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The capacity to imitate facial gestures is highly variable in rhesus macaques and this variability may be
related to differences in specific neurobehavioral patterns of development. This study evaluated the differen-
tial neonatal imitative response of 41 macaques in relation to the development of sensory, motor, and cogni-
tive skills throughout the 1st month of life. The results show that infants who imitate facial gestures display
more developed skills in goal-directed movements (reaching–grasping and fine hand motor control) than non-
imitators. These differences might reflect, at least in part, the differential maturation of motor chains in the
parietal and motor cortices, which partly overlap with those of the mirror neuron system. Thus, neonatal imi-
tation appears to be a predictor of future neurobehavioral development.

Thirty years ago, the first study to report the capac-
ity of human infants to imitate facial gestures was
published (Meltzoff & Moore, 1977). Two basic
facial gestures have been consistently reported to
be imitated by infants: mouth opening and tongue
protrusion. These results have been replicated and
partially confirmed by other investigations (Abra-
vanel & Sigafoos, 1984; Legerstee, 1991; Meltzoff &
Moore, 1992). They also revealed that imitative abil-
ities are present from the first hour after birth and
disappear after 2–3 months of age (Fontaine, 1984).
Further experiments showed that the capacity of
infants to imitate gestures might not be limited to
tongue protrusion and mouth opening. Infants in
fact are also able to imitate facial expressions (Field,
Woodson, Greenberg, & Cohen, 1982) and hand
gestures (Fontaine, 1984; but see also Anisfeld,
1996, for a critical evaluation). The specificity of the
imitated responses indicates an innate capacity in
infants to match the observed biological move-
ments to the motor representation of their own
bodies.

The discovery of neonatal imitation in other
primates (Bard, 2005, 2007; Bard & Russell, 1999;
Ferrari, Visalberghi, Fogassi, Ruggiero, & Suomi,
2006; Myowa-Yamakoshi, Tomonaga, Tanaka, &
Matsuzawa, 2004) has represented a breakthrough
in primate research with several implications for
developmental psychology. Chimpanzees’ ability to
imitate human facial gestures is, similar to humans,
specific for tongue protrusion and mouth opening.
Remarkably, the time period in which infant chim-
panzee imitate is around 2 months, also similar to
that reported for human infants (Myowa-Yamakoshi
et al., 2004). A more recent study explored this phe-
nomenon by testing five chimpanzees in the first
2 weeks of life (Bard, 2007), and the data confirmed
previous observations. Moreover, Bard (2007) found
that contextual features, for example, a communica-
tive rather than a structured paradigm, appeared to
influence the chimpanzees’ behavior. In particular,
chimpanzee infants showed higher imitative
responses to communicative gestures, including ton-
gue clicks. More extensive data derive from a recent
study on neonatal imitation in infant rhesus maca-
ques (Ferrari et al., 2006). One- to 3-day-old
macaque infants imitated lipsmacking, a typical
macaque affiliative gesture, and tongue protrusion.
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In contrast to humans and chimpanzees, macaques
display imitative abilities apparently for only a few
days. Moreover, it has been argued that, considering
the faster motor development of macaques com-
pared to humans and chimpanzees, the temporal
window in which this behavior is present in ma-
caques is comparable with that reported for the
other two species (Ferrari et al., 2006).

Understanding the developmental trajectory of
this phenomenon might be useful from a compara-
tive perspective, as it would provide important
information on the basic mechanisms involved as
well as on the possible functions. Even more impor-
tant would be the comparison between humans and
macaques as the latter species, having a shorter
developmental trajectory, might be able to serve as a
model for possible links between phenomena that
appear at birth and future behavioral and cognitive
processes. In fact, one of the advantages of investi-
gating development in macaques is the possibility to
observe, in a relatively short time period, changes in
cognitive-motor skills and the impact of early expe-
riences on such skills. This approach has been
successfully applied in the past as a primate model
of mother–infant interactions and to understand the
effects of early mother deprivation on social-cogni-
tive development of the infants (Suomi, 1999).

An interesting aspect of neonatal imitation is
interindividual variability in infant responses. A
critical review of the literature shows that about half
of the tested human infants imitate mouth opening
or tongue protrusion (Heimann, Nelson, & Schaller,
1989). On the other hand, some newborns do not
imitate or do not complete the testing. Often, human
infants that are difficult or distracted during testing
are excluded from analysis. Similarly to humans,
macaques also show substantial interindividual dif-
ferences in neonatal responses to human facial ges-
tures. However, it is not clear if these differences are
specific to the stimuli and context in which infants
are tested and therefore not linked to other cognitive
processes or, alternatively, if the newborn response
reflects a specific individual cognitive component of
a broader pattern of development. In the first case,
one might expect that interindividual differences
would not predict any specific pattern of develop-
ment. In the latter case, one might expect that new-
born imitation is part of a more general pattern of
development and thus might be a valid predictor of
specific cognitive and behavioral achievements that
take place later in life.

