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“Genschow and Cracco have compiled a remarkable collection of state-of-the-art research
that spans a quarter of a century on how and why we imitate others, often automatically.
Given the crucial role that automatic imitation plays in social interactions and bonding this
book will become essential to researchers across the life and social sciences.”

—Manos Tsakiris, Professor of Psychology, Royal Holloway, University of London, UK

“ChatGPT says that I coined the term ‘automatic imitation’. I am not sure that is true, but I
certainly admire this wide ranging volume. Drawing insights from cognitive, social, and
affective psychology, the chapters give an overview of what is known, and what is yet to be
discovered, about spontaneous mimicry—our tendency to copy the actions of others even
when we do not want or intend to do so. This will make it a valuable resource for anyone
interested in the topic.”

—Cecilia Heyes, Professor of Psychology, All Souls College, University of Oxford, UK
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Chapter 1 )
Introduction to Automatic Imitation Creck o

Oliver Genschow (® and Emiel Cracco

Individuals have the tendency to automatically imitate a wide range of different
behaviors such as facial expressions (e.g., Dimberg, 1982), characteristics of lan-
guage (e.g., Cappella & Planalp, 1981), emotions (e.g., Hess & Fischer, 2014), pos-
tures (e.g., LaFrance, 1982), gestures (e.g., Cracco et al., 2018b), and simple
movements (e.g., Brass et al., 2000; Genschow et al., 2013). In this respect, auto-
matic imitation refers to the finding that the execution of an action is facilitated
when observing compatible actions and impeded when observing incompatible
actions (Cracco et al., 2018a; Genschow et al., 2017; Heyes, 2011). Research over
the last two decades indicates that such imitative behavior fulfills an important
social function as it bonds humans closely together by creating feelings of affilia-
tion and fostering pro-social attitudes (for a review, see Duffy & Chartrand, 2015).

Interest in research on imitative behavior dates back to at least the eighteenth
century when Adam Smith (1759) put forward the idea that spontaneous imitation
can be regarded as a form of sympathy. Despite the longstanding theoretical inter-
est, systematic investigations on imitative behavior did not start before the twentieth
century when Hull (1933) discovered that participants unintentionally copied the
body movements of an experimenter during a series of psychological tests. Later,
Bandura (1962) linked imitative behavior to learning from others as part of his well-
known social learning theory. It then took until the end of the 1990s and the begin-
ning of the 2000s for research into automatic imitation to be carried out on a large
scale. In this regard, a landmark finding was published by Chartrand and Bargh
(1999). With reference to the so-called chameleon effect, the authors established a
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social psychological paradigm on motor mimicry in which participants interacted
with different confederates. The authors found that participants in this task touched
their heads more often when a confederate touched their head as compared to when
another confederate moved their foot. Conversely, participants moved their foot
more often, when the confederate moved their foot, compared to when the confeder-
ate touched their head.

At a similar time point, Brass et al. (2000; see also Stiirmer et al., 2000) applied
the logic of stimulus-response compatibility (SRC) tasks—which are commonly
used in cognitive psychological research—to investigate automatic imitation. In this
task, which was later called the imitation-inhibition task, participants respond to
one out of two imperative cues on the computer screen (e.g., number 1 or 2) with
two different movements (e.g., lifting the index or middle finger). At the same time,
participants either see another person lifting the same (congruent) or different
(incongruent) finger. The typical finding in such a task is that participants respond
faster and with fewer errors to congruent movements as compared to incongruent
movements (Westfal et al., 2024). An adapted version of the imitation-inhibition
task (Brass et al., 2000) has been recently developed and validated to investigate
automatic imitation in online settings (Westfal et al., 2024). The following link pro-
vides resources for implementing the online task, analyzing its data, as well as a
demo version of the task: https://www.automatic-imitation.com.

Over the last two decades, research on the chameleon effect and the imitation-
inhibition task inspired many different disciplines including social and cognitive
psychology, developmental psychology, clinical psychology, and neuroscience. The
research in these disciplines furthered the understanding of the imitation phenome-
non and fueled several debates. Despite comprehensive investigations, several
important questions remain. In this book, well-known and esteemed experts across
different research disciplines give an overview of the latest research on automatic
imitation and review current debates in the literature. The book is divided into four
parts. In the first part, the book provides an overview and comparison of different
types of imitation. The second part then sheds light on the processes underlying
automatic imitation. The third part reviews research investigating modulators of
automatic imitation and shows under which conditions people tend to imitate others
more (or less) strongly. Finally, in the fourth part of the book, the consequences of
automatic imitation are reviewed and discussed.

Types of Imitation

In Chap. 2, Khemka and Catmur review a range of tasks for measuring the imitation
of movements. The authors review and compare the advantages and disadvantages
of passive action observation, kinematic measures of imitation, stimulus-response
compatibility tasks, and naturalistic measures of mimicry and action synchrony.
Chapter 3 focuses on emotional mimicry—the imitation of nonverbal behaviors
that signal emotions. In this chapter, Hess and Fischer first differentiate mimicry
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from other related phenomena, then give a historical overview of the research on
emotional mimicry, and finally review different theories of emotional mimicry.

The first section on different types of imitation closes with Chap. 4 in which
Adank and Wilt review research on speech imitation. In line with current theories of
speech and language processing (Fadiga et al., 2002; Watkins & Paus, 2004), the
authors incorporate research that connects speech perception and speech production
to explain the underlying mechanisms of speech imitation. Moreover, the authors
explain how SRC tasks can be used to study automatic imitation and then discuss
which theories can explain the results obtained with such SRC tasks.

Processes Underlying Automatic Imitation

In the second part of this book, five chapters shed light on the processes of auto-
matic imitation. In Chap. 5, Brass reviews functional theoretical accounts of auto-
matic imitation by giving an overview of the historical context of the research on
automatic imitation. In particular, he reviews theories that have been put forward to
explain the “correspondence problem of imitation” (Brass & Heyes, 2005; Heyes,
2001), which refers to the question of how a perceptual representation of a move-
ment can be transformed into a corresponding motor program.

In Chap. 6, Darda and Ramsey review neuroscientific research to explain the
neurophysiological correlates that account for automatic imitation. When reviewing
this literature, the authors take a critical view of dominant theories in the literature
that explain the inhibition of imitation in terms of self-other distinction mechanisms
that are tied to the theory-of-mind network (e.g., Brass et al., 2009). The authors
argue that SRC tasks of automatic imitation engage in domain-general forms of
control that are underpinned by the multiple-demand network.

While it is widely agreed that people have the automatic tendency to imitate oth-
ers, the question of whether this imitative tendency is based on a goal- or movement-
driven mechanism is part of a longstanding debate in the literature (e.g., Avikainen
et al., 2003; Genschow et al., 2019; Wohlschliger et al., 2003). In Chap. 7, Hansen
reviews the evidence for both mechanisms and then discusses potential processes
that modulate the degree to which individuals engage in goal-based imitation versus
movement-based imitation.

In Chap. 8, Pfister, Neszmélyi, and Kunde argue from an ideomotor perspective
that automatic imitation is strongly influenced by anticipative processes. In essence,
the authors argue that the social consequences of one’s own behavior are readily
integrated into human action representations, suggesting that imitation is strongly
influenced by anticipative processes.

An interesting question is whether people’s tendency to automatically imitate
others is innate or learned. In Chap. 9, Farwaha and Slaughter review research on
automatic imitation across the lifespan. This review reveals a significant disconnect
between child and adult research on automatic imitation effects, which complicates
developmental conclusions. To solve this issue, the authors put forward several
promising avenues for future research.
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Modulators of Automatic Imitation

The previous sections of this book may give the impression that in any situation and
context, individuals automatically imitate whatever behavior they perceive.
However, there is a rich literature suggesting that automatic imitation is a highly
flexible behavior that can be modulated by different psychological factors. In Chap.
10, Cracco gives an overview of the research on imitation in the context of multiple
agents and shows that automatic imitation varies as a function of group size. The
reviewed literature demonstrates that automatic imitation is a complex process that
takes into account regulatory processes to adjust cognitive control parameters as a
function of both group size (Cracco & Brass, 2018) and the topographical relation
between different observed actions (Cracco et al., 2022).

An often put-forward claim in the literature on automatic imitation is that imita-
tive behavior as a social phenomenon should be modulated by social factors. In
Chap. 11, Genschow and Cracco give an overview of theories that argue in favor of
social modulation of automatic imitation and then critically reflect upon the idea of
social modulation by reviewing social variables that have been repeatedly found to
modulate automatic imitation and variables that seem not to influence automatic
imitation. The authors conclude that the evidence for social modulation is rather
mixed. Reasons for the mixed findings in the literature may especially be due to
methodological shortcomings and imprecise theories.

In Chap. 12, Poliakoff and Gowen discuss whether and how different psycho-
logical pathologies facilitate or inhibit people’s automatic tendency to imitate. Their
review reveals that depending on the psychological condition, automatic imitation
can either be increased, reduced, or intact. At the same time, the authors stress that
these findings should not be overinterpreted as the reviewed literature includes
rather small numbers of studies and participants.

Consequences of Automatic Imitation

The last part of the book sheds light on the consequences of being imitated. Chapters
13 and 14 review literature on the consequences of being behaviorally mimicked. In
Chap. 13, Kulesza and Chartrand review mainly social psychological research find-
ings showing that being mimicked by others has positive social consequences.
Going one step further, the authors also discuss an often-neglected part of the motor
mimicry literature by showing that under certain conditions, being mimicked can
have negative social consequences as well.

While Kulesza and Chartrand review the social consequences of being mim-
icked, in Chap. 14, Wicher, Farmer, and Hamilton review different theories that
explain these seminal findings. Their chapter highlights that the cognitive mecha-
nisms underlying the effects of being mimicked are still unknown. The authors then
discuss different possible neurocognitive models. Based on current evidence, they
conclude that a domain-general model involving cognitive predictability and social
learning is the most promising explanation for the effects of being mimicked.
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Since imitating others has been found to have positive social consequences,
scholars assumed that imitation could be a useful tool for psychotherapy.
Interestingly, evidence for this claim is sparse as Salazar Kdmpf and Exner conclude
in Chap. 15. To deal with this issue, the authors present different theoretical
approaches from which they derive new ideas on how imitative behavior might
affect different psychological disorders and therapeutic processes.

The previous chapters in this book mainly focus on automatic imitation in dyadic
interactions. Such a view neglects the fact that in many social situations, people are
not interacting with another person in isolation, but are often witnessed by third-
party observers. In Chap. 16, Powell and Winkielman review research about the
inferences both children and adult observers draw from seeing other people imitate.
The reviewed literature indicates that young observers typically draw positive infer-
ences from imitative behaviors. However, as observers become more mature and
more aware of social dynamics, they start taking into account more complex factors
such as intention, mutual knowledge, social skills, theory of mind, and social strate-
gies. As a consequence, adults not only form positive inferences but also negative
inferences about people who imitate, depending on the situation.

Summary

Taken together, this book gives a comprehensive overview of the ubiquitous phe-
nomenon of automatic imitation, by showing what and how people imitate. The
chapters are written by esteemed experts from different psychological research
fields who take a critical view of the research that has been carried out within the
last two and a half decades. The reviewed research indicates that while there is
strong evidence for several claims made in the literature, there is still an ongoing
and lively debate for other research questions. We hope the chapters included in this
book will be helpful for both scholars and students alike to get deep insights into an
interesting social phenomenon and to develop new investigations to further the
understanding of research questions that are currently part of ongoing debates.
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Chapter 2 )
Measuring Movement Imitation e

Divyush Khemka @ and Caroline Catmur

Introduction

In this chapter, we present a range of techniques for measuring the speed, accuracy,
and extent of imitation of others’ movements. In general, we define movement imi-
tation as the production of a configural body movement that matches the movement
performed by another. This definition comprises two components which are of par-
ticular importance when deciding whether a given technique can be said to be mea-
suring imitation. The first is the focus on configural body movements. This states
that it is the configuration of body parts with respect to other body parts that are of
importance in deciding whether a response is imitative (cf. Heyes, 2021). The
emphasis on body part configuration is important because it allows us to distinguish
imitation from other social learning processes such as stimulus enhancement (where
watching another’s action focuses the observer’s attention on a particular body part,
increasing the likelihood to engage in movements with this body part) or effector
matching (where the observer performs an action using the same effector—hand,
foot, etc.—as that used by the actor; see Whiten et al., 2004, for further definitions
of social learning). For example, when attempting to imitate a movement such as a
swimming stroke, the observer must produce a movement that not only uses the
same effectors as those used by the actor (e.g. the arm and hand) but also moves
those effectors in the same way with respect to the rest of the body. Moving the arm
and hand in a different configuration would be classified as effector matching rather
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than successful imitation: the observer has identified which part of the body to
move, but not how to move it.

The second part of the definition focuses on the matching nature of the relation-
ship between the actor’s movements and the observer’s movements. It is not enough
for the observer to perform a configural body movement in response to the actor’s
movements: the observer’s body movement must match that of the actor. This ele-
ment of the definition of imitation may seem superfluous, but in fact it is not always
trivial to determine whether two movements do indeed ‘match’. For example, a
child imitating an adult will produce movements that differ in size and velocity to
those of the actor; in the swimming stroke example above, a full-body movement
does not look the same, visually, when the observer watches the actor as when the
observer produces it themselves. In general, then, matching refers to the visual simi-
larity between the actor’s and observer’s movements when viewed from a third-
person perspective. The visual similarity primarily refers to the form—i.e. the
configuration—of the movement, but in some cases its size and velocity may also
be relevant. We note that it could be argued that the matching component of the defi-
nition alone is enough to define imitation; however, as ‘matching’ can be defined in
a variety of ways, the additional emphasis on configural body movements ensures
that matching at the level of the effector alone is not sufficient for a response to be
considered imitative.

In practice, for many of the techniques discussed in this chapter, the matching
nature of the imitative response is indexed indirectly: by measuring the response in
the muscle(s) that would be involved in performing the observed movement. In such
cases (in particular for the techniques discussed in section “Measuring Movement
Imitation Without Moving”), a matching response is indicated by a particular pat-
tern of activity, such that the muscle that would be involved in performing the
observed movement responds more when observing that movement than when
observing another movement. However, such a pattern on its own does not demon-
strate a matching relationship: it could be that there is a general, non-specific,
increase in motor response when watching particular movements. To control for
such a possibility, it is necessary to measure responses in at least two muscles while
watching a variety of movements: some of which involve one of the measured mus-
cles and some of which involve the other muscle. A muscle-specific pattern of
responses must be observed in at least two muscles (for each muscle, greater
response when observing movements involving that muscle than when observing
movements involving the other muscle) in order to rule out the possibility that a
general increase in motor response is producing the observed effects.

The majority of the techniques described in this chapter therefore index imitation
via the presence of muscle-specific responses or other similar designs. Perhaps the
clearest exception to this approach is in the final section where we discuss measures
of mimicry. We define mimicry as a type of imitation that tends to occur in more
naturalistic settings, often without awareness on the observer’s part that they are
imitating the actor (Chartrand & Bargh, 2002; although note that this definition does
not preclude that some of the other measures discussed in this chapter may also
index behaviours that take place without awareness). Studies of mimicry vary in the
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extent to which there is a matching relationship between the movements performed
by the actor and the observer, and in many cases, these studies measure effector
matching or sometimes purely temporal characteristics of the movement. We dis-
cuss the extent to which these measures can be considered truly imitative in section
“Measuring Mimicry” of this chapter.

Finally, as this chapter is in the context of a volume on automatic imitation, we
should note that we are deliberately excluding some techniques from this overview:
we are not discussing measures of intentional or voluntary imitation nor of over-
imitation (see, e.g., Keupp et al., 2018; Marsh et al., 2019).

Measuring Movement Imitation Without Moving

We start by considering methods that can be used to measure imitative activity dur-
ing passive action observation. Since the discovery of ‘mirror’ neurons, neurons in
sensorimotor brain areas that fire not only during action performance but also dur-
ing observation of similar actions (di Pellegrino et al., 1992), a range of techniques
have been developed that allow researchers to monitor motor activity while the
observer is not themselves moving. Although such activity is not strictly imitative,
in the sense of producing a motor output that matches the observed movement, it is
generally considered that this motor activity reflects subthreshold motor responses
(e.g. Maslovat et al., 2013). In this section, we focus on two techniques that, by
virtue of being measured in the peripheral musculature, can show high muscle spec-
ificity compared to cortical measures of activity, allowing the researcher to verify
that the response is produced in the muscle of the observer, which matches the
muscle in the actor that is producing the observed movement.

Electromyographic Measures of Muscle Activity During
Action Observation

Electromyography (EMG) involves measuring electrical activity in the muscle. In
automatic imitation research, this is carried out non-invasively using surface elec-
trodes. Electrodes are typically placed in a belly-tendon montage and the voltage
difference between the two electrodes is displayed as the EMG signal, such that the
electrical activity in the muscle itself can be isolated from surrounding electrical
noise. The EMG signal therefore provides a relatively clean measure of the electri-
cal activity created by the motor unit action potentials in the targeted muscle and as
such can be considered a measure of the level of activation of that muscle. The EMG
signal contains both positive and negative components and is therefore usually recti-
fied (transforming all negative values to positive) before further data analysis is
performed, allowing peak, total, and/or mean response values to be calculated (see
Fig. 2.1).
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A B Cc

Fig. 2.1 (a) Indicative placement of surface electrodes for measurement of facial EMG from the
corrugator (brow) muscle and zygomaticus (cheek) muscle. (b) Example of raw EMG signal (time
runs left to right along the horizontal axis for panels B-E). (¢) Rectified EMG signal. (d) Close-up
from panel C illustrating (i) latency of first ‘peak’ in the EMG response; (ii) amplitude of first
peak. (e) Illustration of ‘epoch’ approach, with signal averaged over adjacent time ‘bins’ and mea-
sured during certain time windows corresponding to different conditions, illustrated by the grey/
white bars

During action observation, the focus of this section, electromyography is per-
formed in the muscle at rest. In many skeletal muscles, little electrical activity is
recorded at rest, and action observation does not increase muscle activity to the
point where motor unit action potentials can be detected with surface electrodes.
However, in certain populations (e.g. infants and young children; Cattaneo et al.,
2007; Turati et al., 2013) and for certain muscles (in particular those of the face and
neck; e.g. Dimberg, 1982; Ruggiero & Catmur, 2018), it is possible to detect EMG
signals during passive action observation. This permits the researcher to measure
the level of activity in the recorded muscle(s) during various action observation
conditions.

In principle, it is possible to measure a range of dependent variables from EMG
during action observation, including latency of response and its magnitude. In prac-
tice, measuring latency is complicated by the need to define a threshold above which
it can be considered that an EMG response is not just ‘noise’, with latency of onset
then defined as the timepoint at which the EMG signal exceeds that threshold; how-
ever, during passive action observation the signal-to-noise ratio is low, and as such,
latency measures are not commonly used in this literature. Another drawback of
using latency measures in EMG recorded during action observation is that the
observed movements unfold over time and as such—unlike with more punctate
stimuli—there is not one clear timepoint from which latency can be measured.
Instead, an ‘epoch’ approach is often used, with the signal during certain time win-
dows (e.g. before or after a certain timepoint in the observed movement) being
compared (Fig. 2.1). Typically, this signal will comprise the magnitude of the EMG
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response, which can be measured as either peak amplitude, or, more commonly,
area under the curve—in effect a sum of activity—during a certain time window.
Individual differences in a variety of factors (e.g. subcutaneous fat, which impedes
signal detection from surface electrodes) can lead to wide variation in raw EMG
signal magnitude, meaning it is important to control for this in group-level analyses,
for example, by normalising each participant’s EMG signal to their own mean
(Halaki & Ginn, 2012).

As noted above, the use of EMG to measure muscle activity during passive
action observation has on the whole been confined to head muscles. Studies using
this technique to measure imitation have typically focused on imitation of emotional
facial expressions, or of eating/swallowing movements (see also Chap. 3; this vol-
ume). Dimberg (1982) measured EMG responses in facial muscles during the
observation of happy and angry facial expressions. Responses in the zygomaticus
cheek muscle (involved in smiling) and in the corrugator brow muscle (involved in
frowning) were each greater during the observation of the expression that used those
muscles in the actor (i.e. during observation of happy and angry expressions, respec-
tively), consistent with a muscle-specific imitative response to the observed expres-
sions. Subsequent studies have used this technique to compare these imitative
responses across different participant groups (e.g. MclIntosh et al., 2006; Kaiser
etal., 2017; Kiinecke et al., 2018; Scarpazza et al., 2018) and across different types
of actors (e.g. human vs android; Hofree et al., 2014).

EMG responses during observation of eating movements are generally measured
instead from the suprahyoid muscles just under the chin, which are involved in
swallowing. Studies of responses to action observation in these muscles have
focused on whether observers show an anticipatory imitative response when observ-
ing an object being grasped in order to be brought to the actor’s mouth (grasp to eat)
compared to when an object is being grasped in order to be placed at another loca-
tion (grasp to place). Cattaneo et al. (2007) reported differential mylohyoid
responses in neurotypical, compared to autistic, children when observing grasp-to-
eat versus grasp-to-place movements; however, in this study the observed move-
ment was confounded with the nature of the object being grasped, which may have
driven the differential responses (Ruggiero & Catmur, 2018). Studies using the
suprahyoid muscles also tend to record from one muscle only, making it hard to
draw any conclusions regarding the muscle specificity of the response to the
observed movements.

TMS-Evoked Measures of Motor Responses During
Action Observation

The other key method to measure automatic imitation when participants are not
moving utilises transcranial magnetic stimulation (TMS). TMS is well known in the
cognitive neurosciences as a method for temporarily disrupting brain function (as a
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so-called virtual lesion technique; Walsh & Cowey, 1998; Pitcher et al., 2021), but
it also has a long history in neurophysiological research and clinical settings, when
combined with EMG, as a technique for measuring motor function (Chen et al.,
2008); it is in this latter context that TMS is most relevant to the measurement of
automatic imitation.

TMS is a method for inducing electrical current in the brain. When a TMS ‘pulse’
is fired, a strong and rapidly changing electrical current is passed through a coil
consisting of copper wire wound around an iron core. Due to electromagnetic induc-
tion, the changing current generates a magnetic field which—when the TMS coil is
placed against the head—passes through the skull and induces an electrical current
in any electrical conductors within its range. In the case of TMS applied to the brain,
the conductors are the axons of the neurons directly underneath the coil. If the TMS
pulse is sufficiently strong, it depolarises these neurons, creating action potentials.
In the case of TMS applied to the motor cortex, these action potentials are propa-
gated down the corticospinal tract to the neuromuscular junction of the muscle
which they innervate, creating a motor-evoked potential (MEP) in that muscle. The
MEP can be detected and measured with surface electrodes in a similar fashion to
EMG, as described in section “Electromyographic Measures of Muscle Activity
During Action Observation” (see Fig. 2.2). Each individual participant will have a
different ‘resting motor threshold’, the intensity of TMS that is required to induce
MEPs in a particular muscle when the participant is at rest. In order to reliably
induce MEPs on every trial during an experiment, TMS is usually delivered at an
intensity just over (e.g. at 110% of) the participant’s threshold.

When deciding on the dependent variable for MEP studies, some of the same
considerations apply as mentioned above for EMG (see section “Electromyographic
Measures of Muscle Activity During Action Observation”). The main choice is
whether to use the area under the curve of the MEP or the peak-to-peak amplitude
as the dependent variable. However, the MEP tends to be relatively larger and
‘cleaner’ (in terms of signal-to-noise) than the EMG signal; it is also more punctate
as it occurs at a particular timepoint after the TMS pulse is delivered (usually around
20 ms for hand muscles, reflecting the conduction time between the brain and the
hand musculature). As such, the magnitude of the MEP response is usually indexed

Cc

Fig. 2.2 (a) Illustration of TMS coil placement over the primary motor cortex hand area. (b)
Indicative placement of surface electrodes for measurement of motor-evoked potentials from the
first dorsal interosseus and abductor digiti minimi muscles. (¢) Example of a motor-evoked poten-
tial, illustrating (i) peak-to-peak amplitude of MEP response
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by the absolute amplitude (i.e. from the minimum peak to the maximum peak in a
given time window), averaged over multiple trials from a given experimental
condition.

Crucially for the present purposes, for a given strength of TMS pulse, the size of
the MEP reflects the relative activation of the motor cortical representation stimu-
lated by the TMS coil. Thus, MEPs generated in a particular muscle when the par-
ticipant is at rest will be smaller than those recorded when the participant is
activating that muscle (e.g. performing a movement or preparing to perform a
movement). Critically, this increase in MEP size is also found when participants are
at rest and merely observing others’ movements. The utility of TMS-MEP measures
for studies of action observation was first elucidated by Fadiga et al. (1995), who
demonstrated that MEPs in hand muscles while participants were at rest but observ-
ing hand movements were greater than those recorded while the participants were
observing other non-action stimuli such as dimming lights. A clearer demonstration
of muscle specificity was subsequently reported by Strafella and Paus (2000), who
showed greater MEPs in hand muscles while participants were watching hand
movements compared to arm movements and vice versa for MEPs recorded from
arm muscles. Subsequent studies have shown that the increased motor cortical acti-
vation is specific not only to the effector (hand vs. arm) but also to the muscle that
would be involved in the observed movement (e.g. index finger vs. little finger mus-
cle; Romani et al., 2005; Catmur et al., 2007). It should be noted that this specificity
develops during the first few hundred milliseconds following the onset of the
observed action: a comprehensive review of the TMS-MEP literature on motor
responses to action observation (Naish et al., 2014) concluded that when observing
others’ actions, there is an initial non-specific increase in MEP amplitude, which
occurs in the first 100 ms after the other’s action. This cannot be considered an imi-
tative response since it is not muscle-specific: instead, it suggests that—possibly
due to a general attention-related or alerting mechanism—seeing other people’s
actions produces a general increase in motor activity in the observer. Naish et al.
further reported that muscle-specific MEP responses start to develop around 200 ms
after the onset of the observed action. Recall that these muscle-specific responses
are found when participants are at rest, observing another person’s action: as such,
they are considered to be the neurophysiological signature of the tendency to auto-
matically imitate other people’s movements.

TMS-MEP measures have some significant advantages over other cognitive neu-
roscience methods when measuring motor responses to action observation: the tem-
poral specificity of TMS is very high, allowing the timecourse of motor responses
to be determined (as outlined by Naish et al., 2014); unlike most functional neuro-
imaging methods, the ability to record responses from multiple muscles permits the
researcher to determine whether a response is muscle-specific or merely a reflection
of generalised motor activity. It should, however, be noted that carefully designed
behavioural studies of automatic imitation (see section “Stimulus-Response
Compatibility Measures of Automatic Imitation™) share many of these advantages;
and there are some considerations to be taken into account when using TMS in this
context. As noted above, actions unfold over time and this creates some difficulties
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when designing TMS-MEP studies of action observation: notably, if muscle-specific
MEP responses develop from 200 ms after an observed action, one should not
expect such responses to be exactly timelocked to the action that is being observed.
Conversely, when observing ongoing actions (as opposed to single movements) the
observer may be able to predict the outcome of the action, in which case the pattern
of MEP response may be more closely aligned in time to the activity of the muscles
involved in the observed movements. The observation of repeated actions (e.g. in a
blocked design) may induce such predictive responses. Another consideration is
how predictable the TMS pulse becomes during the course of the study: MEP
amplitudes tend to reduce when the TMS pulse is predictable (e.g. occurring at a
certain timepoint after a visual stimulus; Cavallo et al., 2014; Villiger et al., 2011),
making it essential to control for pulse timing and predictability when comparing
experimental conditions, especially when comparing to baseline when pulses may
be less predictable than during stimulus presentation.

Finally, we should note that although single-pulse TMS, when used as outlined
in this section, is a safe procedure, there are some contra-indications to TMS that
make its use on certain populations problematic. The primary safety concern with
TMS is the possibility of inducing a seizure in participants with a low seizure
threshold; as such, TMS should not be used in people with a family or personal his-
tory of epilepsy. It is also not usually considered suitable for use in developmental
studies with infant or child participants. Further details on best practice for ensuring
the safety of TMS in neuroscience research can be found in Rossi et al. (2009, 2021).

