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Schematic presentation of enrobotment

Emanating  from  an  interdisciplinary  approach,  enrobotment  is  a  new 
concept.  Enrobotment is a state of mind that mirrors the internalisation, 
incorporation and representation of animate and inanimate objects (toys or 
toy  robots)  and  their  shadows,  i.e.,  “imperceptible”  and  “insignificant” 
parcel  of  each  object.  Enrobotment  is  intimately  associated  with  the 
development of verbal, nonverbal (e.g. visual, haptic, motor) and emotional 
processes. As the echo of the “self”, it facilitates self-consciousness. 

Giannopulu (2016)

Brain, i.e., Nervous System 

structure (areas)
function (processes)

interconnectivity (areas and processes)

dynamic & plastic: environment, i.e., external and internal world



understandably constrain the study of the nascent human
nervous system and the neural circuits it contains (Huisman
et al, 2002; Huttenlocher and Dabholkar, 1997; Levitt, 2003).
Neurodevelopmental data in human beings and nonhuman
primates, consisting mainly of postmortem and neuroima-
ging studies, are both limited and inherently constrained
(Fogliarini et al, 2005; Huttenlocher, 1979, 1990; Huttenlo-
cher and Dabholkar, 1997; Levitt, 2003). The remarkable
evolutionary conservation of neurodevelopmental events
and their timing across species, however, help to validate
the extension of knowledge about prenatal brain develop-
ment from animals to human beings (Bystron et al, 2008;
Finlay and Darlington, 1995; Katz, 2007; Levitt, 2003; Lund
and Lewis, 1993; Marin-Padilla, 1988). In this review, we
integrate established and emerging knowledge of develop-
ment to describe the normal maturation of neural circuits.
We also provide specific examples of neuropsychiatric
disorders that are commonly seen by child psychiatrists and
pediatric neurologists to illustrate how knowledge of
normal circuit development can inform the study and
treatment of developmental psychopathologies.

THE EARLIEST NEURAL CIRCUITS

Early Gestational Events Establish a Framework
for the Genesis of Neural Circuits

The neuro-ontogenic process in humans begins at gesta-
tional age (GA) weeks 2–3 with the folding and fusion of
ectoderm to form the neural tube (Ladher and Schoenwolf,
2005) (Figure 1). At week 4 of gestation, the rostral portion
of the neural tube forms three vesicles that are destined to
give rise to the forebrain, the midbrain, and the hindbrain
(Jessell and Sanes, 2000; Rash and Grove, 2006b; Rhinn et al,
2006; Stern, 2001). The rostral-most prosencephalic (fore-
brain) vesicle then forms two vesicles that are destined to
become the telencephalon (cerebral cortex) and the
diencephalon (thalamus, hypothalamus, and other struc-
tures). This is followed by a complex, dynamic, sequential,
and yet temporally overlapping series of cellular events

that are genetically determined, epigenetically directed,
and environmentally influenced. By GA weeks 5–6, neuro-
blasts, or neuronal precursors, are proliferating rapidly
within the ventricular zone (germinal matrix) that lines the
cerebral ventricles (Bystron et al, 2008; Ghashghaei et al,
2007; Hatten, 1993; Jessell and Sanes, 2000; Kornack and
Rakic, 1995; Levitt, 2003; McManus et al, 2004; Molliver
et al, 1973; Monk et al, 2001; Pencea et al, 2001; Rakic, 1978,
1982, 1988, 1995, 2003; Rash and Grove, 2006a).

