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Highlights
e Yawn contagion and play face mimicry are found in human and non-human animals
¢ In humans facial muscle contraction has a causal effect on brain emotion generation
e Mimicry phenomena highlight a correlative link between bodily and emotional states
e This link, found in animals, may be evolutionarily more ancient than expected

e A shared approach is proposed for research on human and non-human animals

Abstract

Spontaneous mimicry appears fundamental to emotional perception and contagion, especially when
it involves facial emotional expressions. Here we cover recent evidence on spontaneous mimicry
from ethology, psychology and neuroscience, in non-human and human animals. We first consider
how mimicry unfolds in non-human animals (particularly primates) and how it relates to emotional
contagion. We focus on two forms of mimicry-related phenomena: facial mimicry and yawn
contagion, which are largely conserved across mammals and useful to draw evolutionary scenarios.
Next, we expand on the psychological evidence from humans that bears on current theoretical
debates and also informs non-human animal research. Finally, we cover the neural bases of facial
mimicry and yawn contagion. We move beyond the perception/expression/experience trichotomy
and from the correlational to the causal evidence that links facial mimicry to emotional contagion
by presenting evidence from neuroimaging, direct manipulation, neuro-stimulation and lesion
studies. In conclusion, this review proposes a bottom-up, multidisciplinary approach to the study of
spontaneous mimicry that accounts for the evolutionary continuity linking non-human and human

animals.
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1. Introduction

What are the building blocks of social and emotional interaction? What basic mechanisms underpin
phenomena such as emotional contagion? These questions concern scientists in biology, psychology
and the intersecting field of neuroscience. Contrasting views about the same topics are often
proposed, partly because such phenomena are investigated separately in non-human animals
(frequently by biologists) and humans (usually by psychologists). This situation fuels the debated
divide between non-human and human cognitive abilities, rather than posing emphasis on the
shared abilities of non-human and human animals (e.g MacLean, 2016). While working with
different theoretical frameworks and methodological tools in these domains, we believe that a
fruitful avenue for interdisciplinary convergence is the exploration of spontaneous mimicry, in
which the observer automatically matches the perceived motor behaviour (Preston and de Waal,
2002; Drimalla et al., 2019). This behaviour can be a gateway to emotional perception and
transmission from one individual to another (emotional contagion, better described below; de Waal
and Preston, 2017), especially when mimicry involves facial expressions. In this review, we present
a bottom-up (sensu de Waal and Ferrari, 2010), multidisciplinary approach to the study of
spontaneous mimicry. This approach does not consider humans as a separate pinnacle of animal
evolution. It accounts, instead, for the evolutionary continuity linking non-human and human
animals (Darwin, 1859) and that overarches ethology, psychology and neuroscience.

Our review starts with non-human animals, especially non-human primates. We discuss how

studying the replication of facial displays by social partners offers a behavioural window on



emotional synchronization and contagion. We specifically focus on yawning and play face, two
plesiomorphic forms of facial displays, as they are present in phylogenetically distant groups of
mammals and therefore particularly appropriate to draw evolutionary scenarios (e.g. Baenninger,
1987; Campbell and de Waal, 2011; Campbell and de Waal, 2014; Davila-Ross et al., 2011,
Demuru and Palagi, 2012; Norscia and Palagi, 2011; Palagi et al., 2009; Palagi et al., 2018a; Palagi
et al, 2019; Romero et al., 2013; de Waal and Preston, 2017). In this part, we first provide evidence
of the presence of facial mimicry and yawn contagion in non-human animals (e.g. de Waal and
Preston, 2017) and then we discuss the possible relation of such behaviour with emotional
contagion, also addressing (and trying to reconcile) the debate between attentional-based versus
affiliation-based accounts for the social modulation of yawn contagion (e.g. Gallup and Massen,
2017; Norscia and Palagi, 2011; Norscia et al, 2016a).

Later, we expand to aspects regarding spontaneous mimicry that are actively investigated in the
human literature, and could in part also apply to non-human animal research, such as the possible
role of mimicry in emotion understanding and its modification by social relationships (Duffy and
Chartrand, 2015; Hess and Fisher, 2013; Kavanagh and Winkielman, 2016; Seibt et al., 2015). In
both non-human and human animal research, we discuss proposals that emphasize a process of
direct motor matching between the effectors perceived and those activated by the observer (motor
resonance). We also discuss an account according to which mimicry unfolds because the detection
of an affectively-loaded expression induces in the observer the corresponding emotional state.
Research on humans offers evidence that is consistent with the simple direct matching process as
well as more complex (i.e. affect-based) simulation processes (Arnold and Winkielman, 2019).
Supporting the direct matching view, some studies of facial and gestural mimicry report rapid
matching to stimuli that are brief and impoverished (e.g., subliminal, schematic, or robot faces).
This matching sometimes occurs in a way that is insensitive to social context (e.g., social
relationships), to the perceiver’s goals (e.g., matching the opponent’s gestures), and is highly

dependent on the individual’s learning history pairing perception and action (Heyes, 2011).



However, other psychological studies report that some rapid responses are socially modulated. In
animals, this is reflected in the high dependency of mimicry on affiliative relations. In humans, this
is additionally reflected in phenomena such as rapid counter-mimicry to opponents and reduction of
mimicry to out-groups (e.g., Bourgeois and Hess, 2008: Carr et al., 2014, Bagnis et al., 2019).

In the last part of this review, we highlight neuroscientific research from animal and human
literature that elucidates mechanisms underlying different forms of mimicry. In particular, we cover
the neural bases of facial and autonomic mimicry and yawn contagion (i.e. Dimberg et al., 1982,
1998; Lee et al., 2006;2008; Carr et al., 2003; di Pellegrino et al., 1992; Prochazkova and Kret,
2017; Feldman et al., 2012; Harrison et al., 2006). Based on neuroimaging evidence, we go beyond
the perception/expression/experience trichotomy (i.e. Gallese et al., 2004; lacoboni and Dapretto,
2006; Caruana et al., 2015; Krolak-Salmon et al., 2003). Finally, we move from the correlational to
the causal evidence that links facial mimicry to emotional contagion by presenting evidence from
direct manipulation, neuro-stimulation and lesion studies to conclude that emotional contagion may,
under certain conditions, underlie facial mimicry and yawn contagion, although further explanations
remain open (i.e. Hennenlotter et al., 2009; Adolphs et al., 2003; Caruana et al., 2015; Di Cesare et

al., 2018).

2. Facial display replication as a behavioural window on emotional contagion

Spontaneous mimicry is the automatic reproduction of the motor patterns (motor mimicry) or
physiological state (autonomic mimicry) of another individual and is one of the portals that allows
the transmission of emotions from one individual to another, especially when it involves facial
behaviour and features revealing internal physiological and emotional states (Kavanagh and
Winkielman, 2016; Prochazkova and Kret, 2017; de Waal and Preston, 2017). In this section we
first examine whether, and in what forms, the phenomenon of replication of facial displays (play
face and yawn) in non-human animals is present and, subsequently, we explore in what cases the

replication of facial displays (facial mimicry of play face and yawn contagion) can indicate



emotional contagion as underlying mechanism. While examining these issues, we also present
homologies and links with human animals (hereafter: humans) to build the ground for a
comparative approach allowing evolutionary inferences.

From an evolutionary perspective, emotional contagion may have arisen in a step-wise fashion,
building on the mechanisms that underlie the expression of emotions (Figure 1). The starting point
might have been the concurrent or quasi-concurrent expression of the same facial displays by
different individuals because of similar physiological responses related to group living (e.g. fear due
to predation or aggression; pain due to pathogens or wounds; emotional arousal due to resources
becoming available) (Figure 1a). Two further steps may have occurred during evolution (Figure 1b
and 1c). The first step is the development of a recognition system in which the facial display of an
individual starts working as a releasing stimulus (sensu Tinbergen and Perdeck, 1951). The
releasing stimulus elicits the same facial display in other individuals, possibly optimizing the
synchronization of their activities (e.g., spatial ranging, coordinated foraging, and sleep/wake
rhythms) and therefore has been likely favoured by natural selection. At an automatic level, this
process implicates the activation of common neural substrates for the observed and executed action
leading to the output of the observed action (Hecht et al., 2013). As a second step, this motor
contagion might have served as a exaptation for emotional contagion when involving displays of
emotional internal states, such as facial expressions (Hess and Fischer, 2013).

During evolution, motor mimicry (Figure 1b) and emotional contagion (Figure 1c) may have not
necessarily emerged one after another (motor mimicry before, emotional contagion later). Because
of the strong benefits of emotional transfer within social groups and possible strong positive
selective pressure, motor mimicry and emotional contagion may have been coopted and may have

concurrently emerged as a result of the mutual positive feedbacks exerted one over the other.

2.1.  Facial displays as releasing stimuli: from individual to social responses



As mentioned, the simultaneous expression of the same facial display by different individuals of a
social group, generated by similar physiological internal states in response to the same external
event, may have acquired a communicative value during evolution. In this process, single and
independent displays may have become releasing stimuli eliciting similar responses in other
subjects. From an empirical perspective, to verify whether the releasing stimulus mechanism is in
place, it should be demonstrated that it is significantly more likely subjects display a certain facial
configuration when they can perceive it on the face of another individual (experimental condition)
than when they do not perceive it (baseline condition).

This approach can be used with different types of the replication of facial expressions that
can be categorized as a function of differences in response delay and/or type of display performed:
rapid facial mimicry (RFM), delayed facial mimicry (DFM), and yawn contagion (YC) (Palagi et
al., 2018a; Davila-Ross et al., 2011; Provine, 2005). RFM takes place when the replication of the
facial expression occurs within 1 second (in humans: 500ms; Hess and Fischer, 2013) after
presentation of the triggering stimulus (Dimberg, 1997; Dimberg and Thunberg, 1998; Sestito et al.,
2013). Delayed Facial Mimicry (DFM) usually occurs with a delay of one to five seconds after
presentation of the stimulus (Davila-Ross et al., 2011; Palagi et al., 2018a). Yawn contagion occurs
when someone yawns in response to another’s yawn: this response delay can range from less than 1
s (falling in the range of RFM), 1 to 5 s (falling in the range of DFM) or, more frequently, extends
to several minutes, with a peak response within the first 3/3.5 minutes (Palagi et al., 2009; Palagi et
al., 2014; Campbell and Cox, 2019). It is therefore under debate whether and to what extent yawn
contagion is the expression of other forms of mimicry (Yoon and Tennie, 2010). The different
developmental timeline and the varying delays in the replication of the facial display suggest that
mimicry is not a unitary phenomenon and may point towards different underlying mechanisms.
From the neurobiological point of view, longer delays in the response suggest that more indirect

neural pathways can be involved (Ferrari et al., 2009).



2.2 Yawn contagion
Even though spontaneous yawning is considered a fixed action pattern, its description is not fixed at
all. Spontaneous yawning has been described as consisting of long, deep inspiration, brief peak with
apnea (acme) followed by a slow expiration (Walusinski and Deputte, 2004; Guggisberg et al.,
2010) sometimes reported as rapid (Baenninger, 1997; Krestel et al., 2018) or shorter (Provine,
2012; Gallup et al., 2016). When integrating the different descriptions of the motor patterns
defining a yawning event (Walusinski and Deputte, 2004; Guggisberg et al., 2010; Provine, 2012;
Baenninger, 1997), it is possible to claim that it includes active jaw gaping, eye closure, contraction
of facial muscles, and passive jaw closure, accompanied by neck stretching and head tilting and, in
some cases, by limb and body stretching. Due to its complicated combination of patterns, Provine
(2012) distinguished different types of yawn (close-nose yawn; clenched-teeth yawn; sealed-lips
nose yawn,; the eyes-open yawns) showing that some features of yawning can be modulated (Krestel
et al., 2017). For all these reasons, a yawning pattern includes a facial expression but involves more
than just facial muscles.

Once elicited, yawning cannot be completely suppressed. Therefore, it has been also defined
as a stereotyped or reflex-like pattern (Lehmann, 1979; Provine, 1986). Barbizet (1958, p.203)
defined yawning 'halfway between a reflex and an expressive movement'. Indeed, the
morphological variability surrounding the yawning display indicates that this behavioural
phenomenon is more articulated than a simple reflex (Massen and Gallup, 2017). However, despite
the different morphological variants found in some primate species (e.g. chimpanzees; Vick and
Paukner, 2010; geladas: Palagi et al., 2009; macaques: Zannella et al., 2017; humans: Provine,
1986, 2012), the basic yawning pattern is plesiomorphic and well recognizable across species
(Baenninger, 1987). This makes yawning an excellent behavioural marker to investigate facial
display replication in a comparative perspective.

As a physiological response, yawning can be influenced by internal and external factors (e.g.

time of the day: Giganti and Zilli, 2011; intracranial/brain temperature; Gallup and Eldakar, 2013).



Yawning is also socially modulated: it is more likely to occur in real social settings, as a result of
yawn contagion (Provine, 1989; 2005). However, in Virtual Reality (VR) trials, the physical
presence of a researcher during testing significantly inhibited contagious yawning, even though
participants were viewing a virtual environment (and virtual yawns) and were unable to see the
researcher (Gallup et al., 2019).

The same factors that affect spontaneous yawning are observed in yawn contagion.
Contagious yawning, although socially modulated, remains a physiological response and has been
found in several animal species, including humans, and it occurs when individuals respond with a
yawn after perceiving a yawning from/in others (Provine, 2005; Norscia and Palagi, 2011; Palagi et
al., 2009; Demuru and Palagi, 2012; Campbell and de Waal, 2011; Campbell and de Waal, 2014;
Romero et al., 2013).

The phenomenon of yawn contagion seems to rely upon the perception-action mechanism
also involving the mirror neuron system (Preston and de Waal, 2002; Gallese et al., 2004). Kapitany
and Nielsen (2017) suggested that in Homo sapiens the increased occurrence of yawning in social
conditions - as compared to solitary - may be due not to contagion but to the social setting itself.
However, their study showed that the mere presence of others was not sufficient to increase the
probability of yawning. Instead, in line with what is expected when contagion is in place, they
found that the yawning rates were significantly higher in the social non-blind (individuals could see
each other and detect others” yawns) than in the blind condition (individuals could not see each
other). In both conditions, the auditory component of yawns was excluded by having the
participants listening to Chopin's Complete Nocturnes (Kapitany and Nielsen, 2017).

Yawn contagion has been found in all the hominine species: chimpanzees (Pan troglodytes:
Anderson et al., 2004; Campbell and de Waal, 2011; Campbell and Cox, 2019), bonobos (Pan
paniscus; Demuru and Palagi, 2012; Tan et al., 2017; but see: Amici et al, 2014 on a vary small
sample size) and humans (Homo sapiens: Provine, 1986; 1989). Outside the hominine species but

still within the hominid family, two reports failed to find yawn contagion in lowland gorillas



(Gorilla gorilla; Amici et al., 2014; on a larger sample including a bachelor and a harem group:
Palagi et al., 2019). On the other hand, yawn contagion has been found in two cercopithecid
monkey species (geladas, Theropithecus gelada: Palagi et al., 2009; Tonkean macaque, Macaca
tonkeana: Palagi and Norscia, 2019 ) but not convincingly in others. Specifically, yawn contagion
has not been found in the Japanese macaque (Macaca fuscata, Norscia and Palagi, 2019) and the
situation is unclear for stump-tailed macaques (Macaca arctoides; Paukner and Anderson, 2005).
Stump-tailed macaques yawned significantly more while watching a yawn video than a control
video but also showed more self-directed behaviour like scratching, which in primates is related to
anxiety (Paukner and Anderson, 2005). Results from stump-tailed macaques suggests that the
yawning response may be also linked to anxiety and not necessarily to contagion. Beyond primates,
yawn contagion has been found in wolves (Canis lupus lupus; Romero et al., 2014) and domestic
dogs (Canis lupus familiaris; interspecific yawn contagion; Silva et al., 2012; Romero et al., 2013).
In dogs the yawning response was found not associated with stress but only with the perception of a
triggering yawn emitted by the owner (Romero et al., 2013). Therefore, it seems that phylogenetic

closeness is not, per se, predictive of yawn contagion.

2.3 Facial mimicry

In this section we move from yawn contagion, which can be expressed in several different social
contexts, to forms of facial replication linked to a specific context. Play fighting (also known as
rough-and-tumble play or play wrestling) is a good behavioural model for comparative studies on
both Rapid Facial Mimicry (RFM) and Delayed Facial Mimicry (DFM) because play behaviour is
widespread across mammals (Pellis and Pellis, 2017). Moreover, play sessions are punctuated by a
facial expression that is highly specific to the playful context, the relaxed open mouth (ROM) or
play face (meerkats, Suricata suricatta: Palagi et al., 2019a; various lemur species: Norscia and
Palagi, 2016; Palagi et al., 2014; Macaca spp: Preuschoft, 1992; Preuschoft and van Hooff, 1995;

1997; Scopa and Palagi, 2016; geladas: Palagi and Mancini, 2011; great apes: Cordoni and Palagi,
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2013; Palagi, 2006; 2008; Palagi et al., 2007; Palagi and Cordoni, 2012; Waller and Cherry, 2012).
ROM is a signal that may convey the self-rewarding/positive internal state that the subject
experiences during play (Bekoff, 2015; Boissy et al., 2007). Different studies indicate the presence
of homologies between human and non-human primate ROM. Such homologies include both brain
areas responsible for face processing (e.g., Macaca spp.: Tsao et al., 2008) and the morphological
similarities between the visual component of laughter in humans and play face in non-human
primates (Parr and Waller, 2006; Parr et al., 2005; Preuschoft, 1992; Preuschoft and van Hooff,
1995; 1997). The play face and laughter of human and non-human primates (Norscia and Palagi,
2016) are innate (Black, 1984; Davila-Ross et al., 2009) and commonly associated with free play
(Panksepp, 2004).