Kinematic Measures of Movement Imitation

In this section, we consider how motion tracking can be used to measure movement
imitation. This group of techniques uses motion trackers—physical or digital—to
collect data on the location of one or more body parts in two- or three-dimensional
space across time. Physical trackers are typically infrared reflectors (e.g. Kilner
et al., 2003), or electromagnetic sensors (e.g. Forbes & Hamilton, 2017), which are
attached to points on the participant’s body while the participant carries out various
movement tasks. Digital movement tracking instead uses techniques such as visual
pattern recognition, or more laboriously, video coding, to identify the location, in
images across time, of particular body parts (e.g. Niechwiej-Szwedo et al., 2018).
For the purposes of this chapter, we will consider tasks where an observer is moving
either while simultaneously observing an actor or shortly after observing an actor.
The data generated by these methods (location of body parts over time) are sub-
jected to analyses that calculate values including the location, velocity, acceleration,
and jerk (rate of change in acceleration) of each marker during a particular time
window (see Fig. 2.3). Where more than one marker/location is recorded, the rela-
tive locations of multiple markers with respect to each other can also be calculated,
along with the velocity, acceleration, and jerk of these markers with respect to each
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Fig. 2.3 (a) Illustration of participant performing a sinusoidal left-to-right movement in the hori-
zontal plane. (b) Velocity of participant movement (time runs left to right along the horizontal axis
for all panels). (¢) Absolute acceleration of participant movement. (d) Jerk (rate of change in
acceleration) of participant movement
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other. These values can then be compared to equivalent values from the actor, across
timepoints, and across experimental conditions.

To appreciate the wide range of research questions that can be addressed using
such data, we provide an overview here of some of the most influential studies of
imitation that have used kinematic measures. For a more detailed review, we refer
the reader to Krishnan-Barman et al. (2017).

Kilner et al. (2003) used infrared motion tracking to measure the variance in
participants’ movements while they performed sinusoidal horizontal or vertical arm
movements. Participants were asked to perform these movements at a speed of
about 0.5 Hz while observing either a human actor or a robot actor performing the
same type of movement in either the same or the other plane (i.e. horizontal or verti-
cal) to the participant’s own movement. The actor’s observed movements interfered
with those performed by the observer (i.e. resulted in greater variance) when the
actor performed a movement in the other plane to that performed by the observer,
even though the observed movements were incidental to those that the participant
was performing. Furthermore, this interference was found only for biological
motion and not for robotically observed movements. However, the robotically and
human-observed movements varied in a number of ways: the velocity profiles were
different (biological motion decelerates towards the end of the sinusoid to ensure a
‘minimal jerk’ velocity profile, whereas robotic motion has relatively constant
velocity and thus greater change in acceleration at the end of each movement); the
observed movements were performed live; thus, it is likely that the observed human
movement was itself more variable than the observed robotic movement (see also
Chap. 10 for a discussion on the moderators of automatic imitation). Follow-up
studies demonstrated that the interference effect was indeed the result of the differ-
ent velocity profiles of biological motion (Kilner et al., 2007); an intriguing series
of studies by Cook et al. (2013, 2014) suggested that participants may demonstrate
less interference from observed minimum jerk biological motion if they themselves
move with less of a minimum jerk velocity profile. This latter finding is consistent
with the idea that observed actions are represented in our own motor system as a
result of sensorimotor experience in which we observe the visual consequences of
our own actions (Heyes et al., 2005).

Kinematic techniques are not restricted to human participants. In an elegant
study, Voelkl and Huber (2007) used motion analysis from video of marmosets who
were attempting to open a small canister to retrieve a food reward. Observer marmo-
sets were previously exposed to a model opening the canister with its mouth; non-
observer marmosets did not receive this exposure. The head movements of the
observer marmosets were consistently closer, in terms of a number of kinematic
features, to the head movements of the model, compared to those of the non-observer
marmosets. This study demonstrated high fidelity of movement imitation in non-
human primates, casting doubt on previous claims that such high-fidelity imitation
is specific to humans (see also Sartori et al., 2015 for a similar demonstration in
dolphins).

Potentially ‘irrational’ imitation has also been revealed using motion tracking
techniques. Forbes and Hamilton (2017) asked participants to touch a series of
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targets, copying the order in which an actor moved to their targets. The actor had to
move around obstacles between their targets, but participants had no obstacles to
avoid. Motion tracking was used to determine the peak height of participants’ move-
ments between their targets. These data demonstrated that despite the lack of obsta-
cles, participants tended to imitate the actor’s movement trajectory, even when this
was excessively high and rated by other participants as an ‘irrational’ movement by
the actor (even in the presence of an obstacle). It is not clear, however, whether this
type of result reveals that participants are deciding to imitate the actor’s irrational
movements (e.g. due to perceived social desirability effects) or whether instead par-
ticipants automatically imitate the actor’s movements as a result of a more general
process such as associative learning of the links between observed and performed
actions, or spatial compatibility.

The rich data sets generated by motion tracking do have some drawbacks. In
particular, they can lead to difficulties when generating a priori hypotheses regard-
ing how an actor’s movement may impact that of an observer. As there are so many
potential parameters to compare, a potential multiple comparison problem arises,
along with the possibility that ‘fishing’ in a large pool of possible parameters may
lead the researcher to come up with hypotheses after the results are known (Krishnan-
Barman et al., 2017; Kerr, 1998). Pre-registration of planned analyses and distin-
guishing these from exploratory analyses will be a helpful step in this regard.

Stimulus-Response Compatibility Measures
of Movement Imitation

Stimulus-response compatibility tasks have been widely used to index both auto-
matic imitation and the control processes required to suppress imitative tendencies.
Such types of tasks are conducted mostly in laboratory settings (see Westfal et al.,
in preparation, for a recently validated online version of the task) and typically
involve the measurement of response times (RTs) and error rates and, in some stud-
ies, kinematics (e.g. Kilner et al., 2003), during the performance of an instructed
response while observing similar or dissimilar task-irrelevant movements (see
Cracco et al., 2018, for a recent meta-analysis). Response times in these types of
tasks can be recorded using various techniques including electromyography (e.g.
Leighton et al., 2010), light sensors (e.g. Genschow et al., 2019), response boxes
(e.g. Ainley et al., 2014), and keyboards (e.g. Sowden & Catmur, 2015). The current
section will focus on stimulus-response compatibility tasks measuring RTs and
error rates (see section “Kinematic Measures of Movement Imitation” for the mea-
surement of kinematics in imitation). Stimulus-response compatibility tasks of imi-
tation often involve action observation and execution of isolated and goalless
movements such as finger lifts, finger abduction, and foot raises (but see Catmur &
Heyes, 2019, for an example of automatic imitation of goal-directed actions). These
tasks typically involve at least two conditions (see Fig. 2.4): (i.) compatible—when
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Fig. 2.4 Example of stimulus-response compatibility task stimuli involving hand movements. The
2 (imitative compatibility) x 2 (spatial compatibility) task design is illustrated for a trial when a
right-hand index finger lift is the instructed response. When a right-hand middle finger lift is the

instructed response, the levels of spatial and imitative compatibility are each reversed. (Adapted
from Khemka et al., 2021)
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the observed action is similar to the instructed response (e.g. see index finger, raise
index finger, or see middle finger, raise middle finger); and (ii.) incompatible—
when the observed action is dissimilar to the instructed response (e.g. see index
finger, raise middle finger, or see middle finger, raise index finger). A decrease in
response times and error rates during compatible trials provides an index of the
tendency to automatically imitate observed movements. However, response times
and error rates during incompatible trials are a more complex measure because they
index not only the extent to which the observed action interferes with the instructed
response but also the processes involved in controlling or overcoming this interfer-
ence. As such, stimulus-response compatibility tasks have been used to measure
both automatic imitation and imitation-inhibition, but as we discuss below, it is
important to consider which aspects of these processes are being measured when
interpreting the results of such studies.
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Stimulus-Response Compatibility Measures
of Automatic Imitation

The stimulus-response compatibility paradigm first used by Brass et al. (2000) has
been widely used as a behavioural index of automatic imitation. In a forced choice
response paradigm, participants were displayed an on-screen left-hand performing
either an index or a middle finger lifting movement. Concurrently, a task-relevant
symbolic cue (a number ‘1’ or 2’) was presented in between the index and middle
fingers of the stimulus hand. Participants were instructed to lift either their own
index or middle finger of their right hand in response to the symbolic cue, where the
number ‘1’ instructed participants to lift the index finger and the number ‘2’
instructed them to lift the middle finger, thus making the on-screen finger lifts irrel-
evant to task performance. Contrasting conditions of compatibility between the
observed action and the instructed response during each trial create compatible and
incompatible conditions. A third trial type where the hand performed no movement
was also included as a baseline. The results indicated that compared to baseline tri-
als where the hand did not move, responses were faster and more accurate during
compatible trials and slower and more inaccurate during incompatible trials. Similar
effects have been found when using simple response tasks in which the response
participants make is blocked (e.g. make hand opening movement throughout a block
of trials) and the imperative stimulus, indicating when the participant should make
their response, is an action that is either compatible or incompatible with the
instructed response (Stiirmer et al., 2000; Heyes et al., 2005). Studies utilising
stimulus-response compatibility paradigms, whether choice or simple response
tasks, have demonstrated that RTs are more sensitive to modulation compared to
error rates since these paradigms typically report very low error rates (often as low
as <5% of all trials; e.g. Brass et al., 2000; Stiirmer et al., 2000).

The observation of an action likely activates the observer’s own motor represen-
tation of that action, thereby facilitating compatible and interfering with incompat-
ible trials (Brass et al., 2000; di Pellegrino et al., 1992). For example, the observation
of a finger movement activates the motor representation of that specific movement
in the observer. Participants demonstrate a tendency to copy movements regardless
of whether the observed movements facilitate or interfere with response selection,
which suggests that the imitation of movements in this task is, to a large extent,
automatic. In compatible trials where the observed action and the instructed response
lead to the activation of the same muscles, the observation of the same action as the
instructed response facilitates action execution and speeds responses, which is taken
as an index of automatic imitation of the observed action. The difference in RTs or
error rates between compatible trials and baseline trials provides a measure of this
facilitatory effect. However, although comparisons between compatible and base-
line trials are useful to provide a specific measure of the facilitation of movement
imitation, the setup of the baseline condition is a crucial consideration in stimulus-
response compatibility tasks. Initial studies using these tasks used static images of
limbs devoid of transient events as a baseline condition, as opposed to compatible
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and incompatible conditions, which involve transient changes in the stimuli. Wiggett
et al. (2013) argued that it is important to control for the temporal alerting effects
that are present in trials where a specific body part moves, which was lacking in
previous versions of the task. In their study, Wiggett et al. used a baseline condition
that involved body parts transiently reducing in size, eliciting similar temporal alert-
ing effects as produced in the standard conditions, whilst allowing the measurement
of RTs unadulterated by task-irrelevant actions. Another version of the baseline trial
type, which also accounted for temporal alerting effects, was used by Sowden and
Catmur (2015) where the presentation of a resting hand image was followed by the
pixelation of the hand image. It is difficult, however, to design a ‘true’ baseline
condition, since the magnitude of the alerting effect in the baseline condition will
change as a function of the magnitude of visual change. As such, it is important to
take into account the nature of the baseline or comparison condition that is used
when one is considering stimulus-response compatibility studies of automatic
imitation.

Stimulus-response compatibility tasks have been used in the literature to demon-
strate the tendency of humans to spontaneously imitate (Brass et al., 2000, 2001;
Stiirmer et al., 2000), based on the premise that the compatibility effect (measured
either as the difference between baseline and compatible trials, or between incom-
patible and compatible trials) is a reliable measure of imitation-specific processes
(e.g. Genschow et al., 2017). However, this paradigm has been met with criticism in
the past due to concerns that the compatibility effect is confounded by spatial com-
patibility (Aicken et al., 2007; Bertenthal et al., 2006; Catmur & Heyes, 2011;
Jansson et al., 2007). Classic cognitive studies have shown that participants respond
faster to visual stimuli when they are presented on the same side of space as the
response effector (e.g. the participant’s hand; Anzola et al., 1977; Simon, 1990).
Thus, in choice RT tasks involving lateralised visual stimuli (e.g. the relative posi-
tion of index and middle fingers of the on-screen hand) and lateralised responses
(e.g. the fingers of the participant’s hand), ipsilateral responses yield faster reaction
times compared to contralateral responses. In the case of the imitation-inhibition
paradigm developed by Brass et al. (2000, 2001), participants observed a left stimu-
lus hand mirroring their right response hand. As a result, trials involving index fin-
ger lifts are not just imitatively compatible (e.g. see index finger lift, raise index
finger), but are also spatially compatible (e.g. see left finger lift, raise left finger).
Subsequent research demonstrated the independence of spatial compatibility and
imitative compatibility effects and confirmed that the general compatibility effect
previously used to index automatic imitation was confounded by spatial compatibil-
ity effects (Catmur & Heyes, 2011).

In their study, Catmur and Heyes (2011) modified the classic stimulus-response
compatibility task to allow the measurement of each level of imitative compatibility
(compatible, incompatible) at each level of spatial compatibility (compatible,
incompatible). Participants performed index or little finger abduction movements
with their right hand in response to a discriminative stimulus (i.e. colour of a circle),
while concurrently observing a task-irrelevant right or left on-screen hand also
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performing index or little finger abduction movements. This task allowed the mea-
surement of imitative compatibility since both the task-irrelevant stimuli and par-
ticipants’ responses involved configural body movements. Additionally, the
inclusion of both left- and right-hand stimuli, presented in a first-person perspective,
also allowed the measurement of spatial compatibility since both the task-irrelevant
stimuli and participants’ responses were oriented within the same (left-right) spatial
dimension. In the case of the right-hand stimuli, the observed index finger move-
ment was on the left side of space and the observed little finger movement was on
the right side of space; in the case of the left-hand stimuli, the observed index finger
movement was on the right side of space and the observed little finger movement
was on the left side of space. Therefore, the use of both right- and left-hand stimuli
while participants responded with their right hand allowed the manipulation of the
spatial location of the stimulus independent of its finger identity (see Fig. 2.4).
Catmur and Heyes demonstrated that both types of compatibility independently
affected response times—participants were faster to respond when the moving stim-
ulus was on the same side of space as their responding finger compared to when it
was on the other side of space (spatial compatibility effect) and also when the mov-
ing stimulus comprised the same finger movement that they were making, com-
pared to the other finger movement (imitative compatibility effect), but these two
compatibility effects did not interact. They concluded that the ‘general’ compatibil-
ity effect measured in previous automatic imitation studies where spatial compati-
bility was not controlled for is a composite measure comprising both spatial and
imitative compatibilities, illustrating the importance of measuring imitative compat-
ibility independent of spatial compatibility. Further studies have demonstrated that
these two effects may have distinct neural underpinnings (e.g., Marsh et al., 2016),
making this an essential point to consider when designing or evaluating studies of
automatic imitation.

Other studies involving stimulus-response compatibility measures of imitation
have controlled for spatial compatibility by positioning the stimulus hand orthogo-
nal to the participant’s hand (Cook & Bird, 2011; Cook & Bird, 2012; Heyes et al.,
2005; Press et al., 2005). This preserves imitative compatibility but controls for
spatial compatibility since the stimulus hand is no longer positioned to mirror the
participant’s hand but instead points sideways instead of downward. However, a
disadvantage of controlling for spatial compatibility by positioning the stimulus
hand orthogonally is the reported tendency of participants to associate the ‘lower’
finger as the left finger and the ‘upper’ finger as the right finger, thereby only elimi-
nating the influence of spatial compatibility if this orthogonal spatial compatibility
effect is also controlled for (Weeks & Proctor, 1990).

Stimulus-response compatibility measures provide a robust measurement of
automatic imitation and have been widely used to further our understanding of
action imitation and the mechanisms that support this. Crucial considerations have
been brought to light over the recent years concerning the influence of spatial com-
patibility effects in stimulus-response compatibility tasks of imitation and the
importance of an appropriate baseline condition that has similar transient properties
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as the main trials to allow the measurement of purely facilitatory processes elicited
by action observation. Further concerns regarding the relationship between stimulus-
response compatibility measures of automatic imitation, and the ‘real world’ mea-
sures of mimicry described in Section “Measuring Mimicry”, also remain to be
addressed (e.g. Ramsey, 2018; but see also Cracco & Brass, 2019).

Stimulus-Response Compatibility Measures
of Imitation-Inhibition

Stimulus-response compatibility tasks are complex in nature as they allow not just
the measurement of response facilitation elicited by action observation, but also the
processes required to control automatic imitation of the observed action. On trials
where the observed action and the instructed cue activate competing motor repre-
sentations (i.e. during incompatible trials where the observed action and the
instructed response lead to the activation of opposing motor representations), the
observer is required to inhibit the motor representation of the other person’s action.
The inhibition or regulation of the other’s motor representation is cognitively
demanding and, as such, takes time. Therefore, the response times and error rates on
incompatible trials compared to compatible or baseline trials are higher. The differ-
ence in response times or error rates between incompatible and baseline trials allows
a comparison between conditions where interference arising due to incompatible
movements must be resolved and conditions where there is no action observation,
thus indexing both inhibition and imitation.

In a range of studies, therefore, this type of stimulus-response compatibility task
has been labelled an ‘imitation-inhibition’ task, and the response time or error rate
difference between incompatible and either baseline or, more commonly, compati-
ble trials has been considered to index the ability to inhibit imitation (Brass et al.,
2001; Santiesteban et al., 2012). A larger response time difference (i.e. a larger
imitative compatibility effect) reflects a greater tendency to imitate and, by exten-
sion, reflects weaker inhibition of such imitative tendencies. A smaller imitative
compatibility effect is therefore thought to reflect the ability to successfully inhibit
the motor representation evoked by the other’s action and, instead, enhance one’s
own motor representation (Brass et al., 2001).

Previous studies have used the imitative compatibility effect (incompatible—
compatible trial difference) as an index of imitation-inhibition or, in other words,
the outcome of processes involved in controlling automatic imitative tendencies.
However, as previously discussed, response time differences between imitatively
incompatible and compatible trials index both response facilitation and inhibition.
This raises an important question about which dimensions of this task measure
automatic imitation and which of these measure imitation-inhibition. Furthermore,
a small imitative compatibility effect could result from at least two sources: (a) a
lack of automatic imitation of others’ actions; or (b) intact automatic imitation
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alongside successful inhibition of imitation. Current studies rarely distinguish these
two possibilities. One way to address this issue would be to consider the response
time difference between baseline and compatible trials as a measure of pure facilita-
tion and the response time difference between baseline and incompatible trials as a
measure of inhibition and imitation. However, it is then crucial to incorporate appro-
priate baseline conditions that can help measure these separate processes that con-
stitute imitation and the inhibition of imitation.

Overall, the literature often lacks clarity regarding the different processes mea-
sured by stimulus-response compatibility tasks (e.g. processes involved in imitation
versus those involved in spatially compatible responding) and often fails to distin-
guish between the facilitative and inhibitory processes that contribute to the key
effects measured using these tasks. The lack of consistent terminology for key
effects (e.g. ‘automatic imitation effect’ and ‘imitation-inhibition effect’ are both
described as the response time difference between incompatible and compatible tri-
als; Heyes, 2011) has contributed to low specificity in describing the different
effects emerging from the task. Future studies should aim to use appropriate base-
line conditions together with consistent terminology that specifies the effect emerg-
ing from the task (e.g. ‘imitative compatibility effect’, ‘spatial compatibility effect’,
or ‘imitation-inhibition effect’).

Measuring Mimicry

The final section of this chapter focuses on the measurement of mimicry, defined as
a type of imitation that tends to occur in more naturalistic settings, often without
awareness on the observer’s part that they are imitating the actor (Chartrand &
Bargh, 1999). Mimicry has previously been shown to play an important role in
increasing affiliation and building interpersonal rapport (LaFrance & Broadbent,
1976; Chartrand & Bargh, 1999) and has thus been an important area of research
into understanding social interactions in typical and atypical development. Research
on mimicry has focused on two facets of mimicking behaviour: the mimicry of
actions and the mimicry of action timing, also known as synchrony. Synchrony is
generally considered as the tendency to perform repetitive actions (e.g. walking or
rocking a chair) at the same rate as another person. Both motor mimicry and motor
synchrony are important facets of interpersonal coordination and although synchro-
nised actions are not necessarily imitative (i.e. synchrony may not involve the pro-
duction of movements that are similar in form), it is often considered within the
umbrella of the term ‘imitation’ in the literature (see Lakin, 2013 for review). This
section will discuss the measures used in some of the most influential studies of
automatic mimicry and synchronisation of actions.
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Mimicking Actions

The empirical measurement of movement mimicry has previously been conducted
during in-person dyadic interactions and during the observation of pre-recorded
videos. For example, Chartrand and Bargh (1999, Experiment 1) recorded in-person
interactions between participants and confederates, where the extent to which par-
ticipants copied the confederate’s movements was measured. Participants performed
an unrelated ‘photograph description’ task together with two confederates, during
two separate interactions. Each confederate was instructed to perform certain move-
ments (e.g. either ‘face-touching’ or ‘leg-shaking’) during their interactions with
the participant. Video recordings of these interactions were then coded to determine
the frequency with which the participant performed the confederate’s target move-
ment, and the alternative movement, during each interaction. The frequency with
which participants performed the confederate’s movement during each interaction
was compared to that at which the participant performed the alternative movement
(i.e. that of the other confederate). An interaction effect, such that participants per-
formed more face-touching movements while observing face-touching, and more
leg-shaking movements while observing leg-shaking, demonstrates a tendency to
mimic the observed actions, as was found in the study conducted by Chartrand and
Bargh (1999). It should be noted that such mimicry tasks need to be structured in
this way, with two different target movements, in order that similarity between the
action performed by the confederate and that performed by the participant can be
established. In contrast, tasks that measure mimicry of only one action could find
what looks like mimicry (an increase in performance of a particular action when
observing that action), but this could in principle result from a general increase in
motor activity rather than from a specific activation of the motor representation of
the target movement.

Although the naturalistic nature of this task provides high ecological validity and
enables the study of mimicry during social interactions, it also leads to low experi-
mental control, due to inevitable differences between conditions and across partici-
pants in terms of the precise movements performed by the confederates. Subsequent
studies have therefore used a video-based variation of this mimicry paradigm to
study important questions about top-down influences on movement mimicry includ-
ing whether such mimicry can be modulated by group membership (Yabar et al.,
2006), perceived similarity (Guéguen & Martin, 2009), and affiliative goals (Lakin
& Chartrand, 2003). The video-based mimicry task typically involves participants
observing video clips of a confederate performing an unrelated task such as reading
a story or describing photographs, during which the confederate performs specific
movements during regular intervals. The frequency with which participants perform
similar movements is calculated by independent video coders to provide a measure-
ment of movement mimicry. These studies using the video-based mimicry task did
not use a two-action design as described by Chartrand and Bargh (1999), which
makes it possible that the observed effects may reflect a general increase in motor
activity, rather than mimicry. However, Genschow et al. (2017) utilised a
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video-based mimicry task involving the observation of two videos depicting two
types of actions and demonstrated a mimicry effect, similar to the one found by
Chartrand and Bargh.

Social psychologists have been able to answer a variety of questions about how
individuals copy other people’s movements during social interactions using the
mimicry task paradigm. However, there are important methodological consider-
ations associated with the measurement of movement mimicry. The foremost meth-
odological concern is the manner in which mimicked actions are indexed. Video
recordings of interactions between participants and confederates are subjectively
rated post hoc, which can introduce measurement bias since the coders may be
aware of the task condition (i.e. which movement is being manipulated in that con-
dition) or may miss subtle movements, since unlike in automatic imitation tasks,
there is no objective measurement of when a movement is executed, or of which
movement is performed. Nevertheless, it is important to note that typically the video
recording in mimicry tasks only shows the participant’s and not the confederate’s
actions, which should remove one potential source of bias. Researchers have also
aimed to reduce biases in the task by involving two independent coders and report-
ing the inter-rater reliability of coded actions, which is generally high. More gener-
ally, studies of mimicry tend to code actions at the level of the effector rather than
the movement (e.g. coding any movement of the leg as a target ‘leg-shaking’ move-
ment), meaning that such studies may be measuring effector matching rather than
imitation of the other’s configural body movements. Future advances in automated
coding of video should allow closer investigation of the fidelity or precision of the
imitation that occurs during naturalistic mimicry of others’ actions.

Another concern relates to the reliability of this measure. Genschow et al.
(2017) measured the internal consistency of mimicry performance in their study
by calculating separate mimicry scores for even and odd minutes of the task.
These scores showed a negative correlation, indicating low reliability. The low
reliability of the mimicry task is difficult to address, however, due to the natural-
istic nature of the task. Unlike measures of automatic imitation, the mimicry task
does not involve a trial-by-trial measurement of mimicry, which makes it difficult
to compare the characteristics of movements made during the experimental
period. The lack of a trial-by-trial measurement of mimicry also limits the extent
to which we can determine how each individual target movement influences the
motor system of the observer. Since the frequency of movements is calculated
across the entire task duration, rather than after each observed movement, it is
possible that participants do not execute any movements for a vast majority of the
task and may then execute multiple movements during a short span of time, which
would increase the frequency of executed movements. However, this increase may
be in response to a single observed movement, and that would not reflect a reliable
mimicry effect. On a related note, the number of responses executed during mim-
icry tasks is typically very low (as low as five movements; Genschow et al., 2017),
which raises concerns about the reliability of the effects interpreted based on a
limited range of data, and also shows the infrequent nature of mimicry during
naturalistic interactions. Furthermore, the complexity of the naturalistic
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interactions involved in the mimicry task may introduce additional variability
from multiple sources. One such source is the irrelevant task that participants
perform within this paradigm. Different studies involve participants describing
various types of photographs, which introduces uncertainty regarding how the
contents of the photographs may influence mimicry. For example, if certain stim-
uli evoke strong emotional responses, mimicry tendencies may be increased over
and above action observation (Chartrand & Lakin, 2013). However, previous stud-
ies have tried to address these concerns by choosing neutral stimuli such as pho-
tographs of natural landscapes (Yabar et al., 2006). Additionally, characteristics of
the confederate such as perceived similarity with the participant may also modu-
late the mimicry of actions. These considerations highlight the low suitability of
the mimicry task for situations requiring multiple repeated trials for each experi-
mental condition, such as when investigating the neurocognitive mechanisms
underpinning the enhancement or control of perception-action links, but it is valu-
able in understanding the role of various social factors in modulating the tendency
to mimic observed actions during more naturalistic social interactions.

Another naturalistic type of mimicry is contagious yawning, which refers to the
onset of a yawn triggered by seeing, hearing, or even thinking about another person
yawning (Platek et al., 2003, 2005; Provine, 1986; 1989). Although contagious
yawning can be triggered even in the absence of perceptual inputs, the execution of
a'yawn in response to observing another person’s yawn is often considered as a form
of imitation. The way contagious yawning is measured in experimental settings is
analogous to the way movement mimicry is measured. In one study, participants
observed seven-second video recordings of a model in either a yawning, laughing,
or neutral condition (Platek et al., 2003, Experiment 1). The inclusion of a laughing
condition acts as a control to ensure that the yawning behaviour is not triggered by
the observation of mouth-opening behaviour, whereas the inclusion of a neutral
condition provides a baseline condition where no elicited yawns should be expected.
The experimenter coded participants’ behaviour (yawn, laugh, other, or no behav-
iour) and found that the incidence rate of evoked yawning (i.e. number of partici-
pants who yawned at least once) after watching yawning videos was 41.5%, while
that after non-yawning videos was 9%. Furthermore, 60% of individuals who
yawned at least once engaged in yawning more than once. The inclusion of a control
condition is essential to determine the specificity of yawning behaviour, and not all
studies include such control conditions (e.g. Helt et al., 2010). Previously discussed
limitations of the measurement of movement mimicry such as low number of trials,
lack of a trial-by-trial structure, and subjective measurement are also relevant to the
measurement of contagious yawning. Nonetheless, previous research on contagious
yawning has revealed several associations between contagious yawning and social
cognitive performance. Platek et al. (2003) found that individuals who engaged in
contagious yawning were quicker in identifying their own faces and better at infer-
ring mental states, compared to those who did not engage in contagious yawning. It
has also been hypothesised that contagious yawning may reflect a basic capacity for
empathic processes such as emotion contagion (Palagi et al., 2020; Platek et al.,
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2003, 2005). However, the evidence supporting a link between contagious yawning
and empathy is inconclusive (Massen & Gallup, 2017; Gallup, 2021).

Mimicking Action Timing (Synchrony)

Synchrony has been defined as when individuals coordinate their movements (which
may or may not be similar in form) to coincide with those of others in terms of tim-
ing or rhythm (Lakin, 2013). Although research on the synchronisation of actions is
not as prevalent as research on the mimicry of actions, the measurement of synchro-
nised actions has evolved from initial measures that relied on subjective ratings
during the observation of interactions (e.g. Zivotofsky & Hausdorff, 2007) to more
sophisticated methods such as motion capture systems, which can index the tempo-
ral organisation of movements and the dynamic characteristics of movement pat-
terns. The current section focuses on the latter group of methods for measuring
movement synchrony. There are two modes of movement coordination that are rel-
evant to research on synchrony: in-phase and anti-phase. In-phase coordination
refers to movements that are similar in both timing and form (e.g. two people walk-
ing together at the same rate of movement while performing the same right-left foot
movement). Anti-phase coordination, on the other hand, refers to movements that
are similar in timing but not in form (e.g. two people walking together at the same
movement rate but one person performing a right-left foot movement while the
other person performing a left-right foot movement or vice versa). Both in-phase
coordination and anti-phase coordination reflect stable forms of synchrony.

