reach-ability as of function of various weights attached
to their wrists that bring back more or less their body’s center of
mass as they are placed in a sitting posture (see Rochat & Goubet,
1995; Rochat, Goubet, & Senders, 1999).

In relation to reaching, there is evidence that such situated
and embodied perception is already present at birth. When well
supported in a seated posture, while calm and visually attentive,
1-2-day-old neonates not only do coordinate eyes and head to track
a target moving in front of them, but also, if the target is within
reach, they throw their hands toward it in apparent attempts at
bringing one hand in contact with the target (vonHofsten, 1982,
1984). Neonates are still clumsy in their attempts, but the fine
kinematic analyses provided by von Hofsten'’s studies reveal new-
borns’ “pre-reaching” behaviors as remarkably well attuned to the
movement of objects. Newborn’s reaching attempts do show some
coordinated anticipation of trajectory to permit manual contact
with the moving object.

These observations show that very early on, infants manifest an
implicit sense of their own embodied “effectivity” on things in the
environment, learning to perceive what these things do or do not
afford them to do. Infants, from birth, perceive and learn to perceive
objects affordances for actions (i.e., sucking, reaching, grasping) in
relation to their own current capacities and relative situation in
the environment: their spatial placement in relation to things and
their current postural situation in the environment where they and
these things lay.

2.3. Early sense of the body as bounded and substantial entity
that occupies space

As pointed by Neisser (1995), criteria for the ascription of an
ecological self rests on the behavioral expression by the individual
of both an awareness of the environment in terms of a lay out with
particular affordances for action, and of its own body as a motivated
agent to explore, detect, and use these affordances.

Newborns fill the criteria proposed by Neisser for such aware-
ness. They also seem to possess an a-priori awareness that their
own body is a distinct entity that is bounded and substantial, as
opposed to disorganized and “airy” (not occupying space).

As an illustrative case in point, newborns perform self-oriented
acts by systematically bringing hand to mouth, as already men-
tioned. In these acts, the mouth tends to open in anticipation of
manual contact and the insertion of fingers into the oral cavity for
chewing and sucking (Rochat, Blass, & Hoffmeyer, 1988; Watson,
1995). What is instantiated in such systematic acts is, once again, an
organized body schema. These acts are not just random and cannot
be reduced to reflex arcs. They need to be construed as functionally
self-oriented acts proper. Because they bring body parts in direct
relation to one another, as in the case of hand-mouth coordination,
they provide neonates with invariant sensory information specify-
ing the own body’s quality as bounded substance, with an inside and
an outside, specified by particular texture, solidity, temperature,
elasticity, taste, and smell.

The a-priori awareness of the own body as a bounded substan-
tial entity is evident in neonates’ postural reaction and gestures
when experiencing the impending collision with a looming visual
object, an event that carries potentially life-threatening informa-
tion.

Years ago, Ball and Tronick (1971) showed that neonates aged
2-11 weeks manifest head withdrawal and avoidant behavior
when exposed to the explosive expansion of an optic array that
specifies the impending collision of an object. Infants do not
manifest any signs of upset or avoidant behavior when viewing
expanding shadows specifying an object either receding or on a
miss path in relation to them. Consonant with Ball and Tronick’s
findings, Carroll and Gibson (1981) report that by 3 months, when
facing a looming object with a large aperture in the middle, as an
open window in a facade, they do not flinch or show signs of with-
drawal as they do with a full textured solid object. Instead, they
tend to lean forward to look through the aperture.

In all, the detection of such affordance in the looming object
indicates that there is an a-priori awareness that the own body is
organized and substantial. There is an innate sense that the own
body occupies space and can be a physical obstacle to other objects
in motion.

2.4. Infants’ embodied sense of own agency

Infancy research documents that from at least 2 months of age,
children manifest the feeling and experience of their own agency:
they act with purpose on objects to transform them and to produce
perceptual effects with them that they tend to reproduce. In doing
so, they further explore these objects but also the sense of their own
bodily effect on them. As an illustration, in one study we compared
newborns aged less than 48 h and 2-month olds’ sucking behav-
ior on “musical” rubber nipples. In this research (Rochat & Striano,
1999), every pressure applied by the infant on the nipple was asso-
ciated with a perfectly contingent succession of sounds that were
more or less the auditory analog of the oral pressures the infants
generated on the pacifier. In one condition (analog), the pitch varia-
tion of the successive sounds heard by the infant was proportional
to the variations of pressures applied by the infant on the paci-
fier. In another (non-analog) condition, the pitch variation of the
sounds varied randomly. We observed that by 2 months (8-10
weeks), infants manifest a differential modulation of their suck-
ing of the pacifier in terms of frequency and amplitude, depending
on the analog or non-analog auditory consequence of sucking. In
contrast, newborns did not show any evidence of such differen-
tial responding, hence no evidence of systematic exploration of
the auditory consequences of their own oral (sucking) activities
(Rochat & Striano, 1999).