This signal is effective in helping children and non-human animals to manage the playful
session (for an extensive review see Palagi et al., 2016). For example, if one playmate uses
excessive force or does not follow the reciprocity rules (turn taking, role reversal, self-
handicapping), the play fighting session can become unbalanced and lead to real aggression (Fagen,
1981; Palagi et al., 2016; Pellegrini, 2009; Pellis and Pellis, 2017; Pellis et al., 2010). Since playful
motor patterns are often ‘borrowed’ from serious contexts (such as agonistic, anti-predatory, and
mating behavior; Bekoff and Byers, 1981; Fagen, 1993; Pellis, 1988; Pellis and Pellis, 2009), ROM
is crucial to ensure that the playful mood is communicated from one playmate to the other (Pellis
and Pellis, 1996; Pellis and Pellis, 1998). During a playful session the play face emitted by one
player can be rapidly mimicked by the playmate.

The short delay typical of RFM led to define it as an automatic, unconscious, or involuntary
process (Hess and Fischer, 2013). Considering the importance that RFM may have in social
interactions, it has been proposed that this phenomenon is more widespread than previously
reported and not confined to humans. In non-human primates, RFM has been found in the great
apes (orangutans, Pongo pygmaeus, Davila-Ross et al., 2008; chimpanzees and lowland gorillas,

Palagi et al., 2018a) and in some monkey species such as geladas (Mancini et al., 2013a) and
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Tonkean macaques (Scopa and Palagi, 2016). Outside the primate order, RFM was demonstrated in
the domestic dog, which rapidly replicates ROMs of conspecifics while playing (Palagi et al.,
2015).

Contrary to RFM, DFM occurs with a larger delay (1 to 5 s). It has been proposed that DFM
may be less automatic than RFM (Davila-Ross et al., 2011) and some have suggested that DFM can
also allow the expression of the playful mood at a later stage of interaction (Mancini et al., 2013a;
Schmidt and Cohn, 2001; Palagi et al, 2018a). In the great apes, for example, DFM was found in
chimpanzees but not in lowland gorillas (Palagi et al, 2018a). It is possible that chimpanzees
perform DFM to re-affirm their playful intention at a later stage of the interaction, to prolong the
positive social contact and favour social cohesion (Palagi et al, 2018a). A further explanation for the
presence of the delayed response in chimpanzees (DFM) may be a possible audience effect on
response elicitation, with this effect prevailing in chimpanzees due to their higher social cohesion

compared to gorillas (Cordoni et al., 2018).

3. From yawn contagion and mimicry to emotional contagion in non-human animals

Unlike other motor patterns, facial expressions can convey information about the internal emotional
state of an individual. While some emotional displays may trigger a matching response (e.g., as in
the contagion of crying or laughter; Provine, 1992; Jordan and Thomas, 2017), some may not (e.g.,
anger may elicit fear; Dezecache et al., 2015) at least in humans. The replication of the same facial
displays can be one of the behavioural manifestations of the transfer of the same emotion from one
individual to another (same face — same emotion process, Clay et al., 2018). However, in non-
human animals the presence of facial mimicry and yawn contagion (same face) is not sufficient, per
se, to automatically assume that emotional contagion is in place (same emotion). From an
operational point of view, it is necessary to demonstrate that the occurrence of facial replication is
significantly more likely when emotion or mood sharing is expected to be involved, e.g. between

kin and/or individuals that are strongly bonded.

12



3.1 Proximate factors underlying yawn contagion: emotional or attentional bias?

The relation between yawn contagion and emotional contagion is under debate. While some authors
consider yawn contagion as an expression of emotional contagion (de Waal and Preston, 2017),
others argue that a visual attentional bias, and not an emotional transfer, can explain why it is more
likely that individuals yawn after detecting yawns of others (Gallup and Massen, 2017). These two
main arguments can be grouped into two different hypotheses: the Emotional Bias Hypothesis and
the Attentional Bias Hypothesis.

According to the Emotional Bias Hypothesis (EBH), the variation of yawn contagion across
time and individuals can reflect differences in emotional sharing. In this respect, yawn contagion is
biased by the same variables that influence emotional contagion. In humans, yawn contagion
increases with age when the ability to identify others” emotions increases and declines in old age
when this ability declines (Singer 2006; Bartholomew and Cirulli, 2014; Anderson and Meno 2003;
Millen and Anderson 2011; Wiggers and van Lieshout 1985; Saxe et al 2004). Chimpanzees too
show a developmental timeline, with an increasing trend in yawn contagion from infancy to
adulthood (Madsen and Persson, 2013).

In humans, yawn contagion is also more frequent - and the delay in the response shorter - between
individuals sharing strong relationships (family and friends) than between unfamiliar people
(Norscia and Palagi, 2011; Norscia et al., 2016a). The relationship between yawn contagion and
social bonding is not limited to humans, but also concerns bonobos and chimpanzees. Although
social modulation may not affect yawn contagion frequency in immature chimpanzees (Madsen and
Persson, 2013), adult chimpanzees yawn more in response to the yawns of in-group compared to
out-group members (Campbell and de Waal, 2011). Bonobos can show comparable levels of yawn
contagion when observing the yawns coming from group members or stranger conspecifics on
video (Tan et al, 2017). However, in naturalistic conditions, Demuru and Palagi (2012) found that

within group yawn contagion is highest between subjects that exchange more affinitive contacts. A
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further study including both humans and bonobos found that the frequency of yawn contagion was
affected by the quality of the relationship between individuals more than by the species, which
highlights the importance of social bond in the modulation of yawn contagion (Palagi et al., 2014).

The differences in yawn contagion levels between ingroup and outgroup members in the two
Pan species are in line with the fact that bonobos are more xenophilic than chimpanzees (Tan and
Hare, 2017). In fact, in chimpanzees the differences in yawn contagion are immediately evident
when comparing outgroup and ingroup members (Campbell and de Waal 2011), whereas in
bonobos differences in yawn contagion are only revealed when considering the relationship quality
of individuals of the same group, who can interact socially via affiliation (Demuru and Palagi,
2012; Tan et al, 2017).

Gorillas are phylogenetically very close to the other African hominids, bonobos and
chimpanzees (Scally et al., 2012; Stevens et al., 2013), but distant from Old World monkeys, such
as geladas. Nevertheless, no yawn contagion has been detected so far in lowland gorillas (Amici et
al., 2014; Palagi et al., 2019) whereas in geladas not only was contagious yawning found, but it was
also observed that the frequency of yawn contagion correlated with the level of affiliation between
individuals and not with their level of spatial proximity. Interestingly, geladas share with gorillas a
similar basic social structure (one male unit) but possess higher levels of social affiliation (Dunbar
and Dunbar, 1975; Kummer, 1971). In the genus Macaca - whose species can be classified
according to different grades of tolerance (from 1 to 4, less to more tolerant; Thierry, 2000) - yawn
contagion was not found in the scarcely tolerant Japanese macaques whereas it was detected
present in the highly tolerant Tonkean macaques, showing higher and more widespread levels of
social affiliation (Palagi and Norscia, 2019). Emotional contagion via facial display replication
could have been positively selected during evolution because it helps promoting affective and
behavioural synchronization within social groups (de Waal and Preston, 2017; Couzin, 2007).
When the aggregation of individuals is the result of spatial more than social closeness (as it is the

case of adult gorilla females aggregated around the silverback) or is characterised by high social

14



canalisation (as it is the case of Japanese macaques compared to Tonkean macaques) the selective
pressure over the mechanisms promoting behavioural and emotional pairing may have weakened.

Further support to the relationship between yawn contagion and emotional contagion comes
from the comparison across different species. As a matter of fact, the modulation of yawn contagion
varies according to the different distribution of social bonding characterizing the different species.
There is increasing evidence that social status can affect the degree of emotional involvement of
individuals and their interest in what others may feel (Arnott et al., 2009). In bonobos Demuru and
Palagi (2012) found that group members would respond most likely to female, whereas in
chimpanzees Massen et al. (2012) found that males mostly yawned in response to males on video,
even if the yawning response of chimpanzees could be elicited also by other group mates yawning
nearby and not only by the video. In the gelada society, Palagi et al. (2009) found the strongest and
most specific matching of yawn types between females. In line with the EBH, in bonobos yawn
contagion could be related to the fact that adult females represent the bonding and decisional
nucleus of the society (Furuichi, 2011), thus playing a key role in affecting the emotional states of
others (Demuru and Palagi, 2012; Furuichi et al., 2012). In chimpanzees, the relationship with
males can be the most meaningful to the group members because in this species males are the
bonding and decisional nucleus (Gruber and Clay, 2016). In geladas, females form coalitions and
long-term relationships, support each other in infant rearing and remain together, possibly because
they are more emotionally tuned to one another than male-female pairs (Pallante et al., 2016; 2019;
Palagi et al., 2018b).

In humans, a certain degree of difference may be present in yawn contagion between men
and women but the issue is still under debate (Chan and Tseng, 2017; Norscia et al., 2016a,b; but
see Bartholomew and Cirulli, 2014). The cultural influence in shaping relationship dynamics in the
different human societies makes it difficult to disentangle social bonding and gender effects in the

distribution of yawn contagion.
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According to the Attentional Bias Hypothesis (ABH), yawn contagion would be the result of a
purely motor response. Accordingly, the variations of yawn contagion rates between individuals
would be determined by the varying levels of social attention, rather than indexing different levels
of emotional involvement. Hence, the higher levels of contagious yawning could be due to more
theextra attention (frequency and/or duration) being paid to individuals that are more relevant to the
observer, such as familiar subjects, as it occurs in humans and geladas, or dominants, as it occurs in
chimpanzees or bonobos (Yoon and Tessie, 2010; Massen et al., 2012; Massen and Gallup, 2017).
As recently pointed out (Massen and Gallup, 2017), ABH would be supported by the existing
evidence on the different visual detection and perceptive encoding of faces of familiar/in-group
subjects compared to unfamiliar ones in humans (e.g., Ganel and Goshen-Gottstein, 2004; Michel et
al., 2006; Buttle and Raymond, 2003; Jackson and Raymond, 2006). However, such evidence is not
based on yawn contagion case studies, and familiarity or group membership are not defined on the
basis of previous social interactions between individuals. In-group members are defined on the basis
of their common race (Michel et al., 2006) and individuals are defined as ‘familiar’ even when they
are indirectly known to the study subjects (e.g. a famous person or a person whose image has been
shown to the study subjects in a pre-experimental phase; Buttle and Raymond, 2003; Jackson and
Raymond, 2006; Ganel and Goshen-Gottstein, 2004). Moreover, patterns of visual attention to faces
are also clearly not directional. Kawakami et al. (2014) found that people showed preferential
attention towards the eyes when viewing ethnic in-group members but also showed preferential
attention towards the nose and the mouth of ethnic out-group members. The same study also found
that visual attention did not differ as a function of target race. Michel et al. (2006) tested Caucasian
and Asian subjects and found that the participants performed better in the holistic recognition of
same-race faces but also that the Asian participants who had been living for about a year among
Caucasians were able to perform face holistic recognition regardless of the race. A recent study
addressed the issue of attention and familiarity in the context of emotional contagion. Dyads of

unacquainted human participants co-viewed emotional movies without interacting directly.
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Attention was summoned by the emotional movies that served as triggering event, rather than by the
other co-viewing participant. Facial synchrony was linked to the movies events. Notably, however,
synchrony was enhanced in real compared to random dyads, thus demonstrating an additional value
of contagion in inter-personal processing, while maintaining attention constant. Also, enhanced
synchrony in real dyads was paired with cardiovascular synchrony, subjective emotions, and
emotional convergence towards previously unknown others (Golland et al., 2019).

At least two conditions must be verified to conclude that the differences in the individual
selective attention toward certain targets, more than other factors, are responsible for yawn
contagion variation. These conditions are: i) the presence of an increasing trend of attention from
certain categories of individuals (e.g. unfamiliar to familiar) and ii) evidence that selective attention,
and not some other mechanisms related to the detection of the releasing stimulus, is the main force
that drives the yawning response.

Regarding the first condition, literature shows that, in human and non-human primates,
social attention does not follow a unique trend. By using the viewing time measured via eye-
tracking and showing unknown faces to the experimental subjects, Méary et al. (2014) found that
humans had a strong bias towards own-race faces whereas, in rhesus macaques, novel species faces
attracted more attention than same species faces. This study did not address the effect of social
bonding on attention patterns. By using the duration of gazing at the screen by the experimental
subject, Whitehouse et al. (2016) found that Barbary macaques (Macaca sylvanus) were more
attentive to scratching videos of known than unknown individuals but also found that within the
known individuals, macaques were more attentive to those they were weakly bonded to. Concerning
chimpanzees, Campbell and de Waal (2011, 2014) reported that the increasing attention was greater
toward out-group than in-group members. Schino and Sciarretta (2016), by using live recorded
glance rates to assess social attention, found that mandrills (Mandrillus sphinx) looked more at their

own Kin than at non-kin but also at high-ranking than at low-ranking group mates. Clearly, there is
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no single pattern of selective attention. Therefore, the mere observation that social, selective
attention exists is not sufficient to undermine EBH in favour of the ABH.

The second condition requires the demonstration that selective attention overrides social
bonding in eliciting the yawning response. To address this issue, it is crucial to operationalize and
define attention. Because in humans and other primates, neuronal activity is so metabolically
demanding, the brain is not able to attend and process all incoming sensory stimuli that are present
in the environment (Lennie, 2003). Different taxonomies of attention exists, but a widely agreed
distinction indicates the existence of two attentional systems: stimulus-driven, bottom-up (or
exogenous) attention; goal-directed, top-down (or endogenous) attention (Posner and Cohen, 1984;
MacLean et al., 2009; Kaya and Elhilali, 2014; Katsuki and Constantinidis, 2014). Bottom-up
attention is primarily guided by externally driven factors and starts with sensory perception and
basic processing of the eliciting stimulus. Top-down attention is a voluntary, sustained process,
where a particular object relevant to current behavioural goals is selected internally and focused
upon or examined (Katsuki and Constantinidis, 2014). Bottom-up and top-down attention may
operate independently (Pinto et al., 2013) or in a more or less interactive way, depending on the
time scale and the number and variety of environmental stimuli (MacLean et al. 2009; Awk et al.,
2012). Bottom-up information can be subjected to sensory gating (filtering out irrelevant stimuli) at
the encoding (input) stage and provides first identification clues to be used to selectively attend to
goal-relevant information at a later stage (Jones et al., 2016). The two systems share only part of the
neural apparatus (the frontoparietal network) and different processes mediate the guidance of
attention based on bottom-up and top-down factors (Katsuki and Constantinidis, 2014). The
attention that is required to perceive a stimulus does not have to rely on a voluntary mechanism
because attention can be involved in pre-attentive processing of the stimulus, to be elaborated via
bottom-up or top-down systems at a later stage (Bachman, 2011).

We postulate that bottom-up processes more than top-down selective attention are at the

basis of the yawning response because contagious yawning occurs when yawning is triggered
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involuntarily in a subject when they perceive another person’s yawn (Brown et al., 2017). It is true
that the yawning response (or any response) to a releasing stimulus can be elicited only if the
stimulus is detected by the potential responder, but the social factor is important. For example, the
rates of yawn contagion in kids with autism spectrum disorder are influenced by the familiarity of
the target stimulus besides instructions that encourage eye gaze to target (Usui et al., 2013; Helt et
al., 2019). Mariscal et al. (2019) found that yawn contagion in ASD children was positively
correlated to the blood concentration of oxytocin, the hormone involved in parental and social
attachment (Decety et al., 2016). In nonclinical human subjects, Chan and Tseng (2017) found that
the perceptual detection sensitivity to yawning expression (the ability to detect a yawn as such) was
related to the duration of gaze to the eyes of the stimulus releasing face, but the authors failed to
find evidence that eye-gaze patterns modulated contagious yawning.

By using electroencephalographic (EEG) and electrooculographic (EOG) measurements of
eye movements and blinks, van Hooff et al. (2010) found that both men and women paid maximum
attention (measured via event-related potential, ERP) to both attractive and unattractive opposite
sex faces. However, only in males the peak point of maximum attention was followed by an
increased attention for the attractive faces. The authors pointed out that this finding is consistent
with sexual strategy theory suggesting that men and women have evolved different mating
strategies with men being more attentive to attractive faces. Selective attention and related response
variation, for the same individuals, depend on the circumstances (e.g. sexual context, threat).

Another element that does not totally fit with ABH is that yawn contagion in humans
appears not to be sensitive to the amount of yawn stimuli (Norscia and Palagi, 2011), the sensory
cue (auditory, visual or audio-visual) (Arnott et al., 2009; Norscia and Palagi, 2011) or the visual
perspective of the triggering stimulus (yawns in orientations of 90°, 180°, and 270° can elicit
yawning responses as upright, 0° yawns; Provine, 1989, 1996). In chimpanzees, Campbell et al.
(2009) looked across individuals and found no correlations between attention and yawn contagion.

Furthermore, Campbell and de Waal (2011) found that the yawning rates of chimpanzees were
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higher in response to the yawns of in-group than out-group mates, even though the responding
subjects looked longer at out-group chimpanzee videos. Additionally, by testing the yawn contagion
levels in chimpanzees across 5 stimuli (i.e. ingroup and outgroup chimpanzees, familiar and
unfamiliar humans, unfamiliar species, the gelada), Campbell and de Waal (2014) concluded that
chimpanzees do not need to know each yawning individual to show contagion, but the individuals
do need to belong to a species with which the chimpanzees have a history of positive social
interactions.

In the most recent study on captive lowland gorillas (Palagi et al, 2019) the authors made
sure that the yawning stimulus fell into the stereoscopic visual range of the potential gorilla
responders while collecting data in the naturalistic setting and controlled for the time that the
subject actually looked at the video stimulus in the experimental setting. Despite this control, yawn
contagion was not observed.