The measurement of synchrony of actions typically involves two individuals per-
forming a repetitive movement (e.g. walking on a treadmill, stepping on a standard
exercise step, or tapping their fingers) while wearing a motion tracking system (see
section “Kinematic Measures of Movement Imitation” for an overview of the differ-
ent types of motion tracking systems). The key measure of interest in these tasks is
the relative phase relationship between the movements of both individuals calcu-
lated separately to compare oscillatory end effectors (e.g. left-left and right-right leg
movements). Relative phases are standardised to a range of 0-180°, reflecting in-
phase and anti-phase coordination, respectively. For each participant, estimates of
the time spent on each relative phase region (ranging in fixed intervals between 0°
and 180°) are calculated when the participant and the other individual perform the
key movement together. Synchrony between movements is indicated by a concen-
tration of relative phase angles in the phase regions close to 0° and/or 180°. Another
measure that enables the quantitative measurement of automatic synchronisation of
actions is the power spectrum overlap between movements, which measures the
percentage of movement frequencies common to interacting pairs.

The synchronisation of actions has previously been investigated with different
types of movements. For example, in Miles et al. (2010), participants completed a
task involving stepping on a standard exercise step where the movements of the
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participant and the confederate were measured using electromagnetic motion sen-
sors attached to each leg above the knee. The exercise steps were aligned adjacent
to each other with the confederate’s exercise step positioned in front of the partici-
pant to provide participants a clear view of the confederate. Both individuals wore
headphones where white noise was played for the participant and metronome tones
were played for the confederate, which was used to time the steps. Movements were
recorded during both a baseline stage (when only the participant was moving; used
to account for chance coordination) and a test stage when both the participant and
confederate were moving. Participants’ movements were concentrated in the 0-20°
range more during the test than during the baseline stage, suggesting that synchrony
between the movements of the participant and the confederate during the test stage
is attributable to the individuals coordinating their steps with each other. In a differ-
ent study, participants walked on a treadmill with infrared reflectors attached to
record movements of the left and right lower legs (van Ulzen et al., 2008).
Participants with varying default stride frequencies walked side by side on the tread-
mill uninstructed while fixating their gaze on a white square, which provided a view
of the other participant’s leg in the peripheral view. This study demonstrated that
individuals tend to synchronise their movements while walking together despite no
instructions.

An important consideration while discussing the measurement of synchrony is
the extent to which the interindividual coupling of movement timing and rhythm
can be considered as imitative in nature. According to the definition of imitation
provided at the start of this chapter, the production of a matching movement, at least
in naturalistic settings, first requires the observation of another person’s movement,
which precludes executed movements to be synchronous with observed movements.
However, there is evidence to suggest that imitative processes, in some cases, may
be initiated even before the observation of the target movement (see also Chap. 8;
this volume). This evidence comes from research on the anticipatory nature of imi-
tation, which suggests that the matching of observed motor representations to one’s
own corresponding motor representation may be important to not just mirror
observed movements but also anticipate the potential course of the other’s action
(Pfister et al., 2013). For example, Genschow and Brass (2015) demonstrated that
observing an event in someone (e.g. nose wrinkling or hair falling on one’s face)
triggers the anticipated action in the observer (e.g. nose scratching or hair stroking).
In this study, although participants did not observe the model perform the target
movement (i.e. nose scratching or hair stroking), they were more likely to engage in
nose scratching after observing nose wrinkling and hair stroking after observing
hair falling. A subsequent TMS study revealed preliminary evidence showing that
observing nose wrinkling leads to increased motor-evoked potentials in the biceps
muscle, which suggests that anticipation of movements may elicit activity in the
motor system in a similar manner as when perceived movements elicit neurophysi-
ological activity in the corresponding muscle group (Genschow et al., 2018). Given
that imitative processes may be initiated in anticipation of another person’s move-
ments, it is possible that imitation may be synchronous provided that the observer
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can anticipate the subsequent action. However, there is currently a gap in our under-
standing of the potential overlap between movement imitation and synchrony, from
both behavioural and neuroscientific perspectives. Studies on automatic imitation
and mimicry have predominantly focused on the copying of movements elicited by
perceived movements and those investigating anticipatory imitation have not mea-
sured whether individuals tend to synchronise the target movements with those of
the model. At the neural level, it is currently unclear whether automatic imitation
and synchronisation of movements share overlapping mechanisms, which could
provide insight into the relationship between imitation and synchrony. Nevertheless,
within the existing parameters of what constitutes imitation and synchrony, it is
unlikely that the execution of spontaneous movements elicited by observed move-
ments can be synchronous. However, investigating whether individuals tend to syn-
chronise the anticipated movements of the model would be interesting to uncover a
potential overlap between imitation and synchrony.

Finally, although studies of synchrony tend to measure phase relationships
between similar actions (e.g. similar leg movements in the case of walking speed),
it may be that the similarity between the individuals’ actions is less important than
the synchrony (and thus that similar results would be obtained for the synchronisa-
tion of non-matching actions such as leg movements with arm movements; see
Catmur & Heyes, 2013 for a related finding). As such, more research is needed to
uncover the extent to which synchrony and mimicry share overlapping neurocogni-
tive mechanisms.

Summary

This chapter has reviewed a range of different methods for measuring movement
imitation. Researchers will wish to consider which methodology is most appropri-
ate for their research question, depending on the requirements of their particular
study (see Table 2.1 for a summary). Such considerations may relate to practicalities
associated with data collection: whereas some methods (e.g. TMS) cannot be used
outside of the research laboratory, other measures have been or are being adapted
for use in online testing platforms (e.g. stimulus-response compatibility measures)
and in more naturalistic settings (e.g. kinematic measures with subsequent video
analysis). Other considerations relate to the type of stimuli for which one wishes to
measure imitative responses: certain measures lend themselves to study designs
involving more naturalistic interaction, whereas others require multiple trials for
each experimental condition and, as such, trade-off ecological validity against
experimental control. Finally, when designing studies of imitation or when reading
and assessing such studies, it is essential to consider appropriate control conditions
and the use of muscle-specific designs which allow one to draw conclusions regard-
ing the specificity of the responses that are being recorded.
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Chapter 3 )
Emotional Mimicry e

Ursula Hess @ and Agneta Fischer

The present chapter will focus on emotional mimicry, that is, the imitation of non-
verbal behaviors that signal emotions. Emotional mimicry has been a focus of
research and theorizing about empathy and mutual understanding since Lipps
(1907) proposed a role for imitation for the understanding of others. Lipps sug-
gested that people automatically adopt the behavior of others and that this imitation
leads—uvia a feedback process—to shared mental states, thereby facilitating the rec-
ognition of these mental states in others. For Lipps, the mediating process was intro-
spection. This general notion was taken up by Freud (1921) and entered the
psychotherapy literature, where it was referred to as the role of empathy in the
therapeutic process (e.g., Haase & Tepper, 1972). Given the focus on empathy and
understanding, as well as the prevalent research interests of the time, emotional
mimicry was referred to mainly in the clinical context.

In this vein, the importance of mimicry for therapy (for a detailed review, see
Chap. 15; this volume) was also underlined by Carl Rogers and others (Rogers,
1957; Scheflen, 1964). They focused, however, more on the notion that the adoption
of congruent nonverbal behaviors leads to increased rapport, because it signals
rather than causes understanding a la Lipps. As such, these early views already laid
the groundwork for two of the theoretical approaches to mimicry that are still rele-
vant today: mimicry as a means to recognize the emotions of others and mimicry as
a social signal of understanding and affiliation.

Much of the research discussed in this chapter will focus on the mimicry of emo-
tions via facial expressions (Hess & Fischer, 2013), but we expect similar processes
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for other nonverbal channels, such as vocal expressions (Neumann & Strack, 2000)
or emotional postures (Magnée et al., 2007). It is important to note that many behav-
iors, such as posture changes (Feese et al., 2012) and gestures (e.g., face touching;
Chartrand & Bargh, 1999), can be mimicked, but not all carry emotional meaning.
This is why we distinguish between behavioral mimicry and emotional mimicry.
Although the antecedents and consequences of behavioral and emotional mimicry
tend to overlap to some degree (Hess & Fischer, 2017), these two forms of mimicry
also show considerable differences, which will be our focus in the present chapter.

In humans, emotional mimicry is a ubiquitous phenomenon that can be readily
observed in everyday life. Interestingly, though, emotional mimicry is not restricted
to humans. Primates also mimic facial expressions. For example, play-face mimicry
has been observed in orangutans (Davila Ross et al., 2008) and in more egalitarian,
but not in more “despotic,” macaque species (Scopa & Palagi, 2016), suggesting a
social context moderator. Mimicry of play signals has also been found in dogs
(Palagi et al., 2015) and meerkats (Palagi et al., 2019). This common occurrence of
mimicry in different species suggests that mimicry is a basic element of communi-
cation in species that overtly show emotions.

Because mimicry is defined as imitation or matching, the main criterion for the
presence of mimicry implies that two (or more) individuals show the same behavior
at (roughly) the same time. In emotional mimicry, there is usually a 300- to 500-ms
delay between the visibility of the stimulus expression and the mimicry of that
expression (Dimberg et al., 2002) although slightly longer lag times can also be
observed. Yet, there are in fact many reasons why two people may show the same
behavior, which we would not define as mimicry (Elfenbein, 2014). One example is
when two people observe the same emotion-eliciting event and react in the same
manner, without seeing each other’s emotional expression (parallel emotional
induction). In what follows, we will therefore first differentiate mimicry from other
phenomena that may also result in matched behaviors. We will then briefly outline
different theories of mimicry. Finally, we will discuss more recent theoretical
approaches that focus on top-down effects on mimicry.

Theories of Mimicry

What Is Emotional Mimicry?

As noted above, both emotional and non-emotional behaviors are mimicked. The
important difference between mimicry of emotional and non-emotional expres-
sions, such as foot-tapping or face touching, is that the latter are not intrinsically
meaningful. They tell us little about the person or their intentions, unless they are
interpreted as an emotional signal, for example, as a sign of anxiousness.
Emotional signals are defined as behaviors that are perceived by an observer as
signaling an emotional state. Although there is an ongoing debate about the degree
to which emotional expressions are actually related to internal emotional states
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(e.g., Crivelli & Fridlund, 2019; Hassin et al., 2013; Hess, 2017), we argue that
there is ample evidence based on the use of these expressions in the arts, films, and
literature as well as scientific evidence that people infer emotions from such expres-
sions and that they react in function of this understanding (see Niedenthal & Brauer,
2012). A given expression does not have to be perceived as emotional. For example,
a frown can signal both concentration and irritation. When a nonverbal expression
is appraised as an emotional signal, it carries information about the expresser’s
intentions toward the perceiver (or some other person), such as to back away,
approach, attack, or ignore (see Scarantino et al., 2022, on the attributed meanings
of emotional expressions). As we will outline below, only when this emotional sig-
nal is perceived as affiliative, will emotional mimicry be a likely consequence.

Furthermore, these signals have to be considered in context. For example, in
general, happy expressions are considered affiliative and people who show happi-
ness are judged positively; however, showing happiness at a funeral is not an affili-
ative signal and leads to a negative judgment and the reduction or absence of
mimicry (Kastendieck et al., 2020). By contrast, some emotional expressions such
as disgust are generally not considered to signal affiliation (Knutson, 1996) and
these are not typically mimicked (see Hess & Fischer, 2013). Mauersberger et al.
(2015) found that only a small group of participants in their study mimicked disgust
and that this effect was moderated by individual differences such that participants
higher in neuroticism were more likely to mimic disgust. Similarly to disgust, anger
can be antagonistic (Knutson, 1996) and result in reduced mimicry, but this effect
depends on the context—for example, when anger seems to be directed at a com-
mon foe it may support closeness rather than reduce it and hence be mimicked
(Bourgeois & Hess, 2008).

Non-emotional signals do not have the property to foster affiliation, and even
though emotionally meaningless behaviors such as face touching are mimicked,
some of the interpersonal sequalae of emotional mimicry we discuss here do

not apply.

Related Phenomena That Are Not Emotional Mimicry

A number of phenomena have been conceptualized as either causally linked to emo-
tional mimicry or as forms of mimicry (with the associated overlapping terminol-
ogy). We argue, however, that these phenomena should not be conflated with
emotional mimicry.

Emotional Contagion
A phenomenon that is often confused with mimicry is emotional contagion, and in

this vein, mimicry has sometimes been referred to as motor contagion (e.g., Becchio
et al., 2007; Blakemore & Frith, 2005). Hatfield, Cacioppo, and Rapson (1993)
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define emotional contagion as the “catching” of someone else’s emotional state, and
they consider mimicry a causal antecedent to contagion. Yet, emotional contagion
refers to a feeling state, whereas emotional mimicry refers to a (nonverbal) behav-
ior. Hence, conceptually, the two are independent. In fact, whereas both mimicry
and emotional contagion have been found in the same studies, they do not necessar-
ily co-occur (e.g., Hess & Blairy, 2001; Lundqvist & Dimberg, 1995).

Synchrony

Another concept, which has especially been used in group contexts, is interpersonal
synchrony. This is typically defined as the matching of behaviors and the coordina-
tion of movement between individuals in a temporally organized fashion during
interpersonal communication (Bernieri et al.,, 1988; Miles et al., 2010;
Vacharkulksemsuk & Fredrickson, 2012; Valdesolo & DeSteno, 2011). However,
whereas in mimicry there is an initiator of the behavior—the mimicked person—
followed by a time-locked response by the mimicker, synchrony can also refer to
behaviors that occur simultaneously and does not depend on the time-locked match-
ing of specific behaviors.

Automatic Imitation

Heyes (2011, p. 463) defines automatic imitation as “a type of stimulus-response
compatibility effect in which the topographical features of task-irrelevant action
stimuli facilitate similar, and interfere with dissimilar responses.” A typical para-
digm involves participants making a hand movement in response to a cue while at
the same time observing another hand making the same or a different movement
(Cracco et al., 2018). Notably, the mechanisms underlying automatic imitation
(which focuses on the automatic effects of observing a movement on an intentional
movement effectuated by the observer) and mimicry (which is an automatic reac-
tion to an observed movement) are not the same. Specifically, mimicry is a direct
automatic reaction to the movement, whereas automatic imitation is the modulation
of an intentional movement. In addition, as mentioned above, the signal in auto-
matic imitation does not carry emotional meaning. That said, there is nonetheless
some overlap between these phenomena, as some moderators seem to operate simi-
larly. For example, both phenomena can be found when the observed behavior is
effectuated by an avatar (Pan & Hamilton, 2015; Weyers et al., 2006) and both are
facilitated by social priming (Leighton et al., 2010; van Baaren et al., 2003). Mutual
gaze can facilitate both emotional mimicry (Mauersberger et al., 2022a; Rychlowska
et al., 2012) and automatic imitation (Wang et al., 2010), but this effect has not been
consistently found (Carr et al., 2021). By contrast, whereas emotional mimicry is
facilitated for in-groups (Bourgeois & Hess, 2008; van der Schalk et al., 2011), the
same effect does not seem to be present for automatic imitation (Genschow et al.,
2022a, b). As such, the degree of overlap between these phenomena remains
uncertain.
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Reactive Emotions

Finally, two people may show the same emotional expression in a time-locked man-
ner, because one person reacts emotionally to the expression of the other. Thus,
when person A shows an angry expression and person B feels insulted and reacts
with anger as well, this is not an example of emotional mimicry, even though the
expressions and timing might be very similar.

In sum, although the phenomena discussed so far all refer to matched behaviors,
they differ in whether they constitute emotional signals, occur in reaction to one
another, or result from an automatic tendency to synchronize. These differences are
important, because they may imply different underlying processes and may there-
fore also occur in different contexts and have different boundary conditions.

Different Accounts of Mimicry

Over the years, a number of different accounts of the role and function, as well as
the underlying processes related to mimicry, have been proposed. It is important to
emphasize that these accounts are generally not contradictory. Rather, we argue that
they focus on different aspects of mimicry.

Mimicry as Embodiment

The early account by Lipps (1907) proposed a model according to which individu-
als tend to imitate the emotional displays of their interaction partners, which induces
a corresponding state that in turn informs, via introspection, the interaction partner
about the other’s emotional state. Modern-day accounts of embodied emotion rec-
ognition via mimicry (Niedenthal et al., 2017) focus on the action of mirror neurons
rather than introspection. These accounts do not necessarily stipulate overt mimicry
as a necessary component, but allow for a mediation via efferent copies (Goldman
& Sripada, 2005). The basic notion is that when people make social judgments they
simulate relevant aspects of the stimulus in a form of embodied cognition (Niedenthal
et al., 2005). That is, when judging emotional expressions, such as a smile, people
simulate this expression in sensorimotor cortex. If this simulation results in a motor
output, this output would then be (facial) mimicry (for more detail, see Wood
et al., 2016).

The notion of a simulation process that underpins social perception, in particular
with regard to emotions, has been more recently supported by research on EEG mu
responses. Specifically, the mu frequency band of the EEG, measured over senso-
rimotor cortex, is suppressed not only when a person performs a motor act but also
when the person observes motor acts performed by someone else (Oberman et al.,
2007a; Pineda, 2005). Based on this finding, the mu response has been linked to
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mirror neuron activity. A more recent study found a distinct mu suppression response
during the observation of positively and negatively valenced emotional faces (Moore
et al., 2012). These findings suggest a role for mirror neurons for the interpretation
of social stimuli. However, there is some controversy as to whether mu suppression
is indeed a reliable indicator of mirror neuron activity (Hobson & Bishop, 2017). In
addition, mu suppression does not imply an actual motor output. Hence, the ques-
tion of how mimicry is linked to these simulation processes and whether blocking
mimicry can in fact hinder simulations remains open.

Mimicry as a Matched Motor Response

The standard view on behavioral mimicry is compatible with the mirror neuron
account above (which, however, does not require an overt mimicry response). From
this account, mimicry is an automatic, matched motor response, based on a
perception-behavior link (Chartrand & Bargh, 1999; Preston & de Waal, 2002).
Hess and Fischer (2013) refer to this idea as the Matched Motor Hypothesis, which
assumes that merely perceiving a specific nonverbal display automatically entrains
the same expression in the perceiver.

Various mechanisms have been proposed to underlie this link between percep-
tion and behavior, which include, in addition to mirror neurons, shared schemas
(Barresi & Moore, 1996), shared representations (Prinz, 1997), or spreading activa-
tion (see Chartrand & Dalton, 2009). In either case, the perceptual activity is pre-
sumed to spread to behavioral representations, which in turn increases the probability
of imitating that same behavior, without conscious awareness, control, or intent
(Chartrand & Bargh, 1999). Emotional mimicry would then just be one instantiation
of such motor behavior. Following the original Matched Motor Hypothesis, the
movements in the face are thus spontaneously copied, independent of the intentions
of the observer or expresser (see Chartrand & Bargh, 1999). More recent theorizing
allows for some level of top-down social perception processes as a moderator (e.g.,
Chartrand & Lakin, 2013).

Mimicry as a Social Regulator

The Mimicry as Social Regulator view (Fischer & Hess, 2017; Hess, 2021; Hess &
Fischer, 2013, 2014, 2017, 2022) is different from the Matched Motor Hypothesis
in that it is based on the observation that the motivation to develop social bonds to
fulfill our universal need to belong is one of the most powerful drivers of human
behavior (Baumeister & Leary, 1995). Emotional mimicry is the unconscious pro-
cess that serves this need by supporting our aim to establish social and emotional
connections and to fulfill our basic need for shared understanding (Fischer & Hess,
2017). The core assumption of this view is that emotional mimicry has the function
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to foster affiliative interactions and is dependent on the goal to affiliate and to com-
municate with others that we understand them (see also Rogers, 1957; Bavelas
et al., 1986).

This view implies that the mimicry of emotional signals requires a (rapid and
usually automatic) appraisal of an emotional expression in the social context in
which it occurs before it will be imitated. Is this an angry frown or concentration?
Is this happy or malicious laughter? Whether mimicry follows or not will depend on
this appraisal. This view is fundamentally different from the embodiment perspec-
tive (see Wood et al., 2016), which assumes that mimicry contributes to emotion
decoding (see Wood et al., 2016), because the Mimicry as Social Regulator view
sees mimicry as based on emotion understanding.

According to this view, emotional mimicry is not merely based on the perception
of a facial display, but on the interpretation of the motives underlying this display in
a specific context, and thus on understanding the emotion and its meaning in context
(Hess & Fischer, 2013, 2014). Rather than merely seeing a movement of the corner
of the lips, people may understand this movement to be playful amusement, or
schadenfreude (the pleasure in the misfortune of others) or even sadistic pleasure,
depending on the context, and whereas they mimic the perceived amusement, they
do not mimic the identical expression when the movement is interpreted as sadistic
pleasure (Mauersberger et al., 2022b). In other words, emotional mimicry requires
the interpretation of signals as emotions, conveying emotional intentions in a spe-
cific context (Hess & Fischer, 2022). This is in line with one of the main functions
of mimicry, namely smoothing social interactions and establishing or maintaining
social bonds.

The Functions of Emotional Mimicry

Four different functions of emotional mimicry have been discussed in the literature,
which are associated with the different theoretical accounts described above.
Overall, these functions are not necessarily mutually exclusive. Rather, different
theories focus more on the one or the other function.

Facilitating Emotion Understanding

The evidence on whether mimicry facilitates emotion understanding as proposed by
embodiment theories of mimicry (see Wood et al., 2016) is complex. A number of
well-controlled studies in which participants saw a series of standardized facial
expressions found no relationship between mimicry and emotion recognition accu-
racy (Blairy et al., 1999; Bogart & Matsumoto, 2010; Hess & Blairy, 2001). There
is some evidence that mimicry can speed up the emotion recognition process
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(Niedenthal et al., 2001; Stel & van Knippenberg, 2008), but the reverse effect has
also been found (Hawk et al., 2011).

The most consistent evidence on the facilitating role of mimicry on emotion
recognition regards studies that demand subtle judgments regarding smiles, either
because the smiles are weak (Oberman et al., 2007b) or because more difficult judg-
ments are required, such as genuineness (Ipser & Cook, 2015; Maringer et al., 2011;
Rychlowska et al., 2014). However, other studies found conflicting results (Hess
et al., 1998; Stel et al., 2009). Most of these studies aimed to block mimicry by a
variety of means and then compared accuracy in blocked versus unblocked trials.
Interestingly, however, some of the methods used to block mimicry (such as holding
a pen with puckered lips) do not actually block mimicry efficiently (Hess & Blaison,
2016; Hess et al., 2018), but block subvocalization. In this context, it is interesting
that Ipser and Cook (2015) found that smile decoding accuracy was reduced when
participants produced a vowel—a very efficient way to block subvocalization—but
not necessarily one that would impede smiling. In short, the evidence favors no
general effect of mimicry on emotion recognition, but points to the possibility that
mimicry might be helpful for smile-related judgments in difficult decoding tasks.

Yet, there is evidence for the notion that mimicry may nonetheless contribute to
a feeling of emotion understanding. For example, Yabar and Hess (2007) found that
an interaction partner who shows congruent sad affect during an interaction is per-
ceived as more understanding—even when the person is an out-group member.
More recently, Mauersberger et al. (2015) found that the tendency to mimic sadness
(an affiliative emotion) in a laboratory task predicted the positivity of daily interac-
tions in a following diary task over 7 days. Conversely, the tendency to mimic dis-
gust (which was much rarer) predicted negative interactions. These data suggest that
indeed, one positive function of some forms of mimicry may be to create an atmo-
sphere of mutual understanding, which then may well result in actual better under-
standing as suggested by Rogers (1957).

Mimicry Promotes Human Affiliation

Both motor mimicry (Chartrand & Lakin, 2013) and emotional mimicry (Hess &
Fischer, 2013, 2014) have been shown to not only depend on affiliation but also
foster affiliation. Hess and Fischer (2013, 2014) reviewed evidence that people
mimic others’ emotions more in contexts where participants have positive rather
than negative attitudes toward each other (Likowski et al., 2008), or when they are
similar rather than dissimilar (Olszanowski et al., 2022), or when they belong to the
same group rather than a different group (Bourgeois & Hess, 2008; van der Schalk
et al., 2011), or want to cooperate rather than compete with each other (Weyers
et al., 2009). This is not only the case for emotional mimicry; Lakin and Chartrand
(2013) also reported more behavioral mimicry when participants have a goal to
affiliate. Thus, both behavioral mimicry and emotional mimicry are sensitive to the
nature of the relationship with the mimickee. Whether, or at least the extent to
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which, people mimic emotional expressions depends on the perceived intentions of
the expresser and on the observer’s goals and values. These intentions can be
inferred from the direction and type of the emotional signal, the relationship between
observer and target, and the emotional state or disposition of the observer. Moreover,
the relationship is not uni-directional, because emotional mimicry also serves to
increase perceived similarity and liking (Hess et al., 1999; Stel et al., 2008; van der
Schalk et al., 2011; Yabar & Hess, 2007).

Mimicry Enhances Social Standing

The STORM (social top-down response modulation) model (Wang & Hamilton,
2012) takes up the notions expressed above, in that it emphasizes the social function
of mimicry and its dependence on social context. However, STORM sets a different
empbhasis for the function of mimicry. Here, mimicry is a Machiavellian strategy for
enhancing one’s social standing or a strategic intervention to change the social
world for self-advancement. Wang and Hamilton base their model on the observa-
tion that people increase mimicry toward those who are important for their social
welfare. Some of the evidence for this notion has also been adduced by the affilia-
tion theories mentioned above, such that people preferentially mimic others who are
nice (Likowski et al., 2008) or those who are in-group members (Bourgeois & Hess,
2008; van der Schalk et al., 2011). They also note that people increase mimicry
when they feel that their social relationship is endangered such as when they fail to
affiliate with other individuals (Lakin & Chartrand, 2003) or when they are ostra-
cized by their group members (Brandenburg et al., 2022; Lakin et al., 2008).

However, much of the evidence for the model does not stem from research on
mimicry (i.e., the imitation of nonverbal behaviors), but rather is based on a variant
of the standard paradigm used in automatic imitation research (see above). In this
variant, participants first learn social information about a hand, which then shows a
finger movement that is either congruent or incongruent with one that the partici-
pant is required to perform. The degree of interference with the participant’s move-
ment is then a sign of imitation. Given the differences in mechanisms between
automatic imitation and emotional mimicry, these findings offer at best circumstan-
tial evidence. A later study on emotional mimicry by contrast (Carr et al., 2014) is
more in line with Wang and Hamilton’s argument in that they found emotion-spe-
cific effects of both observer and target power, congruent with the notion that social
hierarchy influences mimicry in meaningful ways.

In essence, however, the main message of the model is that mimicry processes
(and these include in this case automatic imitation) serve to regulate the social dis-
tance to socially attractive versus unattractive targets. As such, despite many differ-
ences in conceptualization, the model is surprisingly compatible with the Mimicry
as Social Regulator model.
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Mimicry Supports Implicit (Social) Learning

Another important potential function of mimicry regards (social) learning. This
aspect is emphasized by Kavanagh and Winkielman (2016). In fact, one of the first
reviews on mimicry by Hess et al. (1999) noted an older developmental literature
that conceptualized mimicry as a “primitive motor code,” which might be a pri-
mary cognitive medium for learning about other people during early development.
That is, children imitate the behavior of adults and thereby learn the effects of that
behavior on others. Similarly, Kavanagh and Winkielman (2016) consider mim-
icry as a tool for implicit social learning, because it leads to the acquisition of
culturally appropriate bodily and emotional behaviors (see also Fischer, 2019).
They emphasize that this learning process and the resulting knowledge are
implicit. Thus, it cannot easily be rejected, criticized, revised, or employed by the
learner in a deliberative or deceptive manner. The function of mimicry as a mech-
anism for social learning also explains why people generally preferentially mimic
in-group members who by definition are more trusted to have the proper knowl-
edge. As such, they conclude that mimicry can be considered an honest signal of
group affiliation.

According to Kavanagh and Winkielman (2016), spontaneous mimicry can be
costly when there is no focus on the in-group, because it would imply the learning
of maladaptive behaviors. Given that the in-group is the group with the same val-
ues and priorities, it is likely that humans also share their feelings with this group
and in-group members’ feelings are thus considered more informative than that of
out-group members. A child’s fear of strangers emphasizes this point. Mimicry of
in-group members therefore is beneficial to the mimickee and to the mimicker,
because it supports not only mutual bonds but also the learning of culturally
appropriate behaviors by the mimicker and the observation by the mimickee that
new and appropriate behaviors are being learned. They further point out that mim-
icry that is too precise may become blatantly obvious to the mimickee and thus
appear strategic and that the actual subtle and approximate expressions that are
typically shown are more likely to serve as an honest signal. From this view, the
fostering of affiliation is more of a side effect to the learning of appropriate group
signals.