The laminar structure of the cerebral cortex is encoded
early in development. By GA week 8, neuroblasts begin to
differentiate into either specific neuronal cell types or
macrogila, depending on their location within a complex
topographic matrix of molecular gradients in the ventricular
zone layer (Figure 2). Postmitotic cells migrate out of this
layer to form cortical laminae in an ‘inside–out’ manner in
which deeper cortical layers are formed before more
superficial ones (Hatten, 1993; Kornack and Rakic, 1995;
Rakic, 1978, 1988, 1995). Most postmitotic neurons travel
along radial glial cells that serve as guides on the path of
neurons to their final destination (Rakic, 1972; Rakic et al,
1994b). Radial glia themselves may also give rise to neurons
in the developing cortex (Liu and Rao, 2004; Malatesta et al,
2000; Miller, 2002; Miyata et al, 2001; Noctor et al, 2001).
Migration depends on a complex set of molecular interac-
tions between neurons and the scaffolding glia (Chao et al,
2009; Gressens, 2000; Hatten, 1999). Another smaller group
of neurons originates from the primordia of the basal
ganglia nuclei (the medial and lateral ganglionic eminences)
and migrates tangentially (ie parallel to the outer cortical
surface) to destinations in the developing cerebral cortex
and thalamus, giving rise to all of the GABAergic neurons in
the mature brain (McManus et al, 2004; Monk et al, 2001;
O’Rourke et al, 1992; Van Eden et al, 1989). Neuronal
migration peaks between GA weeks 12 and 20 and is largely
complete by GA weeks 26–29 (de Graaf-Peters and Hadders-
Algra, 2006; Gupta et al, 2005) (Figure 2).

Errors in neuronal migration can have profound neuro-
developmental consequences. Lissencephaly, or ‘smooth
brain,’ for example, is a disorder of neuronal migration that
disrupts the normal patterning of gyri and sulci. Its
functional consequences range from mental retardation to
death in infancy (Olson and Walsh, 2002). The various
causes of lissencephaly include mutations in genes encoding
cytoskeletal proteins, components of the basal lamina,
glycosyltransferases, and components of the reelin signaling
pathway. Disturbances in neuronal migration can also
produce foci of ectopic cortical tissue in the white matter.
These gray matter foci contain both GABAergic and
glutamatergic cells that can produce seizure disorders
(Gomez et al, 1999; Uhlmann et al, 2002).

Early Synapses in the Developing Brain

As neurons complete their migration, they extend axons
and dendrites to appropriate synaptic partners. Scaffolding
cells and molecular gradients are important in the assembly

Figure 1. Timeline of major events in brain development. This diagram
represents brain development beginning with neurolation, and proceed-
ing with neuronal migration, synaptogenesis, pruning, myelination, and
cortical thinning. Reproduced with permission and modified from Giedd
(1999) (Copyright 1999) American Psychiatric Association.
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internal world, i.e., “self” 



From 0 to 2 years old: children start to represent
objects/toys via manipulation 

From 2 to 7 years old: children play with objects/toys by pretending that 
the objects/toys represent something else, i.e., symbolic play, (e.g. a 
pencil is a microphone) that they like or not. They are very imaginative

From 7 to 11 years old: they understand the roles and the strategies 
symbolically via
objects/toys

Sumerian car

Toys provide an interesting account of “how” physical objects 
presented in the external world are able to act as support 
for the symbolic play of children, i.e., the internal world 



Symbolic  play,  i.e.,  the emergence of 
the “self”, is the developmental echo of 
language and emotion

Giannopulu (2016)

Language learning in typically 
developing children aged 5 to 6 years

Dehaene-Lambertz et al. (2002; 2007)



1. The brain is genetically pre-programmed  
(Pinker, 1994; Bishop, 2006 p.e)  

2. Plasticity allows the immature brain to organise 
progressively (Elman et al., 1996; Koizumi, 2004; 
Christiansen, Chater, 2008 p.e)

        temporal planum                       superior temporal gyrus                         temporal Pole

                 angular gyrus                                                          pre-frontal cortex

Dehaene-Lambertz et al. (2002; 2007)

Language
Perception
Action
Emotion



Language could be thought as a system
of symbolised objects in the external world.

These objects can be:
 

•  seen (letters)  
•  heard (sounds)
•  touched (toys)
•  manipulated (actions with toys)

Language learning is possible because of the interaction between different 
information, i.e., nonverbal information (Bates, 1999).

« How brain develops » 2008 F.Hill/Getty Images

Oral language 

Imitation of action &

gestures
Haptico-visual recognition

of objects

Oculo-motor
activity

children aged 5 to 6 years

Giannopulu (2013a)



Common components would exist between verbal 
comprehension-expression tasks and nonverbal action-
perception tasks (haptic, visual, motor imitation and 
oculomotor). 