There is another reason why we expect that contagious yawning and selective attention may
not always be correlated. In humans, physical and mental fatigue can induce yawning via cortisol
mediated response (Fleming and Pollak, 2005; Thompson, 2014; Thompson, 2017; Thompson and
Bishop, 2012). However, literature indicates that stress and mental fatigue result in a reduction of
top-down, selective attention, leaving subjects performing in a more stimulus-driven fashion
(Boksem et al., 2005; Faber et al., 2012; Joyce et al., 2016). These findings suggest that the
perception of the (possibly irrelevant) stimulus via bottom-up attention, favoured in case of fatigue,
and not selective attention, is responsible for triggering yawning.

ABH and EBH might not be mutually exclusive and, in certain cases, not easy to
disentangle. In children, eye contact is associated with lower level of prenatal testosterone (reduced
masculinisation) and may be linked to greater sensitivity to other psychological states and empathy
(Knickmeyer et al., 2006; Lutchmaya et al., 2002; Phillips et al., 1992). Krupenye et al. (2017)
argued that bonobos may be better empathizers than chimpanzees also based on the greater

sensitivity to eye contact and gaze of bonobos compared to chimpanzees. Hence, eye contact may
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be related to the expression of empathy but more in the cognitive domain than in relation to pure
emotional involvement.

Based on existing evidence, attention could play a role in eliciting the automatic yawning
response as a reactive process to releasing stimuli when it ensures stimulus detection. However,
non-conscious processing and bottom-up (stimulus driven) attention more than top-down, selective
attention (sensu Bachman, 2011; Katsuki and Constantinidis, 2014; Kaya and Elhilali, 2014) is
likely to be involved in yawn contagion. Although ABH cannot be totally discarded at the moment,
the strong matching between yawn contagion and emotional contagion biases provide solid support

to the EBH (de Waal and Preston, 2017).

3.2 Rapid Facial Mimicry and emotional contagion

When two animals play together, they are completely involved in the action and often engage in
dyadic joint attention or mutual eye-gaze, which is generally considered one of the earliest and most
salient types of automatic mimicry in humans (Prochazkova and Kret, 2017). The mimicry of
playful facial expressions occurs after a few milliseconds since animals have engaged in
instantaneous mutual eye-gazing (Scopa and Palagi, 2017; Palagi et al., 2015; 2018a; 2019b). Thus,
contrary to yawn contagion, it is difficult to claim that an attentional bias generated by looking
some individuals more or for a longer period than others can involve, by definition, Rapid Facial
Mimicry.

RFM and emotional contagion are distinct concepts because they do not always overlap
(Nakahashi and Ohtsuki, 2015). However, evidence is accumulating that many forms of emotional
contagion are mediated by RFM. Compared to the simple presence of non-replicated play face
(signal), RFM is more effective in prolonging the playful session in several animal species
(Tonkean macaques, Scopa and Palagi, 2016; geladas, Mancini et al., 2013b; chimpanzees and
lowland gorillas, Palagi et al., 2018a; dogs, Palagi et al., 2015; meerkats, Palagi et al., 2019a).

Contrary to RFM, DFM is not effective in prolonging the session at least in the species in which the
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issue has been explored (geladas, Mancini et al., 2013b; Tonkean macaques, Scopa and Palagi,
2016). The mirror response and the short reaction time convey the information that the stimulus has
been detected and accurately interpreted thus permitting not only a motor but also an emotional
matching of the players that prolong their interactions. Prompt facial matching facilitates an
immediate and precise mood sharing, which is at the basis of a perfect coordination between the
interactants.

Another important factor, which suggests that facial mimicry is one of the vehicles of
emotional exchange, is its social modulation. As it occurs with yawn contagion, there is increasing
evidence that subjects who share strong social bonds are also more prone to respond each other
through RFM (Preston and de Waal, 2002). In geladas, for example, the peculiar relationship
between the mother and her infant translates not only into their high levels of RFM but also into the
exceptionally short time of reaction compared to other dyads (Mancini et al., 2013a). In humans,
facial mimicry between mothers and infants (i.e. smile replication) is considered a spontaneous
positive feedback mechanism that is pivotal in enhancing the emotional connection between the
mother and her baby (Murray et al. 2016). Later in ontogeny, the same mechanism originated within
the mother-infant dyad will extend to other group members. In chimpanzees and juvenile lowland
gorillas, RFM is more frequent between strongly bonded subjects (Palagi et al., 2018a). It is
difficult to assess the distribution of RFM in adult gorillas because play is not retained in adulthood
(Cordoni et al., 2018).

A recent study on domestic dogs showed that their social bond predicted the frequency of
RFM during intraspecific free play. In particular, the RFM rates were highest in response to
strongly bonded individuals (dogs living together or interacting at least three times per week), then
acquaintances (dogs interacting no more than twice a month) and lastly strangers (dogs that have
never interacted before) (Palagi et al., 2015). It seems that also in domestic dogs, rapid mimicry is
based on a ‘motor’ and an ‘affective’ identification (Dezecache et al., 2015; Hatfield et al., 1994;

Gallese et al., 2004). This is supported by the fact that dogs seem to be more able to catch the
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emotional meaning conveyed by specific facial expressions when they come from familiar faces
(Muller et al., 2015; Albuquerque et al., 2016).

When deriving from emotional bonds built upon direct social interactions, familiarity between
individuals seems to be a good predictor of RFM in human and non-human animals. In this respect,
RFM shows the same trend of emotional contagion. One major issue under discussion is whether
mimicry is an expression of emotional contagion as a precursor to a more general mind-reading
capacity or if it is the expression of more sophisticated forms of emotional processing, such as
cognitive empathy, which requires that an individual understands the emotion expressed by another
individual (Prochazkova and Kret, 2017). Regarding facial display replication, the framework
presented above shows that this issue may rise from the fact that different forms of mimicry, rapid
and delayed, and contagion are not a unitary phenomenon and probably recruit different
mechanisms related to different levels of automaticity. In particular, it is possible to draw a
predictive model of response delays in yawn contagion and mimicry based on cognitive
engagement and emotional bonding. The delay in the yawning response to others’ yawns is not
expected to be related to cognitive engagement whereas the level of emotional bonding between
individuals (informed by the social bonding) can reduce the yawning response delay (Figure 2a).
The delay in facial mimicry response is expected to decrease as the level of familiarity between
individuals (informing emotional bonding) increases. On the other hand, the mimicry delay is
expected to increases as the level of response automaticity decreases, due to the higher level of
cognitive engagement in the mimicry process (Figure 2b). Compared to rapid mimicry, delayed
mimicry possibly involves more cognitive resources, which require time to engage. Further

investigation is necessary to fully validate this model.

4. Psychological perspectives on mimicry from research on humans
The previous sections focused on two motor patterns - play face (or relaxed open mouth display)

and yawning — that are used by different taxonomic groups of social mammals (e.g., play face;
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carnivores, including Canidae, Ursidae, Herpestidae: Fox, 1970; Henry and Herrero, 1974; Taylor
et al., 2019; primates from strepsirrhines to apes: Norscia and Palagi, 2016; Palagi et al., 2019b).
Focusing on those patterns allows cross species comparison in an evolutionary perspective. The
previous section particularly addresses the replication of such patterns (play face facial mimicry and
yawn contagion) and its possible relationship with emotional contagion, as informed by the
literature on non-human animals. In this section, we address recent theoretical developments and
empirical discoveries in the literature on humans, especially on facial mimicry, adopting a
perspective of continuity with non-human animals (bottom-up approach; de Waal and Ferrari,
2010). Specifically, we will first discuss recent developments in theoretical frameworks guiding
psychological research on mimicry. We will consider perception-action, and appraisal frameworks,
but we will especially highlight the idea of embodiment — or the notion that perception, experience,
and understanding draw on (as in recruit, re-enact with, rely on, and reuse) the perceiver’s
somatosensory and motor resources. Then we discuss the questions regarding (i) the role of
mimicry in emotion detection, recognition and response, and (ii) contextual and social modulation
of spontaneous mimicry. Whenever possible, we will relate this discussion back to the models in the

non-human animal literature, though the bridge is not yet fully aligned and far from complete.

4.1 Theoretical perspectives

The three broad theoretical frameworks guiding psychological research on mimicry are (i)
perception-action theories (Chartrand and Bargh, 1999; Heyes, 2011; Preston and de Waal, 2002; de
Waal and Preston, 2017), (ii) embodiment theories (Niedenthal et al., 2005; Schubert and Semin,
2009; Winkielman et al., 2015), and (iii) social appraisal theories (Hess and Fisher, 2013; Manstead
and Fisher, 2001). Both the perception-action theories and the early version of embodiment
theories (elaborated later) focus on the role of Hebbian associations linking sensory inputs (e.g.,
seeing a smile) and motor programs (e.g. making a smile). This simple idea explains automatic,

spontaneous action to a mere observation of a stimulus (quick smiling to a smile), as well as
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vicarious somatosensory phenomena (e.g., we see an object touch our skin and feel a tactile
sensation on our skin). The perception-action frameworks seem to best account for the phenomena
of rapid, spontaneous facial mimicry (e.g., quick matching of relaxed open mouth display), or
mimicry that is slower, yet still shows features of “reflexive” behaviour, like yawning. As pointed
out by Heyes (2001), perception-action learning can also explain some basic forms of social
modulation. After all, learning is frequency dependent, so that perception-action links are more
easily established if we encounter, pay attention, and react to an individual more often. Those links
are also more easily activated in contexts that resemble original learning.

In contrast, the social appraisal theories typically see actions as generated from evaluations
(appraisals) of stimulus meaning (Scherer, 2009) and interaction goals (Hess and Fisher, 2013). For
example, a smile to a smile reflects the perceiver’s congruent assessment with others that the
situation is positive, and the emergence of congruent positive emotion. Some of the appraisals may
be simple, fast and automatic, whereas others are complex, slower and more deliberative (Scherer,
2009). As such, appraisal frameworks can naturally accommodate the distinction between
spontaneous, fast, automatic vs. delayed, slow, deliberate mimicry. According to these frameworks,
mimicry occurring at later stages and under deliberate control should be subject to more
sophisticated modification, though quite complex social modulation phenomena have been
observed with rapid and spontaneous mimicry, as we will review below.

Though often presented as competitive, the Perception-Action and Appraisal Frameworks
can be potentially reconciled. In fact, as we discuss next, recent versions of social embodiment
theories incorporate the role of social context and social goals (as highlighted by social appraisal
theory) as parameters that control the extent and form of embodiment. More specifically, several
researchers have recently highlighted that all embodiment processes, from action (including
mimicry) to language, are sensitive to context and goals (Barsalou, 2017; Borghi, 2018; Zwaan,
2014). In some way, these revisions bring cognitive embodiment theories closer in line with neural

frameworks that have emphasized the interaction of goals with sensorimotor processing in
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perceiving and understanding actions (Keyser and Gazzaniga, 2009). One recent formulation in the
domain of emotion and social cognition, which is particularly suited for discussing mimicry, has
been proposed by Winkielman and colleagues (Winkielman et al., 2018). For the current purposes,
two assumptions are key: i) situational and social context can shape the pattern of motor
involvement, ii) the extent of motor involvement depends on inferential goals, and the need for
embodied simulation. As we will see shortly, these new assumptions are reasonably supported by
empirical research in psychology.

Before we start, however, a few terminological clarifications are useful. One is the
distinction between “mimicry” and “embodied simulation.” Mimicry is defined as an observable
behaviour — matching of motor pattern (visible via external behavioural observations, covert EMG
activity, or activation of the brain’s motor circuits). Embodied simulation is a putative process by
which the perceiver generates motor, sensory, or bodily activity in order to, for example, facilitate
information processing and emotion understanding. Note that this is a higher-order psycho-social
construct, similar to constructs such as “emotional resonance” and “contagion”. This distinction
between “mimicry” and “simulation” becomes especially important for discussions of matching
phenomena that are fast and spontaneous (unbidden, with features of automaticity). While the
functional “why” questions are difficult, these theoretical frameworks organize key debates in
psychological literature about whether such spontaneous matching phenomena are due to repeated
pairing between perception and action, and whether somatosensory and motor activity has a causal

or mainly epiphenomenal status for the purpose of internal understanding, as we discuss next.

4. 2 Spontaneous mimicry, emotion detection and recognition

As discussed, there is a variety of human studies showing that mere observation of a facial
expression can lead to spontaneous and quick generation of matching facial movements (Dimberg,
1982). They occur even when participants are asked to inhibit a facial response (Korb et al., 2010)

or when they are asked to respond to the perceived facial stimulus in the opposite way (“‘counter-
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mimicry”; Dimberg et al., 2002). As expected with automatic responses, spontaneous facial
mimicry occurs after minimal stimulus input, even upon brief presentations for expressions of joy
or anger (Bornemann et al., 2012; Dimberg et al., 2000). Interestingly, both motor and affective
processes play a role in such spontaneous matching (for more see Moody et al., 2007; Neumann et
al., 2014). In fact, the human and non-human animal literatures converge on the importance of
recognising that pure motor-based and affect-based mimicry can be two interconnected but not
necessarily coinciding phenomena. In fact, recent human evidence shows that performance on tasks
tapping into different aspects of non-affective motor-mimicry (automatic finger mimicry vs.
spontaneous gesture imitation) can be uncorrelated (Genshow et al., 2017).

More interestingly, the human literature emphasizes an additional function of such matching
— its facilitatory role in perception, experience, and understanding. As also discussed in section 5 of
this article, preventing participants from engaging expression-relevant facial muscles can impair
their ability to detect briefly presented or otherwise ambiguous facial expressions that involve that
specific muscle (Bulnes et al., 2019; Davis et al., 2017; Neal & Chartrand, 2011; Niedenthal et al.,
2001; Oberman et al., 2007; Stel and Knippenberg, 2008). Studies also show that inhibition of
smiles leads to poorer differentiation between “true” and “false” smiles — a process that relies on
processing of subtle facial distinctions (Rychlowska et al., 2014). Finally, as discussed more fully
later, some studies show that natural lesions and experimental (temporary) inactivation of sensory-
motor areas impair emotion recognition (Adolphs et al., 2000; Pitcher et al., 2008). Of course, there
are boundary conditions for the role of facial mimicry in emotion recognition. One such condition is
subtlety and complexity of emotion judgments. For instance, in one study using simple emotion
decoding, observers mimicked emotional faces, but the degree of mimicry was not correlated with
decoding accuracy (Blairy et al., 1999). However, when the task is more complex, as in perceiving
authenticity of a smile, fEMG activity did predict judgments (Korb et al., 2014). Similarly, Calder
et al. (2000a) found that three patients with Mobius syndrome (a congenital condition that causes

facial paralysis, thus preventing mimicry) were impaired only at high levels of recognition
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difficulty. Some participants may also develop alternative emotion-recognition strategies, relying
solely on visual patterns, as suggested by studies on individuals with autism (Rutherford and
Mclintosh, 2007). On the other hand, a recent study in children around age 6 suggests a reduction in
autonomic responsiveness and recognition ability in the Mobius group, compared to age-matched
controls (Nicolini et al., 2019). As far as we know, very little work has been done on this potential
function of mimicry in non-human animals. However, such a “recognition aid” function should be
more pronounced in situations where there is need for perceptual and/or affective understanding.
As such, it is unlikely that phenomena such as “yawn contagion” plays that facilitatory function in

perception, though studies need to be done.

4.3. Modulation of Spontaneous Mimicry by Social Context
As we discussed, spontaneous mimicry often follows simple, direct-matching rules (e.g., yawn-to-
yawn and smile-to-smile). However, similarly to non-human animals, it is also clear that such
behaviour can be modulated by the social context in which the interaction occurs. Psychological
research shows that spontaneous mimicry is sensitive to social cues such as prosociality (Leighton
et al., 2010), group membership (Bourgeois and Hess, 2008; Bagnis et al., 2019), attitudes
(Likowski et al., 2008), and competition (Weyers et al., 2009). Thus, the broader social context
comprises both individual states and traits that modulate the presence and intensity of spontaneous
facial mimicry (for reviews, see Arnold and Winkielman, 2019: Duffy and Chartrand, 2015; Hess
and Fischer, 2013; Kavanagh and Winkielman, 2016; Seibt et al., 2015). As discussed in the
literature, some of such social modulation can be explained by the role of simple variables such as
attention, familiarity, learning context, or general motivation (Heyes, 2011). For example, as
discussed earlier, the speed and frequency of yawning is socially modulated by social relationship,
but this is probably due to basic attention, memory and affiliative processes.

Interestingly, in humans, there are situations where social relationship not only changes the

extent of spontaneous mimicry, but fundamentally reverses its direction — switching from direct
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matching (e.g., smile to a smile) to its opposite -- counter-mimicry (e.g., smile to an expression of
anger). One example of social modulation in spontaneous mimicry comes from research
considering the dominance relationships between individuals. Non-human literature (reported
earlier in this review) shows increased levels of mimicry response when emotional expression is
emitted by socially relevant individuals (e.g. dominant females in bonobos, dominant males in
chimpanzees, etc.; Furuichi et al., 2012; Gruber and Clay, 2016). In humans, earlier work in
psychology has noticed a phenomenon called complementarity, where, as opposed to mimicry, the
respondent adopts an opposite, yet fitting postural behaviour (Tiedens and Fragale, 2003). This can
occur spontaneously — in the sense of a behaviour occurring without explicit intention, external
prompting, or clear awareness (Carr and Winkielman, 2014). For example, participants interacting
with a target may spontaneously display a submissive posture (postural constriction) or dominance
(postural expansion). However, this earlier research did not address the question of rapid facial
expressions. Carr et al. (2014) examined this phenomenon in the domain of spontaneous facial
mimicry with time-sensitive fEMG measures. They found that responses to a target’s face depend
on the participants’ own power level, the status level of the target, and the emotion of the target’s
expression. Interestingly, low-power perceivers smiled in response to angry expressions of high
power targets — a pattern suggesting complementarity (submission to dominance). Even more
interestingly, high-power perceivers also smiled more when other high-status targets expressed
anger. This could also reflect complementarity, but also competitive “schadenfreude”, as suggested
next.

