
heard speech interact with emerging anatomical connections may
be the means by which early links between perception and pro-
duction – even prior to babbling – are established.
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Abstract:Despite the persuasiveness of Keven & Akins’ (K&A) review, we
argue that mentalization, or the ability to interpret the mental states of
oneself and others, is required to construct the neonate mind, going far
beyond sensorimotor imitation. This concept, informed by certain
psychoanalytic and attachment theories, has produced a form of therapy
called mentalization-based psychotherapy, which aims to improve
emotional regulation. Our aim here is to shed light on a form of
neonatal imitation that goes beyond sensorimotor imitation.

From birth, “instinctive” behaviors have a double explanation, partly
attributable to heredity (genes) and partly to the environment: The
innate potential to develop behaviors, and behavioral acquisition
and development, respectively. Gene–environment interactions
normally explain interindividual behavioral differences, according
to human behavioral genetic research (McGue & Bouchard 1998).

Very early on, as in imprinting (Lorenz 1935), heredity and
environment interact. Some interactions occur in periods con-
sidered critical, being of limited duration and essential for subse-
quent normal development – for example, of language and vision.
Many cerebral structures have critical maturation periods, corre-
sponding to critical development periods for cognitive or execu-
tive functions, which enable cerebral plasticity (Hensch 2016).
Cerebral plasticity may be newly available by reactivating critical
periods using pharmacology, exercise, or psychotherapy.

Mentalization-based therapy identifies precocious mentaliza-
tion mechanisms in neonates and children and attempts to mod-
ulate them in adults through psychotherapeutic interactions
(Desseilles et al. 2015).

The critical interactions between adults and neonates depend
on the neonate’s behavioral capacities for social interaction (Bra-
zelton 1987). At birth, neonates turn their head towards a human
voice, are attuned to the pitch of a female voice; prefer human to
pure sounds; fixate on images of the human face; turn towards the
smell of milk; and so on. The neonate already interacts as an indi-
vidual. For Brazelton, parents should be aware of their newborn’s
wakenings and sensitivities. Recognizing the neonate’s competen-
cies allows obtaining a starting point for interaction and imitation,
both sensorimotor and psychic.

The capacities described by Brazelton corroborate those that
Bowlby (1978) described as attachment, reflecting the quality of
relationships established with others from birth through child-
hood and even adulthood (Zelinka et al. 2014). A key concept
here is the internal working model: Mentalizing includes the abil-
ities (1) to interpret the other’s psychological characteristics; (2) to
infer and attribute to the other desires, emotions, beliefs, and
intentions; and (3) to differentiate and understand these mental
states in the other and oneself. Children apply these models to
various situations in order to predict their own and others’ behav-
iors. Bateman and Fonagy (2006) called this interpretive mental-
ization, or the interpretive interpersonal function, arising from
interactions with attachment figures.

Bateman and Fonagy (2006) contended that, at birth, humans
are unaware of the different emotional states, and that they

learn through interactions with others, chiefly primary caregivers.
Emotional states are learned by “mirroring” bodily sensations
associated with emotional states, which the caregiver provides,
particularly through facial mimicry and emotional aspects of the
voice (resonance). This forms the basis for emotional regulation
(Desseilles et al. 2015, p. 203): “I don’t know where Mommy is,
which gives me a stomachache and makes me cry. I see my
Mommy, with tears in her eyes, who tells me ‘Don’t cry,
Mommy’s here! I deduce that what I feel is grief, and I label it
as such.” When children have difficulty with emotional learning,
they incorrectly attribute emotions to bodily signals and have dif-
ficulty regulating emotions as adults. Mirroring enables children
to develop appropriate emotions and emotional interpretations
as the caregiver shapes and gives meaning to their internal expe-
rience. This provides emotional representations that are internal-
ized in the psychic functioning, and that form the bedrock of the
child’s identity, or self. Emotionally neglected children, such as
borderline personalities, lack a stable structure of the self. For
normal development, children need exposure to significant indi-
viduals whose emotions they can represent within themselves,
and who, in a caring and benevolent manner, can reflect their feel-
ings and intentions appropriately, without overexaggeration,
which may lead to overidentification with the other.
Children who lack adequate caregivers have problems distin-