These components would be associated with the “self”. 

Giannopulu (2013a)

Positive emotion and decision making 
process in a/typical developing 
children aged 8 years



The capacity to feel and express 
emotions develops 
early but the ability
to name emotions
appears between 2 and 10 
years old 
(Siegel, 1999; Russel, 1991)

Le Doux, 2000

Rolls, 2004

Expression and emotional feeling 

Amygdalo-orbitofrontal complex



Overlap of lesions in the VM patients (n=13), Bechara et al. (2000)

Emotional feeling and decision-making: orbitofrontal cortex

Positives Emotions (Lazarus, 1991) 
- love
- joy
- pride

 two phases

• 1st phase : immersed to an acoustic
 environment, i.e., listen to a story 
with visual support and find the end of the story 
(i.e., key click)
• 2d phase: auto-evaluation of feeling
 (from 1 to 5)

Two groups of 11 children aged 8 years (sd=5 months)
- atypical group - psychotic dysharmonia
- typical group

Sagot & Giannopulu (2007)



Atypically developing children Typically developing children

Giannopulu & Sagot (2010); Sagot & Giannopulu (2007)

Cognitive processes involved in action could be 
embedded with some positive
emotion in a/typically developing children.

Both processes are associated with the “self”. Schematic configuration of the object/toy related to its shadow and the “self-other” subjectification

In other words, the external world made by animate/inanimate objets/toys 
(including shadow), i.e., the other, that children like or not, is associated with 

the neurocognitive verbal/nonverbal and emotional development, i.e., the 
capability to incorporate/represent the objects/toys. 

It cannot be separated from the “self”. Subjectification is based on.

Giannopulu (2016)



Cognitive and neuroanatomical components of long term memory

Giannopulu (2016)

The “self” is intimately associated with self-consciousness



Human self-consciousness is defined as 
the having of perception, feelings and 
thoughts of the internal, i.e., “self” and 
the external world, i.e., “other”
that can be verbally expressed 
(e.g. Bering & Shackelford, 2004). Emotion 

(positive and 
negative)

Perception

Language
Self-Consciousness

Self-Unconsciousness
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1 Importance of a neural network in 
temporal, parietal, frontal, pre frontal 
areas and brainstem 

2  The  dynamic  cortical  thickness 
associated  with  language,  emotion 
and  self-consciousness  increases 
gradually  from  early  childhood  (5 
years)  to  mid  childhood  (9  to  11 
years):  inter  individual  cortical 
differences  between  young  and  old 
children

There are several indications that various sensory modali-
ties are processed in the developing brain befor birth (35–38).

Pain. Nociceptive reactions such as withdrawal reflexes can
be recorded from the 19th wk (35). By the 20th wk, fetuses were
found to increase the levels of cortisol, beta-endorphin, and
noradrenaline in umbilical blood when a needle was inserted into
the abdomen (38). Facial expressions similar to adults experienc-
ing pain can be seen in preterm infants after 28 wk (18). Painful
stimulations by either venipuncture or heel lances of preterm
infants of 25–45 wk produced an increase in hemodynamic
response in the somatosensory cortex revealed by real-time near
infrared spectroscopy (39,40) either bilaterally and/or over the
contralateral areas. Interestingly, the cortical responses to nox-
ious stimulation were found to be greater in awake than in
sleeping infants (39). Moreover, the bilateral activation noticed in
the Bartocci et al. (40) study was suggested to include the S2

cortex, anterior insula, ventral premotor area, and anterior cingu-
late cortex which belong to the GNW circuits.