The possibility that rapid facial reactions reflect competitive considerations is suggested by
recent work on human reactions to android’s emotional expressions of anger and joy. In the initial
work, setting the stage for this, Hofree et al. (2014) have shown that under “default condition”
humans spontaneously mimic artificial agents’ (e.g., a human-like robot — an android) smiles and
frowns. Interestingly, chimpanzees replicate the yawn expression emitted by an avatar on video

(Campbell et al, 2009). Indeed, analyses using timing, amplitude and synchronization indices
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suggest that human’s spontaneous mimicry reactions to androids share similar temporal dynamics
of the android’s expression. More importantly, the new research on androids (Hofree et al., 2018)
shows that social cues in the perceiver’s environment can easily convert such mimicry responses
into counter mimicry. This is particularly interesting because some evidence suggests that matching
responses are difficult to inhibit (Brass et al., 2001; Cook et al., 2012; Dimberg et al., 2002),
although they can be context sensitive (Tamir et al., 2004). More specifically, Hofree et al. (2018)
ran several studies on human rapid facial expressions (measured via fEMG) to androids expressions
embedded in social context. In their study, participants played repeated games with the android,
where the android was either their teammate (cooperative block), or their opponent (competitive
block). Overall, participants responded facially to the expressions of the android, but they did so in
a way that expressed their own emotional reactions to the valence of the outcome. That is,
participants smiled more when they themselves won, and frowned more when they themselves lost.
Critically, though, participants displayed these expressions even when the android’s expressions
communicating the outcome were incongruent with their own, such as during the competitive block
(where android’s smile communicated participants’ loss, and his frown communicated participants’
gain). Interestingly, these facial reactions did not differ in timing or magnitude from those in the
cooperative block.

In short, the studies discussed in this section suggest that basic facial reactions, even if
spontaneous, can be contextually or socially modulated. This has been previously discussed in the
context of work on reduced basic mimicry to outgroups (e.g., Bourgeois and Hess, 2008; Likowski
et al., 2008). As previously described, chimpanzees yawn significantly more in response to a yawn
emitted by an individual of their own group than to a yawn emitted by outgroup individuals
(Campbell and de Waal, 2011). In humans, the current studies suggest that rather than
“suppressing” or overshadowing basic mimicry reactions, social context can fundamentally shape or
even “reshape” them (as in Carr et al., 2014). Specifically, in a larger social context, human facial

behaviours can reflect the meaning behind the observed expression, not just the perceptual features
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of the expression itself (e.g., we not only fail to mimic a smile if that expression carries implicit
negative consequences, but we actively do the opposite -- frown). In this process, emotional
expression seems therefore mediated by elements of emotion understanding, a higher cognitive
level compared to just emotional resonance activated by the same-face-same-emotion process
mentioned in the previous part of this review. More broadly, it now appears clear that context can
fundamentally shape even the most basic and rapid reactions to targets. This once again highlights
the importance of considering mimicry within social context, reflecting the inherent “intelligence”
of the underlying process. Having said that, note that this “intelligence” may sometimes reflect the
fact that different contexts simply “call” for different bodily reactions, reflecting evolutionary
adaptation of different reactions to different contexts and, more proximally, learning mechanisms
sensitive to contextual shaping (Heyes, 2011). Interestingly, in the literature on human behaviour,
there is little evidence for such clever modulation of yawning (but see Platek et al., 2003). On the
one hand, this could be surprising given that yawning often has a slow dynamics and is susceptible
to social modifications (we will return to this issue in section 5). On the other, this may reflect the
fact that yawning is basic fixed action pattern whose contagion may be the result of an exaptation

mechanism over a plesiomorphic trait (as discussed in section 3).

5. Neural bases of mimicry and emotional contagion

As discussed above, the relationship between replicative processes (e.g., multiple forms of facial or
yawn mimicry) and their role in emotional contagion and resonance has come under renewed
scrutiny (Massen and Gallup, 2017; Prochazkova and Kret, 2017). As it happens, the current debate
primarily focuses on ultimate explanations of replicative processes and their evolutionary meaning;
i.e., why mimicry takes place and what fitness benefit it provides. On the other hand, proximate
explanations seek to understand how mimicry occurs, which neural or psychological factors
modulate it, whether and how mimicry can give rise to emotional contagion (Dezecache et al.,

2015). Proposals envisaging mimicry as a precursor and necessary determinant of emotional
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contagion rest on several common assumptions. First, emotion recognition and its expression are
not separate neuro-cognitive systems. Second, facial expressions and other mimic reactions (e.g.,
smiling, yawning), although spontaneous and automatic, serve communicatory functions. Third,
emotion recognition and understanding are based on a common simulation mechanism, whereby the
attribution of an affective state to others depends on enacting the same state, starting from
observable expressive behaviors (Gallese and Caruana, 2016; Goldman and Sripada, 2005;
Niedenthal, 2007; Wood et al., 2016). Investigation of the neural bases of mimicry and its
breakdown after brain damage provides a valuable testing ground for these assumptions. In fact,
neuroscience can address directly proximate explanations, while offering additional insights, albeit
indirect, on ultimate explanations concerning the relationship between mimicry, contagion and

emotion understanding.

5.1 Neural bases of mimicry and yawn contagion

The idea that facial expression of emotions has a biological basis (Darwin 1872) seems to
suggest that facial expressions operate automatically and independently from conscious cognitive
processes. The initial response to affective stimuli can be generated without conscious awareness
and could be measured because facial expressions elicit facial muscular activity congruent with the
presented facial expression (Zajonc, 1980). Dimberg (1982) showed that mere exposure to pictures
of angry and happy facial expressions induced spontaneous corrugator supercilii muscle activity and
zygomatic major muscle activity respectively. Specifically, Dimberg and colleagues (1998) showed
that facial EMG activity occurred after only 500 ms from exposure to the facial picture, thus
implying that facial muscle activity occurs spontaneously and rapidly in response to facial
expressions. Hatfield et al. (1993) also illustrated the relationship between emotional mimicry and
emotional contagion, as automatic mimicry of facial expressions also induce the onlooker to
converge emotionally, possibly because of facial feedback mechanisms. More recent works with

EMG recording (Lee et al., 2006; 2008; Shilbach et al., 2008; Likowsky et al., 2012; Rymarzyk et
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al., 2018) confirm previous data on automatic facial responses to emotional stimuli, although with
differences for the emotional content (e.g., sad, fear or happy) or the kind of stimuli (static vs.
dynamic) presented.People mimic not only motor expressions, but also autonomic signals. Harrison
and colleagues investigated whether observed pupil size modulates our perception of other’s
emotional expression, showing that pupil size of the onlooker mirrors the observed pupil size of the
displayed face in the context of sadness. The results thus lend support to the idea that the
perception-action mechanism extends to non-volitional operations of the automatic nervous system
(Harrison et al., 2006). They found activity in two symmetric regions within the mid-brain and also
in the right angular gyrus. The mid-brain activity encompassed the Edinger-Westphal nuclei
responsible of pupil size control. In addition, they found a correlation with areas like left frontal
operculum, amygdala and superior temporal sulcus (STS). The role of mutual eye-gaze in automatic
mimicry is related to other forms of mimicries (Feldman, 2012; Wang et al., 2011), making of ita
likely source of contagion (Kret, 2015; Prochazkova and Kret, 2017).

Since the discovery of mirror neurons, they have been discussed as a likely mechanism for
facial mimicry and the convergence of observation and action into a common neural code (Carr et
al., 2003). Originally reported in premotor areas of the macaque, mirror neurons respond both when
the monkey performs an action and when it looks at the same action being performed by the
experimenter (di Pellegrino et al., 1992; Rizzolatti et al., 1996, 2001; Rizzolatti et al., 2002). This
mechanism has been described also in humans and encompasses the ventral premotor cortex
(vPMC), the inferior frontal gyrus (IFG), the IPL (inferior parietal lobe) and the STS (superior
temporal sulcus). Sato and colleagues (2004, 2007) found that, in addition to the temporal cortex,
the pars opercularis of the inferior frontal gyrus was more active in response to the dynamic facial
expression and facial action than in response to control stimuli. Recent studies, however, reveal a
slightly more complex picture. Gazzola and Keyser (2009) examined shared voxels that show
increased BOLD activity both during observation and execution of an action (i.e. neuron mirror) in

a wide range of areas. Those voxels were located in the classical mirroring regions but also areas
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beside the MNS, like dPMC, SMA, MCC, the somatosensory cortex (BA2/3), SPL, MTG, and the
cerebellum (Likowski, 2012). Nummenmaa and colleagues (2008) proposed that “emotional
mirroring” may be supported by two separate pathways: one that is based purely on physical
imitation (similar to a motor imitation) of the observed emotional behaviour, and another that is
based on the somatosensory and motor responses triggered by the emotional content of the stimulus.

The literature concerning the neural bases of contagious yawning is scanter and less
conclusive. Indeed, because of the scarcity of articles, the different methodologies (EEG, TMS,
fMRI) and the variety of experimental designs used to investigate contagious yawning, there is little
agreement on which areas are most relevant for this phenomenon. The TMS study by Brown and
colleague (2017) reported that the individual propensity to contagious yawning is related to cortical
excitability of area M1. The involvement of hAMNS is also suggested by the EEG study by Cooper
and colleague (2008, 2012). In fact, the authors found greater mu suppression in hMNS network
when participants observed pictures of yawning individual than non-yawning control stimuli.
Because desynchronization of mu power is considered a putative index of hMNS activation, these
results were consistent with the only neuroimaging study that found implications of the h(MNS in
contagious yawning (Arnott et al. 2009). Nevertheless, fMRI literature provides contrasting findings
about the involvement of hMNS in contagious yawning. Several authors (Platek et al., 2005,
Schirman et al., 2005; Nahab et al., 2009, 2010) have identified activity in different areas like
precuneus, posterior cingulate areas, STS or ventromedial prefrontral cortex, but not in the h(MNS
related areas. These incongruences can be partly related to the different paradigms used as well as
to the choice of different stimuli (Cooper et al., 2012).

As it happens, facial mimicry and yawn contagion seem to share some areas while diverging
on others. Areas like vmPFC, STS and amygdala seem to be involved in both phenomena; insula,
premotor areas, IFC, IFG are prevalent in the facial mimicking processes while posterior cingulate
and precuneus seem to be more related to the yawning contagion. Areas related to attention

processes appears more involved in orienting-bottom up network (TPJ, brainstem nuclei, vIPC) than
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top-down related areas (FEF, IPS, parietal areas), thus supporting indirectly the emotional bias

hypothesis against the top-down, attentional bias hypothesis.

Neuroimaging evidence: beyond the perception/expression/experience trichotomy

Neuroimaging research in social neuroscience indicates that observation of another person’s
emotional expression activates brain areas overlapping with those involved when the onlooker
experiences or displays the same affective state. For example, Wicker and colleagues (Wicker et al.,
2003) examined with functional MRI (fMRI) the areas involved during first-person experience of
disgust, as induced by inhalation of unpleasant odorants, and during visual observation of facial
expressions of disgust. They found that observation and experience of disgust overlaps in the same
sectors of the anterior insula and anterior cingulate cortex (ACC). In another classic neuroimaging
study, Carr and colleagues (2003) used fMRI while subjects were either imitating or simply
observing emotional facial expressions. Imitation and observation activated largely similar areas in
a neural network encompassing premotor areas in the inferior frontal cortex and in the superior
temporal sulcus (STS), which are both relevant for action understanding. In addition, significant
activity was reported in the insula and amygdala, which are constitutive components of emotion
processing. Further fMRI studies have similarly shown that passive visual exposure to specific
emotional expressions activate in the onlooker the same neural areas involved in the generation of
the same emotional expressions and/or affective state, including fear, anxiety, reward, or pain (de
Gelder et al., 2004; Hadjikhani et al., 2009; Jackson et al., 2006; Mobbs et al., 2009).

These findings are consistent with an extended model of the MNS to humans and to socio-
affective functions (Gallese et al., 2004; lacoboni and Dapretto, 2006). Accordingly, expressive
facial or bodily movements communicating emotions likely represent an instance of a more general
mirroring phenomenon. In fact, action mirroring is known to generate cover activation of distal
muscles homologous to those engaged in the perceived action (Fadiga et al., 1995). The extended

MNS in humans comprises the ventral premotor cortex (vPMC), the inferior frontal gyrus (IFG), the
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inferior parietal lobule (IPL) and the superior temporal sulcus (STS). Additional areas are recruited
during expression/recognition of specific emotions, such as the amygdala for threat processing and
defensive responses (Celeghin et al., 2017; Diano et al., 2017; LeDoux, 1996, 2000), the basal
ganglia for anger (Calder et al., 2004), the pregenual sector of the anterior cingulate cortex (pACC)
for smiling and happiness (Caruana et al., 2015; Pillay et al., 2007), and the anterior insula for
disgust (Krolak-Salmon et al., 2003; Sprengelmeyer et al., 1998; Wicker et al., 2003). Besides its
specific role in mediating disgust, the insula is also conceived as a general-purpose relay from
action representation in premotor areas to structures encoding emotional value in limbic areas.
Building on these and other results, the two separate pathways proposed for mimicking of facial
expressions by Nummenmaa and collegues (2008) seems highly possible.

A parallel line of neuroimaging studies focused on the neural underpinnings of yawning
contagion and returned somewhat mixed results. Platek and colleagues (2005) reported activation in
the posterior cingulate, precuneus, bilateral thalamus and parahippocampal gyrus. While activation
in the thalamus, parahippocampal gyrus and STS may be related to processing general sensory
components of face perception, activation in posterior cingulate and cuneus/precuneus region has
been associated with self-referential processing and retrieval of autobiographical memories (Lou et
al., 2004; Maddock et al., 2001). The authors interpreted the data suggesting that contagious
yawning involves theory of mind (ToM) or empathy networks. Schiirmann and colleagues (2005)
displayed videos of yawning people and asked participants to actively resist yawning. They found
STS activation, but failed to report significant responses in classic areas hosting mirror neurons,
such as inferior frontal cortex, and suggested that highly stereotyped motor patterns, such as those
involved in contagious yawning, do not require true imitation and would therefore not activate
mirror neurons. Nahab and colleagues (2009) sought to better define the brain regions activated
while subjects viewed yawn videos as compared with areas activated while viewing similar non-
contagious facial actions. It turned out that the ventromedial prefrontal cortex (vmPFC) was

specifically involved in the urge to yawn by contagion. Building on this region’s association with
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emotional processing of internal and external stimuli, they proposed that the urge to yawn via
contagion, unlike other non-contagious facial expressions, does not take place through a process of
imitation or mimicry. Rather, the primitive motor program is ‘released’ by the vimPFC and is
carried out through brainstem and subcortical mechanisms.

Lastly, neural mechanisms subserving pupil contagion provide evidence that perception-
action mechanisms extend also to non-volitional mimicry recruiting the autonomic nervous system.
For example, Harrison and colleagues (Harrison et al., 2006) found that pupil contagion, besides
brainstem pupillary control nuclei, also recruits other cortical and subcortical regions implicated in
social cognition and Theory of Mind (ToM), such as STS, amygdala, frontal operculum and
intraparietal sulcus. Moreover, when pupils of interacting partners synchronously dilate, trust
decisions are promoted through the activation of ToM network including the precuneus, the
temporo-parietal junction (TPJ), STS, and mPFC (Prochazkova et al., 2018). These and other
similar data support the contention that pupil size influences the vicarious understanding of
expressed emotions and affords an evolutionary ancient neurophysiological mechanism that is
active across the primate lineage to promote affiliation, bonding, and trust through mimicry
(Carsten et al., 2018; Kret, 2015; Kret and De Dreu, 2017).

Collectively, neuroimaging studies are compatible with accounts suggesting that basic aspects
of mimicry are precursors of, and can give rise to, emotional contagion and, ultimately, to the
understanding of other’s emotions through overt or covert simulation (Goldman and Sripada, 2005;
Prochazkova and Kret, 2017). Clearly, this type of evidence has intrinsic limitations at different
practical and conceptual levels. For the present discussion, it is worth mentioning that the
correlational nature of the data collected (i.e., a given brain area is associated with a measurable
behavior) does not allow inference on the causal relations between phenomena nor on their
primacy. Hence, support for the claim that mimicry has a primacy on, and in fact gives rise to, a
subsequent emotion state, and that contagions is an integral component of emotion understating in

others, should come from different sources of evidence, as reviewed below.
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5.2 From correlational to causal evidence: direct manipulation, neuro-stimulation and lesion
studies
There is substantial evidence that manipulation and voluntary changes in the contraction of facial
musculature has a causal effect in the generation and/or recognition of emotional states and its
neurophysiological correlates. As also explained in the psychological section above, intentional
manipulation of facial musculature (e.g., asking participants to held a pen between the lips to inhibit
smiling vs. held a pen between the teeth to facilitate smiling) causally affects how emotions in
others are visually recognized (Adelmann and Zajonc, 1989; Buck, 1980; Han et al., 2016;
Niedenthal et al., 2001; Niedenthal, 2007; Oberman et al., 2007; Strack et al., 1988; Zajonc, 1985).
Hennenlotter and colleagues (2009), applied botulinum toxin (BTX) to the corrugator supercilii
muscle to inhibit angry mimicry while participants viewed emotional faces. The results showed that
BTX group exhibited impaired brow lowering and reduced activation of the left amygdala during
imitation of angry expression, suggesting a causal influence of facial mimicry on emotional
contagion. Neal and Chartrand (2011) extended these previous findings by showing that dampening
as well as amplifying facial feedback modulates participants’ ability to recognize other people’s
emotions. In fact, emotion perception was significantly impaired in people who had received BTX
compared to control procedures, whereas emotion perception was improved when skin was made
resistant to underlying muscle contractions, thereby enhancing facial feedback signals.