guishing reality from fantasy, or physical reality from psychic
reality. Bateman and Fonagy (2006) called this the alien self, or
confusion with the other: internally experienced ideas and feelings
do not seem to belong to the self. The child may then integrate the
part of the other that feels like a stranger.
If children fail to learn that internal experiences exist in the

mind and not in the external world, they may believe that the
internal and external world are one and the same, with no differ-
entiation between the imaginary and the real. Physical reality
becomes “too real.” Moreover, in pretend mode, the mental
state is completely separate from the external world, and external
physical reality becomes “too unreal.” Normally developing chil-
dren integrate the two modes to develop reflective mentalization,
whereby thoughts and emotions are experienced as symbolic
representations, such as words. Internal and external reality are
experienced as simultaneously related and separate, and no
longer need to be even similar or dissociated from each other.
However, patients with borderline disorder do not integrate the
two aspects, by default, and they function either in psychic equiv-
alence or pretend mode.
The aim of the mentalization-based therapeutic approach is to

reinstate the mentalizing process. Therapists should continuously
ask themselves why the patient is saying something. What is the
reason for the behavior? Why does the therapist simultaneously
feel what the patient feels? Therapists strive to understand what
is disturbing their patients, how to identify and give meaning to
their experience, and how to clarify it to them. Therapists must
also accept enacting the transference experience, evoking the
alien self. Therapy takes place in the here and now, not the past
or future. Therapists must not interfere with their patients’
mental states, but instead accept their thoughts and feelings. Ther-
apists help their patients name, describe, and understand emotions
and situate them in current or recent contexts. Thus, the patient’s
mind is explored by another mind (the therapist’s) through inter-
personal interactions that are caring and non-threatening, with
the therapist’s clear explanations using metaphor-free vocabulary,
such that the patient fully understands what is happening.
This therapy should not be neglected, because it leverages a

neonate’s capacity to understand facial emotions and intentions
of the primary caregivers and consequently to develop emotional
regulations on the ground of these basic experiences essentially
made from these imitations (psychic imitation, sensory imitation,
and motor imitation). Because language is not yet developed in
neonates, these mentalization experiences are able to connect
the body and the mind. This opens a very promising avenue for
future new psychotherapies, as, for instance, involving facial
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retroaction feedback and/or attentional training, such as mindful-
ness, and/or other emotional regulation strategies (Mikolajczak &
Desseilles 2012; Desseilles et al. 2015).

A major blow to primate neonatal imitation and
mirror neuron theory
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Abstract: Keven & Akins’ (K&A’s) compelling new hypothesis explaining
the developmental and neural basis of neonatal tongue protrusion has
important implications for current understanding of primate imitation
and the explanatory value of mirror neurons. If correct, this hypothesis
eliminates a major source of evidence for neonatal imitation. I explore
the implications this has for mirror neuron research and the arguments
building upon them.

Keven & Akins (K&A) offer a novel and convincing hypothesis
explaining why neonate primates protrude their tongues in
response to various types of stimulation (including adults protrud-
ing their tongues at them). Because oral movements required for
suckling mature early, they also come under voluntary control
early, making tongue protrusion and retraction (TP/R) one of
the few motor acts available to newborns. Their hypothesis
makes sense in terms of mammalian phylogeny and evolution,
and in terms of nervous system development. Essentially, in the
same way that “to a man with a hammer everything looks like a
nail,” early in development the infant’s repertoire is so limited
that a wide variety of stimuli become affordances for TP/R.
These stimuli include seeing others protrude their tongues (puta-
tive “imitation”), but also include seeing flashing lights or toys or
hearing arousing music. Crucially, K&A’s hypothesis explains not
just why TP/R is observed early in development, but also explains
why it mysteriously disappears shortly thereafter: As the infant’s
motor repertoire diversifies, a wider response repertoire is avail-
able, and the infant moves on to more mature responses. I find
K&A’s hypothesis and arguments both reasonable and compelling.

Given that TP/R is the only well-replicated “imitative” neonate
action from Meltzoff and Moore’s (1977) study, and the only
action documented more recently in neonates of several nonhu-
man primate species, K&A’s hypothesis should prompt careful
reexamination of the literature on neonatal imitation. We know
that human babies will eventually become imitators: this is a
robust and distinctive feature ofHomo sapiens. But with other pri-
mates the opposite is true, and in adult macaques there is little evi-
dence for imitation.