The present research will attempt to investigate
the phenomenon of neonatal imitation within a
broader perspective of development. Neonatal

imitation in humans has been amply studied but
the information about its connection with other
aspects of development has been very limited. This
lack of knowledge can be clearly attributed to the
difficulty in following cognitive development longi-
tudinally in the same subjects. Thus, our study on
macaques may offer an important opportunity for
gathering such information. The strategy adopted
will be that of following single subjects at different
stages of development.

We therefore investigated the differential imita-
tive neonatal response of newborn macaques in the
1st week of life in relation to neurobehavioral
responses assessed within the 1st month of life by a
modified version of the Brazelton Neonatal Assess-
ment Scales and the Bayley Scales of Infant
Development (Schneider & Suomi, 1992). More spe-
cifically, we were interested in understanding
whether imitative responses would be significantly
correlated with the development of behaviors that
are controlled by different neural circuits in cortical
and subcortical structures (Herschkowitz, 2000;
Rizzolatti & Luppino, 2001; Touwen, 1995).

In particular, our interest in the development of
intentional actions such as reaching–grasping was
based on the fact that the capacity to plan and orga-
nize actions represents an important landmark in
infant development and is underpinned by specific
parietal-premotor cortical areas (Jeannerod et al.,
1995; Rizzolatti, Fadiga, Fogassi, & Gallese, 2002;
Rizzolatti & Luppino, 2001; Von Hofsten, 2004).
Second, reaching and grasping, in contrast to other
reflex-like movements or gaze control, must rely on
mechanisms that integrate action and perception
for the perceptual guidance of the movements. This
aspect is crucial in cognitive neuroscience as grow-
ing empirical evidence has demonstrated that corti-
cal areas involved in the production of actions are
also involved in the perceptions of others’ actions
(Rizzolatti & Craighero, 2004; Rizzolatti, Fogassi, &
Gallese, 2001). This link between action and percep-
tion is the core problem in imitative behaviors and
is likely to be underpinned by a shared neural net-
work (Iacoboni et al., 1999; Rizzolatti et al., 2001).

We hypothesize that neonatal imitation relies on
a cortical mechanism that involves parietal and pre-
motor cortical areas. As part of these areas are
recruited for the production of reaching–grasping
actions, we predict that group differences in neona-
tal behaviors are associated with differences in
reaching–grasping but not with other behaviors
such as palmar reflexes, visual attention, body pos-
ture and emotionality that are controlled by other
cortical and subcortical brain structures.
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Method

Subjects and Housing

Subjects were 41 infant rhesus macaques (Macaca
mulatta), 25 males and 16 females. Some neonatal
imitation data from 21 of these subjects have previ-
ously been published elsewhere (Ferrari et al.,
2006). An unrelated experimental protocol required
all subjects to be separated from their mothers on
Day 1 postpartum. They were reared in a nursery
facility according to procedures described by Rup-
penthal, Arling, Harlow, Sackett, and Suomi (1976;
see also Ferrari et al., 2006, for further details).
Infants were individually housed in plastic incuba-
tors (51 · 38 · 43 cm) that each contained a 25-cm-
high inanimate ‘‘surrogate mother.’’ During the 1st
week of life, the surrogate mother was composed of
a 16.5-cm circumference polypropylene cylinder,
wrapped in fleece fabric and attached by a flexible
metal component to an 11.5-cm-wide circular metal
base. From the 2nd week onward, infants were pro-
vided with a hanging surrogate mother (see also
Dettmer, Novak, Meyer, Ruggiero, & Suomi, in
press) consisting of a plastic cylinder core (20 cm
high and 19 cm circumference) with a wide soft
cloth cover (20 · 25 cm).

Neonatal Imitation Tests

In the previous study, we demonstrated that the
most effective gestures imitated by infants were ton-
gue protrusion and lipsmacking (Ferrari et al.,
2006). For this reason, we tested infants with only
these two gestures to reduce the potential stress
generated by a prolonged testing. A third, nonbio-
logical stimulus condition was also run, but it is not
discussed here. Subjects were tested at the ages of 1,
3, 5, and 7 days or, due to experimental constraints,
1 day after these days. Subjects from the previous
study were not tested on Day 5. We collected data
on 30 infants on Day 1, 31 on Day 3, 19 on Day 5,
and 32 on Day 7. Infants were tested when awake
and alert ca. 30 min after feeding. During testing,
infants were wrapped in and often clung to pieces
of fleece fabric. This arrangement visibly calmed the
infants and minimized their distress.