In sum, different theories of mimicry converge by highlighting two functions—
mutual understanding and social affiliation. They differ in the emphasis given to
each and in the exact processes that are presumed. For example, whereas embodi-
ment theories consider mimicry a means for understanding via emotion recognition,
the Mimicry as Social Regulator view presumes that emotion understanding pre-
cedes mimicry, but because mimicry signals understanding it invites a more open
emotion communication.
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Top-Down Influences

According to all theories described above, facial mimicry is an automatic process
(Dimberg & Thunberg, 1998) that is difficult to suppress (Dimberg et al., 2002) and
does not necessarily require explicit awareness of the stimulus (Dimberg et al.,
2000). Theories that assume a matched motor response, based on a perception-
behavior link (Chartrand & Bargh, 1999; Preston & de Waal, 2002), originally pos-
ited that merely perceiving a specific nonverbal display automatically entrains the
same display in the perceiver. Nonetheless, there is mounting evidence for the influ-
ence of social context on both emotional mimicry and behavioral mimicry (for a
review, see Chartrand & Lakin, 2013; Fischer & Hess, 2017; Hess & Fischer, 2013).

In line with this evidence, the Mimicry as Social Regulator model considers
mimicry a social act that is influenced by the social context of the interaction and the
social goals of the mimicker (Fischer & Hess, 2017; Hess, 2021; Hess & Fischer,
2013, 2014, 2017, 2022). It posits that mimicry is automatic but goal dependent.
The goals that are served by mimicry are to communicate with others to foster affili-
ation and to regulate interpersonal closeness. Because of this, we do not mimic our
enemies, people we do not like, or competitors. From this view, it is not the expres-
sion per se but the social interpretation of the expression in its context that drives
mimicry. This strongly implies that emotional mimicry is shaped by top-down pro-
cesses as well.

Specifically, there is increasing evidence that the meaning of a given expression
in a given context impacts on mimicry. As noted above, smiles are generally consid-
ered to be affiliative and therefore smile mimicry often is preserved in contexts
where other types of mimicry would be reduced or absent, for example, when the
other is an out-group member or a disliked other (e.g., Bourgeois & Hess, 2008;
Hess et al., 2017; Seibt et al., 2013; van der Schalk et al., 2011). However, there are
many types of smiles (Niedenthal et al., 2010) that are not affiliative in nature (Hess
et al., 2002). Thus, people may smile as an expression of schadenfreude—the plea-
sure in the misfortune of others—or as an expression of sadistic pleasure in anoth-
er’s pain (Mauersberger et al., 2022b). These smiles are malicious rather than
affiliative, and the Mimicry as Social Regulator model predicts that such smiles
would be mimicked to a lesser degree or not at all.

This notion was studied by Kastendieck et al. (2020), who showed participants
videos of individuals who were embedded in an iconic social context associated
with clear social norms regarding the prescribed emotional expressions: weddings
and funerals. As expected, participants who smiled at weddings were mimicked, but
those who smiled at funerals were mimicked less or not at all. The level of mimicry
was mediated by perceived closeness, which in turn was mediated by the perceived
appropriateness of the expression. To the degree that participants considered the
expression inappropriate to the context, they felt more distant toward the expresser
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and mimicked their smiles to a lesser extent. Similarly, Mauersberger et al. (2022b)
found that participants mimicked individuals who laughed at funny scenes more
than those who laughed at schadenfreude scenes or disgusting scenes. Again, the
level of mimicry was mediated by perceived closeness and appropriateness of the
expression.

For the mimicry of sadness, the results seem less consistent. For example,
Kastendieck et al. (2020) and Kastendieck et al. (2022b) found that mimicry of sad
expressions does not depend on perceived closeness. This could be explained by the
strong appeal to show empathy that is signaled by sad expressions (Scarantino et al.,
2022). Still, another study has found an effect of context, showing that sad expres-
sions are not mimicked when shown by disliked others (Likowski et al., 2008).

Also, some studies found that perceived contextual appropriateness may play a
role for sadness expressions as well. For example, Fischer and Hess (2018) found
that a sad face not showing tears was mimicked, but not when showing tears. This
suggests that sad expressions that are too intense might not be mimicked (probably
because they were deemed inappropriate as well). These findings also suggest an
effect of contextual appropriateness, if we consider that the social signal conveyed
by a sad expression is an appeal to empathize and to help (Scarantino et al., 2022).
Tears, however, are often perceived as difficult to control or overwhelming. As such,
a person who cries at a funeral may be forgiven for the “fault pas” and still liked, yet
the sadness may reduce perceived closeness as people shy away from the social cost
of helping that closeness may require of them.

In sum, there is evidence for top-down effects on emotional mimicry that depend
on the perceived motives of the expresser and the resulting meaning that is attrib-
uted to the expression in a particular context. In fact, some of the studies referred to
above, in which mimicry is reduced or absent, can be similarly interpreted even
though these authors did not measure the mediating variables. For example, in a
study by Lanzetta and Englis (1989) participants mimicked another person’s smile
only when they expected a collaboration with this person, but not when they
expected competition. One explanation for the lack of mimicry in the competition
condition could be that the smile of a competing other was interpreted as malicious-
ness or schadenfreude rather than as a signal of affiliation.

Future Perspectives

The conceptualization of mimicry has changed over time, from a view that under-
stood mimicry of all behaviors—including emotional ones—as a process whereby
“one’s behavior passively and unintentionally changes to match that of others in
one’s current social environment” (Chartrand & Bargh, 1999, p. 893) to a process
that heavily depends on the social context and the social motives of the interaction
partners. Both emotional mimicry and behavioral mimicry act as “social glue”
(Lakin et al., 2003), but for the most part only in contexts that are affiliative (Hess
& Fischer, 2022; Lakin & Chartrand, 2013). Fortunately, for most interactions it
seems that the default stance is one where affiliation is assumed. Only when there
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are clear signals of potential non-affiliation, such as the dislike or hostile intentions
of an interaction partner (Likowski et al., 2008) or emotional deviance (Kastendieck
et al., 2020), does mimicry fail.

Notably, as noted in the introduction, the effects of affiliation and social context
on mimicry are most clearly evidenced for emotional mimicry, in comparison with
behavioral mimicry, and even though some effects observed for mimicry—such as
eye-gaze effects (Wang & Hamilton, 2014) or task relevance of the mimicked
behavior (Hemed et al., 2022)—apply also to automatic imitation, others such as the
effect of in-group status do not (Genschow et al., 2022a, b). Such differences may
be expected, given the different degrees of social engagement afforded by emotional
expressions versus hand movements and the differences in social signal value
between the two. This further supports the notion that these are different processes
even though they do share some common ground.

What is an important lesson from the research and theorizing on emotional mim-
icry is that we should acknowledge that perceivers are not passive. People are not
emotion readout machines who look at a face and attach a suitable label indepen-
dent of the context and of whom the face belongs to. They also are not automatons
who move the muscle they see someone else move regardless of circumstance.
Rather, they engage in active sensemaking that takes into account the context and
the presumed goals of the interaction partner (Hess & Hareli, 2019). Thus, people
do not simply look at a face and label an expression as a smile and move the corners
of their mouth in imitation, but they judge the expression in light of the context and
what they know about the expresser. Thus, the same smile may be considered pleas-
ant or malicious and evoke divergent reactions.

However, this does not mean that facial expressions do not have any intrinsic
meaning. Rather, both context and expression contribute to the social judgment by
the perceiver (Hess & Hareli, 2018). In fact, emotional expressions can actually
provide information about context as well. In one study, participants were able to
deduce the rules of a made-up ball game based on the facial responses of the “spec-
tators” (Hareli et al., 2019). Instead of trying to decide whether facial expressions or
context dominate the judgments of perceivers, it is more realistic to propose that
observers engage in active sensemaking based on the available information. If infor-
mation about the expression is available, perceivers may use this to draw conclu-
sions about the situation, and when information about the situation is available, it
can be used to predict the likely expression. When both are available, the informa-
tion is integrated in a way that makes sense to the perceiver (Hess & Hareli, 2019).

This notion of an active perceiver—what for visual stimuli is referred to as social
vision (Adams et al., 2010)—is central to emotion communication. This can be seen
in parallel to the understanding of 4E cognition (see, e.g., Newen et al., 2018). That
is, emotion perception is a process that is embodied, embedded, enacted, and
extended. Of these 4 Es, emotion research has addressed most explicitly embodi-
ment (Niedenthal et al., 2017). Calls to understand emotions from the context in
which they occur address the notions of the importance of extrabodily processes
that underlie the notions of embeddedness and extendedness. With regard to mim-
icry, research such as by Kastendieck and colleagues (Kastendieck et al., 2020,
2022a; Mauersberger et al., 2022b) that aims to study mimicry with stimuli that are
embedded in a specific (and meaningful) context is the first step in that direction.
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However, it is just as important to keep in mind that emotions are enacted as
well—we decode the emotions of others not just for the sake of applying a label, but
in order to successfully interact (Hess & Kafetsios, 2022). Future research should
investigate the presumed motives of the expresser and the goals of the interaction.

Finally, mimicry research to date has, except for research on out-group mimicry,
paid little attention to the question of who interacts with whom. This is in part a
heritage of the notion that mimicry is a simple reflex-like automatism. Yet, when we
consider the importance of context and the social knowledge that we have about our
interaction partners, the situation becomes more complex. Only more recently have
researchers started to be more explicitly concerned with the intersection of social
group identities. Specifically, many social processes play out differently for mem-
bers of different groups and people tend to be members of more than one group.
This implies that the combination of groups that people belong to may result in very
specific effects. This in turn limits generalization across groups. For example, emo-
tion stereotypes suggest that Black men are aggressive, but this does not apply in the
same way to black women (for a review, see Hedgecoth et al., 2023). On the percep-
tual level, the wrinkles and folds of old age reduce perceived attractiveness dispro-
portionally for women compared to men. Attractiveness in turn correlates positively
with liking and perceived closeness (Sutherland & Young, 2023). As such, it will be
important for future research to consider not only the social identities of mimicker
and mimickee but also their intersection.

Summary

The present chapter focuses on emotional mimicry, that is, the mimicry of nonverbal
behaviors that signal emotions. Emotional mimicry differs from behavioral mimicry
and automatic imitation in that the actual signal—the emotional expression—carries
meaning that is relevant for the relationship between expresser and mimicker. This is
important because emotional mimicry depends crucially on perceived closeness or
affiliation. We reviewed different functions of emotional mimicry that have been pro-
posed in the literature, such as facilitating affiliation, emotion recognition when sig-
nals are ambiguous, social standing, and more broadly social-cultural learning. In
addition, we summarized research on top-down effects on emotional mimicry show-
ing how social judgments and the interpretation of emotional signals in a given context
influence perceived closeness and affiliation and in turn support emotional mimicry.
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Chapter 4 )
Common Coding of Speech Imitation e

Patti Adank and Hannah Wilt

Background

Speech perception and speech production have traditionally been viewed as sepa-
rate processes that operate largely independently from each other. For instance, in
the Wernicke-Lichtheim-Geschwind model (Tremblay & Dick, 2016), listening to
speech and producing speech are localized in different areas of the brain. When
listening to speech, sound waves ascend through the auditory system to the primary
auditory cortex (Heschl’s Gyrus), before words and sentences being processed in
posterior temporal areas including posterior superior temporal gyrus (STG,
“Wernicke’s area”). When speaking, semantic information was thought to be sent
from posterior STG through the arcuate fasciculus to “Broca’s area” (the pars oper-
cularis and pars triangularis of the Inferior Frontal Gyrus, IFG). From IFG, instruc-
tions for the speech to be produced are sent through to premotor and motor cortex.
This traditional model has fallen out of fashion for a variety of reasons, one of
which is the lack of appreciation of the close relationship between mechanisms to
produce and perceive speech.

Most current speech scientists regard speech perception and production to be
tightly linked (Fadiga et al., 2002; Watkins & Paus, 2004). It is uncontroversial to
presume that speech production links closely to, and even relies crucially on, speech
perception (Hickok & Poeppel, 2007; Rauschecker & Scott, 2009; Tourville &
Guenther, 2011). A clear example of the reliance of speech production on speech
perception is provided by auditory feedback paradigms. In an auditory feedback
paradigm (Guenther et al., 2004), a speaker’s speech output is altered in real time;
e.g., the fundamental frequency is lowered. In response, the speaker will quickly
compensate by changing their fundamental frequency of their voice to counteract
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the perceived change to their voice. The converse relationship, namely that speech
perception is closely linked to and even relies crucially on speech production, is less
accepted and the causal role of speech production is still being debated, despite
substantial evidence demonstrating this relationship. For instance, Meister et al.
(2007) used a brain stimulation method (transcranial magnetic stimulation, TMS),
to demonstrate the reliance of speech perception on production. TMS is a neuro-
stimulation method that can be used to examine causal links between task perfor-
mance and the targeted brain area. It does so by temporarily disrupting processing
in the brain area under study (Devlin & Watkins, 2006). Meister et al. presented
participants with spoken syllables in background noise before and after applying
1-Hz TMS (a stimulation protocol associated with inhibition of task performance,
Devlin & Watkins, 2006) to the left ventral premotor cortex, a brain area associated
with speech production. They report poorer syllable perception performance after
TMS compared to pre-TMS, thus showing a causal link between speech perception
and a speech production brain area. Others have reported similar effects on speech
perception after targeting other areas in the speech motor system (Mottonen &
Watkins, 2009; Nuttall et al., 2016, 2017; Smalle et al., 2014; Watkins & Paus,
2004). Therefore, it seems highly implausible that speech perception, especially
speech perception in challenging listening conditions such as background noise,
relies entirely on auditory processing (Pulvermiiller & Fadiga, 2010; Skipper et al.,
2017; Stokes et al., 2019).

Behaviorally, the link between speech perception and production can be evalu-
ated using a paradigm originally developed in cognitive psychology, the stimulus-
response compatibility (SRC) paradigm (Brass et al., 2000), which is thought to
measure covert, or automatic, imitation (Heyes, 2011). In a typical SRC task (for a
review, see Chap. 2; this volume), participants are instructed to perform a manual
action in response to a prompt (e.g., lift index finger when a written “1” appears, lift
a middle finger when “2” appears). The prompt is presented superimposed on a
distractor: an image or video of a hand lifting the index or middle finger. When the
prompt is presented superimposed on a compatible distractor (“1” with a video of a
lifting index finger), participants are faster to execute the prompted action than
when the prompt is presented together with an incompatible distractor (“1” with a
video of a lifting middle finger). It is assumed that action observation leads to a
covert imitative response; i.e., it engages or primes motor patterns for performing
the prompted action, thus reducing response times (RTs). Incompatible distractors
are thought to result in competition between the motor patterns activated by observ-
ing the distractor and those required to produce the prompted response, leading to
slower RTs. A larger automatic imitation effect (i.e., a larger RT difference between
incompatible and compatible prompt-distractor stimulus pairs) indicates that motor
mechanisms were more activated during observation of the distractor, signifying
more imitation.

While most studies investigating the relationship between action perception and
action production using the SRC task employed manual stimuli and manual
responses (Cracco et al., 2018), a small but growing set of studies investigated the
link between perception and production of speech using the SRC task. In a speech
SRC paradigm (Table 4.1), a participant produces a speech response (e.g., “ba”)
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Table 4.1 Overview of speech SRC studies

Authors

Kerzel and
Bekkering

Galantucci
et al.

Year
2000

2009

Study
1

N
8

24

4

24

Prompt

Written
“Ba” and
“Dg”

Written
“##” and
“&&”

Written
“Ba” and
“Da”

Written
“Ba” and
“Dyg”

‘Written
“##” and
“&&”

Written
“##” and
“&&”

Written
“H##” (same
response
per trial)

Distractors

Silent video
recordings of a
male speaker
saying ba or da
Silent video
recordings of a
male speaker
saying ba or da
Silent video
recordings of a
male speaker
saying ba or da
(with negative
SOAs of

1000 ms)

Silent video
recordings of the
male speaker
saying ba or da
(with white lines
on lips, control
for spatial
effects)
Audio-only
stimuli of the
female speaker
saying ba, da, pa,
ta, ma, na
(voiced,
unvoiced, nasal)
Audio-only
stimuli of male
speaker saying
ba, da, and ga
(baseline), vocal
and manual task,
no distractor
Audio-only
stimuli of male
speaker saying
ba, da, and ga
(baseline), vocal
and manual task,
no distractor

63

Compatibility effect
35 ms

42 ms

17 ms

Not significant

Voiced: 10 ms
Unvoiced: 10 ms
Nasal: ns

28 ms (vocal task)

4 ms (vocal task)

(continued)
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Table 4.1 (continued)

Authors Year
Jarick and 2009
Jones

Roon and 2015
Gafos

Kleinetal. |2015
Adank etal. | 2018

Study

N
4

38

35

40

66
3

22)

24

Prompt

Written
“BA” and
“GA”

Written
“=="and
“&&” (for
ta, da, ka,
or ga)

## and **
for /ta/ or /
ka/

Weritten
“Hood”
and “Heed”

Written
“Hood”
and “Heed”

Distractors

Video-only,
audiovisual, or
audio-only
recording of
male speaker
saying aba or
aga, hand, or
vocal responses
Audio-only
stimuli of the
female speaker
saying pa, and
ba, tone, or no
distractor
Audio-only
stimuli of the
female speaker
saying pa, ba, ga,
tone, or no
distractor
Audio-only
female speaker
saying /ta/ and /
ka/ stimuli,
subsequently
manipulated
subphonemic
feature (voice
onset time
differences from
45to 120 ms in
15 ms steps)
Video-only,
audiovisual, or
audio-only
recording of the
female speaker
saying hood or
heed

Video-only,
audiovisual, or
audio-only
recording of the
female speaker
saying hood or
heed

P. Adank and H. Wilt

Compatibility effect

~25-30 ms (vocal
task, estimated from)
ns (manual task)

Not significant

15 ms (individual
articulator effects not
significant)

Overall compatibility
effect of 7 ms, no
compatibility effects
given of modulation
of VOT

13 ms (no modality-
specific differences)

7 ms (no modality-
specific differences)

(continued)
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Table 4.1 (continued)

Authors Year
Virhia et al. | 2019
Wu et al. 2019

Ghaffarvand | 2020
Mokari et al.

Ghaffarvand | 2021
Mokari et al.

Study

N
40

62
@

31)

38

24

Prompt

Written
“00.”
“EE.”
“HAPPY,”
or
“ANGRY”

‘Written
“##” and
“&&”

Written
wrie and
“##” (for
/el and /u/)

Written
“x# and
“##” (for /
dek/ and /
duk/)

Distractors

Video-only
recordings of the
female speaker
producing
emotional
(happy or angry)
or neutral AA or
00

Video-only
recording of the
female speaker
saying ba or da,
between-group
design with
mirror and
counter-mirror
training
Audio-only
recordings of the
female speaker
producing /e/, /i/,
/o/, lu/ extracted
from /dVk/
context

Audio-only
recordings of the
female speaker
producing /e/, /i/,
/o/, /ul in /dVK/
context

65

Compatibility effect
Larger compatibility
effect when
producing an
emotional a neutral
prompt (42 ms vs.
30 ms)

Compatible group
increased the effect
from 42 ms to 61 ms
after training.

Compatibility effects
of 7 ms for phonemic
incompatibility,
parametric
modulation of
compatibility effects
per increase in
phonological feature
between distractor
and prompt (increase
of 3 ms per
phonological
feature), for /u/
responses only

Compatibility effects
of 7 ms for phonemic
incompatibility,
parametric
modulation of
compatibility effects
per increase in
phonetic feature

(3 ms), parametric
modulation of 1 ms
per ERB of acoustics
distance between
prompt and distractor

(continued)



66 P. Adank and H. Wilt

Table 4.1 (continued)

Authors Year Study |N | Prompt Distractors Compatibility effect
Wilt et al. 2023 1 32 | Written “£” | Audio-only Comparable
(online) and “&” stimuli of male | compatibility effects

speaker and of 15 ms for the
synthetic human stimuli and
(computer- 11 ms for the
generated) synthetic stimuli
saying ba, da

Wilt et al. 2024 1 50 | Written Videos with 49 ms

“&”, “£”, | audio of the
“%”, “#” | female speaker
saying /ba/, /la/, /

Ba/ /Ba/
2 ?7? | Written Videos with 55 ms
(online) “&) <L, audio of the
“%, “H#° female speaker
saying /ba/, /la/, /
Ba/ /ka/

following a written or auditory prompt (e.g., ba) while ignoring a distractor (e.g., a
video of someone saying “da”) (Kerzel & Bekkering, 2000). The results from
speech SRC studies are similar to those from manual SRC studies; i.e., RTs for
compatible prompt-distractor stimulus pairs are faster than RTs for incompatible
pairs, thus showing automatic imitation. As can be seen in Table 4.1, speech SRC
studies have addressed how a variety of factors affected the automatic imitation
effect, including mode of presentation of the distractor (Adank et al., 2018; Jarick
& Jones, 2009), emotional valence (Virhia et al., 2019), effect of sensorimotor train-
ing (Wu et al., 2019), speech feature overlap (Galantucci et al., 2009; Ghaffarvand
Mokari et al., 2020, 2021), and biological status of the distractor (Wilt et al., 2023).
However, it is unclear to which extent the effects in Table 4.1 can be explained by
current theories for speech processing.

Current speech, language, and dialogue processing models assume an interde-
pendence between speech production and speech perception (Pickering & Garrod,
2013; Schwartz et al., 2012). These models have incorporated a formalized control
mechanism in the form of online predictive forward and/or inverse processing
mechanisms that are reliant on close collaboration between speech perception and
production systems. In Pickering and Garrod’s integrated theory of language pro-
duction and comprehension (“integrated theory” for short), the connection between
speech perception and production is governed by forward models (Kawato, 1999;
Wolpert, 1997). A forward model predicts the likely outcomes of motor commands.
When planning to execute a speech action, a set of motor (articulatory) commands
is formulated. At the same time as the motor command, two control signals are
generated. First, a perceptual signal processes the proprioceptive (and/or visual/
auditory) experience in the speech production system of the action being executed.
This perceptual signal is used as sensory, or re-afferent, feedback of the action.
Second, an efference copy is created, which is an internally generated signal
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consisting of the motor command generated by the motor system. This efference
copy causes the forward model to generate a set of predictions regarding the out-
come of the articulatory motor command, which in turn leads the forward model to
construct a predicted percept of the experience of producing the planned utterance.
Importantly, this efference copy is processed faster than the articulatory motor com-
mand. The perceptual feedback signal and the predicted percept are compared in
real time during action execution. Whenever a discrepancy is detected, an error
signal is sent to the action planning mechanism, so it can update the motor plans.

When perceiving speech, a similar mechanism is presumed; except in this case,
a forward model generates a set of predictions regarding the upcoming sensory
signal. When the speaker is familiar or similar to the listener, and/or listening condi-
tions are favorable, listeners are thought to use a process of covert imitation to
generate a forward perceptual model that is built upon the listener’s simulations of
the speech utterance (the simulation route). Garrod and Pickering propose that the
simulation route facilitates joint action, especially in dialogue. Through the use of
action simulation, joint action can be successful because conversation partners can
effectively integrate and align their own action execution with their perception of
their conversation partner’s action. The perceptual system compares the forward
perceptual model with the perceived speech signal in real time. When the speech or
speaker is dissimilar, unfamiliar, or ambiguous (e.g., when noise is present), the
system will use the association route, in which incoming speech patterns are ana-
lyzed predominantly using auditory mechanisms. In sum, the integrated theory
therefore predicts that perception relies more on production processes when the
speech is largely similar to past experience, familiar, or easy to process and that
listening to dissimilar, unfamiliar, or harder-to-process speech signals relies more
on perceptual processing systems.

The integrated theory can account for automatic imitation effects as measured
using a standard speech SRC task. When observing an audio-only, video-only, or
audiovisual distractor stimulus, the integrated theory predicts that the simulation
route, and therefore, speech production substrates will be engaged, provided the
stimulus is familiar and produced clearly. Indeed, results from speech SRC studies
using familiar stimulus materials have shown an automatic imitation effect as pre-
dicted by the integrated theory (Adank et al., 2018; Galantucci et al., 2009; Jarick &
Jones, 2009; Kerzel & Bekkering, 2000; Klein et al., 2015; Wu et al., 2019).
However, if the distractor is less similar/familiar to the listener, for instance, when
the distractor stimulus syllable is computer-generated as in (Wilt et al., 2023), the
integrated theory predicts less engagement of motor substrates, as the association
route will be used, which does not engage production mechanisms, and thus pre-
dicts a smaller automatic imitation effect. This prediction was not borne out, as Wilt
et al. report nonsignificantly different automatic imitation effects for their human-
produced and computer-generated speech stimuli. Moreover, the integrated theory
does not make specific predictions regarding the engagement of speech production
mechanisms for the emotional valence of the speech stimuli (Virhia et al., 2019) or
more sophisticated phenomena, such as articulatory feature-specific effects
(Ghaffarvand Mokari et al., 2020, 2021; Roon & Gafos, 2015).
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In summary, it is unclear how speech perception and production processes are
linked, how these connections are forged and maintained, and whether and how the
potential interdependence of speech perception and production processing varies
depending on the interactive situation. In this chapter, we will evaluate the results of
speech SRC studies within a framework developed in cognitive psychology, namely
the theory of event coding (Hommel, 2019; Hommel et al., 2001). TEC is a frame-
work for action planning and action perception based on the ideomotor principle
and common coding principles of action and perception. TEC offers a flexible
framework for evaluating the link between action perception and action production
but has to date not been applied to speech processing. Indeed, Pickering and Garrod
(2013) propose that TEC might offer a mechanism through which speech and lan-
guage perception and speech and language production link together. Nevertheless,
the integrated theory has thus far not systematically exploited TEC’s potential
explanatory power, with respect to subphonemic effects, connections, emotional
valence effects, or processing unfamiliar and/or non-native stimuli. In this chapter,
we will review and evaluate the results of speech SRC studies within TEC, to estab-
lish whether this framework for action planning and action perception based on the
ideomotor principle and common coding principles of action and perception can be
extended to speech processing.

The Theory of Event Coding

The theory of event coding (TEC) was first formalized in 2001 as a response to
cognitive frameworks seeking to study action perception and production indepen-
dently (Hommel, 2019; Hommel et al., 2001). It was updated in 2019 with several
conceptual changes, although its basic principles remained the same. As described
in Hommel (2019), TEC currently consists of three general and five specific assump-
tions. Only assumptions immediately relevant for speech processing are discussed
in this review, for in-depth discussion of TEC and its assumptions; see Hommel
(2019) and Hommel et al. (2001).

TEC assumes (1) that action and perception share a common code and action and
perception are represented by the same feature codes and (2) that these codes refer
to the distal (i.e., environmental) features of the represented event. Furthermore,
five specific assumptions are as follows: (i) Event features are multimodal in nature,
(ii) there is a distinction between the activation and integration of feature codes,
(iii) the coding of events is modulated by intentionallattentional factors, (iv) stimu-
lus and response codes share a common code and differ only with respect to the role
they play in a task, and (v) feature codes are grounded in sensorimotor experience.
Below we outline how these concepts are implemented in TEC.

TEC’s definition of “an event” is flexible and can be redefined to range from
producing an individual speech sound to an entire narrative. Specifically, an event is
defined to encompass at minimum a single goal-directed action, such as pushing a
button in response to a prompt or producing a spoken syllable, but it has been
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presumed that it can also encompass a series of more complicated actions (Hommel,
2019; Hommel et al., 2001). However, for the purposes of this review and its focus
on speech, we define an event as a single perceived and/or spoken syllable (e.g.,
“ba” or “heed”). TEC’s assumptions relevant to speech processing are discussed in
detail below.

TEC: General Assumptions

Assumption 1 holds that action and perception share a common code and are
grounded in the ideomotor principle (Prinz, 1997). This principle states that actions
are defined in terms of their sensory consequences. Executing an action is thought
to trigger an adaptive process that results in the integration of motor patterns with
the sensory, re-afferent, information that the action generates, such as the proprio-
ceptive experience of moving one’s hand, or auditory effects related to speaking.
The re-afferent information is thus directly linked to the actual motor plans and can
be engaged to activate or prime these patterns. Therefore, action (motor patterns)
and perception (re-afferent sensory information) can facilitate or inhibit each oth-
er’s function because they overlap in their representations. TEC’s first general
assumption can, as is the case for the integrated theory, account for all basic speech
SRC effects, including all studies in Table 4.1. Table 4.1 shows automatic imitation
effects displaying faster responses for compatible prompt-distractor pairs ranging
between 4 ms (Galantucci et al., 2009) and 61 ms (Wu et al., 2019).

TEC’s assumption 2 predicts that event codes comprise feature codes that reflect
aspects of the perceived and planned event, such as perceiving and planning to pro-
duce a speech sound. It is this aspect of TEC explaining sophisticated speech per-
ception and action links that cannot be explained by the integrated theory. In contrast
to most manual actions (with the exception of sign language signs), speech sounds
are coded phonetically in terms of the articulatory movements involved in their
production, as formalized in the International Phonetic Alphabet (IPA, 1999).