Olfaction.The behavior of alert newborn infants appears to
be influenced by olfactory cues mainly originating from the
intrauterine environment (41,42). For instance, they seem to
be more attracted by the smell of amniotic fluid than by other
odors. Exposure to amniotic fluid and other maternal odors
were found to have a soothing effect in newborns. Clear
behavioral responses to smell can be recorded in preterm

infants from approximately the 29th wk of gestation and the
fetus can probably smell from approximately the 20th, the
time at which the epithelial plugs blocking the nostrils disap-
pear (41). Near infrared spectroscopy recordings in the left
anterior orbitofrontal gyri of newborns (from 6 to 192 h) in a
quiet awake state show increased hemodynamic response
during exposure to smells like that of colostrum or of vanilla
compared with water (43). Conversely, a decreased response,
which was significantly greater in the right than in the left
side, was noticed when the babies were exposed to the smell
of a disinfectant or of a detergent (44).

Vision. Visual acuity in the full-term newborn infants is
only 1/40 visual acuity in the adult but newborns can process
complex visual stimuli, recognize faces, and imitate (21).
They have developed preferential looking i.e., they look
longer at patterned field stimuli than at gray fields. The ability
to recognize different colors, as well as other features of visual
perception, develops later. Infants at birth prefer images of
attractive faces, are sensitive to the presence of eyes in a face,
and have a preference to look at faces that enjoy them in eye
contact (21). Such face detectors preferentially mobilize a
subcortical route that seems more developed than the cortical
route at birth. In any case, these experiments require the infant
not only to be awake and attentive but also to be sensitive to
a “social” eye-contact relationship.

Hearing. Responses to low frequency noise can be recorded
from approximately the 16th wk in the fetus brain (45). The
cochlea is probably structurally developed from around the 18th
gestational week to provide auditory input. However, the
auditory cortex does not respond to hearing until around the
26th wk in preterm infants. At this age, brainstem auditory
evoked responses can be first observed, although they may not
be reliable until the 28th week (46). In a recent study, cortical
activation to sound was detected in the fetus from the 33rd wk
of gestation (47).

Memory. If a 22–23 wk human fetus is exposed to a repetitive
stimulus, such as the vibration of an electric tooth brush, it reacts
by movements; after multiple stimuli it does not react any longer,
it habituates (48). Newborn infants remember sounds, melodies,
and rhythmic poems they have been exposed to during fetal life
(49,50). However, short-term memory is rather limited in new-
born infants, retention of visual objects lasts only for a few
seconds. A 2-mo-old baby remembers a soother or a face which
suddenly disappears (51) but working memory is not fully effi-
cient before 7 mo (49). Long-term memories disappear during
early childhood (infant amnesia) and full declarative memory
develops only after 3 y (49).

Language. Infants display elaborate capacities for oral
language perception that are rapidly modified by their linguis-
tic environment (52). As early as a few days after birth, babies
can discriminate between speech excerpts from language be-
longing to different rhythmic families, but prefer to listen to
their native languages even when speakers are unknown
(53,54). Exposure of the mother speech in utero during the last
week of fetal life, under sleeping “unconscious” conditions,
may explain why neonates react to the maternal voice (52).

The left hemisphere of the newborn brain was found to be
more activated than the right during human speech, as shown

Figure 3. Functional MRI used to map the resting state activity of the brain
of lightly sedated preterm infants born before 27 gestational week and
scanned at term age around 40 gestational weeks. Several unique resting-
states networks are revealed that encompass: (A) Primary visual areas; (B)
Somatosensory areas and motor cortices; (C) Temporal areas including
primary auditory cortex; (D) Parts of parietal cortex; (E) Medial and lateral
sections of the anterior prefrontal cortex. Reprinted from Fransson et al., Proc
Natl Acad Sci USA 104:15531–15536, Copyright © 2007 The National
Academy of Sciences of the USA, with permission.
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Primary Visual Areas

Parietal Cortex

Temporal Areas including Primary Auditory Area

Somatosensory and Motor Cortices

Anterior Prefrontal Cortex

Fransson et al. (2007)

Hypothesis: Difference between 
self-conscious verbal expression and 
self-unconscious nonverbal emotional 
expression. The lesser the brain maturity, 
the more the unconscious expression 

Fjell et al. 2015



Method Paradigm of “Speaker-Listener”

 Young group

20 children (10 boys & 10 girls)
Mean chronological age: 
6 years & 3 months
Mean developmental age:
6 years & 1 month

20 children (10 boys & 10 girls) 
Mean chronological age:
9 years & 5 months
Mean developmental age: 
9 years & 2 months

Old group

Without any neurological, cardiac and/or psychiatric disorders



Robot InterActor: PekoppaSakura: Miraikan Museum, Tokyo Watanabe (2011)
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Self-unconscious process: inter individual differences

6

The results would signify a 
differential degree of self-
unconscious nonverbal 
emotional maturity that 
would reflect inter 
individual differences in 
cortical and sub-cortical 
areas.
  