If emotion recognition and experience rely on mimicry and expression, then proprioceptive
sensations would mediate the matching between these two classes of phenomena. Adolphs and
colleagues (2000) found indeed a significant correlation between damage to proprioceptive areas in
the somatosensory regions of the parietal cortex and face-based emotion recognition. Likewise,
patients with focal lesions to the insula are impaired in both recognition and experience/production
of disgust (Calder et al., 2000b; Adolphs et al., 2003). These and other lesion studies in patients

with focal brain damage therefore suggest that deficit in the expressive production and/or
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experience of an emotion, and impairments in the facial recognition of emotions reliably co-occur
(Goldman and Sripada, 2005). Admittedly, it is possible that pairing of deficit in the perception and
production of emotions does not result from the functional inter-dependence of the two phenomena,
as claimed by simulationist accounts (Goldman and Sripada, 2005), but rather from mere co-
localization of perceptual and expressive capacities in the same brain areas. The fact that paired
deficits have been reported for distinct emotions, such as disgust, anger or fear, makes the
hypothesis of an accidental anatomical overlapping unlikely. Recently, Caruana and coworkers
(Caruana, 2017; Caruana et al., 2015, 2018) addressed directly this issue in a series of elegant
studies applying intracortical electrical micro-stimulation to patients with pharmacologically
resistant epilepsy. Electric stimulation of the anterior cingulate cortex in the pregenual sector
(PACC) elicited burst of laugher that, in half of the subjects, was also accompanied by joyful and
positive feelings (Caruana et al., 2015). These data challenge the validity of a sharp dichotomy
between motor areas (pACC) and areas implementing encoding of emotional signals and associated
feelings (temporal cortex) associated with laughing. Likewise, electric stimulation of the amygdala
evokes visceromotor responses typical of response to threat that are also accompanied by subjective
feeling of fear (Meletti et al., 2006), akin of what observed for anterior insula and disgust (Di
Cesare et al., 2018; Isnard et al., 2004; Krolak-Salmon et al., 2003). More broadly, these findings
contribute to move our understanding beyond the expression/experience or the
perception/expression dualism in emotion research (Gallese and Caruana, 2016) and demonstrate at
a micro-scale level that expression/experience overlapping is not simply an epiphenomenon. Rather,
evidence that expression and experience of emotions actually map into a common neural code helps
situating agency as a core feature of emotional experience and re-joins with early theoretical
attempts to uphold the continuity between sensory, motor, and experiential aspects of emotions.

Another source of evidence comes from studies examining neurological patients with
damage to different motor centres and the impact on spontaneous versus intentional facial

expressions of emotions. A traditional neurological dichotomy separates spontaneous facial
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expressions, that are served by the extrapyramidal motor system, of which the basal ganglia are a
primary component, from intentional or posed expressions that are mediated by the pyramidal
system, which is under cortical control (Rinn, 1984). Although there is partial support for this
dissociation, evidence is still scant and results mixed. Patients with Parkinson’s disease that affects
the basal ganglia present with a reduction in the spontaneous production of affective expressions, as
measured in dampened expressive responses to watching emotionally salient movie-clips (Borod et
al., 1990; Weddell, 1994; Smith et al., 1996). However, these patients are also impaired in posing
facial expressions voluntarily. These results are mirrored by findings gathered from patients with
lesions to the cortical motor areas. In such patients, the major deficit is the voluntary facial
expression of emotions, with spontaneous expressions relatively preserved (Hopf et al., 1992).
However, there are reports of patients with frontal lobe damages that are impaired in the production
of both intentional and spontaneous expressions. Therefore, although there is partial support for a
double dissociation between voluntary and spontaneous expressions, the nature of the dissociation
seems weak and results are partially mixed. The idea of an anatomical difference between
“spontaneously-" vs “intentionally-generated” expression system may also be related to the
distinction between rapid vs. delayed mimicry. However, relevant research is lacking.
Furthermore, one complication is that even some delayed mimicry phenomena (e.g., yawning) show
reflex-like features, and some rapid mimicry phenomena (e.g., facial expression) show contextually
sensitive modulation (Bagnis et al., 2019). Clearly, further research is needed to understand the
neural basis of this distinction.

The relationship between mimicry and emotional contagion has been criticized due to the
presence of possible confounding variables such as visual attention or awareness. Neuroscience and
experimental psychology are replete with examples of emotion perception occurring without
attention and/or visual awareness (Burra et al., 2017; Celeghin et al., 2018; Celeghin et al., 2015;
Celeghin et al., 2019; Diano et al., 2017; Negro et al., 2015; Tamietto et al., 2015; Tamietto and de

Gelder, 2010). Non-conscious emotion recognition can occur because of either experimental
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manipulation that renders the visual stimulus invisible (e.g., backward masking, flash suppression)
or as a consequence of brain damage to the visual cortex (blindsight) or the parietal cortex involved
in the deployment of spatial attention (e.g., hemispatial neglect or visual extinction). It is worth
noting that non-conscious emotion perception is not confined to the sensory system but can also
induce spontaneous facial reactions that reflect the affective valence of the stimuli, as recorded
using electromyography (EMG) (Dimberg and Petterson, 2000; Dimberg et al., 2000), and pupil
dilation (Tamietto et al., 2009; 2015). Therefore, from a different perspective, also these findings

speak of an interdependence between perception and production of emotions.

6. Concluding remarks

This review shows that the tools used for investigation in biology, psychology and related
neuroscience are complementary and can be joined in an overarching approach allowing the study
of mimicry — and its possible relationship with emotional contagion — in a cross-species,
comparative perspective. Collectively, the data build upon interdisciplinary evidence from various
fields seem to indicate that mimicry may be a precursor and essential component of emotion
recognition and contagion. From an evolutionary point of view, it may be a rather ancient
phenomenon, which enables an organism to perceive and identify the emotions of others by relying
on the same apparatus and machinery that is already used to generate or experience the same
emotions. Several questions emerge from the human literature that could be fruitfully addressed by
the animal literature. To what extent are the motor components of mimicry necessary for (a)
emotion processing, and (b) emotional contagion? Would causal manipulations lead to similar
conclusions? What are the conditions under which spontaneous mimicry gets reduced, amplified, or
even reversed — turning into complementarity? This review is just an initial attempt to harmonise
different disciplinary views on spontaneous mimicry and its possible relation to emotional
contagion, but it seems clear that the field is ripe for synchronizing the developments in the

psychological and ethological literature on humans with the literature on other animals.

41



Funding

M.T. and A.C. are supported by an ERC Consolidator grant (prot. 772953) and by a PRIN grant
from the Italian MIUR (2017TBA4KS). P.W. is supported by Academic Senate Grant (RS147R)
from the University of California, San Diego.

Acknowledgements

The authors wish to thank Mariska Kret, Eliza Bliss-Moreau and Jorg Massen for the opportunity to

contribute to the special issue.

42



References

Adelmann, P., Zajonc, R.B., 1989. Facial Efference and the Experience of Emotion. In Annual
Review of Psychology (Vol. 40). https://doi.org/10.1146/annurev.psych.40.1.249

Adolphs, R., Damasio, H., Tranel, D., Cooper, G., Damasio, A.R., 2000. A role for somatosensory
cortices in the visual recognition of emotion as revealed by three-dimensional lesion mapping.
The Journal of Neuroscience : The Official Journal of the Society for Neuroscience, 20(7),
2683-2690.

Adolphs, R., Tranel, D., Damasio, A.R., 2003. Dissociable neural systems for recognizing
emotions. Brain and Cognition, 52(1), 61-69. https://doi.org/10.1016/S0278-2626(03)00009-
5)

Amici, F., Aureli, F., Call, J., 2014. Response facilitation in the four great apes: is there a role for
empathy?. Primates, 55(1), 113-118.

Albuquerque, N., Guo, K., Wilkinson, A., Savalli, C., Otta, E., Mills, D., 2016. Dogs recognize dog
and human emotions. Biology letters, 12(1), 20150883.

Anderson, J.R., Meno, P., 2003. Psychological influences on yawning in children. Curr Psychol
Lett 11: 1-7.

Anderson, J.R., Myowa—Yamakoshi, M., Matsuzawa, T., 2004. Contagious yawning in
chimpanzees. Proceedings of the Royal Society of London. Series B: Biological Sciences,
271, S468-S470.

Arnold, A. Winkielman, P., 2019. The mimicry among us: Intra- and inter-personal mechanisms of
spontaneous mimicry. Journal of Non-Verbal Behavior. https://doi.org/10.1007/s10919-019-
00324-z

Arnott, S.R., Singhal, A., Goodale, M.A., 2009. An investigation of auditory contagious yawning.
Cogn. Affect. Behav. Neurosci. 9, 335-342.

Awh, E., Belopolsky, A.V., Theeuwes, J., 2012. Top-down versus bottom-up attentional control: a

failed theoretical dichotomy. Trends Cogn Sci 16(8):437-43.

43



Baenninger, R., 1987. Some comparative aspects of yawning in Betta splendens, Homo sapiens,
Panthera leo, Papio sphinx. Journal of Comparative Psychology, Vol 101(4): 349-354

Baenninger, R., 1997. On yawning and its functions. Psychonomic Bulletin Review, 4(2), 198-207.

Bachmann, T., 2011. Attention as a process of selection, perception as a process of representation,
and phenomenal experience as the resulting process of perception being modulated by a
dedicated consciousness mechanism. Frontiers in psychology, 2, 387.

Bagnis, A., Celeghin A., Mosso, C.O., Tamietto, M., 2019. Toward an integrative science of social
vision in intergroup bias. Neuroscience and Biobehavioral Reviews, 102, 318-326.

Barbizet, J., 1958. Yawning. J. Neurol. Neurosurg. Psychiat., 1958, 21, 203-209.

Bartholomew, A.J., Cirulli, E.T., 2014. Individual variation in contagious yawning susceptibility is
highly stable and largely unexplained by empathy or other known factors. PLoS ONE 9,
e91773.

Bekoff, M., 2015. Playful fun in dogs. Current Biology, 25(1), R4-R7.

Bekoff, M., Byers, J.A., 1981. A critical reanalysis of the ontogeny of mammalian social and
locomotor play: An ethological hornet’s nest. In K. Immelmann, G. Barlow, L. Petrinovich,
M. Main (Eds.), Behavioral development: The Bielefeld interdisciplinary conference (pp.
296-337). New York, NY: Cambridge University Press.

Black, D.W., 1984. Laughter. Journal of the American Medical Association, 252, 2995-2998.
http://dx.doi.org/10.1001/jama.1984.03350210043027

Blairy, S., Herrera, P., Hess, U., 1999. Mimicry and the Judgment of Emotional Facial
Expressions, Journal of Nonverbal Behavior, 23(1), 5-37.

Boissy, A., Manteuffel, G., Jensen, M.B., Moe, R.O., Spruijt, B., Keeling, L.J., Winckler, C.,
Forkman, B., Dimitrov, I., Langbein, J., Bakken, M., Veissier, I., Aubert, A., 2007.
Assessment of Positive Emotions in Animals to Improve Their Welfare Physiology Behavior

92(3):375-97 DOI:10.1016/j.physbeh.2007.02.003

44



Borghi, A.M., 2018. Affordances, context and sociality. Synthese. https://doi.org/10.1007/s11229-
018-02044-1

Bornemann, B., Winkielman, P., der Meer, E. van., 2012. Can you feel what you do not see? Using
internal feedback to detect briefly presented emotional stimuli. International Journal of
Psychophysiology, 85(1), 116-124.

Borod, J.C., Welkowitz, J., Alpert, M., Brozgold, A.Z., Mar- tin, C., Peselow, E. Diller, L., 1990.
Parameters of emotional processing in neuropsychiatric disorders: concep- tual issues and a
battery of tests. J. Commun. Disord. 23, 247-271

Bourgeois, P., Hess, U., 2008. The impact of social context on mimicry. Biological Psychology,
77,343-352.

Boksem, M.A., Meijman, T.F., Lorist, M.M., 2005. Effects of mental fatigue on attention: an ERP
study. Cognitive brain research, 25(1), 107-116.

Brass, M., Bekkering, H., Prinz, W., 2001. Movement observation affects movement execution in a
simple response task. Acta Psychologica, 106(1-2), 3-22.

Brown, B.J., Kim, S., Saunders, H., Bachmann, C., Thompson, J., Ropar, D., ... Jackson, G.M.,
2017. A neural basis for contagious yawning. Current Biology, 27(17), 2713-2717.

Buck, R., 1980. Nonverbal behavior and the theory of emotion: The facial feedback hypothesis.
Journal of Personality and Social Psychology, 38(5), 811-824. https://doi.org/10.1037/0022-
3514.38.5.811

Bulnes, L.C., Marién, P., Vandekerckhove, M., Cleeremans, A., 2019. The effects of Botulinum
toxin on the detection of gradual changes in facial emotion. Scientific reports, 9(1), 11734.
doi:10.1038/s41598-019-48275-1

Burra, N., Hervais-Adelman, A., Celeghin, A., de Gelder, B., Pegna, A. J., 2017. Affective
blindsight relies on low spatial frequencies. Neuropsychologia, (October).
https://doi.org/10.1016/j.neuropsychologia.2017.10.009

Buttle, H., Raymond, J.E., 2003. High familiarity enhances visual change detection 879 for face

45



stimuli. Percept. Psychophys. 65, 1296-1306.

Calder, A.J., Keane, J., Lawrence, A.D., Manes, F., 2004. Impaired recognition of anger following
damage to the ventral striatum. Brain, 127(9), 1958-1969.
https://doi.org/10.1093/brain/awh214

Calder, A.J., Keane, J., Cole, J., Campbell, R. Young, A.W., 2000a. Facial expression recognition
by people with Mobius Syndrome, Cognitive Neuropsychology, 17:1-3, 73-87.

Calder, A.J., Keane, J., Manes, F., Antoun, N., Young, A.W., 2000b. Impaired recognition and
experience of disgust following brain injury. Nature neuroscience, 3(11), 1077.

Campbell, M.W., Cox, C.R., 2019 Observational data reveal evidence and parameters of contagious
yawning in the behavioral repertoire of captive-reared chimpanzees (Pan troglodytes).
Scientific Reports 9, 13271.

Campbell, M.W, de Waal, F.B.M., 2011. Ingroup-outgroup bias in contagious yawning by
chimpanzees supports link to empathy. PLoS ONE 6, €18283.
(doi:10.1371/journal.pone.0018283)

Campbell, M.W., de Waal, F.B.M., 2014. Chimpanzees empathize with group mates and humans,
but not with baboons or unfamiliar chimpanzees. Proceedings of the Royal Society B:
Biological Sciences, 281(1782), 20140013.

Carr, E.W., Winkielman, P., 2014. When mirroring is both simple and “smart”: How mimicry can
be embodied, adaptive, and non-representational. Frontiers in Human Neuroscience, 8(1-7), 1.

Carr, EW., Winkielman, P., Oveis, C., 2014. Transforming the mirror: Power fundamentally
changes facial responding to emotional expressions. Journal of Experimental Psychology:
General, 143(3), 997.

Carr, L., lacoboni, M., Dubeau, M.C., Mazziotta, J. C., Lenzi, G.L., 2003. Neural mechanisms of
empathy in humans: a relay from neural systems for imitation to limbic areas. Proceedings of
the National Academy of Sciences, 100(9), 5497-5502

Carsten, T., Desmet, C., Krebs, R.M., Brass, M., 2018. Pupillary contagion is independent of the

46


https://doi.org/10.1093/brain/awh214

emotional expression of the face. Emotion.

Caruana, F., 2017. The Integration of Emotional Expression and Experience: A Pragmatist Review
of Recent Evidence From Brain Stimulation. Emotion Review, 11(1), 1-12.
https://doi.org/10.1177/1754073917723461

Caruana, F., Avanzini, P., Gozzo, F., Francione, S., Cardinale, F., Rizzolatti, G., 2015. Mirth and
laughter elicited by electrical stimulation of the human anterior cingulate cortex. Cortex, 71,
323-331. https://doi.org/10.1016/J.CORTEX.2015.07.024

Caruana, F., Gerbella, M., Avanzini, P., Gozzo, F., Pelliccia, V., Mai, R., ... Rizzolatti, G., 2018.
Motor and emotional behaviours elicited by electrical stimulation of the human cingulate
cortex. Brain, 141(10), 3035-3051. https://doi.org/10.1093/brain/awy219

Celeghin, A., Bagnis, A., Diano, M., Méndez, C.A., Costa, T., Tamietto, M., 2018. Functional
neuroanatomy of blindsight revealed by activation likelihood estimation meta-analysis.
Neuropsychologia. https://doi.org/10.1016/J.NEUROPSYCHOLOGIA.2018.06.007

Celeghin, A., de Gelder, B., Tamietto, M., 2015. From affective blindsight to emotional
consciousness. Consciousness and Cognition, 36, 414-425.
https://doi.org/10.1016/J.CONCOG.2015.05.007

Celeghin, A., Diano, M., Bagnis, A., Viola, M., Tamietto, M., 2017. Basic Emotions in Human
Neuroscience: Neuroimaging and Beyond. Frontiers in Psychology, 8, 1432.
https://doi.org/10.3389/fpsyg.2017.01432

Celeghin, A., Galetto, V., Tamietto, M., Zettin, M., 2019. Emotion Recognition in Low-Spatial
Frequencies Is Partly Preserved following Traumatic Brain Injury. BioMed Research
International, 2019, 1-10. https://doi.org/10.1155/2019/9562935

Chan, M.H., Tseng, C.H., 2017. Yawning Detection Sensitivity and Yawning Contagion. i-
Perception, 8(4), 2041669517726797.

Chartrand, T.L. Bargh, J.A., 1999. The chameleon effect: The perception-behavior link and social

interaction. Journal of Personality and Social Psychology, 76, 893-910.

47



Clay, Z., Palagi E., de Waal, F.B.M., 2018. Ethological approaches to empathy in primates. In:
Neuronal Correlates of Empathy (Editors Ksenia Z. Meyza and Ewelina Knapska). San Diego
(USA): Elsevier Science Publishing Co Inc. (https://doi.org/10.1016/B978-0-12-805397-
3.00005-X) pp. 53-66.

Cook, R., Bird, G., Lunser, G., Huck, S., Heyes, C., 2012. Automatic Imitation in a Strategic
Context: Players of Rock—Paper—Scissors Imitate Opponents’ Gestures. Proceedings of the
Royal Society B: Biological Sciences, 279(1729), 780—786.