Three experimenters were involved in the data
collection. One experimenter held the infant mon-
key in his or her hands, the second (the demonstra-
tor) served as the source of the stimuli, and the
third videotaped the experiment and informed the
demonstrator of the onset and offset of the different
phases of each trial. Individual demonstrators were
randomly assigned to conditions and infants but

remained consistent within infants. A video camera
(Sony Digital Video Camcorder ZR600, Lake Suc-
cess, NY; positioned 0.5 m behind the demonstra-
tor) recorded the monkeys’ behavior with only the
monkey in view.

Each trial started with a 40-s baseline, in which
the experimenter faced the infant with a pas-
sive ⁄ neutral expression. We then presented each
stimulus for 20 s: tongue protrusion (TP; protrusion
with maximal extension and retraction of the
tongue, ca. 7 openings per 20 s) or lipsmacking
(LPS; a high-frequency opening and closing of the
mouth without sound production, ca. 100 openings
per 20 s). Each presentation phase was followed by
20 s of passive ⁄ neutral expression. This stimulus
still-face sequence was repeated three times, with
the only exception that the final still-face period
was 40 s long (total testing time per trial: 3 min).
All conditions were randomly presented on each
testing day with at least 2 hr between individual
sessions.

Testing procedures for the 21 previously tested
infants differed slightly from the procedures
described earlier. In particular, these infants were
only tested once a day, and each gesture was pre-
sented for only one 20-s period followed by a 20-s
still-face period. For further details, see Ferrari
et al. (2006).

Behavioral Analysis

All tapes were digitally analyzed by a coder not
blind to the experimental condition using all occur-
rence sampling for all lipsmacking and tongue pro-
trusion behaviors. We counted the frequency of
lipsmacking behaviors (opening and closing of the
mouth; see also Ferrari et al., 2006) and tongue pro-
trusion behaviors (forward movements of the ton-
gue that cross the inner edge of the lower lip; see
also Ferrari et al., 2006) in each phase. Forty percent
of sessions were also coded by a second coder, also
not blind to the experimental condition, and achiev-
ing high interobserver reliability (Cohen’s
kappa = .95). A further 10% of sessions were coded
by a coder blind to the experimental condition
showing high consistency between blind and non-
blind codings (Cohen’s kappa = .86).

Infant Neurobehavioral Assessment

All infants were tested on a 20-min battery of
developmental tests administered on Days 7, 14,
21, and 30 postpartum. The purpose of the original
test battery (Schneider & Suomi, 1992) was to
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explore main aspects of infant neurobehavioral
development: temperament, interactive behaviors,
and neuromotor development (see also Bard, 2005,
for a comparative perspective). For the purpose of
this study, we focused on more specific categories
of neurobehavioral development: coordinated
reaching–grasping, motor maturity of posture,
grasping reflexes, attention to visual stimuli, and
emotional behavior. The choice of these subclusters
is justified by the fact that they reflect the function-
ing of well-established cortical and subcortical
neural motor circuit. For example, motor maturity
of intentional movements, such as reaching–grasp-
ing, is related to the development of cortical
parieto-frontal circuit (see Rizzolatti & Luppino,
2001). In contrast, posture and muscle tone are
related to the maturation of spinal and subcortical
structures. Other behaviors, such as auditory
responses or tactile responses have not been
considered in this study as they were aimed to
explore the maturation of the sensory systems and
thus outside the scope of the present investigation.
Ratings were based on scales ranging from 0 to 2.

Coordinated reaching–grasping was scored by
rating the quality of movements and fine hand
motor manipulation, and during the visual presen-
tation of a small object in front of the infant. Motor
maturity of posture was scored by rating muscle
tonus-prone of the head, response speed, body
righting, arm traction, and labyrinth righting.
Grasping reflexes were scored by rating infant
response to a tactile stimulus placed on the palm.
The capacity of infants to visually attend to stimuli
was assessed by rating their orientation to visual
stimuli presented in different positions of the visual
space, by rating their ability to visually track mov-
ing stimuli, and by evaluating their duration of
looking at the stimuli. For emotional behavior, we
assessed the infants’ irritability to environmental
stimuli and noises, and the levels of fearfulness.
For a complete description of assessed behaviors,
see Schneider and Suomi (1992). These assessments
were part of a well-established protocol in nursery-
reared infants in this primate facility, and scorers
were not informed of any relation of these assess-
ments to neonatal imitation abilities.