Meltzoff and Moore’s original (1977) study was astounding not
because it demonstrated imitation in humans, but because it
seemed to show that the connections between human visual per-
ception andmotor control were present at birth. But in nonhuman
primates, neonatal TP/R remains the only strong evidence we
have of any form of direct imitation in macaques, and the best evi-
dence for chimpanzees (Ferrari et al. 2006b; Myowa-Yamakoshi
et al. 2004; Paukner et al. 2011). To the extent that this apparent
evidence does not in fact demonstrate imitation, the only accepted
example of macaque imitation has just disappeared.

The significance attached to “imitation” has waxed and waned
over time, and a daunting empirical and theoretical literature
exists debating and refining terminology (reviewed by Whiten &
Ham 1992). In the early days of animal behavior, imitation –
“learning to do an act from seeing it done” –was considered a
boring low-level form of behavior. This prejudice was perhaps
spurred by such English sayings as “monkey see, monkey do” or
the German “nachaffen” (“after ape”) meaning “to imitate.” But

accumulating evidence made clear that much apparent animal
imitation is purely in the eye of the human beholder. In many cir-
cumstances where we would expect monkeys to imitate each other
(e.g., learning to crack nuts with stones by watching a skilled
monkey), they fail to show true imitation but rather show
simpler behaviors like “stimulus enhancement” (simply observing
that rocks and nuts together can lead to food). Each monkey still
has to figure out, for itself, precisely how to hold and swing the
stones and position the nut (Visalberghi 1987). Such studies led
imitation in primates to be seen today as a sophisticated cognitive
achievement (cf. Fitch et al. 2010; Visalberghi & Fragaszy 1990;
Voelkel & Huber 2000).

Perhaps the biggest reason that evidence for or against
monkey imitation is important is that it concerns its implications
for the literature on mirror neurons, which were discovered in
macaques. Mirror neurons (sometimes called “monkey see,
monkey do” neurons [Carey 1996]) are frontal neurons in macaques
that fire both when the monkey performs some action and when it
sees that same action performed. Such neurons appear to provide a
computational substrate for motor imitation. But the catch is that –
at the time of the discovery of mirror neurons – the behavioral evi-
dence indicated that macaques do not, in fact, imitate. Although this
ugly fact did not stop people from inferring that human mirror
neurons play a key role in imitation, it was awkward from an evolu-
tionary viewpoint: Just what are these mirror neurons doing in
macaques, if not supporting imitation?

For mirror neuron enthusiasts, the 2006 discovery of apparent
neonatal imitation in macaques was thus a great relief. Finally, it
seemed, a behavioral function for macaque mirror neurons had
been found, filling an otherwise uncomfortable lacuna in the the-
oretical edifice built upon mirror neurons. This is important, given
the huge scope of explanations based on mirror neurons today,
extending to speech perception, language evolution, autism
research, empathy, and other major issues in cognitive neurosci-
ence (skeptically reviewed by Hickok 2014). K&A’s hypothesis
calls such extensions sharply into question, by offering a simpler
explanation of TP/R. Indeed K&A’s hypothesis seems preferable
to imitative hypotheses because it explains the disappearance of
“imitation” during maturation that remains unexplained by the
mirror neuron/imitation hypothesis.

The next and crucial step will be to design empirical tests pitting
the two hypotheses against one another. I hope that researchers
studying primate neonatal “imitation” and mirror neurons will
rise to this challenge: The most obvious evidence in favor of
K&A would come from single-unit recordings in neonatal
macaques, in area F5 where mirror neurons are classically
found. If such recordings find no evidence of mirror neuron
involvement in the tongue protrusion response, it would be
strong evidence in favor of K&A’s new hypothesis.

In summary, I applaud K&A for providing a plausible alternative
hypothesis for the widely accepted “neonatal imitation” interpreta-
tion of the TP/R response, and I am impressed by the breadth and
depth of data that they have brought to bear in evaluating and sup-
porting their hypothesis. Although the jury is still out, K&A provide
one more reason for skepticism about neonatal imitation in general
and monkey imitation in particular, as well as for circumspection
about cognitive explanations that rely heavily on mirror neurons.

The case against newborn imitation grows
stronger
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Abstract: The claim that human newborns imitate is widely accepted and
influential. Yet reliable evidence that newborns match modeled behaviors
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