Cooper, N.R., Puzzo, I., Pawley, A.D., Bowes-Mulligan, R.A., Kirkpatrick, E.V., Antoniou, P. A.,
Kennett, S. (2012). Bridging a yawning chasm: EEG investigations into the debate concerning
the role of the human mirror neuron system in contagious yawning. Cognitive, Affective,
Behavioral Neuroscience, 12(2), 393-405.

Cooper, N.R., Puzzo, I., Pawley, A.D., 2008. Contagious yawning: The mirror neuron system may
be a candidate physiological mechanism. Medical Hypotheses, 71(6), 975-976.
https://doi.org/10.1016/J.MEHY.2008.07.023

Cordoni, G., Palagi, E., 2013. Smiling and primate play faces: origins and functions. Human
Evolution, 28, 79-89.

Cordoni, G., Norscia, I., Bobbio, M., Palagi, E., 2018. Differences in play can illuminate
differences in affiliation: A comparative study on chimpanzees and gorillas. PLoS ONE, 13,
€0193096. http://dx.doi.org/10.1371/journal.pone.0193096

Couzin, 1., 2007. Collective minds. Nature, 445, 715. http://dx.doi.org/10 .1038/445715a

Damasio, A.R., 1994. Descartes’ error: Emotion, rationality and the human brain.

Darwin, C.R., 1859. On the origin of species by means of natural selection, or the preservation of
favoured races in the struggle for life. John Murray, London. 1st edition.

Darwin, C.R., 1872. The expression of the emotions in man and animals. John Murray, London. 1st

edition.

48



Davila-Ross, M., Menzler, S., Zimmermann, E., 2008. Rapid facial mimicry in orangutan play.
Biology Letters, 4, 27-30. http://dx.doi.org/10.1098/rsbl.2007.0535

Davila-Ross, M., Owren, M.J., Zimmermann, E., 2009. Reconstructing the evolution of laughter in
great apes and humans. Curr Biol. 19(13):1106-11. doi:10.1016/j.cub.2009.05.028.

Davila-Ross, M., Allcock, B., Thomas, C., Bard, K.A., 2011. Aping expressions? Chimpanzees
produce distinct laugh types when responding to laughter of others. Emotion, 11(5), 1013.

Davis, J.D., Winkielman, P., Coulson, S., 2017. Sensorimotor simulation and emotion processing:
Impairing facial action increases semantic retrieval demands. Cognitive, Affective, and
Behavioral Neuroscience, 17, 652-664.

Decety, J., Bartal, 1.B.A., Uzefovsky, F., Knafo-Noam, A., 2016. Empathy as a driver of prosocial
behaviour: highly conserved neurobehavioural mechanisms across species. Philosophical
Transactions of the Royal Society B: Biological Sciences, 371.1686, 20150077.
https://doi.org/10.1098/rsth.2015.0077

de Gelder, B., Snyder, J., Greve, D., Gerard, G., Hadjikhani, N., 2004. Fear fosters flight: A
mechanism for fear contagion when perceiving emotion expressed by a whole body.
Proceedings of the National Academy of Sciences, 101(47), 16701-16706.
https://doi.org/10.1073/pnas.0407042101

Demuru, E., Palagi, E., 2012. In bonobos yawn contagion is higher among kin and friends. PL0S
ONE 7, e49613. (doi:10.1371/journal.pone.0049613)

de Waal, F.B.M., Ferrari, P.F., 2010. Towards a bottom-up perspective on animal and human
cognition. Trends Cogn. Sci. 14, 201-207. (doi:10.1016/j.tics.2010.03. 003)

de Waal, F.B.M., Preston, S.D., 2017. Mammalian empathy: behavioural manifestations and neural
basis. Nature Reviews Neuroscience, 18(8), 498.

Dezecache, G., Jacob, P., Grezes, J., 2015. Emotional contagion: its scope and limits. Trends Cogn.
Sci. 19, 297-299. (doi:10.1016/j.tics.2015.03.011)

Diano, M., Tamietto, M., Celeghin, A., Weiskrantz, L., Tatu, M.K., Bagnis, A., ... Costa, T., 2017.

49



Dynamic changes in amygdala psychophysiological connectivity reveal distinct neural
networks for facial expressions of basic emotions. Scientific reports, 7, 45260.

Di Cesare, G., Pinardi, C., Carapelli, C., Caruana, F., Marchi, M., Gerbella, M., Rizzolatti, G.,
2018. Insula Connections With the Parieto-Frontal Circuit for Generating Arm Actions in
Humans and Macaque Monkeys. Cerebral Cortex, (May), 1-8.
https://doi.org/10.1093/cercor/bhy095

di Pellegrino, G., Fadiga, L., Fogassi, L., Gallese, V., Rizzolatti, G., 1992. Understanding motor
events: a neurophysiological study. Experimental Brain Research, 91, 176-180.

Diano, M., Celeghin, A., Bagnis, A., Tamietto, M., 2017. Amygdala Response to Emotional
Stimuli without Awareness: Facts and Interpretations. Frontiers in Psychology, 7, 2029.
https://doi.org/10.3389/fpsyg.2016.02029

Dimberg, U., Thunberg, M., 1998. Rapid facial reactions to emotional facial expressions. Scand. J.
Psychol. 39, 39-45. (doi:10.1111/1467-9450.00054)

Dimberg, U., 1997. Facial reactions: rapidly evoked emotional responses. J. Psychophysiol. 11,
115-123.

Dimberg, U., 1982. Facial reactions to facial expressions. Psychophysiology, 18, 643—-647.

Dimberg, U., Petterson, M., 2000. Facial reactions to happy and angry facial expressions: Evidence
for right hemisphere dominance. Psychophysiology, 37(5), 693-696.
https://doi.org/10.1017/S0048577200990759

Dimberg, U., Thunberg, M., Elmehed, K., 2000. Unconscious facial reactions to emotional facial
expressions. Psychological Science, 11(1), 86.

Dimberg, U., Thunberg, M., Grunedal, S., 2002. Facial reactions to emotional stimuli:
Automatically controlled emotional responses. Cognition Emotion, 16(4), 449-471.

Drimalla, H., Landwehr, N., Hess, U., Dziobek, I., 2019. From face to face: the contribution of
facial mimicry to cognitive and emotional empathy. Cognition Emotion, 33:8, 1672-1686,

DOI: 10.1080/02699931.2019.1596068

50



Duffy, K.A., Chartrand, T.L., 2015. Mimicry: causes and consequences. Current Opinion in
Behavioral Sciences, 3, 112-116.

Dunbar, R., Dunbar, P., 1975. Social dynamics of gelada baboons. Basel, Switzerland: Karger

Faber, L.G., Maurits, N.M., Lorist, M.M., 2012. Mental fatigue affects visual selective attention.
PloS one, 7(10), e48073.

Fadiga, L., Fogassi, L., Pavesi, G., Rizzolatti, G., 1995. Motor facilitation during action
observation: a magnetic stimulation study. Journal of Neurophysiology, 73(6), 2608-2611.
https://doi.org/10.1152/jn.1995.73.6.2608

Fagen, R., 1981. Animal play behavior. New York, NY: Oxford University Press.

Fagen, R., 1993. Primate juvenile and primate play. In M. E. Pereira L. A. Fairbanks (Eds.),
Juvenile primates (pp. 182-196). Oxford, United Kingdom: Oxford University Press.

Feldman, R., 2012. Oxytocin and social affiliation in humans. Hormones and behavior, 61(3), 380-
391.

Ferrari, P.F., Paukner, A., lonica, C., Suomi, S.J., 2009. Reciprocal face-to-face communication
between rhesus macaque mothers and their newborn infants. Curr Biol 19: 1768-1772.
Fleming, W.E., Pollak, C.P., 2005. Sleep disorders in multiple sclerosis. In Seminars in neurology
(Vol. 25, No. 01, pp. 64-68). Copyright© 2005 by Thieme Medical Publishers, Inc., 333

Seventh Avenue, New York, NY 10001, USA.

Fox, M.W., 1970. A comparative study of the development of facial expressions in canids: wolf,
coyotes and foxes. Behaviour 36, 49-73.

Furuichi, T., Idani, G.1., Ihobe, H., Hashimoto, C., Tashiro, Y., Sakamaki, T., Mulavwa, M.N.,
Yangozene, K., Kuroda, S., 2012. Long-term studies on wild bonobos at Wamba, Luo
Scientific Reserve, DR Congo: towards the understanding of female life history in a male-
philopatric species. In Long-term field studies of primates (eds P M Kappeler, D P Watts), pp.

413-433. Heidelberg, Germany: Springer.

51



Furuichi, T., 2011. Female contributions to the peaceful nature of bonobo society. Evol. Anthropol.
20, 131-142. (doi:10.1002/evan.20308)

Gallese, V., Caruana, F., 2016. Embodied Simulation: Beyond the Expression/Experience Dualism
of Emotions. Trends in Cognitive Sciences, 20(6), 397-398.
https://doi.org/10.1016/j.tics.2016.03.010

Gallese, V., Keysers, C., Rizzolatti, G., 2004. A unifying view of the basis of social cognition.
Trends in Cognitive Sciences, 8(9), 396-403. https://doi.org/10.1016/j.tics.2004.07.002

Gallup, A.C., Eldakar, O.T., 2013. The thermoregulatory theory of yawning: what we know from
over 5 years of research. Frontiers in neuroscience, 6, 188.

Gallup, A., Church, A.M., Miller, H., Risko, E.F., Kingstone, A., 2016. Social presence diminishes
contagious yawning in the laboratory. Scientific reports, 6, 25045.

Gallup, A.C., Vasilyev, D., Anderson, N., Kingstone, A., 2019. Contagious yawning in virtual
reality is affected by actual, but not simulated, social presence. Scientific reports, 9(1), 294.

Ganel, T., Goshen-Gottstein, Y., 2004. Effects of familiarity on the perceptual integrality of the
identity and expression of faces: the parallel-route hypothesis revisited. Journal of
Experimental psychology: Human perception and Performance, 30(3), 583.

Genschow, O., van Den Bossche, S., Cracco, E., Bardi, L., Rigoni, D., & Brass, M. (2017).
Mimicry and automatic imitation are not correlated. PloS one, 12(9), e0183784.

Giganti, F., Zilli, 1., 2011. The daily time course of contagious and spontaneous yawning among
humans. Journal of Ethology, 29(2), 215-219

Goldman, A.l., Sripada, C.S., 2005. Simulationist models of face-based emotion recognition.
Cognition, 94(3), 193-213. https://doi.org/10.1016/J.COGNITION.2004.01.005

Golland, Y., Mevorach, D., Levit-Binnun, N., 2019. Affiliative zygomatic synchrony in co-present
strangers. Scientific reports, 9(1), 3120.

Gruber, T., and Z. Clay, 2016. A comparison between bonobos and chimpanzees: A review and

update. Evolutionary Anthropology 25: 239-252.

52



Guggisberg, A.G., Mathis, J., Schnider, A., Hess, C.W., 2010. Why do we yawn?. Neuroscience
Biobehavioral Reviews, 34(8), 1267-1276.

Hadjikhani, N., Joseph, R.M., Manoach, D.S., Naik, P., Snyder, J., Dominick, K., ... de Gelder, B

*9

2009. Body expressions of emotion do not trigger fear contagion in autism spectrum disorder.

Social Cognitive and Affective Neuroscience, 4(1), 70-78.
https://doi.org/10.1093/scan/nsn038

Han, X., Luo, S., Han, S., 2016. Embodied neural responses to others’ suffering. Cognitive
Neuroscience, 7(1-4), 114-127. https://doi.org/10.1080/17588928.2015.1053440

Harrison, N.A., Singer, T., Rotshtein, P., Dolan, R.J., Critchley, H.D., 2006. Pupillary contagion:
central mechanisms engaged in sadness processing. Social Cognitive and Affective
Neuroscience, 1(1), 5-17. https://doi.org/10.1093/scan/nsl006

Hatfield, E., Cacioppo, J.T., Rapson, R.L., 1994. Emotional Contagion. Cambridge, United
Kingdom: Cambridge University Press.

Hatfield, E., Cacioppo, J.T., Rapson, R.L., 1993. Emotional contagion. Current directions in

psychological science, 2(3), 96-100.

Hecht, E.E., Murphy, L.E., Gutman, D.A., Votaw, J.R., Schuster, D.M., Preuss, T.M., ... Parr, L.A.,

2013. Differences in neural activation for object-directed grasping in chimpanzees and
humans. Journal of Neuroscience, 33(35), 14117-14134.

Helt, M.S., Fein, D.A., Vargas, J.E., 2019. Emotional contagion in children with autism spectrum
disorder varies with stimulus familiarity and task instructions. Development and
psychopathology, 1-11. https://doi.org/10.1017/S0954579419000154

Hennenlotter, A., Dresel, C., Castrop, F., Ceballos Baumann, A.O., Wohlschlager, A.M.,
Haslinger, B., 2009. The link between facial feedback and neural activity within central
circuitries of emotion - New insights from botulinum toxin-induced denervation of frown
muscles. Cerebral Cortex, 19(3), 537-542. https://doi.org/10.1093/cercor/bhn104

Henry, J.D. Herrero, S.M., 1974. Social play in the American black bear: Its similarity to canid

53



social play and an examination of its identifying characteristics. American Zoologist 14,
371-389.

Hess, U., Fischer, A., 2013. Emotional Mimicry as Social Regulation. Personality and Social
Psychology Review, 17(2), 142-157. https://doi.org/10.1177/1088868312472607

Heyes, C.M., 2011. Automatic imitation. Psychological Bulletin, 137, 463-483.

Hofree, G., Ruvolo, P., Bartlett, M.S, Winkielman, P., 2014. Bridging the Mechanical and the
Human Mind: Spontaneous Mimicry of a Physically Present Android. PLoS ONE, 9(7):
€99934

Hofree, G., Ruvolo, P., Reinert, A., Bartlett, M.S., Winkielman, P., 2018. Behind the Robot’s
Smiles and Frowns: In Social Context, People Do Not Mirror Android’s Expressions but
React to  Their Informational Value. Frontiers in  Neurorobotics, 12.
https://doi.org/10.3389/fnbot.2018.00014.

Holland, P.C., Gallagher, M., 1999. Amygdala circuitry in attentional and representational
processes. Trends in cognitive sciences, 3(2), 65-73.

Hopf, H.C., Muller-Forell, W., Hopf, N.J., 1992. Localization of emotional and volitional facial
paresis. Neurology 42, 1918-1923.

lacoboni, M., Dapretto, M., 2006. The mirror neuron system and the consequences of its
dysfunction. Nature Reviews Neuroscience, 7(12), 942-951. https://doi.org/10.1038/nrn2024

Isnard, J., Guénot, M., Sindou, M., Mauguiére, F., 2004. Clinical manifestations of insular lobe
seizures: A stereo- electroencephalographic study. Epilepsia, 45(9), 1079-1090.
https://doi.org/10.1111/j.0013-9580.2004.68903.x

Jackson, M.C., Raymond, J.E., 2006. The role of attention and familiarity in face 1057
identification. Percept. Psychophys. 68, 543-557

Jackson, P.L., Brunet, E., Meltzoff, A.N., Decety, J., 2006. Empathy examined through the neural
mechanisms involved in imagining how I feel versus how you feel pain. Neuropsychologia,

44(5), 752-761. https://doi.org/10.1016/J. NEUROPSYCHOLOGIA.2005.07.015

54



Jones, L.A., Hills, P.J., Dick, K.M., Jones, S.P., Bright, P., 2016. Cognitive mechanisms associated
with auditory sensory gating. Brain and cognition, 102, 33-45.

Jordan, E.M., Thomas, D.G., 2017. Contagious positive affective responses to laughter in infancy.
Archives de Psychologie 1, 1-21.

Kapitany, R., Nielsen, M., 2017. Are yawns really contagious? A critique and quantification of
yawn contagion. Adaptive Human Behavior and Physiology, 3(2), 134-155.

Kaya, E.M., Elhilali, M., 2014. Investigating bottom-up auditory attention. Frontiers in human
neuroscience, 8, 327.

Katsuki, F., Constantinidis, C., 2014. Bottom-up and top-down attention: different processes and
overlapping neural systems. The Neuroscientist, 20(5), 509-521.

Kavanagh, L.C., Winkielman, P., 2016. The functionality of spontaneous mimicry and its
influences on affiliation: An implicit socialization account. Frontiers in psychology, 7, 458.

Kawakami, K., Williams, A., Sidhu, D., Choma, B.L., Rodriguez-Bail6on, R., Cafadas, E., ...
Hugenberg, K., 2014. An eye for the I: Preferential attention to the eyes of ingroup members.
Journal of Personality and Social Psychology, 107(1), 1.

Knickmeyer, R., Baron-Cohen, S., Raggatt, P., Taylor, K., Hackett, G., 2006. Fetal testosterone
and empathy. Hormones and Behavior, 49(3), 282-292.

Korb, S., Grandjean, D., Scherer, K.R., 2010. Timing and voluntary suppression of facial mimicry
to smiling faces in a Go/NoGo task—An EMG study. Biological Psychology, 85(2), 347-349.

Korb, S., With, S., Niedenthal, P., Kaiser, S., Grandjean, D., 2014. The Perception and Mimicry of
Facial Movements Predict Judgments of Smile Authenticity. PLoS ONE, 9(6), €99194.

Krestel, H., Bassetti, C.L., Walusinski, O., 2018. Yawning—its anatomy, chemistry, role, and
pathological considerations. Progress in neurobiology, 161, 61-78.