TEC proposes an integrating mechanism that combines all features in an event
code, linked through general feature binding processes (Treisman, 1996). TEC pre-
sumes that event codes consist of feature codes encoding the characteristics of the
perceived or planned event. Hommel (2001) suggests that perceiving a cherry results
in the activation of feature codes that are linked to the characteristics RED, ROUND,
and SMALL, among others. Moreover, TEC presumes that activating any feature
code will prime all events it shares features with. Thus, observing the cherry will
facilitate perceiving other RED, ROUND, and SMALL objects or performing
actions in which objects are manipulated possessing these features. Therefore,
selecting the features of a to-be-executed action facilitates the perception and the
production of other events, when these events share features. Feature integration or
feature binding is proposed as the mechanism that creates event codes (Treisman,
1996). Feature binding allows sets of features to be combined into isolated per-
ceived or planned events. This mechanism allows the observer to allocate
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appropriate features to their linked events. For instance, if a cherry is observed
together with an apple, certain features will be shared across both perceptual events.
An apple is also ROUND, but not RED and not necessarily as SMALL. Observing
the apple should instead lead to activation of the feature codes GREEN, ROUND,
and BIG (relatively speaking). Observing both objects together would therefore
mean that five feature codes would be activated (RED, GREEN, ROUND, BIG, and
SMALL). Feature binding is the coupling or synchronization mechanism through
which RED, ROUND, and SMALL are attributed to the cherry and GREEN,
ROUND, and BIG to the apple.

TEC presumes that feature activation is achieved before feature integration. This
assumption has implications for predicting effects a perceived or planned event has
on the perception or planning of other events. Activated—but not yet bound—fea-
ture codes will prime (or facilitate) all representations that include this specific fea-
ture code in a cross-modal way. Thus, seeing something red will also facilitate
saying “red.” Once the feature code is bound into a more integral event code, this
feature code will interfere with perception or planning of other feature-overlapping
events (Stoet & Hommel, 1999). Hommel (2001) explains this interference as fol-
lows. First, observing an object might result in binding two feature codes (RED and
ROUND). Processing of another object will be facilitated if it has the same feature
combination (RED and ROUND) or a different feature combination (GREEN and
SQUARE), but predicts that it is difficult to process an object with partially overlap-
ping features (ROUND and GREEN). Hommel states that feature integration leads
to associations between feature codes and activating one feature of the emerging
event code will spread activation to the other elements. This process develops in a
facilitating manner when there is complete overlap (or no overlap), but interferes
when there is only partial overlap. Re-applying an event code or forming two unre-
lated ones is not problematic but forming two overlapping codes is and results in
interference. Hommel predicts a similar mechanism for action planning: If distinc-
tive features of two responses R1 (e.g., “move LEFT and FORWARD”) and R2
(“move LEFT and BACK”) overlap, execution of R2 should be inhibited as the criti-
cal feature code (LEFT) is already associated to R1 and less available for R2, result-
ing in response inhibition for R2.

Several studies already demonstrated that these principles of features overlap
during verbal planning using speeded syllable production experiments (Meyer &
Gordon, 1985; Yaniv et al., 1990). In both studies, participants were instructed to
plan a speed verbal production of one of two syllables (e.g., “ut”). They were then
instructed to either produce the prepared syllable or to utter the other syllable (e.g.,
“up”). The results were in accordance with TEC’s predictions, as pairs that showed
post-vocalic consonants that overlapped in the voicing feature (e.g., “up” and “ut,”
which both have a voiceless final consonant) produced longer re-planning times
than parings that showed no overlap (e.g., “up” and “ud” or “ut” and “ub”).

Under these assumptions, the results from experiments on automatic imitation of
speech using stimulus materials including consonantal distinctions (e.g., ba, da, ga
syllables, e.g., Kerzel & Bekkering, 2000) can be explained as follows. Observing a
spoken /b/ will result in the activation of those feature codes that represent the
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A Actiongoals ~ Voicing  Place Manner COMPATIBLE

Intentional/attentional ba -+ Distractor

weighting

“say ba” Prompt

Q,)) /ba/ Response

Event files/codes

/ba/response /da/response

B Action goals Voicing  Place Manner
INCOMPATIBLE

Intentional/attentional

weighting da -l Distractor

“say ba” Prompt

E f))) /ba/ Response

Fig. 4.1 Automatic imitation of speech per the predictions of TEC. Event files (left) for compati-
ble (top) and incompatible (bottom) speech SRC trials (right). (a) In the compatible trial, partici-
pants are instructed to produce the syllable “ba” following a prompt, and they are also presented
with a spoken (audio-only, audiovisual, or video-only) distractor of the same or a different syllable.
When the prompt and distracter are the same (A), it is presumed that the action goals (in blue)
consist of producing a consonantal voiced, bilabial, plosive sound (/b/) followed by a vowel /a/
(which is the same for both responses and not shown here). In TEC, attentional/intentional weight-
ing refers to the relative contribution of each feature code to the representation of an event. Feature
codes on dimension relevant to the task will have a stronger impact on the task than feature codes
for irrelevant dimensions. The attentional/intentional weighting (in red) is strongest (indicated by
a thicker red line) for features that allow this event file to contrast with others in the same response
set, indicated by thicker lines for place. Overall facilitation of the prompted response is indicated
by the thickness of the green lines surrounding the three event files, with thicker lines representing
relative facilitation and thinner lines representing relative inhibition. The event file contains repre-
sentations of both the planned response and the perceptual event (the distractor). The event file
associated with the /ba/ response is facilitated, as indicated by the thick green line surrounding the
event file. The event file for the /da/ response is neither facilitated nor inhibited. (b) shows event
files for an incompatible distractor /da/ for the response /ba/. Here, the event file for the /da/
response is facilitated relative to the /ba/ response due to the increased intentional/attentional
weighting of the alveolar feature because of the alveolar distractor, resulting effectively in interfer-
ence and slower production of the response

Event files/codes

/ba/response /da/response

(phonetic) attributes of this phoneme (symbols between forward slashes “/ /” indi-
cate a broad phonetic transcription per IPA). The consonant /b/ is followed by the
vowel /a/ for all consonant studies in Table 4.1. Following IPA, consonants are clas-
sified depending on their voicing, place of articulation, and manner of articulation.
For example, /b/ is a voiced consonantal, bilabial, plosive sound. These three fea-
tures are identical for perception and production of the /b/ phoneme and, per TEC’s
assumptions, bundled into the same event code (Fig. 4.1). Conversely, planning to
produce the sound /d/ activates feature codes that represent the attributes for a
voiced consonantal, alveolar, or plosive sound. Thus, where /b/ is produced by mov-
ing both lips together (bilabial), /d/ is produced by moving the tongue toward the
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alveolar ridge behind the teeth. Activating any feature in an event code will prime
other shared features. Therefore, planning to produce the sound /d/ will also activate
its shared perceptual features for /d/ (i.e., consonantal, voiced, and plosive).

TEC proposes that observation of the stimulus /b/ will first result in the parallel
activation of all feature codes related to that speech stimulus. Also, if one of the
features in the event code has already been activated or used to form another event
code, behavioral responses related to this activated event code are also facilitated
per TEC’s predictions as outlined above. Planning to produce the sound /b/ will
invoke a similar process. Second, all feature codes are integrated into a new event
code (Fig. 4.1). These feature codes are then no longer available for other coding or
integration processes. As a result, “Integration facilitation of processes operating on
feature-overlapping events turns into interference” (Hommel et al., 2001. p. 883).
Thus, per TEC’s predictions, planning to produce the syllable /ba/ activates the fea-
tures of consonant, voice, plosive, and bilabial. However, observing a syllable /da/
as a distracter in an SRC task, the features consonant, voice, plosive, and alveolar
are activated. As the features for /da/ partially overlap with those of /ba/, this com-
bination of promoted syllable and distracter syllable leads to interference and slower
response times.

As illustrated in Fig. 4.1, in a speech SRC task, when prompted to produce the
syllable “ba,” the event code for the /ba/response will activate the features relevant
for producing the initial voiced, bilabial, plosive consonant. A compatible distractor
(/ba/) will further strengthen the activation of the event code for /ba/. This strength-
ening will result behaviorally in facilitated response times for compatible ba-ba
prompt-distractor pairs. In contrast, when instructed to produce the syllable “ba” in
the presence of an incompatible distractor “da,” the response feature set for “da”
(voiced, alveolar, plosive) will present interference as the features for /ba/ (voiced,
bilabial, plosive) partially overlap with those for /da/ (voiced, alveolar, plosive).
This interference will result in slower response times for incompatible pairs, as the
action production system will have to correct for the erroneous activation of a motor
pattern involving the tongue (vs. the lips) for producing “da.”

Ghaffarvand-Mokari et al. (2020, 2021) exploited IPA’s feature-based classifica-
tion of vowels to establish if and how automatic imitation effects for speech are
modulated by phonetic featural overlap between the stimulus and response in two
studies. In IPA, vowels are classified in terms of the position of the jaw, tongue, and
lips during production. These features tend to be explained for the cardinal vowels,
i.e., the vowels at the extreme articulatory configurations in relation to each other,
in particular /i/, /u/, /a/. /il is a produced with an almost closed jaw and therefore
with a raised tongue position, with the tongue tip position close to the teeth (fronted
tongue position) and unrounded lips. /u/ is produced with an almost closed jaw posi-
tion, with the tongue pulled back and with rounded lips. /a/ is produced with the jaw
more open and thus a lower tongue position, with lips neither rounded nor rounded
and with the tongue in a neutral position in the mouth. In IPA terminology, /i/ is
described as a close, front, unrounded vowel, /u/ as a close, back, rounded vowel,
and /a/ as an open front, unrounded vowel. Two studies have exploited the featural
composition of vowels to evaluate the sensitivity of the speech processing system to
these subphonemic features (Ghaffarvand Mokari et al., 2020, 2021).
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In Ghaffarvand-Mokari et al. (2020), native German participants were presented
with audio-only distractors consisting of an isolated vowel /e/ (a close-mid
unrounded front vowel), /i/, /o/ (a close-mid back rounded vowel), or /u/. All iso-
lated vowels were extracted from a /dVk/ consonantal context. Participants were
instructed to either produce “ee” (/e/) or “uu” (“ee” and “uu” are produced as /e/ and
/u/ in German) following a written prompt. Ghaffarvand-Mokari et al. report a gen-
eral automatic imitation effect of 7 ms when contrasting incompatible with compat-
ible distractors. Moreover, they report modulation of the size of the automatic
imitation effect depending on the overlap between the distractor and response in
terms of phonetic features. When the distractor and response overlapped in all fea-
tures (e.g., when an /u/ response was paired with an /u/ distractor), automatic imita-
tion effects were the largest. Automatic imitation effects for /u/-/i/ were the smallest,
as these two vowels share the least phonetic features. Further analysis of the results
showed a subtle parametric modulation of automatic imitation effects per increase
in phonological feature between distractor and prompt, i.e., an increase of 3 ms per
phonetic/phonological features, for /u/ responses only.

Ghaffarvand Mokari et al. (2021) conducted a follow-up study and further
explored the effects of feature overlap between vowel stimuli and responses in terms
of phonetic features. Here, they also explored the effects of acoustic overlap. They
used the same audio-only recordings of /e/, /i/,/o/, /u/ in /dVk/ context as Ghaffarvand
Mokari et al. (2020), except in this experiment they were presented in their original
/dVk/ context. Participants again produced /e/ or /u/ responses. Results for the over-
all automatic imitation effect replicated the previous study (7 ms) and showed para-
metric modulation per increase in phonetic feature (3 ms), for both /e/ and /u/
responses. In addition, the study reported small but significant effects of acoustic
distance showing parametric modulation of 1 ms per ERB (Equivalent Rectangular
Bandwidth, Moore & Glasberg, 1983) of acoustics distance between response and
distractor. The results from both Ghaffarvand Mokari et al. (2020) and Ghaffarvand
Mokari et al. (2021) thus show the effects of stimulus-driven modulation in line
with TEC’s predictions. When there is less featural overlap between response and
distractor, there will be less interference due to the co-activation of response codes
related to the distractor, resulting in smaller automatic imitation effects. TEC there-
fore can explain sophisticated subphonemic effect that cannot be accounted for by
the integrated theory.

TEC: Specific Assumptions
Event Features Are Multimodal

TEC’s first specific assumption that event features are multimodal in nature stems
from its general assumption that action and perception features are distally coded.
Distal coding of events implies that action perception and generation are modality
general, as the coding mechanism is not restricted by physical or physiological
characteristics (e.g., the resolution of the auditory system). Automatic imitation
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effects for speech have predominantly been reported for video-only or audio-only
distractor stimuli (Table 4.1). Overall, it appears that automatic imitation effects for
video-only distractors are overall larger than those measured for audio-only distrac-
tors. However, two of the studies listed in Table 4.1 compared whether automatic
imitation effects are modulated by the modality of the distractor directly. Jarick and
Jones (2009) presented participants with video-only, audio-only, and audiovisual
distractors that consisted of spoken consonant-vowel (CV) syllable in which the
consonant varied (/b/ or /g/) and the vowel remained stable (/a/), resulting in two
distractor stimuli (BA and GA) that differed in the place of articulation and thus
their primary articulator (lips for BA, tongue for GA). Participants were presented
with the stimuli in a within-subject design with three blocks (video-only, audio-
only, and audiovisual distractors). They once completed the experiment with vocal
responses and once with manual responses for the same stimuli. The results showed
automatic imitation effects for the vocal responses only, thus demonstrating that the
automatic imitation effect is effector-specific. Second, similar effects were found
for all three modalities.

In both experiments in Adank et al. (2018), distractor stimuli consisted of spoken
consonant-vowel-consonant (CVC) syllables in which the vowel varied (/e/ or /u/)
and the consonants remained the same (/h/ and /d/), resulting in two written distrac-
tor stimuli (HEED and HOOD) that differed mostly in vowel (lip) rounding (/e/ is
unrounded, /u/ is rounded). In Experiment 1, participants were tested in a between-
subject design split by modality condition (video-only, audio-only, and audiovisual
distractors), while participants in experiment 2 completed all conditions in a within-
subject design. The results followed a similar pattern as in Jarick and Jones:
Automatic imitation effects were reported (albeit smaller than in Jarick and Jones),
but these were not modulated by modality. The results from both these studies con-
firm TEC’s specific assumption that event features are multimodal in nature as no
modality-specific differences were reported for either study.

Intentional/Attentional Processing Modulates Event Coding

TEC’s event coding is modulated by attentional and/or intentional processing. It is
predicted that features are given differential weighting in perception and production
depending on their relevance to the task. In action perception, feature weighting is
regarded as an attentional process, while in action production it can be seen as an
intentional process. Due to its inclusion of feature weighting, TEC can explain a
wide range of phenomena, including effects of top-down features such as task
instructions. However, thus far only the results from a single study unequivocally
support this prediction (Longo et al., 2008).

Longo et al. tested TEC’s assumption in a manual SRC study in which partici-
pants pressed a key with either their index or middle finger following a written
prompt. The distractor stimuli were either animations of possible or impossible
actions. In the possible distractor stimuli, a hand was shown without any modifica-
tions, executing the index or middle finger movement. The impossible actions
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showed a modified hand in which the finger bent inwards, thus displaying an impos-
sible movement. In Experiment 1, participants were presented with both types of
stimuli. The results showed automatic imitation effects for both possible and impos-
sible stimuli of 7 ms. In experiment 2, participants were informed that the impos-
sible stimuli were artificially created and could not be performed, thus focusing
participants’ attention on the feasibility of the actions. The results for experiment 2
showed a difference from those of experiment 1, as no automatic imitation effect
was found for the impossible stimuli, while an automatic imitation effect of 9 ms
was reported for the possible stimuli. These results suggest that focusing partici-
pants’ attention on stimulus-specific features affects the extent to which stimulus-
related event codes interfere with responses.

In contrast, other manual SRC studies did not support TEC’s prediction that top-
down manipulations affect the saliency of specific features (Cracco et al., 2018;
Press et al., 2005, 2006). Press et al. (2005) presented participants with stimuli
representing an opening or closing hand. The stimuli were produced by a human or
a robot (and therefore no top-down or belief manipulation was included) or were
naturalistic or schematic, in a factorial design. RTs were measured using electromy-
ography to the participants’ right first dorsal interosseus muscle, while participants
made a prespecified response per stimulus block by either opening or closing their
hand, in two sessions spaced a day apart. Press et al. found larger automatic imita-
tion effects for the human stimuli (33 ms) versus robotic stimuli (6 ms). The authors
found no effect of the schematic versus naturalistic manipulation of the stimuli.
Press concludes that lower automatic imitation effects for the robotic stimuli show
that human movement stimuli may be more effective visuomotor primes than
robotic movement stimuli.

Press et al. (2006) manipulated stimuli depicting a human hand by adding a
metal wire wrist and informed participants that these stimuli were produced by a
robot. Participants in Experiment 1 produced a prespecified response (hand opening
or closing) for compatible and incompatible distractors, while RTs were measured
as in Press et al. (2005). They report no significant difference between SRC effects
for the human (16 ms) and robotic stimuli (26 ms). In Experiment 2, participants
were tested in a between-group design aiming to disentangle beliefs about the stim-
uli from stimulus animacy. Participants were shown either a genuine human or
robotic hand (blue animated silhouettes) producing the actions; participants pre-
sented with the genuinely human stimulus were told that the hand was either human
or robotic in the two sessions of testing. Experiment 2 removed the confound
between the belief manipulation (informing participants that the stimuli with the
added wrist were robotic) and a stimulus-driven (or bottom-up manipulation)
manipulation (changing the stimuli by adding a wrist). In experiment 2, the belief
manipulation was genuine and not implemented by changing the visual stimulus
materials, while the bottom-up manipulation (stylization and the blue color) was
applied to both types of stimuli. Participants who were presented with the genuinely
robotic stimulus were told that the movement was generated by either human or
robotic movement. The participants who were shown the genuine human stimuli
displayed 15 ms automatic imitation effects for the stimuli they were told were
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human and 14 ms for the stimuli they were told were robotic. The group of partici-
pants who were shown the genuine robotic stimuli showed automatic imitation
effects of 5 ms for the stimuli they were told were human and the same for the
stimuli they were told were robotic. Neither experiment showed evidence that
beliefs (or top-down effects) affect the size of the automatic imitation effect, but
Experiment 2 demonstrated that stimulus properties (bottom-up effects) can modu-
late automatic imitation effects, with greater effects for stimuli that were genuinely
robotic (and that might have been less effective distractor stimuli than the human
stimuli). In their meta-analysis, Cracco et al. (2018) reported no effect of top-down
manipulations on automatic imitation effects for manual actions. However, Cracco
et al. mentioned also that the number of studies investigating top-down manipula-
tions is overall too low to reach definite conclusions and that it may be a possibility
that automatic imitation effects do not differ when the nonhuman stimuli are too
human-like.

We conducted a study to establish if the effects reported by Longo et al. or those
by Press et al. replicate speech stimuli. Wilt et al. (2023) aimed to establish how
automatic imitation effects for vocal actions are affected by the biological status of
these actions. We conducted an online speech SRC task in which we presented par-
ticipants with speech stimuli (“ba” and “da”) produced by a male human speaker
and computer-generated using a speech synthesizer. We informed participants
which stimuli were human-produced and which were computer-generated. The
results showed an automatic imitation effect for both types of stimuli, and that this
effect was statistically identical for the human (15 ms) and computer-generated
(11 ms) stimuli. Therefore, while the results showed a trend toward a smaller auto-
matic imitation effect for the computer-generated stimuli, including the interaction
between automatic imitation and biological status in the statistical model did not
improve model fit. This pattern in the results was reported despite a small, but sig-
nificant, difference in intelligibility of the human (99%) and computer-generated
stimuli (97%). Therefore, the results from Wilt et al. did not replicate the effects
reported in Press et al., where non-biological stimuli evoked smaller automatic imi-
tation effects, nor did they replicate Longo et al.’s results with respect to their top-
down belief manipulation. Instead, speech stimuli seem to evoke automatic imitation
effects regardless of their biological status and stimulus characteristics.

A second study from our group showed effects that appeared to partially support
TEC’s predictions regarding attentional weighting (Virhia et al., 2019), but only
when attention was directed toward the production of the prompt. Virhia et al.
explored the independent effects of the emotional valence of the distractor and the
observer’s emotional state on speech production. Participants completed an SRC
paradigm for visual-only speech stimuli, consisting of emotional (happy or angry)
or neutral AA (/a/ or OO (/o/) isolated vowels. Participants completed a series of
eight SRC tasks in total (see Fig. 4.1 in Virhia et al. for more details), in which they
produced the /a/ or /o/ in a neutral tone of voice or in a happy or angry tone of voice.
They did so in the presence of video-only distractor stimuli either displaying a
female speaker producing a neutral /a/ or /o/ or a happy or angry version of both
sounds. Results from the eight tasks were combined into a 2x2 factorial analysis
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that aimed to untangle the effects of the emotional valence of the response from the
emotional valence of the distractor stimuli. Results showed that automatic imitation
effects were larger whenever participants produced an emotional response (42 ms)
vs. when they produced a neutral response (30 ms). TEC predicts that the emotional
valence of the stimulus materials would have to increase automatic imitation effects,
as specific feature codes, namely the emotional status of the distractor stimulus,
would have had an increased intentional/attentional weighting. However, the emo-
tional valence of the distractor did not modulate automatic imitation effects. TEC’s
prediction was thus not confirmed for the distractor stimuli. Results instead show
that attentional focus on one’s own actions modulated the intentional/attentional
weighting of the prompt. However, it is unclear how TEC can account for the
increase in the automatic imitation effect, as it predicts that attentional focus should
increase automatic imitation effects. TEC’s prediction is based on manipulations of
the distracter and does not consider changes to the execution of the prompt or
response.

Wilt et al. (2024) aimed to establish whether automatic imitation effects could be
modulated by the familiarity of speech sounds presented in audiovisual distractors.
In a within-subjects laboratory-based experiment (experiment 1) and its online rep-
lication (experiment 2), participants performed an SRC task with native sounds (/
ba/ and /la) and an SRC task with non-native sounds (voiced bilabial trill /Ba/ and
voiced alveolar lateral fricative /a/). Results across experiments demonstrated
larger automatic imitation effects in the non-native task (64 ms in experiment 1 and
66 ms in experiment 2) than in the native task (36 ms in experiment 1 and 45 ms in
experiment 2). As participants consistently perceived and produced either native or
non-native sounds, the study was unable to disentangle whether the enhanced auto-
matic imitation effects in the non-native tasks were driven by perceiving or by pro-
ducing unfamiliar speech actions/sounds. Both options are in line with TEC’s
predictions/claims. Research on accent intelligibility suggests that non-native
speech patterns are less well recognized and processed more slowly than native
speech sounds (Adank et al., 2009; Floccia et al., 2009; Van Wijngaarden, 2001).
Hence, it is possible that in the non-native task in Wilt et al. (2023), participants
attended more closely/strongly to the distractor stimuli than in the native task,
thereby enhancing automatic imitation effects. It is also possible that the effort and
the attentional focus required to produce novel speech actions modulated the inten-
tional/attentional weighting of the non-native distractors, yet these two possibilities
are not mutually exclusive.

Studies conducted thus far seem to converge on the notion that top-down manip-
ulations such as the biological origin of the action do not enhance automatic imita-
tion effects, as predicted by TEC. Instead, top-down manipulations generally do not
affect automatic imitation effects. No other SRC studies using speech stimuli have
thus far manipulated top-down or attentional factors. However, it seems plausible
that attentional weighting may be able to explain effects related to the production of
the prompted action, as reported for emotional prompts (Virhia et al., 2019), or
prompts with a non-native initial consonant (Wilt et al., 2023).
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Feature Codes Are Grounded in Sensorimotor Experience

TEC proposes that feature codes are grounded in sensorimotor experience. This
assumption is interpreted as that feature codes are created through associations
between sensory and motor events. TEC also suggests that these associations are
flexible and can be modified through experience. This assumption thus proposes
essentially that the creation of new and maintenance of existing codes relies on
domain-general associative learning principles and is closely linked to Pavlovian/
operant condition principles (Heyes, 2011). Several manual SRC studies demon-
strated that sensorimotor links themselves are indeed flexible and can be selectively
modified using targeted training (Bird & Heyes, 2005; Heyes, 2005). We conducted
areplication of these studies to establish if speech sounds are similarly flexible (Wu
et al., 2019). In Wu et al., participants performed a standard speech SRC task, in
which they produced CV syllables following a written prompt articulation (BA or
DA) in the presence of a compatible or incompatible video-only distractor. Next,
they were split into two groups and received either mirror training (“say /ba/ when
the speaker says /ba/” and likewise for /da/) or counter-mirror training (“say /da/
when the speaker silently says /ba/” and vice versa). The next day, they repeated the
initial speech SRC task. Automatic imitation effects were enhanced from 42 ms to
61 ms following mirror training, but not significantly reduced following counter-
mirror training. These results confirm, in part, the proposal that sensorimotor links
are flexible for speech sounds as well. However, the result indicated that sensorimo-
tor training was only able to enhance existing sensorimotor links, but not weaken
them. This difference between manual sensorimotor training studies and Wu et al.’s
results could be due to the differences between the types of actions used. Manual
studies tend to use hand opening and closing, while speech studies use complex
linguistic structures. In addition, consonant pairs such as /p/ and /b/ are also categor-
ically perceived (Liberman et al., 1957). Manual movements, such as hand opening
and closing, are generally not categorically perceived, unless these movements are
signs in a signed language and produced by a native signer (Emmorey et al., 2003).
Perhaps actions with a more complex structure are less susceptible to counter-mir-
ror training. This possibility will need to be explored in more detail in future
research.

Nevertheless, the results reported in Wilt et al. (2023) discussed TEC’s atten-
tional/intentional processing assumption above do not support TEC’s prediction
that having had more sensorimotor experience with an action will increase the auto-
matic imitation effects associated with that action. Wilt et al. report smaller auto-
matic imitation effects for native prompt-distractors pairs than for non-native pairs.
It thus seems to be plausible that attentional/intentional effects might facilitate the
event file for the non-native response more compared to relative to sensorimotor
experience’s facilitation of the native response.
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Conclusion

This chapter aimed to establish to which extent TEC’s assumptions can explain
results for speech SRC studies. The results discussed in this chapter present a mixed
picture. With respect to TEC’s general assumptions, the literature review showed
the following. TEC assumes that perception and production share a common code
where both processes are represented by feature codes. The speech SRC studies
discussed all confirm this assumption, as all studies in Table 4.1 show a basic auto-
matic imitation effect, ranging between 4 ms (Galantucci et al., 2009) and 62 ms
(Wuetal., 2019). TEC’s feature-based approach makes it especially suited to study-
ing speech perception-action links. This assumption was explored in detail in
Fig. 4.1, and we argued that TEC can explain all feature-based results in Table 4.1.
This pattern in our results is despite Hommel et al. (2001) explicitly excluding
speech stimuli from the scope of TEC (although this caveat was not present in the
2019 follow-up paper). However, Hommel et al. propose another restriction on the
use of feature coding; i.e., TEC makes an exception for highly overlearned actions,
thus proposing that its predictions do not apply to overlearned actions, potentially
including phonemes in our native language.

Native phonemes can be considered to exist in an already integrated event code
and thus do not have to be integrated into a new event code every time they are per-
ceived or produced. If this assumption was valid, TEC’s predictions with respect to
feature integration and event coding would not apply. However, it appears that
native phonemes are treated by the perception and production system as sets of
features instead of as integrated events. TEC’s proposed mechanism of feature cod-
ing was shown to be overall applicable to speech events as defined in this chapter.
TEC can effectively explain results for speech SRC studies manipulating subphone-
mic features between their distractors (Galantucci et al., 2009; Ghaffarvand Mokari
et al., 2020, 2021; Roon & Gafos, 2015).

Overall TEC'’s first specific prediction regarding the multimodal status of the
distal stimuli fits with results reported for speech SRC studies comparing automatic
imitation effects across audio-only, video-only, and audiovisual distractor modali-
ties (Adank et al., 2018; Jarick & Jones, 2009). The second specific assumption that
there is a distinction between activation and integration for feature codes was previ-
ously supported for two speech production studies using speech stimuli (Meyer &
Gordon, 1985; Yaniv et al., 1990). However, this assumption has not yet been tested
using a speech SRC experiment and is not discussed in detail in the present chapter.
TEC’s third specific assumption predicted that intentional/attentional modulation
toward aspects of the distractor stimulus would positively modulate automatic imi-
tation effects. The results from two of our studies did not confirm this assumption,
Wilt et al. (2023) found a null effect on the biological status of the distractor stimu-
lus, and Virhia et al. (2019) found a null effect on the emotional valence of the dis-
tractor stimulus, yet reported an increase in automatic imitation effects for conditions
in which participants were to speak with an emotional tone of voice. The final
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specific assumption states that feature codes are grounded in sensorimotor experi-
ence. This assumption was partially confirmed for speech, as Wu et al. showed that
sensorimotor training was able to enhance existing sensorimotor links, but not
weaken them. Also, results from Wilt et al. (2023) contradict TEC’s assumption that
sensorimotor experience enhances automatic imitation effects, as participants
showed larger effects for stimuli that had had less experience with (non-native
speech sounds). Wilt et al.’s results suggest that attentional/intentional factors might
‘overrule’ effects on event codes from enhanced sensorimotor experience.