From the second month, infants test systematically and explore
their own embodied agency on things, here an object introduced in
their well coordinated and highly sensitive oral cavity, in associa-
tion with audition, a sense modality that is almost fully developed
atbirth. They begin to take a contemplative stance toward objects as
well as toward themselves as agent in the environment. This stance
is new compared to the immediate stance of newborns immersed
in the here and now of perception and action.

Other evidence of a precocious embodied sense of agency can
be observed in 3-month-old infants coordinating one of their leg to
reach and eventually set in motion a colorful mobile dangling over
their crib. Such common observations (Watson, 1995), were already
described by Piaget (1936) on his own children, although only by
the end of the first year as “tertiary circular reactions”, therefore
much later in development compared to what we now know.

Other research demonstrate that from at least 3 months, infants
have a calibrated sense of their own body, integrating multiple
perceptual modalities, in particular visual, tactile, auditory, and
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proprioceptive modalities. By 3 months, infants for example dis-
criminate either the inversion, or an artificial temporal delay in the
visual feedback of their own body in action that is introduced via
an experimental video display (see Rochat & Morgan, 1995; Rochat
& Striano, 2001).

In a series of studies, we demonstrated that infants from at least
3 months of age, are aware of complex aspects of their own body as
adynamic and organized entity with particular feature characteris-
tics (Morgan & Rochat, 1998; Rochat & Morgan, 1995; Rochat, 1998;
but see also for analogous evidence Bahrick & Watson, 1985). For
example, we measured 3-5-month-old infants’ preferential look-
ing to different views of their own body. Facing two television
screens, infants saw on each of them their own body videotaped
from the waist down. Both views were on-line, thus perfectly con-
tingent. When infants moved their legs, they saw them moving
simultaneously on either of the screens. Within this experimen-
tal set up, we measured infants’ preferential looking for either
view. One of the views presented their own legs as they would
be specified via direct visual-proprioceptive feedback, for example
by bringing them in the field of view while laying supine in their
crib. The other view provided an experimentally modified on-line
view of their own legs.

In general, what we found is that from 3 months of age, infants
tend to look significantly longer at the view of the legs that is unfa-
miliar, violating the visual-proprioceptive calibration of the body
in terms of general movement directionality, relative movement of
the limbs, as well as overall leg configuration in relation to the rest
of the body (Rochat, 1998). We documented that infants tend to
look significantly longer as well as to move their legs more, while
looking at a view of their legs that reverses by 180 leg configuration
in relation to the rest of the body.

The intermodal redundancy specifying the body is experienced
and explored by infants from birth. Considering the rich behavioral
repertoire of fetuses 20 weeks and older, it may even be experi-
enced in the confines of pregnancy (e.g., Prechtl, 1984).

In all, these empirical observations reveal in their own way the
precocious expression of a postural and body schema. This schema
is expressed in the early intermodal calibration of the body in rela-
tion to things that co-exist in the environment with it (i.e., the
embodied self). Infancy research does show indeed that from the
earliest age, babies perceive things in their potentials for effect-
ing embodied actions. Following James J. Gibson’s (1979) theory of
affordances in his ecological approach to visual perception, infants
from birth would therefore co-perceive themselves in the things
they interact with and act upon in the environment.

A postural schema is the necessary by-product of the process
of co-perception, this process itself being inseparable from an
early inclination to detect what objects afford for embodied self-
generated actions.

In all, this research shows that by moving and acting, young
infants manifest an intermodal calibration of the own body, devel-
oping an intermodal body schema. This body schema is an implicit,
perceptually based “proto-representation” of the body as speci-
fied by the intermodal redundancy accompanying perception and
action.

This body or postural schema is not yet the objectified bodily
representation or body image expressed by young children pass-
ing the rouge task, recognizing themselves in a mirror by claiming
this is “Me” or showing embarrassment or shame (the conceptual
distinction between body schema and body image introduced by
Gallagher, 1986, see also Gallagher & Meltzoff, 1996).

3. Sense of the body and of others

In another insightful philosophical reflection, Merleau-Ponty
points to the fact that the perception of the body and the perception

of other people as distinct embodied entities are basically insepara-
ble. In resonance with current simulation theories of mind and the
flux of research inspired by the discovery of mirror neuron systems
(Gallese, 2007; Lepage & Théoret, 2007; Rizzolatti, Fadiga, Gallese,
& Fogassi, 1996) Merleau-Ponty describes this phenomenon as the
mutual alienation of the perception of the own body and the body of
others. Merleau-Ponty’s intuition is that the own body perception
and representation is fundamentally inseparable from the percep-
tion and representation of others: “In the perception of others, my
body and the body of others are coupled, as if performing and acting
in concert: this behavior that [ only can see in others, | somehow
embody it at a distance, I make this behavior becoming mine, I take
itover and understand it. Inversely, | know that the gestures I myself
execute could become object of intention for others. It is the trans-
fer of my intentions into the body of others, and of others’ intentions
into my own body, this alienation of others by me and of me by oth-
ers that renders possible the perception of others” (Merleau-Ponty,
1967, p. 24; author’s translation from French). Next, I try to show
that the mutual alienation of others by me and of me by others is
an early fact of life. It quickly becomes a core determinant of per-
ceived embodied self, particularly when, by the end of the second
year, this perception becomes explicit and conceptual.