Kret, M.E., 2015. Emotional expressions beyond facial muscle actions. A call for studying
autonomic signals and their impact on social perception. Frontiers in Psychology, 6(May), 1-

10. https://doi.org/10.3389/fpsyg.2015.00711

55



Kret, M.E., De Dreu, C.K.W., 2017. Pupil-mimicry conditions trust in partners: moderation by
oxytocin and group membership. Proceedings of the Royal Society B: Biological Sciences,
284(1850), 20162554. https://doi.org/10.1098/rspb.2016.2554

Krolak-Salmon, P., Hénaff, M.A., Isnard, J., Tallon-Baudry, C., Guénot, M., Vighetto, A., ...
Mauguie, F., 2003. An Attention Modulated Response to Disgust in Human Ventral Anterior
Insula. Annals of Neurology, 53(4), 446-453. Retrieved from
https://pdfs.semanticscholar.org/a7f2/b0ff06ba5f340cf5a5c84e9e95ac2a8faf8d. pdf

Krupenye, C., MacLean, E.L., Hare, B., 2017. Does the bonobo have a (chimpanzee-like) theory of
mind?. In Bonobos: Unique in mind, brain and behavior. Oxford Univ. Press

Kummer, H., 1971. Primate societies: Group techniques of ecological adaptation. Chicago, IL:
Aldine

LeDoux J.E, ed. 1996. The Emotional Brain. New York: Simon Schuster.

LeDoux, J.E., 2000. Emotion circuits in the Brain. Annual Review of Neuroscience, 23, 155-184.

Lee, T.W., Josephs, O., Dolan, R.J., Critchley, H.D., 2006. Imitating expressions: emotion-specific
neural substrates in facial mimicry. Social cognitive and affective neuroscience, 1(2), 122-
135.

Lee, T.W., Dolan, R.J., Critchley, H. D., 2008. Controlling emotional expression: Behavioral and
neural correlates of nonimitative emotional responses. Cerebral Cortex, 18(1), 104-113.
Lehmann, H.E., 1979. Yawning: a homeostatic reflex and its psychological significance. Bulletin of

the Menninger Clinic, 43(2), 123.

Leighton, J., Bird, G., Orsini, C., Heyes, C., 2010. Social attitudes modulate automatic imitation.
Journal of Experimental Social Psychology, 46(6), 905-910.

Lennie, P., 2003. The cost of cortical computation. Current biology, 13(6), 493-497.

Likowski, K.U., Muhlberger, A., Seibt, B., Pauli, P., Weyers, P., 2008. Modulation of facial

mimicry by attitudes. Journal of Experimental Social Psychology, 44(4), 1065-1072.

56



Likowski, K.U., Mihlberger, A., Gerdes, A., Wieser, M.J., Pauli, P., Weyers, P., 2012. Facial
mimicry and the mirror neuron system: simultaneous acquisition of facial electromyography
and functional magnetic resonance imaging. Frontiers in human neuroscience, 6, 214.

Lou, H.C., Luber, B., Crupain, M., Keenan, J.P., Nowak, M., Kjaer, T.W., ... Lisanby, S.H., 2004.
Parietal cortex and representation of the mental Self. Proceedings of the National Academy of
Sciences of the United States of America, 101(17), 6827—-6832.
https://doi.org/10.1073/pnas.0400049101

Lutchmaya, S., Baron-Cohen, S., Raggatt, P., 2002. Foetal testosterone and eye contact in 12-
month-old human infants. Infant Behavior and Development, 25(3), 327-335

MacLean E.L., 2016. Unraveling the evolution of uniquely human cognition. Proceedings of the
National Academy of Sciences of the United States of America, 113(23), 6348-6354.
doi:10.1073/pnas.1521270113

MacLean, K.A., Aichele, S.R., Bridwell, D.A., Mangun, G.R., Wojciulik, E., Saron, C.D., 2009.
Interactions between endogenous and exogenous attention during vigilance. Attention,
Perception Psychophysics, 71(5), 1042-1058.

Maddock, R.J., Garrett, A.S., Buonocore, M.H., 2001. Remembering familiar people: the posterior
cingulate cortex and autobiographical memory retrieval. Neuroscience, 104(3), 667—676.
https://doi.org/10.1016/S0306-4522(01)00108-7

Madsen, E.A., Persson, T., 2013. Contagious yawning in domestic dog puppies (Canis lupus
familiaris): the effect of ontogeny and emotional closeness on low-level imitation in dogs.
Anim. Cogn. 16, 233-240. (doi:10.1007/s10071-012- 0568-9)

Mancini, G., Ferrari, P.F., Palagi, E., 2013a. Rapid facial mimicry in geladas. Scientific Reports, 3,
1527. http://dx.doi.org/10.1038/srep01527

Mancini, G., Ferrari, P.F., Palagi, E. 2013b. In play we trust. Rapid facial mimicry predicts the
duration of playful interactions in geladas. PLoS ONE 8(6):e66481.

(doi:10.1371/journal.pone.0066481)

57



Manstead, A.S., Fischer, A.H. 2001. Social appraisal. Appraisal processes in emotion: Theory,
methods, research, 221-232.

Mariscal, M.G., Oztan, O., Rose, S.M., Libove, R.A., Jackson, L.P., Sumiyoshi, R.D., ..., Hardan,
A.Y., 2019. Blood oxytocin concentration positively predicts contagious yawning behavior in
children with autism spectrum disorder. Autism Research, https://doi.org/10.1002/aur.2135

Massen, J.J.M., Gallup, A.C., 2017. Why contagious yawning does not (yet) equate to empathy.
Neuroscience and Biobehavioral Reviews, 80(May), 573-585.
https://doi.org/10.1016/j.neubiorev.2017.07.006

Massen, J.J., Vermunt, D.A., Sterck, E.H., 2012. Male yawning is more contagious than female
yawning among chimpanzees (Pan troglodytes). PLoS One, 7(7), e40697.

Mariscal, M.G., Oztan, O., Rose, S.M., Libove, R.A., Jackson, L.P., Sumiyoshi, R.D., ..., Hardan,
A.Y., 2019. Blood oxytocin concentration positively predicts contagious yawning behavior in
children with autism spectrum disorder. Autism Research, https://doi.org/10.1002/aur.2135

Méary, D., Li, Z., Li, W., Guo, K., Pascalis, O., 2014. Seeing two faces together: preference
formation in humans and rhesus macaques. Animal cognition, 17(5), 1107-11109.

Meletti, S., Tassi, L., Mai, R., Fini, N., Tassinari, C.A., Russo, G.L., 2006. Emotions Induced by
Intracerebral Electrical Stimulation of the Temporal Lobe. Epilepsia, 47(s5), 47-51.
https://doi.org/10.1111/j.1528-1167.2006.00877.x

Michel, C., Caldara, R., Rossion, B., 2006. Same-race faces are perceived more holistically than
other-race faces. Vis. Cogn. 14, 55-73

Millen, A., Anderson, J.R., 2011. Neither infants nor toddlers catch yawns from their mothers. Biol
Lett 7: 440-442.

Mobbs, D., Yu, R., Meyer, M., Passamonti, L., Seymour, B., Calder, A.J., ... Dalgleish, T., 2009. A
key role for similarity in vicarious reward. Science (New York, N.Y.), 324(5929), 900.

https://doi.org/10.1126/science.1170539

58



Moody, E.J, McIntosh, D.N, Mann, L.J., Weisser, K.R., 2007 More than mere mimicry? The
influence of emotion on rapid facial reactions to faces. Emotion, 7, 447-457.

Morris, J.S., Ohman, A., Dolan, R.J., 1998. Conscious and unconscious emotional learning in the
human amygdala. Nature, 393(6684), 467.

Maller, C.A., Schmitt, K., Barber, A.L., Huber, L., 2015. Dogs can discriminate emotional
expressions of human faces. Current Biology, 25(5), 601-605.

Murray, L., De Pascalis, L., Bozicevic, L., Hawkins, L., Sclafani, V., Ferrari, P.F., 2016 The
functional architecture of mother-infant communication, and the development of infant social
expressiveness in the first two months. Sci Rep 6:39019. https://doi.org/10.1038/srep39019.

Nahab, F.B., Hattori, N., Saad, Z.S., Hallett, M., 2009. Contagious yawning and the frontal lobe:
An fMRI study. Human Brain Mapping, 30(5), 1744-1751.
https://doi.org/10.1002/hbm.20638

Nakahashi, W., Ohtsuki, H., 2015. When is emotional contagion adaptive?. Journal of Theoretical
Biology, 380, 480-488.

Neal, D.T., Chartrand, T.L., 2011. Embodied Emotion Perception. Social Psychological and
Personality Science, 2(6), 673-678. https://doi.org/10.1177/1948550611406138

Negro, E., D’Agata, F., Caroppo, P., Coriasco, M., Ferrio, F., Celeghin, A., ... Tamietto, M., 2015.
Neurofunctional Signature of Hyperfamiliarity for Unknown Faces. PLOS ONE, 10(7),
€0129970. https://doi.org/10.1371/journal.pone.0129970

Neumann, R., Schulz, S., Lozo, L. Alpers, G., 2014. Automatic facial responses to near-threshold
presented facial displays of emotion: Imitation or evaluation. Biological Psychology. 96, 144-
149.

Nicolini, Y., Manini, B., De Stefani, E., Coudé, G., Cardone, D., Barbot, A., ... Bianchi, B., 2019.
Autonomic Responses to Emotional Stimuli in Children Affected by Facial Palsy: The Case
of Moebius Syndrome. Neural Plasticity,

Niedenthal, P.M., 2007. Embodying emotion. science, 316(5827), 1002-1005

59



Niedenthal, P.M., Barsalou, L.W., Winkielman, P., Krauth-Gruber, S., Ric, F., 2005. Embodiment
in Attitudes, Social Perception, and Emotion. Personality and Social Psychology Review, 9,
184-211.

Niedenthal, P.M., Brauer, M., Halberstadt, J.B., Innes-Ker, A.H., 2001. When did her smile drop?
Facial mimicry and the influences of emotional state on the detection of change in emotional
expression. Cognition and Emotion, 15(6), 853-864.
https://doi.org/10.1080/02699930143000194

Norscia, I., Palagi, E., 2011. Yawn contagion and empathy in Homo sapiens. PloS one, 6(12),
e28472.

Norscia, I., Palagi, P., 2016. The missing lemur link: An ancestral step in the evolution of human
behaviour. Cambridge, United Kingdom: Cambridge University Press.
http://dx.doi.org/10.1017/CB09781139060059

Norscia, I., Demuru, E., Palagi, E., 2016a. She more than he: gender bias supports the empathic
nature of yawn contagion in Homo sapiens. Royal Society Open Science, 3(2), 1504509.

Norscia, I., Demuru, E., Palagi, E., 2016b. Difference in contagious yawning between susceptible
men and women: why not?. Royal Society Open Science, 3(9), 160477.

Nummenmaa, L., Hirvonen, J., Parkkola, R., Hietanen, J.K., 2008. Is emotional contagion special?
An fMRI study on neural systems for affective and cognitive empathy. Neurolmage, 43(3),
571-580. https://doi.org/10.1016/j.neuroimage.2008.08.014

Oberman, L.M., Winkielman, P., Ramachandran, V.S., 2007. Face to face: Blocking facial
mimicry can selectively impair recognition of emotional expressions. Social Neuroscience,
2(3-4), 167-178. https://doi.org/10.1080/17470910701391943

Palagi, E., Leone, A., Mancini, G., Ferrari, P.F., 2009. Contagious yawning in gelada baboons as a
possible expression of empathy. Proc. Natl Acad. Sci. USA 106, 19 262-19 267.

(doi:10.1073/pnas.0910891106)

60



Palagi, E., Marchi, E., Cavicchio, P., Bandoli, F., 2019a. Sharing playful mood: rapid facial
mimicry in Suricata suricatta. Animal cognition, 1-14.

Palagi, E., Nicotra, V., Cordoni, G., 2015. Rapid mimicry and emotional contagion in domestic
dogs. Royal Society Open Science, 2: 150505. doi:10.1098/rs0s.150505

Palagi, E., Norscia, I., Demuru, E., 2014. Yawn contagion in humans and bonobos: emotional
affinity matters more than species. PeerJ, 2, €5109.

Palagi, E., Burghardt, G.M., Smuts, B., Cordoni, G., Dall'Olio, S., Fouts, H.N., ... Pellis, S.M.,
2016. Rough- and- tumble play as a window on animal communication. Biological Reviews,
91(2), 311-327.

Palagi, E., Norscia, 1., Cordoni, G., 2019b. Lowland Gorillas (Gorilla gorilla gorilla) Failed to
Respond to Others’ Yawn: Experimental and Naturalistic Evidence. Journal of Comparative
Psychology (http://dx.doi.org/10.1037/com0000175)

Palagi, E., Norscia, 1., Pressi, S., Cordoni, G., 2018a. Facial mimicry and play: A comparative study
in chimpanzees and gorillas. Emotion.

Palagi, E., Mancini, G. 2011. Play and primates: Social, communicative, and cognitive aspects of
one of the most puzzling behaviour. Atti della Societa” Toscana di Scienze Naturali Serie B,
118, 121-128.

Palagi, E., 2006. Social play in bonobos (Pan paniscus) and chimpanzees (Pan troglodytes):
Implications for natural social systems and interindividual relationships. American Journal of
Physical Anthropology, 129, 418-426. http://dx.doi.org/10.1002/ajpa.20289

Palagi, E., 2008. Sharing the motivation to play: The use of signals in adult bonobos. Animal

Behaviour, 75, 887-896. http://dx.doi.org/10 .1016/j.anbehav.2007.07.016

Palagi, E., Antonacci, D., Cordoni, G., 2007. Fine-tuning of social play in juvenile lowland gorillas
(Gorilla gorilla gorilla). Developmental Psychobiology, 49, 433-445.

http://dx.doi.org/10.1002/dev.20219

61


http://dx.doi.org/10
http://dx.doi.org/10.1002/dev.20219

Palagi, E., Cordoni, G. 2012. The right time to happen: Play developmental divergence in the two
Pan species. PLoS ONE, 7, e52767. http://dx.doi.org/10.1371/journal.pone.0052767

Palagi, E., Leone, A., Demuru, E., Ferrari, P.F., 2018b. High-Ranking Geladas Protect and
Comfort Others After Conflicts. Scientific reports, 8(1), 15291.

Palagi, E., Norscia, 1. 2019. Etologia dell’emozione animale: studio e interpretazione. Sistemi
Intelligenti, anno XXXI, 1: 11-31

Pallante, V., Stanyon, R., Palagi, E., 2016. Agonistic support towards victims buffers aggression in
geladas (Theropithecus gelada). Behaviour, 153(9-11), 1217-1243.

Pallante, V., Ferrari, P.F., Gamba, M., Palagi, E., 2019. Embracing in a female-bonded monkey
specie (Theropithecus gelada). Journal of Comparative Psychology.

Panksepp, J., 2004. Affective neuroscience: The foundations of human and animal emotions. New
York, NY: Oxford University Press.

Parr, L.A., Waller, B.M., 2006. Understanding chimpanzee facial expression: Insights into the
evolution of communication. Social Cognitive and Affective Neuroscience, 1, 221-228.
http://dx.doi.org/10.1093/scan/nsl031

Parr, L.A., Waller, B.M., Fugate, J., 2005. Emotional communication in primates: Implications for
neurobiology. Current Opinion in Neurobiology, 15, 716—720.
http://dx.doi.org/10.1016/j.conb.2005.10.017

Paukner, A., Anderson, J.R., 2005. Video-induced yawning in stumptail macaques (Macaca
arctoides). Biology Letters, 2(1), 36-38.

Pellegrini, A.D., 2009. The role of play in human development. New York, NY: Oxford University

Press. http://dx.doi.org/10.1093/acprof:0s0/9780195367324.001.0001

Pellis, S.M., 1988. Agonistic versus amicable targets of attack and defense: Consequences for the
origin, function, and descriptive classification of play fighting. Aggressive Behavior, 14, 85—

104. http://dx.doi .org/10.1002/1098-2337

62


http://dx.doi.org/10.1093/acprof:oso/9780195367324.001.0001
http://dx.doi/

Pellis, S.M., Pellis, V.C., 2009. The playful brain: Venturing to the limits of neuroscience. Oxford,
United Kingdom: Oneworld Publications. Pellis, S. M., Pellis, V. C. (2016). Play fighting in
Visayan warty pigs (Sus cebifrons): Insights on restraint and reciprocity in the maintenance of
play. Behaviour, 153, 727-747.

Pellis, S.M., Pellis, V.C., Reinhart, C.J., 2010. The evolution of social play. In C. Worthman, P.
Plotsky, D. Schechter, C. Cummings (Eds.), Formative experiences: The interaction of
caregiving, culture, and developmental psychobiology (pp. 404—431). Cambridge, United

Kingdom: Cambridge University Press. http://dx.doi.org/10.1017/CB0O9780511711879.037

Pellis, S. M., Pellis, V. C., 1996. On knowing it’s only play: the role of play signals in play fighting.
Aggression & Violent Behavior, 1, 249-268.

Pellis, S.M., Pellis, V.C., 1998. Play fighting of rats in comparative perspective: a schema for
neurobehavioral analyses. Neuroscience Biobehavioral Reviews, 23(1), 87-101.

Pellis, S.M., Pellis, V.C., 2017. What is play fighting and what is it good for? Learning Behavior,
45, 355-366. http://dx.doi.org/10.3758/s13420-017-0264-3

Phillips, W., Baron-Cohen, S., Rutter, M., 1992. The role of eye contact in goal detection:
Evidence from normal infants and children with autism or mental handicap. Development and
Psychopathology, 4(3), 375-383.

Pillay, S.S., Rogowska, J., Gruber, S.A., Simpson, N., Yurgelun-Todd, D.A., 2007. Recognition of
happy facial affect in panic disorder: An fMRI study. Journal of Anxiety Disorders, 21(3),
381-393. https://doi.org/10.1016/J.JANXDIS.2006.04.001

Pinto, Y., van der Leij, A.R., Sligte, 1.G., Lamme, V.A., Scholte, H.S., 2013. Bottom-up and top-
down attention are independent. Journal of vision, 13(3), 16-16.