Summary and Outlook

Taken together, the results discussed above imply that, compared to the integrated
theory, TEC is largely able to account for more sophisticated effects, including
effect of subphonemic and sensorimotor training effects. There are two obvious
ways forward. First, Pickering & Garrod’s (2013) integrated theory cannot explain
effects in Table 4.1 beyond the basic automatic imitation effect, but interestingly,
explicitly alluded to TEC as a possible synthesis for how sensory and action features
are connected. The integrated theory could be extended with the common coding
approach to explain how speech events are treated by the model. Second, TEC could
be updated to (more) explicitly incorporate speech events and with a mechanism
that accommodated feature codes of the prompted response. For manual actions,
response codes are not generally required, as it is not straightforward to focus atten-
tion on specific response features, with the exception of response force or delay.
Speech stimuli, however, can vary widely in their response features, e.g., by varying
the emotional valence, intonation of the response, loudness, or by producing non-
native speech sounds. In conclusion, the integrated theory and TEC both represent
an improvement on traditional unimodal theories of speech production and offer the
potential to provide a comprehensive model for the link between speech perception
and production.
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Chapter 5 )
Automatic Imitation B
and the Correspondence Problem

of Imitation: A Brief Historical Overview

of Theoretical Positions

Marcel Brass

Automatic Imitation and the Correspondence Problem
of Imitation: A Brief History

Imitation is considered one of the major tools for social learning (Boyd & Richerson,
1996). It allows infants and adults to acquire new motor skills. Furthermore, it con-
tributes to smooth social interactions (Chartrand & Bargh, 1999). Importantly, imi-
tation might also be a useful mechanism for artificial agents to acquire and transmit
behaviour and to create social bonds with human agents (Breazeal & Scassellati,
2002; see also Chaps. 13 and 14; this volume). Therefore, understanding the func-
tional mechanisms underlying imitation is extremely important. Intuitively, imita-
tion is a very simple act: you do what you see. However, on closer inspection, this
rather intuitive description becomes less plausible. Already in the eighteenth cen-
tury, Tetens (1979) described the functional problem of imitation: he wondered how
an action that we observe can be imitated, given that we only observe the ‘outside’
(the effect) of the action but not the ‘inside’. In other words, when we observe a
body movement, we do not perceive the muscle activation underlying that move-
ment but rather the external consequences of the movement. So how can the observer
know which muscle activation will lead to the observed movement? This problem
has been called the correspondence problem of imitation (Brass & Heyes, 2005;
Heyes, 2001), and various solutions to this problem have been proposed ranging
from an innate ability to associative learning. In the following, I will give a brief
historical overview of potential solutions to the correspondence problem.
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A Historical Perspective

Research on imitation has a long history in psychology, and the functional mecha-
nisms underlying imitation have intrigued researchers for a long time (see Scheerer
& Schonpflug, 1984). Theories of imitation provide a mirror to the scientific
‘Zeitgeist’ at the time they were developed and similar solutions to the correspon-
dence problem have reemerged in psychology over the centuries.

Imitation as a Conditioned Reflex

Early views on imitation assumed it to be an instinct (e.g. James, 1890). Only in in
the nineteenth century, this perspective was called into question and alternative
views developed. Bain (1855), for example, put forward a number of arguments
against the instinctive nature of imitation. He argued that imitation only develops
relatively late in ontogeny. Furthermore, he argued that the correspondence between
the behaviour of the model and the behaviour of the imitator does not occur instan-
taneously. His most convincing argument, however, was that imitation as an instinct
would require an infinite number of innate links between observed and executed
behaviours. Bain (1855) concluded that imitation must be based on acquired asso-
ciations between observed and executed behaviours. This already set the stage for a
learning theoretical approach to imitation. Thorndike (1911) argued that imitative
behaviour does not differ from any other learned behaviour equalling imitation with
any other habit. This position was further developed by Humphrey (1921). He
describes the basic mechanisms underlying a conditioned reflex approach to imita-
tion. First, imitation is based on a circular reflex (Baldwin, 1894) where a specific
stimulus leads to an action that serves as a trigger for that same action. The example
he gives is the crying of a baby. A painful stimulus triggers a baby to cry. Then,
however, hearing the crying becomes a conditioned stimulus that triggers further
crying so that the unconditioned stimulus is not required anymore for the crying to
continue. Moreover, also hearing another baby crying will trigger the baby to cry.
The second basic mechanism that explains imitation from a conditioning perspec-
tive is simultaneously observing and executing a specific movement. If an uncondi-
tioned stimulus leads the baby to smile while observing the mother smiling, the
smiling of the mother becomes the conditioned stimulus for the smiling of the baby.
Both principles raise fundamental questions. The circular reflex idea raises the
question of how it can be stopped. If the effect of an action activates the action
which produces the effect, this leads to an infinite regress. Furthermore, the idea that
imitation is based on an accidental co-occurrence of the executed action with an
identical observed action is problematic, because such a mechanism should produce
all kinds of weird associations between random environmental events with specific
behaviour. Furthermore, these approaches require an unconditioned stimulus to
allow imitative behaviour to occur. Accordingly, Mowrer (1960) concludes that the
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idea of imitation as a conditioned reflex is a “...feeble fabrication witch is neither
logically consistent nor empirically well supported’ (s. 104).

Imitation Explained by Operant Conditioning

Miller and Dollard (1941) tried to explain imitation with operant conditioning. Like
the conditioned reflex explanation, they assumed that the acquisition of imitative
behaviour does not differ from the acquisition of any other learned behaviour. If a
behaviour is accidentally imitated and the imitative act is rewarded, the observed
behaviour becomes a discriminative stimulus for the executed behaviour. Assume
that a mother smiles and the baby accidentally also smiles at the same time and is
rewarded for this smile by the attention of the mother. This would lead to learning
of an imitative act via operant conditioning. Like the explanation of imitation as a
conditioned reflex, the operant conditioning interpretation raises the question of
why imitation is so dominant compared to other forms of behaviour. Furthermore,
the question arises whether it is plausible to assume that all imitative acts are
acquired through extrinsic reward.

Modern Associative Learning Approaches

The idea that imitation is acquired via general learning mechanisms is far from
being dead. Rather modern associative learning theories such as the associative
sequence learning model of imitation (ASL) by Heyes (2001) try to explain imita-
tion with general learning principles (Cook et al., 2014). The ASL model assumes
that imitation is made possible by an excitatory link between a sensory representa-
tion of the observed movement and a matching motor representation (matching ver-
tical associations). These associations are formed through the experience of
concurrent activation of sensory and motor representations. In addition to these
direct vertical associations, vertical associations can also be formed indirectly via
verbal mediation. Learning of novel behaviour via imitation is achieved by a forma-
tion of links between sensory representations (horizontal associations) which have
matching vertical associations. Assume that a dancer needs to learn a new sequence
of dance moves. The single dance moves are already in the motor repertoire of the
dancer, and their perceptual representation is associated with a specific motor pro-
gram (i.e. a vertical association). Learning then requires linking the existing sensory
representations of the single dance moves (i.e. forming horizontal associations).
The ASL model emphasizes the similarity of imitative and non-imitative stimulus-
response (S-R) associations. The privileged role of imitative compared to non-
imitative S-R associations is simply due to the fact that the likelihood of forming
matching vertical associations is high, because movement execution is often associ-
ated with perceiving the sensory consequences of the own movement. This model
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can account for the imitation of opaque movements (i.e. movements where the
visual sensory consequences of the movement are not visible by the agent) via the
experience of mirrors or verbal mediation. Furthermore, it can deal with the diver-
sity of imitative phenomena. However, it has to address the question of what in
particular makes imitative S-R associations so powerful for the acquisition of motor
skills and language compared to non-imitative S-R associations.

The Revival of Imitation as an Innate Mechanism

While the idea of imitation as an instinctive behaviour was dismissed in the nine-
teenth century, the finding of neonatal imitation in the late 1970s led to a revival of
the innate imitation hypothesis (Meltzoff & Moore, 1977). In contrast to the instinct
interpretation of imitation, such accounts do not assume that all imitative acts are
innate but rather that there is an innate mechanism specifically dedicated to imita-
tion that provides the basis for imitative learning. The most prominent theory of this
kind is the active intermodal matching model (AIM) by Andy Meltzoff (Meltzoff,
2002). While this model was primarily developed to explain neonatal imitation of
simple facial acts, it has been extended to account for imitative phenomena in gen-
eral. The AIM model assumes that the visual input is matched to the motor output
via a supramodal representation. This matching is possible because it is assumed
that infants at birth possess a very primitive body scheme on which they can map
organ relations. As already outlined above, the strongest support for this model
comes from neonatal imitation of facial gestures (Meltzoff & Moore, 1977). This
finding is, however, very controversial (e.g. Anisfeld, 1996; Oostenbroek et al.,
2016). Furthermore, the model assumes that a dedicated mechanism for imitation
exists. One question that has not received much attention in the literature is whether
there is neuropsychological evidence for such an imitation mechanism.

Another theory that assumes an innate mechanism for imitation is the mirror
neuron theory of imitation (for an extensive discussion see Cook et al., 2014).
Mirror neurons have been found in the ventral premotor cortex and the inferior
parietal cortex of the macaque brain (di Pellegrino et al., 1992). These neurons are
active when the monkey observes an action and also when it executes the same
action. Therefore, they can be seen as a single-cell correlate of transforming
observed into executed action. This makes mirror neurons a plausible candidate for
a neural correlate of imitation. It has been argued that mirror neurons are an evolu-
tionary adaptation (Ferrari et al., 2009). This hypothesis comes in different degrees.
Some argue that the mirror system itself is innate. Some have argued that mirror
neurons are the result of Hebbian learning but that a bias to associate observed on
executed behaviour is genetically determined (Del Giudice et al., 2009; Keysers
et al., 2014). However, one might argue that evidence for an innate mirror neuron
system is sparse. For long, the mere existence of mirror neurons has been taken as
evidence for their phylogenetic origin. However, all learning or motor control theo-
ries of imitation predict the existence of mirror neurons as well (M. Brass & Heyes,
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2005; Cook et al., 2014). There is an additional problem with the idea that imitation
is based on an innate mirror neuron system, namely that mirror neurons have been
found in general-purpose motor control areas intermingled with neurons that do not
have mirror neuron properties. First, the species in which mirror neurons have been
identified does not really imitate (Visalberghi & Fragaszy, 2002).

An Ideomotor Approach to Imitation

Throughout the history of research on the functional problem of imitation, theories
of imitation have struggled with two seemingly contradictory properties of imitative
behaviour. First, imitation seems to be a special phenomenon that differs from other
forms of learned behaviour and has a specific status in motor learning and social
behaviour. These specific properties of imitative behaviour have led to the assump-
tion that imitation must be based on an innate dedicated mechanism. Second, imita-
tive behaviour describes a very broad class of behavioural phenomena, ranging
from very simple motor primitives to complex social behaviour. This breadth of
imitative phenomena has led researchers to assume that it must be based on general-
purpose learning mechanisms (Heyes, 2001). Various attempts have been made to
account for both aspects of imitation, either by assuming that an innate mechanism
guides or biases general-purpose learning (e.g. Del Giudice et al., 2009) or by
assuming that imitative behaviour is specific because it is based on self-observation
which by its nature constitutes a specific type of sensorimotor mapping. Interestingly,
a very old theory of motor control, the so-called ideomotor theory (James, 1890),
addresses these seemingly contradictory properties of imitation. However, it took a
long time before ideomotor theory was considered as a solution to the correspon-
dence problem of imitation (Prinz, 2005).

The ideomotor principle goes back to the nineteenth century (James, 1890) and
was developed to explain voluntary control of behaviour. The crucial question was
how we can control our movements without having access to the workings of our
motor system because movements seem to be primarily represented by their sensory
consequences. The solution to this problem was to assume that actions are con-
trolled by an anticipation of their sensory consequences. In other words, if I want to
lift my arm, I anticipate how it looks like or feels to lift the arm. This ‘idea’ of the
movement triggers the associated ‘motor’ command (hence ideomotor). However,
the ideomotor principle was dismissed by behaviourism because the idea that
behaviour was controlled by anticipations of the sensory consequences seemed
superfluous. Only in the seventieth of the twentieth century, Anthony Greenwald
(Greenwald, 1970a, b, 1972) revived the ideomotor principle and developed the
‘Theory of Ideomotor Action’. This theory was based on two assumptions: first,
actions are represented by an anticipation of their sensory consequences; second,
these anticipatory images are used to control behaviour. While these two assump-
tions reformulate the old ideomotor principle, Greenwald (1970b) made the connec-
tion to imitative behaviour and proposed ideomotor theory as an extension of



90 M. Brass

Fig. 5.1 Acquisition of an ideomotor representation. (Adapted from Greenwald, 1970). (a) A
stimulus (S) triggers a specific response (R) that leads to a sensory effect (E). (b) After learning,
the stimulus will activate an anticipation (e) of the effect that precedes the response. (¢) This antici-
pation (e) becomes conditioned to the response and allows for control of the response. (d) Priming
by action observation: a stimulus that resembles the effect of the action (Se) primes the ideomotor
representation (e) which activates the response. (Brass & Muhle-Karbe, 2014, p. 195)

classical S-R learning (see Fig. 5.1). The basis for ideomotor representations is the
circular reflex, where a motor output triggers a sensory consequence that becomes
associated with the motor output and subsequently triggers this motor output. While
the circular reflex idea can be sufficiently explained from a simple associative learn-
ing perspective, the ideomotor interpretation of the circular reflex adds an additional
representational level. Through learning, an anticipation of the sensory consequence
is formed. Now, observing a behaviour executed by someone else can trigger the
anticipation of the sensory consequence of the movement which is associated with
the motor command (Fig. 5.1).

Such a conceptualization of the circular reflex has a crucial advantage; namely, it
solves the problem of how self-imitation can be stopped. Greenwald (1970b) writes,
‘The ideo-motor mechanism avoids the circular reflex mechanism’s difficulty in
explaining cessation of action by attributing a facilitatory function to the image of
feedback from an action rather than to the feedback itself. Thus, only a simple abil-
ity to discriminate image from actual feedback is required to enable the organism to
cease an action initiated by the former on reception of the latter’ (p. 86). One of the
major advantages of the ideomotor principle is that it leads to a ‘natural” solution to
the correspondence problem. Because actions are controlled by an anticipatory
image of their sensory consequences, observing an action activates or primes this
anticipatory image via similarity. Consequently, one of the key predictions of the
ideomotor theory of action is that action observation should ‘automatically’ prime
the corresponding action in the observer.

Automatic Imitation and Ideomotor Compatibility

Since the 1950s (Fitts & Deininger, 1954; Fitts & Seeger, 1953), research has been
concerned with the question of how properties of stimuli are related to response
selection and initiation. This field was called stimulus-response compatibility
research (e.g. Hommel & Prinz, 1997; Kornblum et al., 1990) and demonstrated that
similarity plays a crucial role in stimulus-response compatibility (SRC; for a review,
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see Chap. 2; this volume). However, this research tradition focused primarily on
similarity relations of specific features of the stimulus and the response such as the
spatial location of the stimulus and the response (Simon & Rudell, 1967). Greenwald
(1970a) related SRC phenomena to the ideomotor principle and argued that °...it
may be suggested that S-R compatibility facilitates response selection by minimiz-
ing the time required for access to an image of the correct response’ (Greenwald,
1970b, p. 91). He labelled this phenomenon ideomotor compatibility and defined it
as ‘...the dimension denoting the extent to which a stimulus corresponds to sensory
feedback from its required response’ (Greenwald, 1970a, p. 52). While this concept
can be applied to SRC phenomena, in general, it clearly paves the way to investigate
and understand imitative behaviour: in imitative situations, ideomotor compatibility
is extremely strong because there is a strong correspondence between the observed
behaviour and the response image that is used to control the corresponding
behaviour.

Empirically Investigating ldeomotor Compatibility

Already in the fiftieth of the twentieth century, studies were carried out that can
retrospectively be interpreted as an indirect test of ideomotor compatibility. These
studies investigated the influence of S-R compatibility on the increase of reaction
time as a function of response alternatives, the so-called Hick’s law (Hick, 1952).
Usually, reaction times increase as a function of response alternatives. However,
Leonard (1959) could show that this law applies to a much lesser degree when par-
ticipants respond to vibro-tactile stimuli. So, if participants had to respond with a
key press to a vibrotactile stimulation of the fingertip, the usual relationship between
a number of choice alternatives and RT only showed the difference between a sim-
ple and a two-choice response but vanished when more response alternatives were
required. From an ideomotor perspective, one can argue that responding with a key
press to a vibrotactile stimulation of the fingertip is a high ideomotor compatibility,
because the sensory consequence of a key press is the tactile sensation on the finger-
tip. In another study, Broadbent and Gregory (1962) compared Donders’ b reactions
(two stimuli and two responses) with Donders’ ¢ reactions (two stimuli but only one
response to one of the stimuli). Usually, RT are faster for the ¢ reaction compared to
the b reaction, because participants have to select a response in the b reaction but not
in the c reaction. They compared two types of mappings between stimuli and
responses: in the compatible mapping, the response modality was congruent to the
stimulus modality (verbal responses to auditory stimuli, key presses to vibrotactile
stimuli); in the incompatible mapping, the stimulus and response modality did not
match. They found the expected difference between b reaction and ¢ reaction only
for the incompatible mapping but not for the compatible mapping indicating that in
compatible mappings the response is more directly specified by the stimulus.
Greenwald (1970a) also investigated ideomotor compatibility by manipulating
the match of the modality between stimulus and response. He presented the stimuli
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either written or auditorily and tested the response either by letting participants
write or say the response. In accordance with his assumption, he found an interac-
tion between stimulus and response modality, showing faster responses if the stimu-
lus and the response modality were congruent compared to an incongruent mapping.
Interestingly, after Greenwald, the research tradition to explicitly manipulate ideo-
motor compatibility was not continued. More than 15 years later Prinz (1992), this
approach was again taken up by Wolfgang Prinz and his group to investigate his
common coding approach (M. Brass et al., 2000, 2001a; Stiirmer et al., 2000). The
common coding approach can be understood as an extension of ideomotor theory,
with the main assumption that perceptual and motor events share a common repre-
sentational basis (Prinz, 1997). This approach was later developed into the Theory
of Event Coding (Hommel et al., 2001). Interestingly, while SRC research was very
active at this time, it was primarily based on very simple stimulus-response relations
and it was considered unnecessary to investigate more complex stimuli.

Automatic Imitation

In a seminal study, Stiirmer et al. (2000) used a classical S-R compatibility approach
to investigate the relationship between observing one of two hand gestures and exe-
cuting the same or a different hand gesture (for a review, see Chap. 2; this volume).
They used opening and closing the hand as hand gestures and measured the response
with electromyography. In a series of experiments, they could show a strong com-
patibility effect between observed and executed actions. Furthermore, they provided
the first evidence against a spatial compatibility interpretation of the results. Finally,
they also demonstrated that the effect also occurred when only the end position of
the hand gesture was shown. In a series of follow-up experiments, Brass et al. (2000)
simplified the paradigm by asking participants to either lift their index and middle
finger in response to an imperative cue while observing congruent or incongruent
movements of a videotaped hand on the computer screen. This simplification
allowed the investigation of automatic imitation with a simple key release. They
replicated the congruency effect and also showed that it could not be reduced to
spatial compatibility. In another set of experiments, Brass et al. (2001a) investigated
automatic imitation in a simple response task, reviving the idea that ideomotor-
compatible stimulus-response arrangements circumvent response selection and can
directly specify the response. The results demonstrated that compatibility effects
could be found when participants have to respond with a predefined finger move-
ment to a congruent or incongruent observed finger movement. This is in contrast to
spatial compatibility effects which only occur when participants establish both
response alternatives (Hommel, 1996). In 2003 a ‘kinematic’ variant of the auto-
matic imitation paradigm was developed (Kilner et al., 2003). In this paradigm,
participants were asked to carry out either horizontal or vertical arm movements
while observing congruent or incongruent horizontal or vertical movements. Kilner
et al. (2003) found that variance in the movements was larger when participants
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observed incongruent compared to congruent movements, supporting the idea that
participants were affected by the irrelevant observed movement.

In a recent meta-analysis, E. Cracco et al. (2018) provided a broad quantitative
overview of research on automatic imitation. The aim of the following paragraphs
is therefore not to reiterate this review but to outline some seminal studies that fur-
ther specified the nature of automatic imitation.

Automatic Imitation and Spatial Compatibility

Early studies using the automatic imitation paradigm further investigated whether
automatic imitation can be explained by spatial compatibility (e.g. Bertenthal et al.,
2006). Bertenthal et al. (2006) introduced a clever manipulation in which they used
a similar setup to the original experiment by Brass et al. (2000) but presented either
a hand that looked like a mirrored hand of participants (a front view of the left hand)
or a front view of the same hand the participant was using (the right hand, non-
mirrored). While in the original setup of Brass et al. (2000) the hand on the com-
puter screen looked like a mirrored hand of the participant, in this setup the hand on
the computer screen was sometimes non-mirrored. Importantly, this puts spatial
compatibility (i.e. position of the finger that moves) and finger compatibility (i.e.
which finger moves) in opposition. If spatial compatibility would be solely respon-
sible for the effect, one would expect a reversal of the effect in the non-mirrored
condition. However, what they observed was an elimination of the effect, suggesting
that both spatial compatibility and imitative compatibility contribute to the effect.
With this setup, they could manipulate whether only the spatial position was com-
patible, only the finger that was moved or both. Thus, they were able to decompose
the different contributions to automatic imitation.

Automatic Imitation and Properties of the Observed Agent

Another question that was addressed in early work on automatic imitation was
whether automatic imitation is restricted to the observation of human biological
agents (Kilner et al., 2003; Press et al., 2006) and whether kinematically non-
plausible movements also lead to imitation (Longo et al., 2008). Press et al. (2006)
demonstrated automatic imitation effects for a robotic hand. However, the effect
was much smaller than for a schematic human hand, indicating that the similarity of
the observed agent to a human agent matters. In a very intriguing design, Longo
et al. (2008) investigated automatic imitation for biomechanically impossible move-
ments. In their first experiment, they demonstrated that automatic imitation occurs,
regardless of whether the observed movement is biomechanically possible or not. In
a second experiment, they explicitly mentioned that the observed movement was
biomechanically impossible. With this explicit instruction, the automatic imitation
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effect disappeared, suggesting that top-down beliefs about the nature of the observed
behaviour can modulate automatic imitation. In another study, Longo and Bertenthal
(2009) more explicitly investigated whether beliefs about the nature of the observed
agent have an influence on automatic imitation. They demonstrated that automatic
imitation effects were modulated by drawing attention to the artificial nature of a
hand. Similar effects were also found by Liepelt and Brass (2010). Another study
investigated whether it mattered for automatic imitation if people believed that an
observed movement was an active or a passive movement (Liepelt et al., 2008).
These experiments also indicated that beliefs about the nature of the observed agent
have an influence on automatic imitation. However, one has to be aware that these
experiments usually used small participant numbers. Using larger samples, recent
research was not able to replicate this (Cracco et al., 2024) and similar findings (e.g.
De Souter et al., 2021).

Non-Matching Associations Between Observed
and Executed Behaviours

A major assumption of the ideomotor interpretation of automatic imitation is that
this effect is mediated by the activation of a response image. Such response images
result from a long history of self-observation and thus differ from short-term S-R
associations. In a series of experiments, Heyes and colleagues challenged this view
by showing that relatively brief training of non-matching associations between
observed and executed actions can reverse automatic imitation effects (Catmur
et al., 2007, 2008). After such training, observing an action activated the alternative
motor response even when no instruction was given and response tendencies were
assessed with motor TMS (Catmur et al., 2007). Such a finding is difficult to recon-
cile with an ideomotor interpretation of automatic imitation because, as outlined
above, the ideomotor approach assumes that automatic imitation is a result of a long
learning process of actions and outcomes. However, one could argue that these
counter-imitation effects are based on a completely different mechanism than clas-
sical automatic imitation effects and reflect short-term stimulus-response learning.
It is well known that we can learn new stimulus-response mappings in a few trials.
In the counter-imitation example, one would associate the non-matching action
effect with an action. Such a learned association would temporarily counteract the
automatic imitation effect but would operate via a completely different mechanism.
One approach to dissociate such different accounts would be to investigate temporal
properties of counter-imitation. From the ideomotor perspective, one would assume
that activation of the non-matching association should disappear after a certain
amount of time and make place for classical matching automatic imitation effects.
Another possibility would be to look at the anticipatory effects of motor prepara-
tion. Kunde (2001) could show that participants are slower in initiating an action
when the anticipated outcome is incompatible with the initiated action (e.g. a left
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key press leads to a right action effect). The ideomotor interpretation of this effect
is that in the incompatible mapping a conflict arises between the anticipated ‘natu-
ral’ action effect (the response image that is acquired throughout the lifetime) and
the actual action effect (the incompatible action effect). The question is whether this
relationship could be reversed through counter-imitation training. If counter-
imitation is based on simple S-R associations, one would not expect these effects to
occur or at least to be much weaker.

Automatic Imitation and Self-Other Distinction

The ideomotor interpretation of automatic imitation leads to another unique predic-
tion, namely that inhibition of automatic imitation is related to self-other distinction
(Brass et al., 2001b, 2009; Greenwald, 1970b; Spengler et al., 2009). If movement
observation leads to an activation of a corresponding motor representation in the
observer and this representation is also used to initiate voluntary behaviour, the
question arises as to how the observer can distinguish between these externally trig-
gered motor representations and their own motor intentions given that both have the
same representational basis (Hurley, 2008). The first indirect evidence for such a
role of self-other distinction in automatic imitation stems from early imaging work
showing a network of brain regions being involved in automatic imitation (incon-
gruent versus congruent trials) that has been related to self-other distinction and
social-cognition rather than motor inhibition per se (Brass et al., 2001b, 2005).
Follow-up training research and brain imaging work on inhibiting imitative response
tendencies further supported the idea that suppressing automatic imitative response
tendencies might be related to social cognitive processes involving self-other dis-
tinction (Brass et al., 2009; Santiesteban et al., 2012; Spengler et al., 2009).
However, recently, the early imaging work has been difficult to replicate, challeng-
ing a basic piece of evidence for the idea that self-other distinction is crucially
involved in automatic imitation (Darda & Ramsey, 2019). Given that this idea has
gained support from other sources (e.g. Santiesteban et al., 2012), further research
is needed to clarify the role of self-other distinction in automatic imitation.

Summary and Conclusions

The chapter provides a short history of theoretical accounts of the correspondence
problem of imitation. Throughout the history of research on imitation, learning
accounts were contrasted with accounts that assume an innate mechanism underly-
ing imitation. These opposing accounts tried to accommodate two crucial observa-
tions related to imitation: first, the imitative behaviour seems to constitute a specific
class of sensorimotor mappings that differ from other kinds of stimulus-response
mappings; second, the imitation is extremely flexible spanning from simple facial
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gestures to complex patterns of behaviour. An ideomotor interpretation of imitation
easily accommodates both observations. From an ideomotor perspective, imitative
behaviour is the result of learning but is at the same time based on a specific mecha-
nism that distinguishes it from other forms of S-R learning. The ideomotor interpre-
tation of imitation has motivated a specific experimental approach that developed
into the automatic imitation paradigm: if actions are controlled by an anticipation of
their sensory consequences, perceiving the sensory consequences of an action
should activate the corresponding motor representation in the observer.

Research on automatic imitation over the last almost 25 years has established the
paradigm as a reliable experimental approach that cannot be reduced to more basic
phenomena such as spatial compatibility. This research has investigated moderators
of automatic imitation and how automatic imitation is related to other social-
cognitive phenomena. It has stimulated new experimental approaches, has gener-
ated new hypotheses about the nature of social cognition and has fuelled the debate
on the correspondence problem of imitation.
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Chapter 6 )
The Promise and Pitfalls of Studying e
the Neurophysiological Correlates

of Automatic Imitation

Kohinoor M. Darda ¢ and Richard Ramsey

Few areas of current research have shed as much light on human social cognition as
studying the cognitive and neurophysiological mechanisms of human imitation. Be
it copying the posture, body language, or accent of someone we like—our ability to
imitate others has been argued to build social connection between people (for a
review, see Chaps. 13 and 14; this volume). Indeed, many researchers suggest that
copying behaviours are at the very heart of being human and may have contributed
to our species’ survival success (Henrich, 2015; Legare & Nielsen, 2015; Nagy &
Molnar, 2004; Wood, 2020). While a simple conceptualisation of imitation as “mon-
key see, monkey do” implies copying as a simple motor act with no social conse-
quences, it is now generally accepted that imitation is a much more complex and
multi-dimensional phenomenon that serves important social functions across mul-
tiple species. We often think of imitation as intentional (such as when learning a
new skill), but people also tend to copy others without their conscious awareness, a
process referred to as “automatic imitation” (Heyes, 2011).

