
social behaviours, and to further consider how such processes are
influenced by universal developmental phenomena such as behav-
ioural stereotypies.

Philosopher’s disease and its antidote:
Perspectives from prenatal behavior and
contagious yawning and laughing
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Abstract: Accounts of behavior, including imitation, often suffer from
philosopher’s disease: the unnecessary, inappropriate, theoretically
driven explanation of behavior in terms of cognition, rationality, and
consciousness. Embryos are perversely unphilosophical and
unpsychological, starting to move before they receive sensory input.
Postnatal contagious yawning and laughing indicate that pseudo-
imitative behavior can occur without conscious intent or other higher-
order cognitive process.

When we seek to understand behavior – our own and that of
others –we suffer from philosopher’s disease: the unnecessary,
inappropriate, theoretically driven casting of behavior in terms
of higher-order cognitive processes. In these accounts, we often
commit the error of intentionality, the over-estimate of our volun-
tary, conscious control of behavior. The antidote for philosopher’s
disease and its associated theoretical biases is research based on
the natural priorities of organisms that is derived from objective
descriptions of behavior. I suggest that we are not very good phi-
losophers and can benefit from the examination of nontraditional
sources for insight and guidance, especially prenatal behavior and
postnatal contagious behaviors such as yawning and laughing
(Provine 2012).

The best place to start the investigation of behavior is at the
beginning – prenatal behavior. Early embryos are profoundly
unphilosophical and unpsychological beings that start to move
before they receive sensory input. They spond before they
respond. Such motor precocity is an awkward fact for develop-
mental psychologists who seek only environmentally driven
causes of behavior (sensation/perception, learning, motivation,
etc.) and neglect spontaneous movement (Provine 2012). The
agenda of postnatal psychology fares poorly when forced upon
the prenatal domain. Even after sensory input becomes available,
it has little impact on most ongoing behavior during the prenatal
period (Provine 1972). If this is not challenge enough, the spinal
cord, not the brain, is the origin of the electrical discharges that
drive much embryonic behavior (Provine & Rogers 1977). Both
the functions and causes of embryonic behavior are novel and
unique to the prenatal niche. Embryonic movement is essential
for the development of joints, muscles, and the regulation of
neuron numbers, behavioral consequences neglected by most
developmental psychologists (Provine 2012). How many develop-
mental psychologists know that paralyzing embryos blocks the nat-
urally occurring death of motor neurons?

Instinctive yawning (Provine 2005), and laughing (2000; 2016;
2017) provide informative examples of erroneous thinking about
the causes of behavior. Yawning is considered a pseudolinguistic
gesture of sleepiness or boredom, and laughing is a play vocaliza-
tion emitted in certain social settings, but neither is under strong
voluntary control. We can neither convincingly yawn nor laugh on
command, and attempts to do so seem fake and have long laten-
cies (Provine 2012). However, lack of conscious control does not
curtail the composition of fictive narratives to explain their
occurrence.

Contagion provides another challenge to the myth of conscious
control that is especially relevant to the issue of infant imitation of
the sort reported by Meltzoff and Moore (1977) (Provine 1989a;
2012). When we yawn in response to observed yawns (Provine
1986) or laugh in response to observed laughs (Provine 1992), is
it a conscious effort to imitate another person? Both options are
unlikely, given the low level of voluntary control of yawning and
laughing (Provine 2012). I suggest, instead, that such contagion
is the involuntary consequence of activation of a feature detector
for yawns or laughs in the observer’s brain. The detector for laugh-
ter is probably acoustic – the sound of laughter triggers laughter of
the listener (Provine 1992; 2000). The trigger for yawning is more
broadly tuned – almost any stimulus associated with yawning will
trigger yawns, including looking at them (Provine 1986; 1989b),
hearing them, thinking about them (Provine 1986), or even
reading about them as you are now doing (Provine 1986). If you
desire a broader menu of contagious and pseudo-imitative acts,
examine coughing, vocal crying, emotional tearing, reddening of
the eyes, nausea/vomiting, and itching/scratching (Provine 2012).

Animal studies help clarify misunderstandings
about neonatal imitation
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Abstract: Empirical studies are incompatible with the proposal that
neonatal imitation is arousal driven or declining with age. Nonhuman
primate studies reveal a functioning brain mirror system from birth,
developmental continuity in imitation and later sociability, and the
malleability of neonatal imitation, shaped by the early environment. A
narrow focus on arousal effects and reflexes may grossly underestimate
neonatal capacities.

Keven & Akins (K&A) propose that spontaneous aerodigestive
behaviours may be mistaken for neonatal imitation; however,
well-designed neonatal imitation studies already account for
reflexive and arousal-driven responses (for a review, see
Simpson et al. 2014a). When measuring arousal, either physiolog-
ically or behaviourally, and examining its relationship to imitative
responding, evidence shows that for humans (e.g., Nagy et al.
2013) and nonhuman primates (NHP; e.g., Paukner et al. 2017;
Simpson et al. 2014b), changes in arousal alone cannot account
for neonatal imitation. In addition, K&A acknowledge that they
“have not explained, so far, the differential responses of neonates
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to specific gestures” (sect. 7.3.1, para. 2). We agree and further
argue that differential imitation in neonates is incompatible with
aerodigestive or arousal-driven explanations.

An additional misconception is that neonatal imitation is auto-
matic and involuntary. Instead, infants exert active control over
imitative responses and “provoke” previously imitated gestures,
even after a delay, in both humans (Meltzoff & Moore 1994)
and NHP (Paukner et al. 2011). Moreover, neonates are sensitive
both to the type of action and the identity of the individual who
modelled the action, initiating interactions only among social part-
ners with whom they previously interacted (Paukner et al. 2011;
Simpson et al. 2013). This ability is remarkable because it indi-
cates that newborns are actively socially engaged (Meltzoff &
Moore 1994). Consequently, delayed imitation is inconsistent
with the proposal that neonatal imitation is a subcortical automatic
response.