Statistical Analysis

Neonatal Imitation Analysis

In each condition, we assessed whether the
behavior that matched the behavior provided by
the demonstrator (target behavior) was performed

by the infant more frequently during stimulus peri-
ods than during baseline, using paired t tests on
each testing day. To assess the specificity of the
infant response, we also compared the frequency of
the nonmatched behavior (lipsmacking in the TP
condition and tongue protrusion in the LPS condi-
tion) during the stimulus period with that dis-
played during baseline using paired t tests.

Based on their consistency of behavioral
responses toward the stimuli, we categorized each
animal as either imitator or nonimitator. If an infant
displayed the matched gesture with a frequency
above the baseline for more than 50% of the ses-
sions in which it was tested (maximum of four ses-
sions), it was classified as imitator. Those infants
that failed to match the gesture with a higher fre-
quency than in baseline in more than 50% of ses-
sions were classified as nonimitator. We then
compared the differential behavioral scored
obtained by the two categories of infants on each
postpartum day with two-tailed t tests. Individuals
classified as imitator in the TP condition were not
necessarily imitators in the LPS condition. Thus, the
following analyses have been carried out indepen-
dently for imitators and nonimitators for both the
TP and LPS conditions.

Neurobehavioral Analysis in Infant Imitators and
Nonimitators

To determine if there were significant differences
between imitators’ and nonimitators’ development
of neurobehavioral skills, we applied a repeated
measure analysis of variance with imitation (imita-
tor and nonimitator) as a between-subjects factor
and postpartum day of testing (Day 7, Day 14, Day
21, and Day 30) as a within-subject factor. When
significant effects were found, subsequent post hoc
(Fisher tests) were applied to explore differences in
developmental changes between the two groups.
Further t tests were applied to compare the neuro-
behavioral scores of imitators and nonimitators on
each testing day.

Results

Neonatal Imitation Data

In the TP condition, the frequency of tongue pro-
trusion in the stimulus period was significantly
higher than in the baseline period on postpartum
Day 3 (t = )2.16, p < .05), Day 5 (t = )2.84, p < .05),
and Day 7 (t = )4.41, p < .001) but not on Day 1.
There was a trend for increases in LPS in response
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to the tongue protrusion stimulus on Day 3
(t = )1.85, p < .08) but not on any other day. There
were no correlations between duration of looking at
model and increases in TP on any test day (Pear-
son’s correlations: all ps > .05).

In the LPS condition, the frequency of lipsmack-
ing in the stimulus period was significantly higher
than in the baseline on Day 3 (t = )3.2, p < .005),
Day 5 (t = )2.14, p < .05), and Day 7 (t = )2.4,
p < .05). On Day 1, this increase approached signifi-
cance (t = )1.93, p < .07). This increase was specific,
as TP did not increase in response to the LPS stimu-
lus on any day (all ps > .1).

Evaluation of the consistency of imitative
responses led to 20 infants being categorized as
imitators (imi) and 16 as nonimitators (nonimi) in
the TP condition. At the same time, we catego-
rized 21 as imitators and 15 as nonimitators in the
LPS condition. Fourteen infants were imitators in
both conditions TP and LPS. Five infants were
discarded from analysis because imitative abilities
were assessed only on one testing day. Another 3
infants were discarded from the analysis of birth
development as they were born from cesarean
section.

In the TP and LPS conditions, we compared imi-
tative performance of imitators and nonimitators
(one-tailed t test). Figure 1 summarizes the results
of this analysis. In the TP condition, the imitation
score of imitators was significant higher than those
of nonimitators on Day 1 (t = 2.8, p < .001), Day 3
(t = 2.34, p < .05), and Day 7 (t = 2.31, p < .05). On
Day 5, this difference was close to reaching signifi-
cance (t = 1.6, p < .075). In the LPS condition, imita-
tion scores of imitators were significantly higher
than those of nonimitator on Day 3 (t = 3.0,
p < .001) and Day 5 (t = 2.06, p < .05). On Days 1
and 7, this difference approached significance (d1:
t = 1.38, p < .09; d7: t = 1.40, p < .09).

Developmental Changes in Neurobehavioral Parameters

Infants Categorized Based on the Capacity to Imitate
Tongue Protrusion

Results relative to the infant development of
reaching–grasping, motor maturity, and visual
attention are reported on Figure 2 (figures on the
top).

Reaching–grasping. There was a significant main
effect for postpartum day, F(1, 35) = 32.86, p < .001,
and imitation ability, F(1, 35) = 7.32, p < .01, but no
interaction. Imi obtained higher scores than nonimi
in reaching–grasping on Day 7 (t = 2.41, p < .05),

Day 21 (t = 1.82, p < .08), and Day 30 (t = 2.96,
p < .005).