3.1. Early mutual alienation of embodied self and embodied
others

It is now well established that infants are capable of imitating
the facial expression of an adult model, such as a tongue protru-
sion (an imitative act not directly controllable by vision, Meltzoff
& Moore, 1977), or even emotional expressions of sadness or sur-
prise (Field, Woodson, & Greenberg, 1982; see also Rochat, 2001
for a review of the research in this area). However, it is only with
the emergence of the social smile (i.e., socially elicited smiling) at
around 6 weeks (Wolff, 1987) that the child begins to manifest
active affective and inter-subjective resonance with others. In the
early face-to-face exchanges and emotional turn taking that emerge
by 6 weeks, infants show first signs of shaping their own body and
the body of others by “becoming coupled, as if performing and act-
ing in concert (. ..)". They do start to express the mutual alienation
proposed by Merleau-Ponty.

This expression of mutual alienation becomes evident in the fine
analyses of first dyadic face-to-face exchanges emerging the middle
of the second month that rejoice infants and adults equally, both
instinctively tapping into such exchanges to assert connectedness
and shared affective bounding (Stern, 1985). It is in this primar-
ily dialogical context of reciprocal exchanges that infants express
first embodied experiences that are mutually shared with others.
In the context of these first affective dialogs are expressed a com-
plex emotional co-regulation from which arises social norms and
expectations. Very quickly indeed, infants form social expectations
regarding dialogical rules and norms of communicative exchanges
with others. These are rules of a social game, essentially a pragmatic
game that the child is prompt to internalize and use to create mean-
ings in reference to perceived others as well as to social exchanges
in general.

From 2 months, for example, research shows that the child will
respond negatively with fuss, frown, avoidant gazes, even cry if an
on-going face-to-face interaction is surreptitiously interrupted by
the adult adopting a sudden still face (Tronick et al., 1978). From
4 months, infants also show a marked sensitivity and switch to
negative affects when the adult suddenly scrambles the narrative
structure of a peek-a-boo game she is performing for the infant
(Rochat, Querido, Striano, 1999). In general, the young infant reacts
as if she detects a “violation” of the implicit, pragmatic rule of the
dialogical affective game proposed and initiated by the adult.
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It is in this dialogical context of reciprocal affective exchanges
that the infant start to develop a sense of embodied others, and
a fortiori a sense of embodied self that is differentiated while
subjectively analog or comparable to embodied others. There is
ample empirical evidence that between 2 and 8 months, infants
develop folk understanding and social expectations. For example,
5-month olds start to discriminate between purposeful and acci-
dental actions performed by others (Woodard, 1999). Such ability
contributes to the discrimination of unfamiliar vs. familiar persons
in their social environment, persons they invest more or less affec-
tively and to whom they show more or less attachment (e.g., the
mother or primary care taker vs. a stranger). The early need for
attachment, and in general the basic need for affiliation expressed
by the infant is accompanied by remarkable perceptual learning.

By 7 months, for example, infants discriminate their mother
from a stranger female in a dynamic video display where internal
facial feature characteristics are blurred, thus cancelled as per-
ceptual cues (Layton & Rochat, 2007). In the Layton and Rochat
study, we used a visual habituation/dishabituation paradigm, 4-
and 7-month olds presented repetitively with a static or moving
image of their mother, then tested with alternated presentation of
either their mother or a female stranger, both wearing a scarf hid-
ing the hairline. We found that by 7 months, and not 4 months,
infants recovered visual attention in the post-habituation tests to
the female stranger, even when the image was dynamic but with a
negative contrast that blurred feature cues. No such discrimination
was found in the same “negative contrast” condition but when the
image was static.

This research shows that by 7 months, infants discriminate their
mother by detecting learned, albeit subtle characteristics of her
“motor signature”, the way they bob their head and move their body
as they silently tell a story (no sound involved) with facial features
blurred on the screen (negative contrast) (Layton & Rochat, 2007).

It is also by 8 months that infants begin to manifest untamed
stranger anxieties, what Spitz (1965) coined the “8-month anxi-
ety”. It is also around this age that infants begin to imitate, not only
what people can do with objects, but also how they intend to do it,
engaging in so-called secondary inter-subjectivity, starting to com-
municate with others about things in the environment (i.e., joint
attention, understanding of deictic pointing, social referencing, see
Tomasello, 1999, 2008).