In other words, young 
children would be more 
reliant to the external 
artificial environment, i.e., 
the toy robot, than old 
children

Nature Publishing Group

There are several indications that various sensory modali-
ties are processed in the developing brain befor birth (35–38).

Pain. Nociceptive reactions such as withdrawal reflexes can
be recorded from the 19th wk (35). By the 20th wk, fetuses were
found to increase the levels of cortisol, beta-endorphin, and
noradrenaline in umbilical blood when a needle was inserted into
the abdomen (38). Facial expressions similar to adults experienc-
ing pain can be seen in preterm infants after 28 wk (18). Painful
stimulations by either venipuncture or heel lances of preterm
infants of 25–45 wk produced an increase in hemodynamic
response in the somatosensory cortex revealed by real-time near
infrared spectroscopy (39,40) either bilaterally and/or over the
contralateral areas. Interestingly, the cortical responses to nox-
ious stimulation were found to be greater in awake than in
sleeping infants (39). Moreover, the bilateral activation noticed in
the Bartocci et al. (40) study was suggested to include the S2

cortex, anterior insula, ventral premotor area, and anterior cingu-
late cortex which belong to the GNW circuits.

Olfaction.The behavior of alert newborn infants appears to
be influenced by olfactory cues mainly originating from the
intrauterine environment (41,42). For instance, they seem to
be more attracted by the smell of amniotic fluid than by other
odors. Exposure to amniotic fluid and other maternal odors
were found to have a soothing effect in newborns. Clear
behavioral responses to smell can be recorded in preterm

infants from approximately the 29th wk of gestation and the
fetus can probably smell from approximately the 20th, the
time at which the epithelial plugs blocking the nostrils disap-
pear (41). Near infrared spectroscopy recordings in the left
anterior orbitofrontal gyri of newborns (from 6 to 192 h) in a
quiet awake state show increased hemodynamic response
during exposure to smells like that of colostrum or of vanilla
compared with water (43). Conversely, a decreased response,
which was significantly greater in the right than in the left
side, was noticed when the babies were exposed to the smell
of a disinfectant or of a detergent (44).

Vision. Visual acuity in the full-term newborn infants is
only 1/40 visual acuity in the adult but newborns can process
complex visual stimuli, recognize faces, and imitate (21).
They have developed preferential looking i.e., they look
longer at patterned field stimuli than at gray fields. The ability
to recognize different colors, as well as other features of visual
perception, develops later. Infants at birth prefer images of
attractive faces, are sensitive to the presence of eyes in a face,
and have a preference to look at faces that enjoy them in eye
contact (21). Such face detectors preferentially mobilize a
subcortical route that seems more developed than the cortical
route at birth. In any case, these experiments require the infant
not only to be awake and attentive but also to be sensitive to
a “social” eye-contact relationship.

Hearing. Responses to low frequency noise can be recorded
from approximately the 16th wk in the fetus brain (45). The
cochlea is probably structurally developed from around the 18th
gestational week to provide auditory input. However, the
auditory cortex does not respond to hearing until around the
26th wk in preterm infants. At this age, brainstem auditory
evoked responses can be first observed, although they may not
be reliable until the 28th week (46). In a recent study, cortical
activation to sound was detected in the fetus from the 33rd wk
of gestation (47).