Pitcher, D., Garrido, L., Walsh, V., Duchaine, B.C., 2008. Transcranial Magnetic Stimulation
Disrupts the Perception and Embodiment of Facial Expressions. Journal of Neuroscience,
28(36), 8929-8933.

Platek, S.M., Mohamed, F.B., Gallup, G.G., 2005. Contagious yawning and the brain. Cognitive

63


http://dx.doi.org/10.1017/CBO9780511711879.037

Brain Research, 23(2-3), 448-452. https://doi.org/10.1016/j.cogbrainres.2004.11.011

Posner, M.1., Cohen, Y., 1984. Components of visual orienting. Attention and performance X:
Control of language processes, 32, 531-556.

Preston, S.D., De Waal, F.B.M., 2002. Empathy: Its ultimate and proximate bases. Behavioral and
Brain Sciences, 25(1), 1-20.

Preuschoft, S., 1992. “Laughter” and “smile” in Barbary macaques, Macaca sylvanus. Ethology, 91,
220-236. http://dx.doi.org/10.1111/j.1439-0310.1992.th00864.x

Preuschoft, S., van Hooff, JA.R.A.M., 1995. Homologizing primate facial displays: A critical
review of methods. Folia Primatologica, 65, 121-137. http://dx.doi.org/10.1159/000156878

Preuschoft, S., van Hooff, JJA.R.A.M., 1997. The social function of “smile” and “laugther”:
variations across primate species and societies. In U. Segerstrale P. Molna'r (Eds.),
Nonverbal communication: Where nature meets culture (pp. 171-189). Mahwah, NJ:
Erlbaum.

Prochazkova, E., Kret, M.E., 2017. Connecting minds and sharing emotions through mimicry: A
neurocognitive model of emotional contagion. Neuroscience and Biobehavioral Reviews,
80(May), 99-114. https://doi.org/10.1016/j.neubiorev.2017.05.013

Prochazkova, E., Prochazkova, L., Giffin, M.R., Scholte, H.S., De Dreu, C.K.W., Kret, M.E., 2018.
Pupil mimicry promotes trust through the theory-of-mind network. Proceedings of the
National Academy of Sciences, 115(31), E7265-E7274.
https://doi.org/10.1073/pnas.1803916115

Provine, R.R., Hamernik, H.B., 1986. Yawning: Effects of stimulus interest. Bulletin of the
Psychonomic Society, 24(6), 437-438.

Provine, R.R., 1989. Faces as releasers of contagious yawning: An approach to face perception
using normal human subjects. Bull Psychonomic Soc 27: 211-214.

Provine, R.R., 1996. Contagious yawning and laughter: Significance for sensory feature detection.

Social learning in animals: The roots of culture, 179.

64



Provine, R.R., 2005. Yawning: the yawn is primal, unstoppable and contagious, revealing the
evolutionary and neural basis of empathy and unconscious behavior. American
Scientist, 93(6), 532-539.

Provine, R.R., 2012. Curious behavior: Yawning, laughing, hiccupping, and beyond. Harvard
University Press.

Ramirez, V., Ryan, C.P., Eldakar, O.T., Gallup, A.C., 2019. Manipulating neck temperature alters
contagious yawning in humans. Physiology behavior.

Rinn, W.E., 1984. The neuropsychology of facial expression: a review of the neurological and
psychological mechanisms for producing facial expressions. Psychol. Bull. 95, 52—77

Rymarczyk, K., Zurawski, L., Jankowiak-Siuda, K., Szatkowska, I., 2018. Neural correlates of
facial mimicry: simultaneous measurements of EMG and BOLD responses during perception
of dynamic compared to static facial expressions. Frontiers in psychology, 9, 52.

Rizzolatti, G., Fadiga, L., Gallese, V., Fogassi, L., 1996. Premotor cortex and the recognition of
motor actions. Cognitive Brain Research, 3(2), 131-141. https://doi.org/10.1016/0926-
6410(95)00038-0

Rizzolatti, G., Fogassi, L., Gallese, V., 2001. Neurophysiological mechanisms underlying the
understanding and imitation of action Giacomo Rizzolatti, Leonardo Fogassi and V. Nature
Neuroscience, 2(September), 1-10. https://doi.org/10.1038/35090060

Rizzolatti, G., Fogassi, L., Gallese, V., 2002. Motor and cognitive functions of the ventral premotor
cortex. Current Opinion in Neurobiology, 12(2), 149-154. https://doi.org/10.1016/S0959-
4388(02)00308-2

Romero, T., Konno, A., Hasegawa, T., 2013. Familiarity bias and physiological responses in
contagious yawning by dogs support link to empathy. PLoS ONE 8, e71365.
(doi:10.1371/journal.pone.0071365)

Romero, T., Ito, M., Saito, A., Hasegawa, T., 2014. Social modulation of contagious yawning in

wolves. PLoS One, 9(8), e105963.

65



Rutherford, M.D., Mclintosh, D., 2007. Rules versus Prototype Matching: Strategies of Perception
of Emotional Facial Expressions in the Autism Spectrum. Journal of Autism and
Developmental Disorders, 37 (2): 187-196.

Rychlowska, M., Cafiadas, E., Wood, A., Krumhuber, E.G., Fischer, A., Niedenthal, P.M., 2014.
Blocking mimicry makes true and false smiles look the same. PL0oS One, 9(3), e90876.

Sato, W., Kochiyama, T., Yoshikawa, S., Naito, E., Matsumura, M., 2004. Enhanced neural
activity in response to dynamic facial expressions of emotion: An fMRI study. Cognitive
Brain Research, 20(1), 81-91.

Sato, W., Yoshikawa, S., 2007. Spontaneous facial mimicry in response to dynamic facial
expressions. Cognition, 104(1), 1-18.

Saxe, R., Carey, S., Kanwisher, N., 2004. Understanding other minds: linking developmental
psychology and functional neuroimaging. Ann Rev Psychol 55: 87-124.

Scally, A., Dutheil, J.Y., Hillier, L.W., Jordan, G.E., Goodhead, I., Herrero, J.,...Durbin, R., 2012.
Insights into hominid evolution from the gorilla genome sequence. Nature, 483, 169-175.
http://dx.doi.org/ 10.1038/nature10842

Scherer, K.R., 2009. Emotions are emergent processes: They require a dynamic computational
architecture. Philosophical Transactions of the Royal Society B, 364, 3459-3474.

Schilbach, L., Eickhoff, S.B., Mojzisch, A., and Vogeley, K., 2008. What's in a smile? Neural
correlates of facial embodiment during social interaction. Soc. Neurosci. 3, 37-50.

Schino, G., Sciarretta, M., 2016. Patterns of social attention in mandrills, Mandrillus sphinx.
International Journal of Primatology, 37(6), 752-761.

Schmidt, K.L., Cohn, J.F., 2001. Human facial expressions as adaptations: Evolutionary questions
in facial expression research. Yearbook of Physical Anthropology, 44, 3-24.
http://dx.doi.org/10.1002/ajpa.20001

Schubert, TW., Semin, G.R., 2009. Embodiment as a unifying perspective for psychology.

European Journal of Social Psychology, 39, 1135-1141.

66



Schurmann, M., Hesse, M.D., Stephan, K.E., Saarela, M., Zilles, K., Hari, R., Fink, G.R., 2005.
Yearning to yawn: The neural basis of contagious yawning. Neurolmage, 24(4), 1260-1264.
https://doi.org/10.1016/j.neuroimage.2004.10.022

Scopa, C., Palagi, E., 2016. Mimic me while playing! Social tolerance and rapid facial mimicry in
macaques (Macaca tonkeana and Macaca fuscata). Journal of Comparative Psychology, 130,
153-161. http://dx.doi.org/10.1037/com0000028

Seibt, B., Muhlberger, A., Likowski, K.U., Weyers, P., 2015. Facial mimicry in its social setting.
Frontiers in Psychology, 6. https://doi.org/10.3389/fpsyg.2015.01122.

Sestito, M., Umilta, M.A., De Paola, G., Fortunati, R., Raballo, A., Leuci, E., ... Gallese, V., 2013.
Facial reactions in response to dynamic emotional stimuli in different modalities in patients
suffering from schizophrenia: a behavioral and EMG study. Frontiers in human neuroscience,
7, 368.

Silva K, Bessa J, de Sousa L. 2012. Auditory contagious yawning in domestic dogs (Canis
familiaris): first evidence for social modulation. Anim. Cogn. 15, 721-724.
(doi:10.1007/s10071- 012-0473-2)

Singer, T., 2006. The neuronal basis and ontogeny of empathy and mind reading: review of
literature and implications for future research. Neurosci Biobehav Rev 30: 855-863.

Smith, M.C., Smith, M.K. Ellgring, H., 1996. Spontaneous and posed facial expression in
Parkinson’s disease. J. Int. Neuropsychol. Soc. 2, 383-391.

Sprengelmeyer, R., Rausch, M., Eysel, U.T., Przuntek, H., 1998. Neural structures associated with
recognition of facial expressions of basic emotions. Proceedings of the Royal Society B:
Biological Sciences, 265(1409), 1927-1931. https://doi.org/10.1098/rspb.1998.0522

Stel, M., Knippenberg, A. van., 2008. The Role of Facial Mimicry in the Recognition of Affect.

Psychological Science, 19(10), 984-985.

67



Stevens, N.J., Seiffert, E.R., O’Connor, P.M., Roberts, E.M., Schmitz, M.D., Krause, C.,...Temu, J.,
2013. Palaeontological evidence for an Oligocene divergence between Old World monkeys
and apes. Nature, 497, 611-614. http://dx.doi.org/10.1038/nature12161

Strack, F., Martin, L.L., Stepper, S., 1988. Inhibiting and facilitating conditions of the human
smile: A nonobtrusive test of the facial feedback hypothesis. Journal of Personality and.
Social Psychology, 54(5), 768-777.

Tamietto, M., de Gelder, B., 2010. Neural bases of the non-conscious perception of emotional

signals. Nature Reviews Neuroscience, 11(10), 697—709. https://doi.org/10.1038/nrn2889

Tamietto, M., Castelli, L., Vighetti, S., Perozzo, P., Geminiani, G., Weiskrantz, L., de Gelder, B.,
2009. Unseen facial and bodily expressions trigger fast emotional reactions. Proceedings of
the National Academy of Sciences, 106(42), 17661-17666.
https://doi.org/10.1073/pnas.0908994106

Tamietto, M., Cauda, F., Celeghin, A., Diano, M., Costa, T., Cossa, F.M., ... de Gelder, B., 2015.
Once you feel it, you see it: Insula and sensory-motor contribution to visual awareness for
fearful bodies in parietal neglect. Cortex, 62, 56-72.
https://doi.org/10.1016/J.CORTEX.2014.10.009

Tamir, M., Robinson, M.D., Clore, G.L., Martin, L.L., Whitaker, D.J., 2004. Are We Puppets on a
String? The Contextual Meaning of Unconscious Expressive Cues. Personality and Social
Psychology Bulletin, 30, 237-249.

Tan, J., Ariely, D., Hare, B., 2017. Bonobos respond prosocially toward members of other groups.
Scientific reports, 7(1), 14733.

Tan, J., Hare, B., 2017. Prosociality among non-kin in bonobos and chimpanzees compared.
Bonobos: Unique in Mind, 140-154.

Taylor, D., Hartmann, D., Dezecache, G., Wong, S.T., Davila-Ross, M., 2019. Facial complexity in

sun bears: exact facial mimicry and social sensitivity. Sci Rep 9:4961.

68


https://doi.org/10.1038/nrn2889

Thompson, S.B., 2014. Yawning, fatigue, and cortisol: expanding the Thompson Cortisol
Hypothesis. Medical hypotheses, 83(4), 494-496.

Thompson, S.B., 2017. Hypothesis to explain yawning, cortisol rise, brain cooling and motor cortex
involvement of involuntary arm movement in neurologically impaired patients. Journal of
Neurology Neuroscience, 8(1), 167.

Thompson, S.B., Bishop, P., 2012. Born to yawn? Understanding yawning as a warning of the rise
in cortisol levels: randomized trial. Interactive journal of medical research, 1(2), e4.

Tiedens, L.Z., Fragale, A.R., 2003. Power moves: Complementarity in dominant and submissive
nonverbal behavior. Journal of Personality and Social Psychology, 84, 558-568.

Tinbergen, N., Perdeck, A.C., 1951. On the stimulus situation releasing the begging response in the
newly hatched herring gull chick (Larus argentatus argentatus Pont.). Behaviour, 3(1), 1-39.

Tsao, D.Y., Moeller, S., Freiwald, W.A., 2008. Comparing face patch systems in macaques and
humans. Proceedings of the National Academy of Sciences of the United States of America,
105, 19514-19519. http://dx.doi.org/10.1073/pnas.0809662105

Usui, S., Senju, A., Kikuchi, Y., Akechi, H., Tojo, Y., Osanai, H., Hasegawa, T., 2013. Presence of
contagious yawning in children with autism spectrum disorder. Autism Research and
Treatment.

van Hooff, J.C., Crawford, H., Van Vugt, M., 2010. The wandering mind of men: ERP evidence
for gender differences in attention bias towards attractive opposite sex faces. Social cognitive
and affective neuroscience, 6(4), 477-485.

Vick, S.J., Paukner, A., 2010. Variation and context of yawns in captive chimpanzees (Pan
troglodytes). American Journal of Primatology: 72(3), 262-269.

Walusinski, O., Deputte, B.L., (004. The phylogeny, ethology and nosology of yawning. Revue
neurologique, 160(11), 1011-1021.

Wang, J.T.Y., 2011. Pupil dilation and eye tracking. A handbook of process tracing methods for

decision research: A critical review and user’s guide, 185-204.

69



Weddell, R.A., 1994. Effects of subcortical lesion site on human emotional behavior. Brain Cogn
25, 161-193.

Weyers, P., Muhlberger, A., Kund, A., Hess, U., Pauli, P., 2009. Modulation of facial reactions to
avatar emotional faces by nonconscious competition priming. Psychophysiology, 46, 328—
335.

Whalen, P.J., Rauch, S.L., Etcoff, N.L., Mclnerney, S.C., Lee, M.B., Jenike, M.A., 1998. Masked
presentations of emotional facial expressions modulate amygdala activity without explicit
knowledge. Journal of Neuroscience, 18(1), 411-418.

Wicker, B., Keysers, C., Plailly, J., Royet, J.P., Gallese, V., Rizzolatti, G., 2003. Both of us
disgusted in My insula: the common neural basis of seeing and feeling disgust. Neuron, 40(3),
655-664. https://doi.org/10.1016/S0896-6273(03)00679-2

Wiggers, M., van Lieshout, F.M., 1985 Development of recognition of emotions: children's reliance
on situational and facial expressive cues. Develop Psychol 21: 338-349.

Wild, B., Rodden, F.A., Grodd, W., Ruch, W., 2003. Neural correlates of laughter and humour.
Brain, 126(10), 2121-2138.

Winkielman, P., Coulson, S., Niedenthal, P., 2018. Dynamic grounding of emotion concepts. Phil.
Trans. R. Soc. B 373: 20170127.

Winkielman, P., Niedenthal, P., Wielgosz, J., Eelen, J., Kavanagh, L.C., 2015. Embodiment of
cognition and emotion. In M. Mikulincer, P. R. Shaver, E. Borgida, J. A. Bargh (Eds.), APA
handbook of personality and social psychology, Vol. 1. Attitudes and social cognition (pp.
151-175). APA, Washington, DC.

Whitehouse, J., Micheletta, J., Kaminski, J., Waller, B.M., 2016. Macaques attend to scratching in
others. Animal behaviour, 122, 169-175.

Wood, A., Rychlowska, M., Korb, S., Niedenthal, P., 2016. Fashioning the Face: Sensorimotor
Simulation Contributes to Facial Expression Recognition. Trends in Cognitive Sciences.

https://doi.org/10.1016/j.tics.2015.12.010

70



Yoon, J.M., Tennie, C., 2010. Contagious yawning: a reflection of empathy, mimicry, or
contagion? Animal Behaviour, 79(5), el1-e3.

Zajonc, R.B., 1985. Emotion and facial efference - a theory reclaimed. Science, 228(4695), 15-21.

Zajonc, R.B., 1980. Feeling and thinking: Preferences need no inferences. American psychologist,
35(2), 151.

Zannella, A., Stanyon, R., Palagi, E., 2017. Yawning and social styles: Different functions in
tolerant and despotic macaques (Macaca tonkeana and Macaca fuscata). Journal of
Comparative Psychology, 131(3), 179.

Zwaan, R.A., 2014. Embodiment and language comprehension: reframing the discussion. Trends in

Cognitive Sciences. 18: 229-34.

71



Figures

Figure 1 — Ethological model for the evolution of emotional contagion. Step 1 — Solitary displays.
Individuals independently show similar facial displays in response to a common external releasing
stimulus. Simultaneity is the by-product of perceiving the same stimulus at the same time. Step 2 —
Social displays. The facial display of a subject acts as releasing stimulus for the other subject. The
other replicates the expression as a result of the action-perception mechanism. Step 3 — From motor
to emotional contagion. Motor contagion leads to emotional contagion with the replication not just

of the motor pattern but also of the internal emotional state.

Figure 2 — Predictive model of response delays in yawn contagion and mimicry trends based on the
implication of cognitive abilities and emotional bonding. Both dotted and solid lines do not indicate
a linear function but only the increasing/decreasing trend. 2a — The yawning response to others’
yawns (contagion) is an automatic, pre-conscious response whose delay is not expected to be
related to cognitive levels (dashed lines9. On the other hand, the level of emotional bonding
between individuals (informed by the social bonding) can reduce the yawning response delay (solid
lines). 2b — The delay in facial mimicry response decreases as the level of familiarity between
individuals (informing emotional bonding) increases (solid lines). On the other hand, the delay
increases as the level of response automaticity decreases, owing to the higher implication of
cognitive processing (dashed lines). This can be applied to Duchenne and Non-Duchenne Laugh in

humans and Rapid Facial Mimicry and Delayed Facial Mimicry in chimpanzees.
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