From this point on (approximately 9 months), infants begin
to show clear signs that they construe others, as well as publicly
behave themselves, with explicit intention and planning in mind.
In other words, from 9 months on, infants construe others as well
as themselves not only as reciprocal, but also as intentional entities
(see some precursor signs of this development in 5-6-month olds in
Woodard, 1999). When alone, they coordinate in increasingly sys-
tematic ways means and ends to resolve physical problems, such
as pulling a blanket to bring an object closer, as shown by Piaget
years ago with his own children (Piaget, 1936).

The perception of others by the child as intentional entities
opens a new horizon in development, particularly the develop-
ing sense of the body. This new horizon is an “evaluative” horizon
of the self, experienced in comparison and in relation to others:
what is construed here as the emergence of a public sense of the
body. With this new experiential horizon, others become for the
child a mirror of the self: a social mirror in which the embod-
ied self becomes objectified and evaluated, as we will see next
(see also Rochat, 2009a,b for an extensive discussion of this new
emerging psychological and experiential horizon in the life of the
child).

By 14 months children begin to identify themselves with par-
ticular others, able to recognize, thus objectify their embodied self
in others. For example, they start to show clear sign of discrimi-
nation whether someone is imitating their own actions on an toy,

as opposed to simply being contingent (Agnetta & Rochat, 2004;
Meltzoff & Moore, 1999).

In this emerging process of social identification, there is con-
comitantly a new propensity in children to compare and evaluate
themselves in relation to others. This propensity prefigures the
alienation of embodied self-perception and representation in the
quest for social recognition that seems to emerge in the course of
the third year when children show first unmistakable signs of a
care for reputation, an embodied sense of self that becomes filtered
through the evaluative gaze of others (Lewis, 1992).

By 24 months, as toddlers begin to identify themselves in
mirrors and literally “re-cognize” themselves (literally: “to know
themselves again”), it is now well established that they often also
manifest embarrassment, either by hiding their face or avoiding
gaze from the specular image, or alternatively, by acting out or
“clowning” in a self-conscious way (Lewis, 1999).

From then on, what the child recognizes in the mirror is not
merely his own perfectly contingent embodied self, but also the
objectified public representation of his own body: what people
actually see, and more importantly, what they eventually judge and
evaluate. This could explain, in part, why there seems to be a uni-
versal expression of un-ease and embarrassment across cultures
when confronted with the own specular image (see for example
Carpenter, 1975; Rochat, 2009a,b).

Embarrassment, but also shame, pride, or contempt are all sec-
ondary, “self-conscious” emotions emerging by the third year of life
(Lewis, 1995, 1999). It is at this developmental juncture that the
mutual alienation of self and others discussed by Merleau-Ponty
takes its final “self-conscious” and secondary form. However, as
was suggested prior, the actual “proto” roots of such alienation are
to be found already at birth, particularly from the second month
with the emergence of socially elicited smiling and the first signs
of an inter-subjective sense of the embodied self, when infants
acts are coupled and engaged in affective co-regulation with oth-
ers.

4. Developing sense of possession: the public drive to
incorporate objects to the self

By 21 months, as children become proficient speakers and as
the volume of their vocabulary explodes, their mouth also becomes
full of personal pronouns and adjectives like “I”, “Me”, and “Mine”
(Bates, 1990; Tomasello, 1998). Not only does the child recog-
nize or identify himself as author of his own action (objectified
self-agency), he also begins to recognize himself as proprietor of
particular things. In the same way that he experiences himself as
the author of what he does, by the end of the second year the child
becomes forcefully explicit about what belongs to the self, de facto
to nobody else (the Mine stance). When the child begins to claim
“that is mine!”, it is also to say “that is not yours!”, and not just
to bring attention to the object or just the forceful ostentation of
a request for it (Tomasello, 1998). The first claim of possession is
an assertion of power over objects in relation to others. It is an
ostentatious act of incorporation whereby the mine (the object of
possession) becomes Me, henceforth gives it solidity as suggested
already years ago by Dewey (1922).

The claim of possession emerging by 21 months does indeed give
solidity to the embodied self in relation to others. It is primarily an
expression of social self-assertiveness (Rochat, 2009a,b), being first
and foremost self-elevating and self-magnifying in relation to others.
There is an absolutist connotation in the first identification of the
young child with objects and their forceful claims as proprietor,
a typical trait of the so-called “terrible two’s”. In stating that it is
Mine!, children tell to who wants to hear that it is nobody else’s,
thus absolutely non-alienable. But this first inclination changes
rapidly in the context of social exchanges and reciprocation.
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The young child eventually learns the central notion that objects
that are possessed by the self can be alienable, brought into a space
of exchange that is guided by principles of fairness and reciprocity.
Recent research on sharing in children from various cultures and
socio-economic backgrounds show that this development appears
to occur universally between 3 and 5 years of age (see Rochat et al.,
20009).