Automatic imitation has been argued to be an adaptive and flexible behaviour
that is central to social cognition, which strengthens social bonds between interact-
ing partners and thus provides a functional benefit that can help guide social interac-
tions (Chartrand & van Baaren, 2009; Kavanagh & Winkielman, 2016; Wang &
Hamilton, 2012). Given the ubiquitous influence of imitation on our daily lives, it is
not surprising that researchers have studied automatic imitation across a range of
interconnected disciplines including cognitive science, social psychology,
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evolutionary biology, and cognitive neuroscience (Byrne & Russon, 1998; Chartrand
& Bargh, 1999; Meltzoff & Prinz, 2002). This convergence across multiple disci-
plines has allowed for a range of perspectives on imitation to emerge, further
empowered by neuroimaging advances in the last two decades.

Across these research domains, a variety of methods that vary in ecological
validity have been adopted to index automatic imitation and its underlying cognitive
and neural mechanisms. These methods include observation of live social interac-
tions, as well as reaction-time measures based on stimulus-response compatibility
(SRC) paradigms (Brass et al., 2000; Chartrand & Lakin, 2013). However, as in any
domain of psychological research, drawing links between real-world behaviours,
such as imitation, and laboratory-based measurements is fundamentally challenging
and requires considerable validation for it to be meaningful (Ramsey, 2018; Scheel
et al., 2021; Vazire et al., 2022).

Much like psychological research in general (Vazire et al., 2022), concerns about
validity (i.e., whether the research study measures what it intends to measure) in the
field of automatic imitation have not been at the forefront of the research programme
until recently (Cracco & Brass, 2019; Ramsey, 2018). For example, tasks that index
so-called “automatic imitation” are routinely used that claim to be “social” in the
sense that they index cognitive processes that are specifically tied to the control of
social interactions (Brass et al., 2009; de Guzman et al., 2016; Sowden & Shah,
2014; Steinbeis, 2016; Wang & Hamilton, 2012). However, such claims are substan-
tially undercut by a lack of evidence for important dimensions of validity (Ramsey,
2018; but see Cracco & Brass, 2019 for a different view).

In the current chapter, therefore, we outline the promise and pitfalls of studying
the neurophysiological correlates of automatic imitation. First, we consider the
promise that this field has to offer by reviewing recent evidence across disciplines
on the cognitive and neurophysiological mechanisms underlying automatic imita-
tion. Second, we consider the pitfalls of this field by evaluating the evidence in the
context of four types of validity: construct validity, internal validity, external valid-
ity, and statistical-conclusion validity (Shadish et al., 2002; Vazire et al., 2022). The
conclusion we reach is that there is much promise to taking a cognitive neuroscience
approach to studying automatic imitation, as it holds the potential to study key
mechanisms of social cognition. However, there are also considerable pitfalls,
which include a lack of validity for some of the claims being made. The good news
is that there are many avenues for future research that could lead to a more robust
and cumulative science of automatic imitation that would help the field realise its
considerable potential, and we outline these future research directions throughout
the chapter.

Our approach is to focus on one particular task, which has been influential and
widely used in cognitive neuroscience research on imitation due to its ease of use in
a wide variety of contexts, including neuroscientific investigation. We think it is
valuable to provide a detailed test-case of the types of claims being made regarding
the neurophysiological correlates of imitation, rather than provide a more compre-
hensive overview, as others have already done so (Heyes & Catmur, 2022; Iacoboni,
2009). At the same time, we recognise that there are many forms and types of
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imitation, such as imitation of speech, gestures, and emotions, some of which are
covered in other chapters within this book. Importantly, however, many of the
themes covered in this chapter, such as a lack of evidence for validity, are wide-
spread and well-documented across psychological science in general (Vazire et al.,
2022). Therefore, the conclusions from this chapter are likely to be applicable to the
many other forms of imitation covered in this book, as well as the wider social and
cognitive neuroscience community.

The Promise: Automatic imitation as a Window into
Understanding Mechanisms of Social Cognition

In social psychology, automatic imitation, also termed as mimicry, has been studied
in naturalistic social interactions (Chartrand & Bargh, 1999; Chartrand & Lakin,
2013). These paradigms involve recording overt copying behaviours. In contrast, in
cognitive psychology and cognitive neuroscience, SRC tasks of automatic imitation
have been argued to measure covert processes involved in controlling our tendency
to automatically imitate using reaction time (RT) measures or kinematics (Heyes,
2011; for a review on different behavioural tasks to measure automatic imitation,
see Chap. 2, this volume). In automatic imitation research, the first SRC paradigms
indexing automatic imitation were developed by Brass et al. (2000) and Stuermer
and colleagues (2000) using finger and hand stimuli, respectively. Since then, differ-
ent versions of the initially developed SRC paradigms have been widely used in
order to index imitative processes, and involve finger movements (Bertenthal et al.,
2006; Brass et al., 2000; Catmur & Heyes, 2011), hand opening/closing movements
(Heyes et al., 2005; Press et al., 2008), or arm movements in vertical or horizontal
planes (Kilner et al., 2003; Stanley et al., 2007).

In a typical SRC task indexing automatic imitation, participants are instructed to
respond to an imperative cue while also viewing an action on screen that is either
compatible or incompatible to their own response. For example, participants may be
instructed to lift their index finger when they see a number “1” on the screen and lift
their middle finger when they see a number “2” on the screen. Simultaneously, they
either view an index or middle finger movement on the screen. In compatible trials,
the movement they see and execute are the same, whereas in incompatible trials the
movement they see and execute are different. Results from these experiments con-
sistently show that features irrelevant to the task (the index and middle finger move-
ments that participants view) influence reaction time performance. Participant
reaction times are longer in the incompatible condition compared to the compatible
condition, and this reaction time difference has been argued to be a measure of imi-
tation control (Heyes et al., 2005; Heyes, 2011).

As with other SRC measures using reaction times, SRC measures of automatic
imitation are typically far removed from imitative behaviour “in-the-wild” and
involve computerised testing procedures in laboratory settings, which provide a
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higher degree of experimental control. These tasks, therefore, lend themselves well
to neuroimaging investigations where movement is restricted such as in functional
magnetic resonance imaging (fMRI) studies. Neurophysiological investigations
across social and cognitive neuroscience on automatic imitation have therefore
mostly used different versions of the SRC task to index the control of automatic
imitation and its underlying neural mechanisms (Bien et al., 2009; Brass et al.,
2009; Darda et al., 2018).

At least two processes are involved during compatible and incompatible trials on
the SRC task: action representation and action control or selection (Ramsey, 2018).
First, observed actions in both compatible and incompatible conditions are per-
ceived and represented. Second, a particular action needs to be selected and exe-
cuted, dependent on the task instructions. Task demands on compatible and
incompatible trials are different—on compatible trials, the action control or selec-
tion mechanism is assisted by observing the same action that needs to be executed,
whereas on incompatible trials, action selection is challenging as it requires an addi-
tional effort to inhibit the observed action and execute the correct one. Consequently,
it has been argued that the difference between incompatible and compatible trials,
termed the compatibility effect, partly indexes control over our tendency to auto-
matically imitate, such that incompatible actions are suppressed and one’s motor
intentions are prioritised (Brass & Heyes, 2005; Heyes, 2011).

A related interpretation suggests that the compatibility effect indexes a process
of self-other distinction wherein motor intentions of one’s own actions need to be
distinguished from the motor intentions of another’s actions (Brass et al., 2009).
According to this interpretation, the control of imitative behaviour as indexed by the
compatibility effect can also be considered as a measure of online control of self-
other representations (Brass & Heyes, 2005; Santiesteban et al., 2012). A self-other
distinction mechanism is thought to be a key process underlying many other socio-
cognitive processes including empathy and our ability to attribute mental states to
ourselves and others (de Guzmanetal.,2016; Sowden & Shah, 2014; Steinbeis, 2016).

Several human neuroimaging and patient studies have investigated the underly-
ing neural mechanisms of representation and control in the context of automatic
imitation (Fig. 6.1). Representation of actions is likely to involve both perceptual
and motor representations. For example, visual perception of others in our environ-
ment involves person perception processes such as the representation of faces, bod-
ies, and biological motion that span the ventral visual stream and occipitotemporal
cortices (for a review, see Kanwisher, 2010), as well as brain regions associated
with motor performance in dorsolateral frontoparietal cortex (Bonini et al., 2023;
Caspers et al., 2010; Cross et al., 2009, 2012; Hardwick et al., 2018; Iacoboni, 2009;
Molenberghs et al., 2012; Rizzolatti & Craighero, 2004). Such findings are robust
in the sense that they have been demonstrated in hundreds of experiments and across
thousands of participants, as well as in meta-analyses, and across different methods
and species (Bonini et al. 2023; Caspers et al., 2010; Kanwisher, 2010; Hardwick
et al., 2018).

One dominant view is that a sub-part of the action representation system, which
spans frontoparietal cortex and has been labelled the mirror neuron system, is
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Fig. 6.1 Graphical illustration of action perception and representation, and a domain-specific
(theory-of-mind network) and domain-general (multiple demand network) account of action con-
trol and selection in the context of automatic imitation. (Fig. 6.1 is taken from Darda &
Ramsey, 2019)

involved in imitation (Heyes & Catmur, 2022; Iacoboni, 2009; Rizzolatti et al.,
2001). The mirror neuron system is defined by cells (or macroscopic brain areas)
that respond to the observation, as well as the execution, of action (Rizzolatti &
Craighero, 2004). Given such neurophysiological properties and that imitation is
defined by observing and performing actions, it seems intuitive that such a system
would be involved in imitation in some way. However, we do not think it is intrinsi-
cally interesting that such cells exist or that they play some role in imitation. We
think it could be interesting if studies were able to show what these particular cells
do during imitative contexts, but that is very hard in human participants because of
the reliance on non-invasive neuroscientific techniques that have poor spatial reso-
lution relative to single-cell recordings. Nonetheless, for the purposes of this chap-
ter, the main point to underscore here is that it seems highly likely that such a
visuomotor action representation system plays some role in imitation as part of a
distributed and multi-system neural network (Heyes & Catmur, 2022).

In contrast, the neurophysiological mechanisms underlying the control and
selection of actions in the context of automatic imitation are less clear. In the fol-
lowing section, we outline two proposed accounts of control and selection in the
context of imitation, which make divergent predictions: (1) Domain-specific control
that relies on the theory-of-mind (ToM) network and a process of self-other distinc-
tion, and (2) Domain-general control, which relies on the multiple-demand network
and general mechanisms of attention.
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The first account, which is dominant in the literature, proposes that action control
and selection in the context of automatic imitation rely on a domain-specific brain
circuit related to social cognition and a mechanism of self-other distinction (Brass
et al., 2009). The initial evidence supporting a domain-specific neural circuit under-
lying this process comes mainly from patient and neuroimaging studies, and points
to the engagement of two candidate brain regions—the anterior medial prefrontal
cortex (mMPFC) and the right temporoparietal junction (rTPJ) (Brass et al., 2001,
2009; Brass & Heyes, 2005; Spengler et al., 2009). mPFC and rTPJ have been con-
sistently identified as key nodes in the theory-of-mind (ToM) network, which is a
brain network that is engaged in a wide range of social cognition tasks (Frith &
Frith, 2010, 2012; Van Overwalle, 2009). Furthermore, there is a proposed func-
tional dissociation between mPFC and rTPJ. The rTPJ is thought to differentiate
between the self and the other, whereas the mPFC selects and enforces the correct
action according to task demands (Brass et al., 2009). The functional division
between mPFC and rTPJ is consistent with the interpretation that this particular
compatibility effect indexes a process of self-other distinction.

The involvement of mPFC and rTPJ has been further supported by studies that
demonstrated that patients with focal lesions show impaired imitation control (Brass
etal., 2003; Spengler et al., 2010). Similarly, inhibiting rTPJ activity by transcranial
magnetic stimulation (TMS) further impaired imitation control (Sowden & Catmur,
2015), whereas the impact of transcranial direct current stimulation on rTPJ was
less clear (Hogeveen et al., 2015). More generally, mPFC and rTPJ have also been
found to be engaged in other socio-cognitive tasks that are thought to rely on self-
other control, including empathy, perspective taking, and attributing beliefs, desires,
and attitudes to oneself and others (Frith & Frith, 2010, 2012; van Overwalle, 2009).
Therefore, it is argued that the engagement of mPFC and rTPJ in this SRC task
reflects the function of a neural network that is central to social cognition—the ToM
network—and which is specifically engaged in regulating social interactions with
other people (Brass et al., 2009; Sowden & Shah, 2014; de Guzman et al., 2016;
Steinbeis, 2016; Wang & Hamilton, 2012).

A second account suggests that action selection and control in the context of
automatic imitation may rely on a more domain-general neural circuit that is not
specific to social contexts. That is, the control and selection mechanisms involved in
SRC tasks with human action stimuli may not differ from mechanisms of control
that are involved in resolving conflict in any other SRC task with pre-potent tenden-
cies (Ramsey & Ward, 2020b). Cognitive control tasks such as the Stroop, Simon,
and Flanker tasks require the control of automatic and overlearned response tenden-
cies as well, similar to the SRC measure of automatic imitation, and these tasks have
been found to engage dorsolateral frontoparietal cortices (Aron et al., 2014; Bunge
et al., 2002; Nee et al., 2007; Wager et al., 2005).

This domain-general network that spans dorsolateral frontoparietal cortices has
been labelled the multiple demand (MD) network because it is engaged across mul-
tiple mental operations that are deployed across a diverse range of stimuli and con-
texts (Duncan, 2010). For example, the same set of frontal and parietal brain regions
were involved across 7 different, cognitively demanding tasks, which spanned a
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range of processes (reading, arithmetic, working memory, inhibition, and selection)
and stimuli, such as words, numbers, colours, and spatial locations (Fedorenko
et al., 2013). To further contextualise this brain system, the MD network shares
functional and structural overlap with the frontoparietal brain circuit that is involved
in a range of domain-general executive functions including processes such as filter-
ing, selection, and inhibition, which can be applied to a range of inputs, both social
and non-social (Corbetta et al., 2008; Petersen & Posner, 2012; Ptak, 2012).

In line with this domain-general account, some studies investigating the control
of automatic imitation show engagement of the MD network (Bien et al., 2009;
Crescentini et al., 2011; Cross et al., 2013; Darda et al., 2018; Marsh et al., 2016;
Mengotti et al., 2012). For example, using fMRI, Darda et al. (2018) first identified
MD and ToM brain areas with independent functional localiser scans. They then
showed that there were no effects of compatibility in ToM regions, even though it
was a high-power, multi-experiment study that involved 75+ participants. In con-
trast, there were clear and obvious compatibility effects in the MD network. This
result is important because while the MD network was robustly engaged, there was
not even suggestive evidence for the engagement of the ToM network, which over-
turns the original research that used considerably smaller sample sizes (e.g., Brass
et al., 2001, 2009). Moreover, in a meta-analysis of all fMRI studies investigating
automatic imitation using the SRC task, Darda and Ramsey (2019) found engage-
ment of regions associated with the domain-general MD network for the imitative
compatibility effect, but not mPFC or rTPJ (Darda & Ramsey, 2019). Together,
these more recent and methodologically rigorous fMRI results suggest that the SRC
effect using finger stimuli reflects a domain-general process of control and action
selection rather than one tied to operations within the ToM network.

In summary, in both accounts of action control and selection in the context of
automatic imitation, the visual input to the control or selection system is the same,
i.e., the observed person and action. Moreover, the evidence identifying the neural
circuits involved in person and action representation have been consistently reported
in many studies. The neural circuits involved in person and action perception span
the ventral visual stream, as well as lateral frontoparietal cortex (Caspers et al.,
2010; Hardwick et al., 2018; Kanwisher, 2010). However, evidence from cognitive
neuroscience regarding the selection or control mechanism that underlies the inhibi-
tion or control of automatic imitative tendencies is much more mixed. Initial evi-
dence suggested the mechanisms might be domain-specific but later evidence has
more strongly favoured a domain-general viewpoint. Of course, in principle, it
could involve a combination of both types of control systems.

These mixed findings, especially the relatively weak evidence for domain-
specific or “social” forms of control, raise questions about the validity of the claims
being made. Based on decades of research studying cognitive control in similar
SRC tasks, which do not have social dimensions (Duncan, 2010; Petersen & Posner,
2012), it would be quite striking if control and selection in the SRC imitation task
requires such a departure from a standard “non-social” control model of executive
function. In our view and the view of many others, such a departure from conven-
tional models would require clear validation to empirically substantiate the novel
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claims being made (Flake & Fried, 2020; Ramsey, 2018; Ramsey & Ward, 2020b;
Vazire et al., 2022). The novel claim being made by domain-specific, “social” con-
trol accounts is that this task indexes cognitive control processes that are specifically
and uniquely tied to controlling interactions with other people and underpinned
through the operation of the ToM network and a self-other distinction mechanism.
Although this is plausible in principle, it needs empirical validation to be meaning-
ful. To this end, in the next section, we evaluate the SRC automatic imitation task
across a range of different types of validity.

The Pitfalls: A Lack of Validity Undercuts Some
of the Specific Claims Being Made Regarding the Cognitive
Mechanisms Underlying Automatic Imitation

Irrespective of the cognitive interpretation placed on the compatibility effect, and
the underlying neural systems that are proposed to be engaged, almost all studies
use the SRC paradigm as an index of automatic imitation. If the SRC paradigm is a
laboratory equivalent of overt copying behaviours, as has been suggested (Heyes,
2011), the validity of the SRC task is a crucial component when evaluating evidence
for domain-specificity for the control of automatic imitation.

Before turning to consider validity in more depth, however, we will quickly con-
sider the reliability of the SRC measure of automatic imitation. Interference effects
using hand or finger stimuli and an SRC paradigm appear to be reliably generated
(Genschow etal., 2017). Genschow et al. (2017) used a split-half reliability approach
to show that the congruency effect had high levels of reliability (Spearman-Brown
coefficient p* = 0.86 for the congruency effect). Also, Cracco and colleagues
(2018a) performed a meta-analysis, which showed robust SRC effects across a
range of labs, stimuli, and participants. Therefore, these results are promising, as
reliable measures that replicate across samples are essential features of good mea-
surement tools.

At this juncture, we want to make an obvious point: measures can be reliable
without also being valid. For example, the SRC task with hand or finger stimuli
could reliably generate an interference to reaction time without indexing covert imi-
tative response tendencies, which are uniquely tied to social interactions and rely on
a self-other distinction mechanism, as well as the ToM network. It is something very
different to demonstrate with empirical evidence that a reaction time cost indexes
covert imitative response tendencies, rather than some more general conflict resolu-
tion system. As such, in the following sub-sections, we now consider current evi-
dence regarding the SRC automatic imitation task against four different types of
validity outlined by Vazire et al. (2022) that span construct, internal, external, and
statistical-conclusion validities. Whenever relevant, we also outline possible ave-
nues for future research.
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Before we do so, however, we also want to clarify the claim we are evaluating
here. In the below analysis of validity, we focus on the conjoint claim that the con-
gruency effect in this task indexes imitative tendencies and is resolved by a self-
other mechanism that is underpinned by the ToM. This is because that is the claim
that has been made and re-used by many other researchers to somehow verify (or
reify) that this task indexes “social” processes in some way, rather than indexing
general cognitive control mechanisms. It is also because this claim is, in part, based
on neuroscientific evidence and this is a chapter about the neurophysiological cor-
relates of imitation.

Construct Validity

Construct validity refers to the degree to which inferences about the construct of
interest can be appropriately made from measured or manipulated measures. Simply
put, it refers to the extent to which a test or variable measures what it is supposed to
measure, and whether an experimental manipulation manipulates what it is sup-
posed to manipulate (Cronbach & Meehl, 1955; Vazire et al., 2022; Wilson et al.,
2010). Does the SRC measure of automatic imitation measure the construct it is
meant to represent?

Like other behavioural assessments of cognitive or social processes, such as the
dot-probe task (Parsons et al., 2019) or the reading the mind in the eyes task (Higgins
et al., 2022, 2023), most researchers use the SRC measure of automatic imitation
without reporting reliability metrics and without clear evidence of validity. This
common practice is problematic because defining constructs and establishing the
construct validity of measures is essential for valid inferences to be drawn about the
cognitive and neural underpinnings of these constructs (Bringmann et al., 2022;
Flake & Fried, 2020; Scheel et al., 2021). Moreover, such concerns are not restricted
to cross-sectional research that use self-report measures, as they also apply to exper-
imental designs that manipulate variables (Chambers & Tzavella, 2022; Chester &
Lasko, 2021; Ejelov & Luke, 2020; Fiedler et al., 2021; Gruijters, 2022).

To date, only one peer-reviewed study that we know of has attempted to provide
evidence of construct validity for the SRC measure of automatic imitation. If the
SRC measure of automatic imitation is related to overt imitative behaviours, evi-
dence that the compatibility effect is correlated with overt copying behaviours can
provide one measure of construct validity. However, a study by Genschow et al.
(2017) addressing the reliability and validity of the SRC measure of imitation con-
trol found that overt copying behaviours did not correlate with the compatibility
effect on the SRC task. Therefore, the relationship between imitation control as
measured by the SRC task and imitation in real life seems to be more complex than
has been previously suggested. Moreover, the measure of overt copying was found
to be unreliable using a split-half test of reliability, which throws further caution on
using demonstrably poor measurement tools to validate other tools. Subsequent
work, which has just been published, has followed this up by re-analysing an
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existing dataset that used a different design (Cracco et al., 2024). However, this
work remains exploratory and only permits suggestive inferences, as it lacks large
scale replications where the relevant analysis plan is pre-registered in advance and
where the experiments use well-justified and a priori sample size planning. In short,
much more work is needed, in terms of defining and evidencing the construct that
the SRC task is trying to tap into, before clear and obvious inferences can be drawn
about the underlying neural systems that may support performance on this task.

Internal Validity

Internal validity refers to whether a causal relationship exists between the findings
and manipulated variables that cannot be explained by other factors (McDermott,
2011). That is, internal validity is the validity of causal inferences and is dependent
on whether alternative explanations are convincingly ruled out, and assumptions on
which causal inferences are made are adequately justified (Vazire et al., 2022).

As previously stated, it has been claimed that the SRC imitation task relies on a
self-other distinction mechanism that engages the ToM network (including anterior
mPFC and rTPJ) and is uniquely tied to regulating social interactions with others by
controlling imitative tendencies (Brass et al., 2009; Sowden & Shah, 2014; Spengler
et al., 2009; Wang & Hamilton, 2012). Are there plausible alternative explanations
that undermine this claim? Yes. Have plausible alternative explanations been con-
vincingly ruled out? No. We detail a few of these alternatives below.

The first and most obvious alternative explanation that has not been convincingly
ruled out is that control processes in this task are domain-general in nature. Much
like other tasks that require executive functions, this task requires the inhibition of
pre-potent responses, along with the selection and prioritisation of alternative
responses (Duncan, 2010; Petersen & Posner, 2012; Ptak, 2012). As we have previ-
ously outlined in some detail, we see no reason why this task could not also rely on
such a domain-general control architecture (Ramsey, 2018; Ramsey & Ward,
2020b). In fact, the most comprehensive fMRI work to date suggests that the control
processes in this task are domain-general and not domain-specific (Darda et al.,
2018; Darda & Ramsey, 2019). This means that not only has a compelling alterative
explanation not been ruled out, but a growing body of evidence also suggests that it
is highly likely to be involved.

Further evidence for a domain-general account has emerged using an empirical
and computational modelling approach (Hemed et al., 2022). Hemed et al. (2022)
found that automatic imitation occurs only when the others’ actions are in the cur-
rent response set, and not for otherwise familiar but task-irrelevant actions. The
authors suggest that like other “automatic” processes such as perception or implicit
learning, automatic imitation can be unintentionally “controlled”. Thus, the task at
best measures conditional imitation control and might reflect general S-R compati-
bility effects rather than mimicry or overt copying behaviours per se.
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One way to make more progress establishing internal validity in the future would
be to first use methods that aid theory development and require researchers to be
more formal and explicit about the way parts of a system are thought to relate to
each, such as by building computational models (Hintzman, 1991; Smaldino, 2017;
Yarkoni, 2022) and causal graphs (Pearl, 1995, 2018). For example, mathematical
formulations would make it easier to falsify and disagree with each other by making
explicit the specific predictions that different accounts make, which would aid in the
development of more mature theories (Nosek et al., 2022). We agree with others that
there is currently too much wriggle room with verbally specified theories in general
in psychology (Yarkoni, 2022), and specifically in relation to SRC measures of
automatic imitation, which restricts more precise theory development.

We, therefore, very much welcome the few computational models that have been
put forward to account for effects observed within this automatic imitation task
(Cooper et al., 2013; Cracco & Cooper, 2019) or how the task is influenced by
motor training (Cooper et al., 2013). However, like many other areas of psychology
and human neuroscience research, we feel that the role of computational models
needs expanding, in order to develop more mature theories (Proulx & Morey, 2021;
Nosek et al., 2022). For example, and of particular relevance to this chapter, our lab
has recently built a working computational model that clearly shows how the task
could be solved by largely domain-general control and selection processes (Ward &
Ramsey, 2024). If anyone is curious about the details of the computational model,
then download it and run the model yourself, as it is freely available online and runs
in the R programming language.

To give a further concrete example of how computational models can help clarify
debate and organise future research, we consider evidence for “top-down modula-
tion” of the SRC task by social factors (Ramsey & Ward, 2020a). Some authors
seem to imply that if other social factors impact the size of the SRC effect, then it
suggests that the cognitive processes involved in the task are “social” or “imitative”
in some sense. In terms of empirical evidence, findings are mixed for this claim,
with some studies showing modulation (Chiavarino et al., 2013; Cracco et al.,
2018b; Genschow & Schindler, 2016) and others not (Galang & Obhi, 2020;
Genschow et al., 2022; Rauchbauer et al., 2020).

In principle, however, we do not find this kind of argument at all convincing
because the task itself lacks internal validity. That is, it seems to ignore the obvious,
which is that social factors can impact mechanisms of attention (of which there are
many), rather than anything specifically tied to imitation, and this could influence
the size of the interference effect. Therefore, even if robust evidence emerges that
some social factors can modulate the SRC task, without sufficient evidence for the
internal validity of the task, it remains completely unknown and unproven if such
modulation to interference reflects an impact on domain-general aspects of atten-
tion. As such, there is a very large evidence-based alternative explanation, which
looms in the background and needs to be tackled head-on rather than avoided. And
we think computational modelling can play a useful role in helping to elucidate the
predictions that follow from different accounts of the underlying cognitive
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processes involved. In other words, computational models and causal graphs pro-
vide a more formal way to specify your hypotheses and assumptions, which can in
turn be interrogated by others.

External Validity

External validity refers to whether observed effects are generalisable beyond the
specific context of the study (Vazire et al., 2022). Can a given set of findings apply
to a broader context?

As demonstrated in a recent meta-analysis, the SRC task of automatic imitation
has been widely used across different samples, contexts, and stimulus groups
(Cracco et al., 2018a). Therefore, the general compatibility effect as measured with
reaction times appears to be quite robust in that it generalises across different sam-
ple characteristics and stimuli. However, the general compatibility effect that was
measured in the majority of studies in the meta-analysis by Cracco, Bardi, and col-
leagues (2018a) is confounded by spatial effects. Indeed, only 54 out of 205 studies
independently separated spatial from imitative effects. For instance, it is common
for the observed hand to be a left hand and for participants to respond with their
right hand. This experimental setup means that in compatible conditions, the
observed finger is the same as the one that participants use (i.e., imitatively compat-
ible), but the finger is also on the same side of space (i.e., spatially compatible).

An imitative compatibility effect that does not have the spatial confound can be
measured by presenting both right and left hands to the participants (Catmur &
Heyes, 2011), and calculating an effect of incompatible finger identity (rather than
an incompatible spatial location). However, this so-called “imitative” effect is con-
siderably smaller than the general compatibility effect, and more variable in the
direction of the effect across people such that many individual participants show a
negative imitative compatibility effect (Fig. 6.2). A negative compatibility effect
shows that incompatible conditions facilitate, rather than interfere, with reaction
times. So, even though the group average effect may consistently be above zero, a
substantial minority of participants (approx. 25%) show the opposite of an imitative
compatibility effect (compared to approx. 4% of participants who show the opposite
of a spatial compatibility effect). Whilst we appreciate that the general approach in
experimental psychology is to largely focus on group average effects (rather than
individual differences), it does seem curious to us that if automatic imitation is so
central to social life and this SRC task provides a signature of that process, then why
do so many individuals not show an imitative effect? We feel that this would be
worthy of addressing in future research.