Motor maturity. Parameters of motor maturity
indicate a significant improvement with age, F(1,
35) = 10.31, p < .005, but no effect for imitation and
no interaction.

Visual attention. The capacity to attend to visual
stimuli increased with age F(1, 35) = 19.56,
p < .0001. There was no effect for imitative ability,
and no interaction.

Results relative to the infant development of
weight, palmar reflex, and emotionality are
reported on Figure 3 (figures on the top).

Weight. Infants’ weight increased with age, F(1,
32) = 178.86, p < .001. However, there was no sig-
nificant effect for imitation, and no interaction
between imitation and weight. Imi and nonimi did
not differ in their weight increase in the 1st month
of life.

Figure 1. The imitative averaged scores (difference of frequency
between stimulus period and baseline) ± SEM of infant
macaques tested on different postpartum days. Infant macaques
have been categorized into two groups, imitators and
nonimitators, according to their consistent imitative response
toward the model on different testing days. Top: Infant tongue
protrusion in response to the experimenter tongue protrusion
gesture. Bottom: Infant lipsmacking in response to the
experimenter lipsmacking gesture.
Note. *Significant difference between imitator and nonimitators
(.05 < p < .01). #Difference between imitator and nonimitators
approached statistical significance (.07 < p < .09).
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Palmar reflex. There was a significant main effect
for imitation, F(1, 35) = 4.39, p < .05, but not for
age, and no interaction. In particular, nonimi had
higher scores on palmar reflexes than imi on post-
partum Day 14 (t = )2.04, p < .05).

Emotional behavior. There was no significant
main effect or interaction.

Infants Categorized Based on the Capacity to Imitate
Lipsmacking

Results relative to the infant development of
reaching–grasping, motor maturity, and visual
attention are reported on Figure 2 (figures on the
bottom).

Figure 2. The frequency scores of infant macaques obtained during neurobehavioral assessment in the 1st month of life. Infants have
been assigned to one of the two categories (imitators or nonimitators) according to their consistent imitative responses during the 1st
week of life. Top and bottom graphs refer to the neurobehavioral scores obtained by infants categorized according to their neonatal
imitative responses to tongue protrusion and lipsmacking gestures, respectively. Black dots indicate imitators and white dots indicate
nonimitators.

Figure 3. The weight development and frequency scores of infant macaques obtained during neurobehavioral assessment in the 1st
month of life. For other details, see caption of Figure 2.
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Reaching–grasping. There was a significant main
effect for postpartum day, F(1, 35) = 33.14, p < .001,
and imitation ability, F(1, 35) = 3.98, p < .055, but
no interaction. More specifically, imi had higher
scores than nonimi in reaching–grasping on Day 14
(t = 2.991, p < .005) and marginally on Day 7
(t = 1.62, p < .1).

Motor maturity. There was a main effect for age,
F(1, 35) = 5.09, p < .005 but not for imitation ability,
and no interaction.

Visual attention. The capacity to attend at visual
stimuli increased with age, F(1, 35) = 9.17,
p < .0001, but was not affected by imitative ability.
There was no interaction.

Results relative to the infant development of
weight, palmar reflex, and emotionality are
reported on Figure 3 (figures on the bottom).

Weight. The weight of all infants increased with
age, F(1, 32) = 302.65, p < .0001. There was no main
effect for imitation, and no interaction.

Palmar reflex. Statistical analysis revealed a main
effect for imitation ability, F(1, 35) = 4.46, p < .05. In
particular, nonimi had higher scores on palmar
reflexes than imi on postpartum Day 7 (t = )2.26,
p < .05).

Emotional behavior. There was a tendency for
emotionality to decrease with age, F(1, 35) = 2.57,
p < .08. Emotional behavior did not differ between
imi and nonimi, and there was no interaction.

Discussion

The results of this study confirm previous findings
on neonatal imitation in macaques (Ferrari et al.,
2006). Compared to baseline responses, newborn
rhesus macaques increased the frequency of tongue
protrusion and lipsmacking after having observed
the same behavior being performed by a human
experimenter. Our data show that this increase is
gesture specific, and thus the infants’ behavioral
response cannot be explained in terms of general
arousal activation caused by the observation of
human facial movement.

Some differences between the present study and
the previous study require consideration. In the
present investigation, the temporal window for
neonatal imitation was wider than in the previous
study. Infant macaques imitated facial gestures
throughout the 1st week of life and not only for the
first few days as previously reported (Ferrari et al.,
2006). It is noteworthy that we previously observed
(Ferrari et al., 2006) that some infants were still imi-
tating the model at Day 7, even though the result

was not significant at a population level. Differ-
ences in the experimental procedure might partly
explain this difference. For example, in this study,
the second cohort was assessed with only one con-
dition per session, which reduced testing time,
thereby minimizing attentional effort. As a result, it
is possible that infants were more responsive to the
stimuli. Although we did not systematically study
the effects of prolonged stimulus exposure on
infant attention, from our personal observation we
noticed that infant attention to a stimulus is highly
variable from individual to individual and that
after 3 min of stimulus exposure, the interest of the
infant to the stimulus appeared significantly
decreased.