The notion of property from being primarily a claim of un-
alienability and self-edification (end of second year and in parallel
to self-recognition), becomes also alienable or shareable. From this
point on, children discover the social power of property in the
context of exchanges (Faigenbaum, 2005). If they show an origi-
nal trend for self-maximizing gains, consistent with an absolutist
unalienable sense of property, research shows that from 36 months
on children begin to develop a complex sense of equity and fairness
in sharing, developing a sense of justice that tends to favor protag-
onists based on ethical principles (e.g., first possession principle,
Friedman & Neary, 2008; relative wealth, Rochat, 2009a,b). Dur-
ing the preschool years (3-5-year olds), emerge the ability to apply
rules of equity in sharing desirable goods with others, particularly
“in-group” others, overriding the strong self-maximizing propen-
sities (i.e., self-assertiveness in relation to others) that prevail in
2-year olds. Preschoolers develop an ethical stance in relation to
possession, a notion now defined by its alienability in the context
of balanced social exchanges increasingly guided by principles of
reciprocity and inequality aversion, the basic ingredients of human
sociality (Fehr, Bernhard, & Rockenbach, 2008; Olson & Spelke,
2008; Rochat, 2009a,b).

Reciprocity requires a concept of self that is enduring in a moral
space made of consensual values and norms, a space in which the
child becomes accountable and in which reputation starts to play
a central role. Self-consciousness, in particular the valued (ethical)
sense of self in relation to others does appear to develop in parallel
to the early development of reciprocal exchanges, although much
more empirical work is needed to document such developmental
link (Rochat, 2009a,b). Changes in self-concept, hence of an objecti-
fied sense of the embodied self, would accompany the development
of reciprocal exchanges and presumably the development of an
alienable sense of property. Reciprocal exchanges constrain chil-
dren to project themselves, as well as what they perceive of others,
in the context of on-going social transactions. Exchanges based on
reciprocation require that the protagonists keep track and agree on
who owns what and when, at all time. Engaging in such exchanges,
starting approximately 3 years of age (preschool age) force chil-
dren to objectify themselves as embodied entities not only in the
here and now of perception and action, but also into past and future
social situations. Indirect evidence supporting such interpretation
is for example provided by the work of Povinelli and Simon (1998)
on early self-concept development.

The careful empirical work of Povinelli and colleagues (see
Povinelli, 2001 for a review) on delayed self-recognition shows that
it is not prior to approximately 3 years that children begin to grasp
the temporal dimension of their enduring body. From this age on,
they develop a concept of the embodied self that does not pertain
only to what is experienced here and now, but also to what was
experienced then: what can be seen in a mirror now, but also in a
movie tomorrow or days later. From 3 years old, children begin to
express the notion of a self that is enduring over time. They will rec-
ognize themselves in a pre-recorded video, taken days ago, wearing
a sticker on their forehead. However, they will not reach for it on
their own body while watching the video of themselves. Younger
children tend to do so, not differentiating past and present embod-
ied self, thus not yet expressing an enduring sense of who they are in
time, the embodied self projected into the past or into the future,
beyond the here and now of bodily experience. Povinelli reports,
for example, the commentary of a 3-year-old viewing herself on a

pre-recorded video with a sticker on her forehead. She says: “it’s
Jennifer. . ..it'’s a sticker” and then adds: “but why is she wearing my
shirt?” (Povinelli, 2001, p. 81). The paradox of seeing oneself as an
other is expressed by the child, who clearly identifies that what she
sees on the TV relates to her, but trying with confusion to construe
that it is not in the present.

In short, there is an apparent synchrony between the develop-
mental emergence of the notion of alienable possession brought
into a space of reciprocal exchanges with others, and the notion
of an embodied, physical self that is permanent and enduring over
time. Much more research is needed to document this synchrony, in
particular the mechanisms of cross-fertilization and mutual deter-
mination of the Me (objectified sense of the embodied self) and of
the Mine (objectified sense of what belongs to the embodied self)
starting 2 years of age.

5. Conclusions

The paper started off with a brief presentation of a recent
brain-based model of developing consciousness and by extension,
embodied self-consciousness (Zelazo et al., 2007). This model links
beginning and ontogenetic changes in self-consciousness, to both
the emergence of thalamo-cortical connections and the orderly
as well as protracted post-natal maturation of the rostrolateral
region of the prefrontal cortex. The aim of the paper was to provide
behavioral content that future brain-based models of developing
self-consciousness would need to account for.

I tried to show that if there is indeed good evidence that infants
from birth have a complex sense of their body as differentiated,
organized and agentive entity in the environment, they quickly
develop a sense of themselves as embodied not only in their own
physicality, but also in the sense of what others perceive and repre-
sent of them. During the first year already, and starting 2 months,
infants develop a sense of their embodied self that is not just solip-
sistic in nature, but starts to refer primarily to the social mirror of
others (Rochat, 2009a,b). The sense of the body grows to become
public, revealed and gauged in mutual social exchanges and ulti-
mately, mutual recognition.