The aerodigestive hypothesis claims that imitative responses
peak in the first week of life and decline in the following
weeks. The data actually show the opposite for facial gestures:
Neonatal imitative responses for tongue protrusion steadily
increase in frequency from the first week to the ninth week
(e.g., Oostenbroek et al. 2016; Meltzoff et al. in press 2017).
Only after 3 months does the frequency of facial gesture imita-
tion decline and infants begin to imitate other actions, such as
sounds, vocalizations, and finger movements (Kuhl & Meltzoff
1996; Maratos 1998). Thus, although imitation does undergo
changes with development, infants continue to reliably
produce matching behaviours (for a review, see Simpson
et al. 2014a). These findings support the idea that neonatal
responses are not stereotypes but rather intentional, voluntary
behaviours.

We agree with K&A that animal studies widen our understand-
ing of various phenomena, including neonatal imitation. Nonethe-
less, in this instance, K&A neglect to consider animal studies in
their potential to inform our understanding of infant social cogni-
tive development (Gerson et al. 2016). For example, K&A claim,
“neonatal imitation experiments provide the only evidence that
mirror neurons are present at birth” (sect. 2, para. 7). Although
we agree that neonatal imitation is behavioural evidence of a func-
tioning mirror neuron system, this assertion overlooks NHP
studies documenting cortical brain activity through electroen-
cephalography (EEG) and reporting neural evidence of a mirror-
ing system functioning from birth in newborn monkeys (Ferrari
et al. 2012).

Furthermore, evidence from animal research is consistent with
the premise that individual differences in neonatal imitation may
reflect individual differences in sociability (Heimann 1989;
Heimann et al. 1989). Neonatal imitation is hypothesized to be
a developmental precursor for, and potentially predict, later
social cognitive capacities (Heimann 1991; 2001; 2002; Sudden-
dorf et al. 2013). Although this hypothesis has yet to be fully
tested in humans, it has been tested in NHP (see recent review
in Simpson et al. 2016). Infant monkeys who fail to exhibit neona-
tal imitation, compared to imitators, are less socially attentive
(Simpson et al. 2014b), look less at faces in general and the eyes
in particular (Paukner et al. 2014), exhibit poorer social cognitive
skills such as imitation recognition (Simpson et al. 2015) and gaze
following (Simpson et al. 2016), exhibit poorer goal-directed
motor skills (Ferrari et al. 2009b), play less with peers and
exhibit more anxious behaviour at one year of age (Kaburu et al.
2016). Together, these studies provide a more detailed view of
the link between neonatal imitation, early social predispositions,
and social development.

As a result of its plasticity, neonatal imitation may also be a fruit-
ful target for intervention, as well as an early marker of sociality.
Although we know little about the malleability of neonatal imita-
tion in humans (Jacobson 1979; Kennedy-Costantini et al. 2016),
animal studies enable the manipulation of infants’ environments
and experiences. In monkeys, across both naturalistic and experi-
mental settings, neonatal experiences impact infants’ social

capacities (Dettmer et al. 2016), including neonatal imitation,
which is strengthened by face-to-face interactions in early
infancy (Simpson et al. 2014a; Vanderwert et al. 2015). Contrary
to the aerodigestive hypothesis, the aforementioned animal
research strongly supports the social nature of neonatal imitation.

In sum, evidence to date is inconsistent with the view that neo-
natal imitation simply reflects spontaneous aerodigestive behav-
iours. Although we appreciate an approach mindful of the
broader context of development, there is nonetheless a wealth of
data that directly bear upon K&A’s arguments. A narrow focus
on arousal effects and reflexes may grossly underestimate neonatal
capacities. Recognizing such capacities and establishing neonatal
measures of sociality may help identify neonates who fall outside
the range of healthy social development and may increase oppor-
tunities to intervene and foster positive child outcomes.

An unsettled debate: Key empirical and
theoretical questions are still open
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Abstract: Debates about neonatal imitation remain more open than
Keven & Akins (K&A) imply. K&A do not recognize the primacy of the
question concerning differential imitation and the links between
experimental designs and more or less plausible theoretical assumptions.
Moreover, they do not acknowledge previous theorizing on spontaneous
behavior, the explanatory power of entrainment, and subtle connections
with social cognition.

We praise the Keven & Akins (K&A) target article for emphasiz-
ing that neonatal imitation findings must be read in the broader
context of sensorimotor development, especially as portrayed by
Thelen (1979; 1981b). By describing tongue protrusion as one
of many rhythmic stereotypies whose rate can increase in relation
to arousal, and by indicating a precise timeline for the onset,
development, and dropout of spontaneous tongue protrusion,
K&A strengthen the arousal explanation of the neonatal imitation
findings (Jones 2009). Nonetheless, their support for the arousal
theory presents some shortcomings. Brief examination of some
empirical studies and theoretical alternatives suggests that the
debates about neonatal imitation, and its relevance to social cog-
nition, remain more open than K&A imply.

K&A’s characterization of the operational definition of neonate
imitation (as “producing the modeled gesture more often than an
unrelated one,” (sect. 2, para. 2) is imprecise. Most empirical
studies of neonatal imitation operationalize imitation as greater
frequency of a gesture in response to the same gesture than in
response to other gestures. The operational definition entails ref-
erence to a plurality of gestures exhibiting the comparative
increase just described. This point is of critical importance
because Meltzoff and Moore (1977) were well aware that, if
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