An alternative explanation, not necessarily exclu-
sive, is that infants received repeated stimulation
and thus could have been more stimulated to
respond to the experimenter’s gesture. In fact, they
were tested on Day 5 and thus received an addi-
tional exposure to the stimulus compared to the
previous study in which infants had not been tested
on Day 5. Moreover, as mentioned earlier, infants
were tested only for a brief time period in which
their attention could probably be well focused on
the stimulus.

By comparing previous data with the present
results, it seems plausible to think that neonatal
imitation could emerge very early as a stereo-
type-like response to specific class of stimuli.
However, very soon in development it clearly
exhibits sensitiveness to environmental changes,
suggesting that it can be subjected to modulations
according to the context and the type of stimula-
tion that the infant receives. This process would
be particularly suitable for mother–infant relation-
ship regulation.

An interesting result from our investigation was
the finding of significant interindividual variability
of newborns’ responses to facial stimuli (see Fig-
ure 4). Some individuals were consistently imitat-
ing, whereas others were consistently not imitating
the model on all testing days. It is also worth not-
ing that more than one third of the infants (about
38%) were categorized as imitators for both lip-
smacking and tongue protrusion gestures. As
infants were tested and reared under identical cir-
cumstances, it is likely that these differences could
be partly attributed to basic genetic differences in
temperament. Other aspects of macaque behavior
and neurobiology also tend to be consistent during
development and, in some cases, have been linked
to an overall genetic profile (Barr et al., 2003; Fer-
rari, Palanza, Parmigiani, de Almeida, & Miczek,
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2005, for a review). Even though we did not assess
the infants’ genetic background, the consistent
behavioral response of imitators and nonimitators
suggests that at birth their neurocognitive mecha-
nisms aimed at capturing social environment are
already differently sensitive and responsive to
social cues.

A core result of our research is that the ability to
imitate was predictive of later behavioral–cognitive

development, particularly coordination of reaching
and grasping movements. Alternative explanations
for this difference, such as differences in weight,
postural maturity or visual attention, can be ruled
out by the present results. Comparison of neonatal
imitation data from other primate species further
highlights the lack of relation between neonatal
imitation and motor and visual development.
Human and chimpanzee newborn imitate basic

Figure 4. Each graph depicts the neonatal imitative scores of each individual. Each tick on the x-axis represents an individual. A
negative score indicates that a behavior was observed more frequently during baseline; a positive score indicates that a behavior was
observed more frequently during the stimulus period. The scores have been ordered from left to right in ascending order. Each tic
represents a single infant. Note that an infant that had an imitative score on a specific day is positioned on a specific place along the
abscissa. The same infant is not necessarily represented in the same position in the graph portraying a different day. Left and right
graphs refer to the imitative scores obtained by infants categorized according to their neonatal imitative responses to tongue protrusion
and lipsmacking gestures, respectively.
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facial gestures during the first 2 months of life, a
time when infants of both species are still altricial
and highly dependent on their mothers. Indepen-
dent locomotor activity is achieved only after neo-
natal imitative capacities have already disappeared
(Johnson & Blasco, 1997). In contrast, while still
being highly dependent on their mothers, infant
macaques imitate within a period when they also
start to have basic, although unstable, independent
locomotor movements. In addition, their head pos-
ture and visual orientation capacities are relatively
well developed at birth compared to those of
humans and chimpanzees (Schneider & Suomi,
1992). Assuming that neonatal imitation is based on
the same neural mechanisms in all three species,
motoric and imitative capabilities may, but not nec-
essarily have to, develop in parallel, which con-
firms the view that neonatal imitation is
underpinned by neural mechanisms that are rela-
tively independent from those controlling posture,
visual, and locomotor development.

In the light of our findings, two basic questions
need to be answered: (a) why do imitators differ
from nonimitators in reaching–grasping in the 1st
month of life? and (b) what are the neural sub-
strates that connect reaching–grasping with neona-
tal imitation?