A brain-based model of such development should take into con-
sideration the fact that, at a behavioral level, the development of
self and social cognition are not mutually exclusive, but rather two
sides of the same coin. Furthermore, because matters of conscious-
ness and self-consciousness develop to become highly public and
socially shared, it might not be sufficient to look at individual brains.
It might be also necessary to look at how, as a function of their matu-
ration, brains interact and shape each other. This would be another
necessary step to better approximate the nature of embodied self-
consciousness in development.

Behaviorally, the implicit, embodied “ecological” sense of the
own body expressed from birth, which would correspond to a
minimal self-consciousness presumably linked to thalamo-cortical
connections, turns quickly in development to a public, socially
shared, hence highly meta-cognitive and mediated affair, all of it
supported by the emergence of language and sophisticated folk
psychology, including theories of mind. It also maps onto the rather
general link with the orderly maturation of the rostrolateral region
of the prefrontal cortex that would accompany children growth
toward meta-cognition (Bunge & Zelazo, 2006). But this link still
remains coarse and we are far yet from mapping brain growth onto
the development of the innate sense of the body discussed here,
as well as in other articles that distinguish at least 5 markedly dis-
tinct levels of self-awareness unfolding between birth and only 2-3
years of age (Rochat, 2003).

The public or social development of self-consciousness empha-
sized here is in contradistinction to the private experience approach
that researchers interested in the origins of body awareness often
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continue to adopt when studying the sense of the body in the
social vacuum of laboratories (e.g., artificial phantom limb, opti-
cal “prism” experiments, virtual dissociation, and displacement
of embodied experience). Future research on body awareness,
including brain-based model of its development, should put more
emphasis on social factors and the social context as determinants of
such awareness (e.g., the role of group practices, norms, and socially
shared values as social affordances individuals are embedded).

Before becoming predominantly social and public (third year),
mediated by marked progress in language development, the early
sense of the body, refers to a complex postural schema, a rep-
resentation that is based on an intermodal calibration. The early
intermodal calibration of the body expressed already in neonates
does transcend - as intuited by Merleau-Ponty over 50 years ago —
the sum total of multisensory information that constantly arises as
we move and act in the environment. There is now good empirical
evidence that from birth, infants manifest an ecological sense of self
as an implicit sense of the body: a differentiated, situated, agent,
organized and substantial entity. I presented research suggest-
ing that minimal self-consciousness accounted for by brain-based
models is supported by the fact that infants act from birth in rela-
tion to functional goals, and are not just automatically triggered in
their responses by what would amount to ecologically non-specific,
non-meaningful stimulation.

In short, the infancy research of these past 3 decades offers
ample evidence that infants from birth are more than just respon-
sive, more than a mere collection of prewired reflexes, indeed
expressing minimal consciousness and self-consciousness. Infants,
from the outset, behave as oriented actors in a meaningful environ-
ment, an environment they perceive as constituted by particular
affordances, but also by objects that they are quick to incorporate
and publicly claim as their own to assert their embodied existence
in relation to others.

References

Agnetta, B., & Rochat, P.(2004). Imitative games by 9-, 14-, and 18-month-old infants.
Infancy, 6(1), 1-36.

Anand, K. J. S., & Hickey, P. R. (1987). Pain and its effects in the human neonate and
fetus. New England Journal of Medicine, 317, 1321-1329.

Ball, W., & Tronick, E. (1971). Infant responses to impending collision: Optical and
real. Science, 171, 818-820.

Bahrick, L., & Watson, J. (1985). Detection of intermodal proprioceptive-visual
contingency as a potential basis of self-perception in infancy developmental.
Psychology, 21(6), 963-973.

Bates, E. (1990). Language about me and you: Pronominal reference and the emerg-
ing concept of self. In D. Cicchetti, & M. Beeghly (Eds.), The self in transition:
Infancy to childhood (pp. 165-182). Chicago: University of Chicago Press.

Block, N. (2007). Consciousness, accessibility, and the mesh between psychology
and neuroscience. Brain and Behavioral Sciences, 30, 481-548.

Bunge, S. A. (2004). How we use rules to select actions: A review of evidence
from cognitive neuroscience. Cognitive, Affective, and Behavioral Neuroscience,
4,564-579.

Bunge, S. A., & Zelazo, P. D. (2006). A brain-based account of the development of rule
use in childhood. Current Directions in Psychological Science, 15, 118-121.

Carpenter, E. (1975). The tribal terror of self-awareness. In P. Hikins (Ed.), Principles
of visual anthropology (pp. 56-78). The Hague, Netherlands: Mouton.

Carroll, J. J., & Gibson, E. J. (1981). Differentiation of an aperture from an obstacle
under conditions of motion by 3-month-old infants. In Paper presented at the
meetings of the society for research in child development Boston, MA.

Crone, E. A., Wendelken, C., Donohue, S. E., & Bunge, S. A. (2006). Evidence for sepa-
rable neural processes underlying flexible rule use. Cerebral Cortex, 16,475-486.

Dewey, J. (1922). Human nature and conduct. An introduction to social psychology.
New York: Carlton House.