Memory. If a 22–23 wk human fetus is exposed to a repetitive
stimulus, such as the vibration of an electric tooth brush, it reacts
by movements; after multiple stimuli it does not react any longer,
it habituates (48). Newborn infants remember sounds, melodies,
and rhythmic poems they have been exposed to during fetal life
(49,50). However, short-term memory is rather limited in new-
born infants, retention of visual objects lasts only for a few
seconds. A 2-mo-old baby remembers a soother or a face which
suddenly disappears (51) but working memory is not fully effi-
cient before 7 mo (49). Long-term memories disappear during
early childhood (infant amnesia) and full declarative memory
develops only after 3 y (49).

Language. Infants display elaborate capacities for oral
language perception that are rapidly modified by their linguis-
tic environment (52). As early as a few days after birth, babies
can discriminate between speech excerpts from language be-
longing to different rhythmic families, but prefer to listen to
their native languages even when speakers are unknown
(53,54). Exposure of the mother speech in utero during the last
week of fetal life, under sleeping “unconscious” conditions,
may explain why neonates react to the maternal voice (52).

The left hemisphere of the newborn brain was found to be
more activated than the right during human speech, as shown

Figure 3. Functional MRI used to map the resting state activity of the brain
of lightly sedated preterm infants born before 27 gestational week and
scanned at term age around 40 gestational weeks. Several unique resting-
states networks are revealed that encompass: (A) Primary visual areas; (B)
Somatosensory areas and motor cortices; (C) Temporal areas including
primary auditory cortex; (D) Parts of parietal cortex; (E) Medial and lateral
sections of the anterior prefrontal cortex. Reprinted from Fransson et al., Proc
Natl Acad Sci USA 104:15531–15536, Copyright © 2007 The National
Academy of Sciences of the USA, with permission.
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Self-conscious process: inter individual differences
6

Based on differential degree 
of brain maturity and self-
consciousness: 
linguistic functions continue 
to mature at 6 and grow up to 
adulthood.

In both neurotypical groups 
self-conscious verbal 
expression is more important 
when the InterActor is the 
human, likely because of the 
human complexity

There are several indications that various sensory modali-
ties are processed in the developing brain befor birth (35–38).

Pain. Nociceptive reactions such as withdrawal reflexes can
be recorded from the 19th wk (35). By the 20th wk, fetuses were
found to increase the levels of cortisol, beta-endorphin, and
noradrenaline in umbilical blood when a needle was inserted into
the abdomen (38). Facial expressions similar to adults experienc-
ing pain can be seen in preterm infants after 28 wk (18). Painful
stimulations by either venipuncture or heel lances of preterm
infants of 25–45 wk produced an increase in hemodynamic
response in the somatosensory cortex revealed by real-time near
infrared spectroscopy (39,40) either bilaterally and/or over the
contralateral areas. Interestingly, the cortical responses to nox-
ious stimulation were found to be greater in awake than in
sleeping infants (39). Moreover, the bilateral activation noticed in
the Bartocci et al. (40) study was suggested to include the S2

cortex, anterior insula, ventral premotor area, and anterior cingu-
late cortex which belong to the GNW circuits.

Olfaction.The behavior of alert newborn infants appears to
be influenced by olfactory cues mainly originating from the
intrauterine environment (41,42). For instance, they seem to
be more attracted by the smell of amniotic fluid than by other
odors. Exposure to amniotic fluid and other maternal odors
were found to have a soothing effect in newborns. Clear
behavioral responses to smell can be recorded in preterm

infants from approximately the 29th wk of gestation and the
fetus can probably smell from approximately the 20th, the
time at which the epithelial plugs blocking the nostrils disap-
pear (41). Near infrared spectroscopy recordings in the left
anterior orbitofrontal gyri of newborns (from 6 to 192 h) in a
quiet awake state show increased hemodynamic response
during exposure to smells like that of colostrum or of vanilla
compared with water (43). Conversely, a decreased response,
which was significantly greater in the right than in the left
side, was noticed when the babies were exposed to the smell
of a disinfectant or of a detergent (44).