To answer these questions, we first need to
understand the neural basis of reaching and
grasping from a developmental perspective.
Reaching and grasping represent voluntary goal-
directed movements that require complex visual
processing and visuomotor coordination in space.
The capacity to display skilled hand movements is
highly dependent on the maturation of costicospi-
nal tract (Galea & Darian-Smith, 1995; Lemon,
1999). At birth, macaques have substantial changes
in the corticospinal tract that is involved in the
control of arm movements. The myelination of the
corticospinal axons, for example, is only com-
pleted after 36 months (Olivier, Edgley, Armand,
& Lemon, 1997). However, voluntary control of
goal-directed movements is not merely a problem
of maturation of the corticospinal tract. To have
an efficient visually guided hand, infants must
coordinate gaze behavior with arm movements
and proprioception, and integrate this information
with space coding for localizing object and coordi-
nate movements in space (Von Hofsten, 2004).
This complex integration is likely to start in the
1st week of life, if not before (Bauer & Held, 1975;
Held & Bauer, 1967, 1974). Elegant demonstrations
of this early stage integration are the experiments
with newborn macaques that were prevented to

see the own arm at birth. Once tested at 35 days
of age they experienced severe impairment in
visually guided reaching and grasping despite
their preserved capacity to grasp under tactile
guidance (Held & Bauer, 1967).

A key role in processing and integrating visual
and proprioceptive information with hand and arm
movements is played by the posterior parietal and
motor cortical areas (Fogassi & Luppino, 2005; Riz-
zolatti & Luppino, 2001). Parietal and motor areas
in the monkey brain are constituted by several dis-
tinct areas that are reciprocally anatomically con-
nected (Rozzi et al., 2006) and form parietal–frontal
circuits that work in parallel for sensorimotor trans-
formations. Some of the main functions of these cir-
cuits are aimed at transforming visual information
about object features and location into an appropri-
ate action (Murata et al., 1997; Murata, Gallese,
Luppino, Kaseda, & Sakata, 2000; Rizzolatti,
Luppino, & Matelli, 1998). Other circuits process
specific visual information for matching action
observation with the internal motor representation
of the observed action (Fogassi et al., 2005; Rizzolatti
& Luppino, 2001).

Among these circuits, the one that connects the
macaque inferior parietal cortex (area PF–PFG) and
part of the ventral premotor cortex, area F5, is par-
ticularly important. Neurophysiological studies
with single neuron recording have shown that neu-
rons in both these areas code specific hand and
mouth actions (e.g., grasping, holding, biting). In
each class, neurons might code specific aspect of
the actions such as opening or closing of the hand
or mouth or, in the case of the hand, the type of
hand shaping (e.g., precision grip, whole hand pre-
hension). Some of these neurons in the macaque
premotor and parietal cortices belong to a particu-
lar class of visuomotor neurons named mirror neu-
rons (Ferrari, Gallese, Rizzolatti, & Fogassi, 2003;
Fogassi et al., 2005; Gallese, Fadiga, Fogassi, &
Rizzolatti, 1996; Gallese, Fogassi, Fadiga, &
Rizzolatti, 2002; Rizzolatti, Fadiga, Gallese, &
Fogassi, 1996). Mirror neurons discharge both when
the monkey executes a goal-directed action, with
the hand or the mouth, and when it observes a sim-
ilar action performed by another individual. In
other words, mirror neurons are able to match an
observed action by activating a cortical representa-
tion of that same action that has been hypothesized
to give access to the meaning of the observed action
(Gallese et al., 1996; Rizzolatti & Craighero, 2004).

Recently, it was found that the representation of
actions is organized in chains of motor acts (Ferrari
et al., 2006; Fogassi et al., 2005). In the parietal areas
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PFG ⁄ PF and the ventral premotor area F5, motor
neurons code the same motor act (e.g., grasping)
differently according the final goal of the action in
which they are embedded (eating the object or plac-
ing it in a container), reflecting the intention of the
monkey to grasp the object for eating or placing it.
It has been proposed that one of the advantages of
organization in chains is the facilitation of subse-
quent motor acts that belong to the same specific
chain (e.g., reaching, grasping, bringing to the
mouth, and biting a piece of food). Therefore, the
activation of a node of a specific chain, for example,
grasping a piece of food, preactivates the subse-
quent node of the chain, in this example bringing
the food to the mouth. Interestingly, some action-
constrained neurons have also mirror properties
(Fogassi et al., 2005). They become active when the
observed action is aimed at a specific goal (such as
when an experimenter grasps food to eat but less
so when grasping is aimed at placing the food in a
container). It has been hypothesized that these neu-
rons provide information not only about what
another individual is doing (grasping) but also why
he ⁄ she is doing it (to eat). Overall, these findings
indicate that the neuronal chain organization pres-
ent in premotor and parietal cortical areas is
recruited not only at the motor level for pragmatic
purposes (i.e., the control of grasping actions in
space) but it has also an impact on other cognitive
faculties such as understanding others’ behavior
and intention and, most likely, imitation.