Faigenbaum, G. (2005). Children’s economic experience: Exchange, reciprocity, and
value. Buenos Aires: Libros EnRed.

Fehr, E., Bernhard, H., & Rockenbach, B. (2008). Egalitarianism in young children.
Nature, 454,1079-1084.

Field, T. M., Woodson, R., & Greenberg, R. (1982). Discrimination and imitation of
facial expressions by neonates. Science, 218, 179-181.

Friedman, O., & Neary, K. R. (2008). Determining who owns what: Do children infer
ownership from first possession? Cognition, 107, 829-849.

Gallagher,S.(1986). Body image and body schema: A conceptual clarification. Journal
of Mind and Behavior, 7, 541-554.

Gallagher, S., & Meltzoff, A. N. (1996). The earliest sense of self and others:
Merleau-Ponty and recent developmental studies. Philosophical Psychology, 9(2),
213-236.

Gallese, V. (April 2007). Before and below ‘theory of mind’: Embodied simulation
and the neural correlates of social cognition. Philosophical Transactions of the
Royal Society, Biological Sciences, 362(1480), 659-669.

Giedd, J. N. (2004). Structural magnetic resonance imaging of the adolescent brain.
Annals of the New York Academy of Sciences, 1021, 77-85.

Johnson, M. H. (Ed.).(1993). Brain development and cognition: A reader. Oxford: Black-
well Publishers.

Klimach, V. J., & Cooke, R. W. I. (1988). Maturation of the neonatal somatosensory
evoked response in preterm infants. Developmental Medicine & Child Neurology,
30,208-214.

Gogtay, N., Giedd, ]. N., Lusk, L., Hayashi, K. M., Greenstein, D., Vaituzis, A. C., et
al. (2004). Dynamic mapping of human cortical development during childhood
through early adulthood. Proceedings of the National Academy of Sciences United
States of America, 101, 8174-8179.

Layton, D., & Rochat, P. (2007). Contribution of motion information to maternal face
discrimination in infancy. Infancy, 12(3), 1-15.

Lepage,].P.,& Théoret, H.(2007). The mirror neuron system: Grasping others’ actions
from birth? Developmental Science, 10(5), 513-529.

Lewis, M. (1992). Shame: The exposed self. New York: Free Press.

Lewis, M. (1995). Aspects of the self: From systems to ideas. In P. Rochat (Ed.), The
self in infancy: Theory and research (pp. 95-116). Amsterdam: North-Holland,
Elsevier Publishers.

Lewis, M. (1999). Social cognition and the self. In P. Rochat (Ed.), Early social cognition:
Understanding others in the first months of life. Mahwah, NJ: Lawrence Erlbaum
Associates.

Meltzoff, A. N., & Moore, M. K. (1977). Imitation of facial and manual gestures by
human neonates. Science, 198, 75-78.

Meltzoff, A. N., & Moore, M. K. (1999). Persons and representation: Why infant imi-
tation is important for theories of human development. In J. B. G. Nadel (Ed.),
Imitation in infancy. Cambridge studies in cognitive perceptual development (pp.
9-35). New York, NY, USA: Cambridge University Press.

Merleau-Ponty, M. (1967). Les relations avec autrui chez I'enfant. Les cours de Sorbonne.
Paris: Centre de Documentation Universitaire.

Morgan, R., & Rochat, P. (1998). Two functional orientations of self-exploration in
infancy. British Journal of Developmental Psychology, 16, 139-154.

Neisser, U. (1995). Criteria for an ecological self. In P. Rochat (Ed.), The self in infancy.
Advances in psychology book series (pp. 17-34). Amsterdam, North Holland: Else-
vier Science Publishers.

Olson, K. R., & Spelke, E. S. (2008). Foundations of cooperation in young children.
Cognition, 108, 222-231.

Piaget, J. (1936). La naissance de I’ intelligence (the origins of intelligence in children).
Neuchatel: Delachaux et Niestlé.

Povinelli, D. J., & Simon, B. B. (1998). Young children’s reactions to briefly versus
extremely delayed images of the self: Emergence of the autobiographical stance.
Developmental Psychology, 43, 188-194.

Povinelli, D. J. (2001). The self: Elevated in consciousness and extended in time. In
C. Moore, & K. Lemmon (Eds.), The self in time: Developmental perspectives (pp.
75-95). Mahaw, NJ: Lawrence Erlbaum Associates.

Prechtl, H. F. R. (Ed.). (1984). Continuity of neural functions from prenatal to postnatal
life. Oxford: Blackwell Scientific Publications Ltd.

Rizzolatti, G., Fadiga, L., Gallese, V., & Fogassi, L. (1996). Premotor cortex and the
recognition of motor actions. Brain Research, Cognitive Brain Research, 3(2),
131-141.

Rochat, P. (2001). The infant’s world. Cambridge: Harvard University Press.

Rochat, P.(2009). Others in mind—Social origins of self-consciousness. Cambridge/New
York: Cambridge University Press.