Vision. Visual acuity in the full-term newborn infants is
only 1/40 visual acuity in the adult but newborns can process
complex visual stimuli, recognize faces, and imitate (21).
They have developed preferential looking i.e., they look
longer at patterned field stimuli than at gray fields. The ability
to recognize different colors, as well as other features of visual
perception, develops later. Infants at birth prefer images of
attractive faces, are sensitive to the presence of eyes in a face,
and have a preference to look at faces that enjoy them in eye
contact (21). Such face detectors preferentially mobilize a
subcortical route that seems more developed than the cortical
route at birth. In any case, these experiments require the infant
not only to be awake and attentive but also to be sensitive to
a “social” eye-contact relationship.

Hearing. Responses to low frequency noise can be recorded
from approximately the 16th wk in the fetus brain (45). The
cochlea is probably structurally developed from around the 18th
gestational week to provide auditory input. However, the
auditory cortex does not respond to hearing until around the
26th wk in preterm infants. At this age, brainstem auditory
evoked responses can be first observed, although they may not
be reliable until the 28th week (46). In a recent study, cortical
activation to sound was detected in the fetus from the 33rd wk
of gestation (47).

Memory. If a 22–23 wk human fetus is exposed to a repetitive
stimulus, such as the vibration of an electric tooth brush, it reacts
by movements; after multiple stimuli it does not react any longer,
it habituates (48). Newborn infants remember sounds, melodies,
and rhythmic poems they have been exposed to during fetal life
(49,50). However, short-term memory is rather limited in new-
born infants, retention of visual objects lasts only for a few
seconds. A 2-mo-old baby remembers a soother or a face which
suddenly disappears (51) but working memory is not fully effi-
cient before 7 mo (49). Long-term memories disappear during
early childhood (infant amnesia) and full declarative memory
develops only after 3 y (49).

Language. Infants display elaborate capacities for oral
language perception that are rapidly modified by their linguis-
tic environment (52). As early as a few days after birth, babies
can discriminate between speech excerpts from language be-
longing to different rhythmic families, but prefer to listen to
their native languages even when speakers are unknown
(53,54). Exposure of the mother speech in utero during the last
week of fetal life, under sleeping “unconscious” conditions,
may explain why neonates react to the maternal voice (52).

The left hemisphere of the newborn brain was found to be
more activated than the right during human speech, as shown

Figure 3. Functional MRI used to map the resting state activity of the brain
of lightly sedated preterm infants born before 27 gestational week and
scanned at term age around 40 gestational weeks. Several unique resting-
states networks are revealed that encompass: (A) Primary visual areas; (B)
Somatosensory areas and motor cortices; (C) Temporal areas including
primary auditory cortex; (D) Parts of parietal cortex; (E) Medial and lateral
sections of the anterior prefrontal cortex. Reprinted from Fransson et al., Proc
Natl Acad Sci USA 104:15531–15536, Copyright © 2007 The National
Academy of Sciences of the USA, with permission.
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Primary Visual Areas

Parietal Cortex

Temporal Areas including Primary Auditory Area

Somatosensory and Motor Cortices

Anterior Prefrontal Cortex

Fransson et al. (2007)

6

Nonverbal emotional behavior expressed by heart rate is an 
self-unconscious automatic activity which would depend on 
an external “artificial” world: the InterActor Robot.

Verbal behavior expressed by the words (nouns and verbs) is 
a self-conscious activity which would depend on an external 
“natural” world: the Human InterActor.

Self-Conscious  and  self-unconscious  processes  would  not 
only depend on natural external world but also on artificial 
external world, i.e., toy robots.

Conclusion

Giannopulu  & Watanabe, (2015)



Nonverbal  cognition,  language,  emotion  and  self-consciousness 
would arise from the dynamic interaction between the developing 
brain  and  the  object/toy  robot  (including  shadow),  i.e.,  the 
enrobotment. Enrobotment mirrors the triadic relationship between 
the  “object/toy,  self  and  other”.  At  the  antipode,  children  with 
autism cannot  mirror  the  triadic  relationship  of  “object/toy,  self 
and other”. 

Animate/inanimate objects, i.e., toy/toy robots 
(including their shadows)

Brain typical development and 
functions 

vs 
Brain atypical development and 

functions 

Nonverbal cognition, 
language, emotion and self-

consciousness 

incorporation/
internalisation/
representation

Giannopulu (2016)

Conclusion

Thank you for your attention