Our data show that a basic chain organization
for reaching and grasping is present very early in
infant macaques, with some individuals relying on
better developed chains than others. The clumsi-
ness of the movement at birth and the improve-
ment with age suggest that these chains are part of
an ‘‘open’’ developmental program that integrates
several aspects of the infants’ sensori-motor system
with practice and learning, possibly through a bio-
logically plausible Hebbian learning dynamics
(Chersi, Fogassi, Bonini, Rizzolatti, & Ferrari, 2007).

Taken together, our results are in agreement
with the view that cortical motor organization in
imitators is at a more advanced stage of develop-
ment than in nonimitators. This view is also sup-
ported by the data showing that nonimitators have
more developed palmar reflexes than imitators. In
fact, it has been proposed that palmar reflexes tend
to disappear with infant maturation of cortical
motor areas (Herschkowitz, 2000; Paulson & Gott-
lieb, 1968). Thus, the difference between imitators
and nonimitators in the palmar reflex would reflect
the differential maturation of the motor cortex.

Our data also suggest that heightened respon-
siveness to imitate facial gestures is related to
advanced development of premotor and parietal
cortical areas that are involved in reaching–grasp-
ing. We hypothesize that neonatal imitation is con-
nected to the neural system that matches an
observed gesture with an internal representation of
that gesture. According to this hypothesis, an
infant’s facial gesture is activated by the observa-
tion of the same gesture performed by another indi-
vidual because mirror neurons activity triggers a
corresponding motor output in the parietal and
premotor cortical areas. These same areas, as previ-
ously described, partly overlap with those involved
in the coding of grasping actions (Rizzolatti et al.,
2001). Although there are no studies on the neural
basis of imitative behaviors in monkeys (in the
sense of copying an action already present in the
own motor repertoire), it has been hypothesized
that mirror neurons are responsible for neonatal
imitative capacities in macaques (Ferrari et al.,
2006). There is now clear evidence of a mirror neu-
ron system in humans and that it not only allows
an individual to understand others’ actions but also
to imitate simple movements and complex actions
(Buccino et al., 2005; Iacoboni et al., 1999; see also
Rizzolatti et al., 2002). These studies show that a
circuit involving the posterior parietal cortex, the
inferior frontal gyrus, and the premotor cortex adja-
cent to it (the human mirror neuron system; see
Rizzolatti & Craighero, 2004, for monkey–human
homology) activates both when a subject is observ-
ing a simple movement (lifting a finger) or a com-
plex action (playing a guitar chord), and when the
subject copies that same action. Therefore, it is
likely that the differences in infant imitative abili-
ties reflect a difference in the development of the
mirror neuron circuit present in the premotor and
parietal cortical areas of the infant macaques.

A delay in the development of motor chains does
not necessarily imply that individuals have cogni-
tive deficits, but might suggest that some individu-
als may be delayed in the achievement of
important cognitive landmarks. Even though this
hypothesis requires empirical testing, a recent
study points to a connection between deficits in
motor action chains and impairments in social-
cognitive skills (Cattaneo et al., 2007). High-functioning
autistic children show impairments in motor chains
activation recorded with electromyography from
arm and leg muscles while performing grasping
motor acts for different goals. Moreover, they differ
in their motor chain activation from typically devel-
oping children while observing the same action
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sequences performed by another individual, sug-
gesting that their mirror neuron system for under-
standing others’ intentions is impaired (Cattaneo
et al., 2007). This finding is in agreement with pre-
vious reports showing that autistic children have
motor disturbances both during planning and exe-
cution of reaching–grasping actions (Mari, Casti-
ello, Marks, Marraffa, & Prior, 2003).

The connection between a neural matching sys-
tem, mirror neurons, and autism has been docu-
mented by several other investigations (Iacoboni &
Dapretto, 2006; Oberman et al., 2005; Williams,
Whiten, Suddendhorf, & Perrett, 2001). These find-
ings suggest that significant deficits in social-cogni-
tive functions could be linked an inability to match
others’ actions with their own actions and to
impairments in the cortical motor organization
of goal-directed actions. Whether this inability
could be present at birth is a matter for further
investigations.

To the best of our knowledge, there are few lon-
gitudinal studies in humans looking at infant imita-
tive response at birth and the development of
behavioral and cognitive functions. One study
looked at neonatal imitation, imitation, and temper-
ament in 12-month-old children but found that the
latter two did not correlate with neonatal imitative
abilities (Heimann et al., 1989). Our data seem to
open a new perspective in the field of cognitive
development and indicate that basic social skills at
birth may predict future behavioral developments.
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