Rochat (2009b) Chapter 9; p. 165.

Rochat, P., & Morgan, R. (1995). Spatial determinants in the perception of self-
produced leg movements by 3-5 month old infants. Developmental Psychology,
31, 626-636.

Rochat, P. (1998). Self-perception and action in infancy. Experimental Brain Research,
123,102-109.

Rochat, P. (2003). Five levels of self-awareness as they unfold early in life. Conscious-
ness and Cognition, 12(4), 717-731.

Rochat, P., Blass, E. M., & Hoffmeyer, L. B. (1988). Oropharyngeal control of
hand-mouth coordination in newborn infants. Developmental Psychology, 24,
459-463.

Rochat, P, & Senders, S. J. (1991). Active touch in infancy: Action systems in devel-
opment. In M. J. Weiss, & P.R. Zelazo (Eds.), Infant attention: Biological constraints
and the influence of experience (pp. 412-442). NJ: Ablex Publishers.

Rochat, P., & Striano. (1999). Emerging self-exploration by 2 month-old infants.
Developmental Science, 2(2), 206-218.

Rochat, P., & Striano, T. (2001). Perceived self in infancy. Infant Behavior and Devel-
opment, 23, 513-530.

Rochat, P., & Hespos, S.].(1997). Differential rooting response by neonates: Evidence
for an early sense of self. Early Development & Parenting, 6(2), 150.1-150.8.
Rochat, P., & Goubet, N. (1995). Development of sitting and reaching in 5-6-month-

old infants. Infant Behavior and Development, 18, 53-68.

Rochat, P., Goubet, N., & Senders, S. ]. (1999). To reach or not to reach? Perception of
body effectivities by young infants. Infant and Child Development, 8, 129-148.

Rochat, P., Querido, ]., & Striano, T. (1999). Emerging sensitivity to the timing and
structure of protoconversation in early infancy. Developmental Psychology, 35(4),
950-957.



P. Rochat / Neuropsychologia 48 (2010) 738-745 745

Rochat, P., Dias, M. D. G., Guo, L., Broesch, T., Passos-Ferreira, C., & Winning, A. (2009).
Fairness in distributive justice by 3- and 5-year-olds across seven cultures. Jour-
nal of Cross-Cultural Psychology, 40, 327-348.

Spitz, R. (1965). The first year of life: A psychoanalytical study of normal and deviant
development of object relations. NY: International Universities.

Stern, D. (1985). The interpersonal world of the infant. New York: Basic Books.

Tomasello, M. (1998). One child early talk about possession. In J. Newman (Ed.), The
linguistic of giving. Amsterdam: John Benjamins.

Tomasello, M. (1999). Cultural origins of human cognition. Cambridge: Harvard Uni-
versity Press. (Bruner, J. S. (1983). Child’s talk. New York: Norton).

Tomasello, M. (2008). Origins of human communication. Cambridge, MA: M.L.T. Press.

Tronick, E. Z., Als, H., Adamson, L., Wise, S., & Brazelton, T. B. (1978). The
infant’s response to entrapment between contradictory messages in face-
to-face interaction. Journal of the American Academy of Child Psychiatry, 17,
1-13.

vonHofsten, C. (1982). Eye-hand coordination in newborns. Developmental Psychol-
ogy, 18,450-461.

vonHofsten, C. (1984). Developmental changes in the organization of pre-reaching
movements. Developmental Psychology, 20, 378-388.

Wallon, H.(1942/1970). De l'acte a la pensée: Essai de psychologie comparée. Collection
Champs Flammarion.

Wolff, P. (1987). The development of behavioral states and the expression of emotions
in early infancy. Chicago: The University of Chicago Press.

Watson, J. (1995). Self-orientation in early infancy: The general role of contingency
and the specific case of reaching to the mouth. In P. Rochat (Ed.), The self in
infancy. Advances in psychology book series (pp. 375-394). Amsterdam, North
Holland: Elsevier Science Publishers.

Woodard, A. L. (1999). Infants’ ability to distinguish between purposeful and non-
purposeful behaviors. Infant Behavior and Development, 22, 145-160.

Zelazo, P. D. (2004). The development of conscious control in childhood. Trends in
Cognitive Sciences, 8, 12-17.

Zelazo, P. D., Hong Gao, H., & Todd, R. (2007). The development of consciousness.
Cambridge handbook of consciousness. NY: Cambridge University Press.



	The innate sense of the body develops to become a public affair by 2-3 years
	Brain-based account of developing levels of (self-) consciousness
	Primordial perception of a postural schema
	Oriented and differentiated sense of the body at birth
	Situated body of the young infant
	Early sense of the body as bounded and substantial entity that occupies space
	Infants' embodied sense of own agency

	Sense of the body and of others
	Early mutual alienation of embodied self and embodied others

	Developing sense of possession: the public drive to incorporate objects to the self
	Conclusions
	References