Across psychology and cognitive neuroscience research more broadly, the
generalisability of findings has also been questioned. For example, recent stud-
ies suggest that more than 50% of neuroimaging findings are likely to be false
positives, and more than 40% of study findings do not replicate due to problems
with small sample sizes, statistical power, p-hacking, and publication bias, as
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Fig. 6.2 Imitative and spatial compatibility effects as measured by reaction time. Error bars indi-
cate standard deviation. The figure is based on data from Darda et al. (2020), Experiment 3, with
N = 189 participants. (The data can be found on the Open Science Framework repository: https://
osf.io/fsh9b/)

well as a lack of data sharing (Button et al., 2013; Hong et al., 2019; Munafd
et al., 2017; Szucs & Ioannidis, 2017).

The generalisability and replicability of human neuroscience findings in the field
of automatic imitation are also likely to be compromised given the low sample sizes
of the original work and lack of pre-registered replication studies. The initial patient,
fMRI, and neurostimulation studies, which are considered seminal in the field, have
been used to evidence a role for the ToM network (mPFC and rTPJ) in controlling
imitative tendencies (Brass et al., 2009; Spengler et al., 2009; Santiesteban et al.,
2012). However, until pre-registered replication studies have been performed that
use well-justified sample sizes and statistical approaches, we should remain very
cautious about these results, given the wider landscape of irreproducible research
and questionable research practices that plagues psychology and human neurosci-
ence research in general (Munafo et al., 2017; Nosek et al., 2022; Simmons et al.,
2018). As such, just like any other aspect of science, it is essential that modest
claims are drawn before the reliability, validity, and generalisability of measures
and findings can be evidenced (Ramsey, 2021).

Moreover, to our knowledge, neuroimaging studies of this SRC automatic imita-
tion task have almost exclusively focused on Western populations, which means that
one way of increasing external validity would be to generalise the findings across
different populations underrepresented in research samples (Henrich et al., 2010).
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Once more evidence for the basic validity of the task is established, it would then be
interesting to see which components, if any, vary as a function of cultural back-
ground. If the task is shown to index domain-specific and domain-general forms of
control, then it would be interesting to see if either of these vary across cultures. For
example, maybe more “individualistic” cultures might show reduced interference
compared to cultures known to be “collectivist”, as has been evidenced in other
socio-cognitive processes such as self-recognition and social orientation (Sui et al.,
2009; Varnum et al., 2010). Such a proposal is speculative at the moment, however,
and would necessarily require evidence for the validity of the basic task first.

Statistical-conclusion validity

Statistical-conclusion validity is the validity of statistical inferences. Due to low
sample sizes (e.g., <20) and noisy signals, early fMRI work in general has been
demonstrably proven to show poor statistical-conclusion validity (Cremers et al.,
2017). This likely explains why the initial fMRI evidence using the SRC task (Brass
et al., 2001) could not be replicated when it was submitted to a much more rigorous
test using larger sample sizes with higher statistical power, multiple experiments,
and functional localisers (Darda et al., 2018). The original work had 10 participants
and used a fixed-effects analysis, which makes it hard to generalise beyond the data
itself (Brass et al., 2001). It also makes chance variation and sampling error
more likely.

The same lack of evidence for statistical-conclusion validity also applies to the
patient and neurostimulation research using this task (Brass et al., 2003; Spengler
et al., 2010; Hogeveen et al., 2015; Sowden & Catmur, 2015). Such work has been
used to provide so-called “causal” evidence for the domain-specific, “social” con-
trol hypothesis. Like the fMRI work using this SRC task, the claims in these studies
are based on one-off experiments with relatively small sample sizes. Pre-registered,
larger-scale replication studies have not been completed to date. This is important to
highlight because neurostimulation research, for example, has well-documented
difficulties reproducing past findings, as well as the use of questionable research
practices (Héroux et al., 2015; Jalali et al., 2017; Medina & Cason, 2017).

We want to make something clear here: we are not being critical of the sample
sizes used in fMRI, patient or TMS studies in the late 1990s or early 2000s, as it was
consistent with the industry standard of the time. We also do not want to deny that
when technological innovations occur, which tend to be expensive, it might not be
feasible to run studies that collect an optimal amount of data. We are firm believers
that when such opportunities for novel research directions come along, researchers
should not be afraid to be creative and pursue novel collaborations and exploit new
techniques and methods. However, we do think that far too much emphasis was
placed on these early results before the requisite confirmatory research was com-
pleted. It would have been extremely valuable to show in comprehensive follow-up
research that these initial findings were robust and that the measurement tools were
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reliable and licensed valid inferences. As such, we think that researchers should
adopt a more cautious attitude to science, especially when evaluating novel findings
(Ramsey, 2021).

In the future, we see this as a good opportunity to embrace meta-science and
open science best-practices (Munafo et al., 2017), as well as the routine completion
of much more preparatory groundwork before moving towards a confirmatory “test”
of a hypothesis (Scheel et al., 2021). For example, researchers can pre-register the
main question and specific analysis pipeline to reduce “p-hacking” and weak statis-
tical inferences. Furthermore, making the data available (even large fMRI datasets)
would allow others to use it to guide future research plans, as well as perform alter-
native analyses and meta-analyses. There are plenty of resources available for mak-
ing data available and for using externally validated processing scripts (Esteban
et al., 2019; Poldrack & Gorgolewski, 2014, 2017; Yarkoni et al., 2011).

Summary and Implications

We have reviewed cognitive neuroscience claims associated with the SRC auto-
matic imitation task across four different types of validity. We find that it lacks clear
and comprehensive evidence for each kind of validity. Of course, this does not mean
that the SRC task does not measure imitation control at all, or that imitation does not
rely on a self-other distinction mechanism. It just means that such claims are cur-
rently unproven. It might be measuring one component of a more complex and
multi-component process of imitation (Genschow et al., 2017), which we currently
do not understand well. However, it might also only reflect domain-general cogni-
tive control mechanisms that are applied to social stimuli (hands, fingers). The cur-
rent state of the evidence suggests that alternative domain-general interpretations
exist and are well-evidenced. In contrast, when subjected to a more methodologi-
cally rigorous test, there was not even suggestive evidence that the ToM network
(mPFC and rTPJ) was engaged during imitation control (Darda et al., 2018; Darda
& Ramsey, 2019). Therefore, until solid evidence for the validity of the SRC task
can be established, and credible alternative explanations ruled out, we suggest that
the task should not be used as an index of self-other distinction that is uniquely tied
to social interactions through the control of imitation.

If the task lacks evidence of validity, why do researchers keep using it? We
understand why many researchers would not want to discard this laboratory task. It
has many appealing practical advantages. It is quick and easy to administer, and it
reliably demonstrates an interference effect, which some say can address questions
in social cognition. Therefore, it is appealing. And there may not be any reason to
discard it, if it can be used in such a manner that it licenses empirically justifiable
and valid claims. To put this in a wider context, validity is lacking from many para-
digms, not just this one (Vazire et al., 2022). So, this reflects a more general problem
that extends well beyond this task alone, which should not be ignored, otherwise we
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will spend another 20 years or more doing research with paradigms that lack con-
ventional evidence for the validity of the underlying claims.

A further reason why the task has been widely used despite a lack of validity is
that publishing, grant allocation, and hiring incentives are not aligned with first
doing “boring but necessary” work (Scheel et al., 2021). Therefore, a research cul-
ture has developed that has downplayed or completely ignored the importance of
good measurement (Flake & Fried, 2020). If it is simply not necessary to do this
kind of work before you publish it in mainstream journals, why bother doing it?

A final reason is that some researchers argue that the SRC task already has suf-
ficient evidence of internal validity to make claims that are specifically tied to auto-
matic imitative tendencies (Cracco & Brass, 2019). Consequently, it has been
suggested that there is no need to provide further empirical validation for the SRC
automatic imitation task against the conventional types of validity outlined above
(Cracco & Brass, 2019). Instead, Cracco & Brass (2019) suggest that measuring
reaction time interference in an experimental task that involves observing and
responding with the same or different body part is already sufficient evidence to
validate the claims being made regarding automatic imitative tendencies. We (and
many others) disagree and suggest that measurement quality is at the very heart of
good science, which makes providing comprehensive evidence of the validity of
measurement tools an essential component in making meaningful inferences from
data (Chester & Lakso, 2021; Fiedler et al., 2021; Flake & Fried, 2020; Scheel et al.,
2021). Moreover, we have so far seen no special reasons why this same logic of
good measurement and validation should not be applied to the SRC automatic imi-
tation task, or any other measure of imitation for that matter.

The minimalist validity position taken by Cracco and Brass (2019) leaves open
the very real possibility that social stimuli (fingers, hands, etc.) could be driving a
response conflict that is resolved by a domain-general response conflict system.
Therefore, using this type of SRC task could be probing the operations of a domain-
general response conflict system, just with social stimuli. As such, based on the
evidence reviewed here, there seems to be a misalignment between the current
empirical validation of the experimental design and the inference about the nature
of cognitive systems being tested. To go beyond this position and make a more spe-
cific claim about the type of control being measured here, one that is not domain-
general, would need clear validation, just like any other task or measure in any other
aspect of psychology (Vazire et al., 2022).

If researchers want to proceed with using the SRC task without first establishing
evidence for the types of validity that we have reviewed in this chapter, then the
inferences drawn should be calibrated appropriately. That is, we feel it is no longer
tenable to claim that the SRC task indexes automatic imitative tendencies that tap
into a process of self-other distinction, which relies on the ToM network. Instead,
the burden of proof is on researchers making these claims when using these tasks to
provide the relevant evidence that validates their inferences. As with any task, how-
ever, in principle there are multiple ways that they can be used and many purposes
that they may serve, which means it could still be valuable for addressing a range of
research questions. For example, it might be informative to study domain-general
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cognition in this way, but it would need to be explicitly stated how. What are the
theoretical and empirical contributions being made with such a paradigm? For the
reasons outlined in this chapter, however, we do not see how that the task can be
used to make claims about processes that are uniquely tied to regulating social
interactions.

Limitations and Constraints on Generality

We have intentionally chosen to focus on one specific type of task here. Therefore,
by definition, our analysis does not directly extend to all possible types of imitation
tasks. However, although we use one task to provide a thorough test-case example,
we think that a lack of evidence for validity has a high likelihood of being applicable
to other imitation tasks, given the widespread validity issues in psychology (Vazire
et al., 2022). While the identical validity issues may or may not arise in other imita-
tive contexts, it is more that the principle and process of establishing validity and
reliability, as well as other good measurement practices (Fiedler et al., 2021; Flake
& Fried, 2020; Scheel et al., 2021), will almost certainly be applicable in other con-
texts. Moreover, the SRC imitation task has been used and cited widely (e.g., Brass
et al., 2001 has 800+ citations), which means that it is having a substantial impact
on various literatures, which is likely to influence the allocation of resources, such
as grant funding and hiring decisions. As such, comprehensive validation of such
work seems to be important, irrespective of whether the validity concerns raised
here generalise to other imitation tasks or not.

We also chose to focus on evaluating the conjoint claim that that the congruency
effect in this task indexes imitative tendencies and is resolved by a self-other mecha-
nism that is underpinned by the ToM. However, we would also be curious to see
what kind of evidence can be brought to bear on a claim about imitation in general.
That is, what is the evidence that the congruency effect in this task, specifically, is
related to automatic imitation? We are not talking about outlining assumptions that
suggest that observing actions is likely to trigger imitative responses. We are also
not talking about evidence that observing actions engages the motor system. They
are not sufficient. Instead, we are talking about providing evidence for the validity
of using the congruency effect in this task as an index of automatic imitative tenden-
cies. Where is the evidence that shows the incongruent condition requires more
automatic imitation than the congruent condition, rather than more attentional con-
trol, such as inhibition and selection? And how could researchers use this evidence
to validate the inferences they make? For example, in the routine use of this task,
how could an individual researcher or research group demonstrate that the congru-
ency effect is actually indexing automatic imitative tendencies, rather than the cost
of resolving conflict?

A basic task analysis easily shows that actions are being observed and performed
and that there is a cost to response times when these are in conflict. That much we
can all agree upon. But, as we outline in some detail elsewhere (Ramsey & Ward,
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2020b; Ward & Ramsey, 2024), what we cannot see from the evidence presented to
date (e.g., Heyes, 2011; Cracco et al., 2018a), is how this reaction time cost is spe-
cifically tied to automatic imitative tendencies, rather than the cost of resolving
conflict, just like other conflict tasks that do not involve social stimuli (e.g., stroop,
flanker). In our view and assessment of the literature, the suggestion that automatic
imitative tendencies drive this congruency effect is one possibility amongst many
plausible alternatives. We therefore do not agree that evidence showing that move-
ment execution is facilitated by compatible and impeded by incompatible observed
movements can used to validate the claim that imitation “exists” (Cracco et al.,
2018a; Heyes, 2011). As such, even if one only considers a less elaborate claim
about automatic imitative tendencies, which ignores roles for a self-other distinction
mechanism and the ToM network, there is still a gap between the measured congru-
ency effect and the inference being made about information processing systems. We
leave this claim about imitation in general for others to consider in future work.

A related point is that our focus has been on laboratory tasks that are amenable
to study in controlled environments and with neuroscience equipment. They do use
social stimuli, in that they depict human actions, but we are not talking about studies
that even remotely approximate real-life social interaction. Consequently, there
need not be a direct mapping between research in the lab and research in naturalistic
settings or “in-the-wild” (Kingstone et al., 2008). For example, real-life social inter-
actions may depend more upon socially specific forms of control than in lab experi-
ments, although this is an empirical question. As such, evidence that validates the
claims being made in field studies would still be required. There is simply a very
different starting point, in terms of the richness of the social environment, between
laboratory-based reaction time experiments and real-life social interactions. In sum-
mary, if very simplified social stimuli are going to be used to make inferences about
socially specific forms of cognition, then there is a requisite need evidence for the
validity of those claims. And furthermore, such claims may not generalise in a
straightforward manner beyond the lab. With this said, the ever-growing develop-
ment of mobile neuroimaging technologies should may make it easier to test neuro-
scientific questions in more real-world contexts (Redcay & Schilbach, 2019;
Shamay-Tsoory & Mendelsohn, 2019).

We have also chosen to focus on the available evidence for the validity of the
claims being made. A related discussion, which we do not have space to cover in
this work, would concern the need for greater conceptual clarity in addition to pro-
viding evidence of validity (Bringmann et al., 2022; Scheel et al., 2021). With all the
many and varied forms and possible component processes of imitation (Chartrand
& Lakin, 2013; Heyes, 2011), this seems like a ripe avenue for future research. The
overall aim would be to provide a clear and justified link between the type or com-
ponent of imitation under scrutiny and the type of evidence of validity that would be
required to substantiate the specific claims being made.
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Conclusion

In this chapter, we have reviewed evidence regarding the neuroscientific founda-
tions of imitation, specifically the SRC imitation task. We have shown that use of
such a task to index processes relating to the control of automatic imitative tenden-
cies, which rely on a self-other distinction mechanism that is uniquely tied to human
social interaction and engages the theory-of-mind network, lacks essential evidence
for various forms of validity. Instead, given current evidence, the best estimate is
that this task engages domain-general forms of control that are underpinned by the
multiple-demand network. For claims to be supported regarding socially specific
forms of control when using this task, robust evidence for each of the four validities
that we have outlined above would be required. Fortunately, with the emergence of
the meta-science movement over the past 10 years (Munafo et al., 2017; Nosek
et al., 2022), there are more resources than ever before available to help unlock the
vast potential that social and cognitive neuroscience approaches can offer to under-
stand the mechanisms of human social behaviour, including automatic imitation.
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Chapter 7 )
Levels of Imitation: Movements, G
Outcomes, and Goals

Jochim Hansen

Imitating other people is a phenomenon that ranges widely from imitating simple
actions (such as yawning or face touching) to imitating complex behavior (such as
food consumption, health-related behavior, or cooperation). In principle, any action
that is imitated can be divided into a motor part (i.e., a movement) and a conse-
quence produced by the movement (i.e., an outcome; Elsner, 2007; Elsner &
Hommel, 2001; Hommel et al., 2001). That is, an observer may copy a model’s
body movements without necessarily considering the outcome or understanding the
action goal (sometimes called mimicry), or he/she may copy the action outcome (or
goal) by performing any movement from his/her own movement repertoire without
necessarily executing the same movement as the model (sometimes called goal
emulation). Both components (or levels of imitation) are typically related to each
other because movements are usually performed to initiate desired changes in the
environment and thus produce an outcome (e.g., Prinz, 1997). For instance, when
watching a person eating, observers may imitate the movements (i.e., lifting the
arm) to achieve the same outcome/goal (i.e., satisfying one’s hunger). In this chap-
ter, I discuss the different levels of imitation (i.e., movement imitation and
outcome/goal imitation), introduce experimental paradigms that dissociate the lev-
els from each other, and summarize conditions under which individuals show more
or less movement imitation versus outcome imitation.
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Different Levels of Imitation

One can differentiate between at least two levels that underlie imitation—the imita-
tion of an outcome/goal and the imitation of its underlying movement. Fig. 7.1 illus-
trates the two levels of imitation: The dog in the drawing imitates the outcome of its
owner’s action (i.e., a wet tree) in the upper panel but imitates his movements in the
lower panel (i.e., standing upright while urinating). Both components are combined
in the middle panel.

To which degree imitation in general is a movement-based or an outcome/goal-
based phenomenon is a matter of debate (Bouquet et al., 2011; Chiavarino et al.,
2013; Cracco et al., 2018; Genschow, Hansen, et al., 2019; Hansen & Genschow,
2020; Liepelt et al., 2008, 2010; Press et al., 2008). Some scholars argue that imita-
tion is a goal-directed process that involves decomposing observed actions into a
hierarchy of features where the action goals (and outcomes) are more important

Fig. 7.1 Imitation of the outcome (upper panel on the right), the movements (lower panel on the
right), or both (middle panel on the right)
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than the process of how the outcomes are achieved (Wohlschldger et al., 2003).
According to this view, children, as well as adults, prioritize the outcome/goal of an
action over the means to achieve the outcome/goal when asked to imitate (Avikainen
et al., 2003; Bekkering et al., 2000; Gattis et al., 2002; Gleissner et al., 2000; Want
& Gattis, 2005). Other scholars ascribe the central role in the imitative process to
the underlying movements. For instance, people imitate movements even without
considering action goals (Chiavarino et al., 2013; Genschow & Florack, 2014;
Genschow et al., 2013; Genschow & Schindler, 2016). Accordingly, automatic imi-
tation occurs even when the movements of an observed person have no clear out-
come or goal (Heyes et al., 2005; Press et al., 2008; Stiirmer et al., 2000), or when
the observed and executed movements are similar but fulfill different goals
(Genschow et al., 2013; Genschow & Florack, 2014; Genschow & Schindler, 2016).

Importantly, both levels of imitation have been demonstrated in the literature and
occur in real life, so it may be less important which level of imitation generally
dominates but more important under which conditions which level dominates. For
instance, participants who watch a video of a man eating a whole bowl of snack
pretzels in a short period of time may imitate this behavior under certain conditions
more than under others (e.g., Bischoff et al., 2020). In such a situation, a condition
could have caused participants to adopt the model’s goal of eating a large number of
pretzels and creating the outcome of an empty bowl. Alternatively, it could have
caused participants to imitate the model’s movements of repeatedly grasping pret-
zels and raising them to the mouth. Many instances of imitation are consistent but
not necessarily unique to movement-based or outcome/goal-based imitation. Thus,
the crucial question is which level of imitative behavior is affected by which
conditions.

At this point, it should be mentioned that in some situations outcome imitation
can be differentiated from goal imitation (Call, 1999; Call & Carpenter, 2002;
Carpenter & Call, 2002) because outcomes and goals sometimes differ from each
other. For instance, when a demonstrator fails to attain his/her goals and ends up
with a different outcome than intended, the observer can imitate either the (inferred
but not observed) goal or the (observed) outcome. However, since action outcomes
often are goals intended by an individual and goals can be defined as observable,
physical outcomes (e.g., Fugazza et al., 2019; Leighton et al., 2010; Wohlschlédger
et al., 2003), I treat outcome imitation and goal imitation as roughly similar in the
present chapter (see also Elsner, 2007). For instance, in the upper panel of Fig. 7.1,
it is not clear whether the dog imitates the goal of his owner (i.e., wetting the tree
instead of the chair) or the outcome (i.e., a wet tree). So, from an observer’s per-
spective, imitation can be broken down into just two basic mechanisms: movement
imitation (including mimicry) and outcome/goal imitation (including emulation and
goal emulation).



130 J. Hansen
Imitation of Movements

Imitation of movements can be understood as copying the body movement topogra-
phy of a model and using the same appendage as a model. That is, the way that one
part of the body moves relative to the rest of the body is imitated (Heyes, 2021). For
instance, if a model uses his/her head to activate a light, movement imitation means
that the observer is more likely to also use his/her head than his/her hand to activate
a light.

The earliest theory explaining movement imitation is ideomotor theory (e.g.,
Brass et al., 2001; James, 1890; Prinz, 1997; Shin et al., 2010; see also Chap. 5).
Ideomotor theory basically assumes that “every representation of a movement
awakens in some degree the actual movement which is its object” (James, 1890).
This is because perceived and executed actions are neurophysiologically very simi-
lar. Perceiving a motor action thus triggers a corresponding representation that facil-
itates a similar motor action. Research on mimicking simple motor actions such as
foot shaking or face touching (e.g., Chartrand & Bargh, 1999; Chartrand & van
Baaren, 2009; Dijksterhuis & Bargh, 2001) illustrates that this process can be auto-
matic without involving inferences of the underlying action goals.

A special case of movement imitation is the movement of an object, for instance,
if a person moves a hammer (Whiten et al., 2009). Imitating the movement of a
hammer stroke includes several positions of the hammer which can be thought of as
several (sub)outcomes regarding the position of the hammer and the movement of
one’s arm at the same time. To emphasize the similarity to body movement imita-
tion, imitation of moving an object that is attached to one’s appendage is labeled
object movement re-enactment (Custance et al., 1999; Whiten et al., 2009).
According to Whiten et al. (2009), one can imagine a causal continuum from body
movements (e.g., lifting an arm) to object movements (e.g., using a hammer) to the
outcomes caused by the movements (e.g., a broken cell phone). Movement imita-
tion can be easiest attributed to the proximal end of the continuum while outcome
imitation is clearest at the distal end of the continuum.

There is another situation in which movement and outcome imitation merge, that
is when the movement itself is the outcome (or the goal), for instance, when learn-
ing to juggle or to dance. In these cases, it is obvious that the outcome or goal of the
action is directly linked to the means or movements, and one cannot differentiate
between movement and outcome imitation anymore (Hayes et al., 2008).

Imitation of Outcomes/Goals

Outcome/goal imitation (or end-state emulation, Whiten et al., 2009) can be defined
as instances where individuals “achieve common goals to those modeled, but do so
by using idiosyncratic means that were never observed” (Wood, 1989, p. 72).
However, while observers may attain an outcome or achieve a goal in their own way,
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they might unintentionally choose the same movements as the model, which could
thus be falsely recorded as movement imitation (Bekkering et al., 2000; Elsner,
2007; Gleissner et al., 2000; Wohlschlidger & Bekkering, 2002).

Outcome/goal imitation has the function of fostering social learning, as “an
observer learns simply that a particular goal can be achieved (...) and sets about
achieving that goal by its own means” (Want & Harris, 2002, p. 3). As noted by
Elsner (2007), this phenomenon is observable in animals and may be present in
human infants, as well (Hurley & Chater, 2005).

The observation that children and adults often adopt a different movement pat-
tern from that demonstrated by the model but still attain the same outcome or goal
of an observed action is explained by the theory of goal-directed imitation (GOADI,
Wohlschléger et al., 2003). According to GOADI, an observer cognitively decom-
poses and orders the observed action into a hierarchy of goals and subgoals (see
Hayes et al., 2008). This hierarchy of goals follows the action’s functionality, that
is, observers give more importance to the end than to the means of the action. As a
result, the goal of the action rather than the movements to achieve that goal is imi-
tated (Bekkering et al., 2000; Wohlschlédger et al., 2003). Several studies examining
reaching and grasping movements provide support for GOADI (Wohlschlédger et al.,
2003). For instance, when preschool children are asked to imitate the gestures of a
model who uses a contralateral arm movement to grasp an ear, they often grasp the
ear by using an ipsilateral arm. When asked to imitate the gesture but to aim towards
the open space beside the ear, they more likely correctly match the observed arm
movements. It seems that reaching the open space next to the ear has a less salient
outcome, and therefore the movement itself is put at the top of the hierarchy
(Bekkering et al., 2000). Further, GOADI states that movements that resemble those
of a model are more likely to be executed when imitating everyday actions (see
Hayes et al., 2008). This is because here the means of the action already exist in an
individual’s motor repertoire (Wohlschldager et al., 2003): While imitating, the
choice of the movement is determined by the motor program that is most strongly
associated with the achievement of the goal (i.e., the ideomotor principle of move-
ment control; Prinz, 1997) and not the model’s movement pattern per se.

As should be clear by now, imitation of outcomes often involves imitation of an
intended outcome (i.e., an inferred goal). Accordingly, imitation of general goal
states (or goal contagion), such as imitation of achievement goals or cooperation
goals, has been investigated, as well (Aarts et al., 2004, 2008; Aarts & Hassin, 2005;
Dik & Aarts, 2007; Loersch et al., 2008; Wessler & Hansen, 2016). Goal contagion
is much more complex than a simple imitation of movement outcomes, as it involves
more psychological subprocesses (Laurin, 2016): The observer needs (a) to infer a
goal from the observed behavior, (b) to adopt the goal (i.e., to desire to obtain the
goal), (c) to choose the behavioral means to reach the goal (i.e., know how to obtain
the goal), and (d) to execute the respective behavior. This may be the reason for the
very weak effects of goal contagion, which is barely detectable even in meta-
analyses (Brohmer et al., 2021).

Taken together, an action consists of two observable components: a movement
and an outcome produced by the movement (Elsner, 2007; Elsner & Hommel, 2001;
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Hommel et al., 2001). Because the goals of others need to be inferred from the
observable action components (Call & Carpenter, 2002; Gattis, 2002; Song &
Baillargeon, 2008), it is important to represent both the movements and the out-
comes to understand and imitate the actions of a model and to control own actions
(Elsner, 2007).

Methods to Assess Movement and Outcome Imitation

With different experimental paradigms, the amount of movement imitation and/or
outcome/goal imitation can be estimated, and it can be tested whether specific con-
ditions moderate the two levels of imitation. Some paradigms focus only on move-
ment imitation, some focus only on outcome/goal imitation, and some include both.

Movement Imitation (Without Considering
Outcome/Goal Imitation)

To measure automatic imitation of movements, stimulus-response compatibility
paradigms are typically used (e.g., Bach et al., 2007; Brass et al., 2000, 2001;
Catmur & Heyes, 2010; Gillmeister et al., 2008; Gowen et al., 2008; Kilner et al.,
2003, 2007; Leighton & Heyes, 2010; see also Chap. 2; this volume). In these para-
digms, participants are asked to respond to imperative cues across many trials with
a movement (e.g., movement of fingers, arms, feet, or mouth) while watching either
a congruent movement or an incongruent movement. For instance, participants are
asked to open their hands in response to a red color cue and to close it in response
to a blue color cue (or vice versa) while observing an opening or closing hand
movement (Stiirmer et al., 2000). Correct responses are usually started faster when
the irrelevant action stimulus (i.e., the hand in the video) is response-compatible
(e.g., when the hand has to be opened in the presence of an opening hand move-
ment) than when the irrelevant action stimulus is response-incompatible (e.g., when
the hand has to be opened in the presence of a closing hand movement). The differ-
ence between the response times in the compatible trials and the incompatible trials
is considered an indicator of movement imitation (Heyes, 2011).

Genschow and colleagues (Genschow & Florack, 2014; Genschow et al., 2013;
Genschow & Schindler, 2016) tested movement imitation in more complex behav-
ior, such as drinking behavior. In this paradigm, participants are asked to taste a
drink while watching a cross-contextually compatible or incompatible movement in
avideo. Participants are provided with ten plastic cups filled with an ice-tea-flavored
drink and they were allowed to taste from the cups as much as they wanted until the
video finished. Drinking from the cups involves repeated arm-lifting movements.
Participants in the compatible movement condition watch a video of an athlete in a
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gym lifting a barbell from his waist toward his head. Participants in the incompati-
ble movement condition watch the same athlete pushing the barbell away from his
body. In both conditions, the athlete shows a behavior (and follows a goal) that has
nothing to do with the situation of the participants who execute the drinking task so
that only movement imitation can be observed. Still, watching the lifting movement
usually activates compatible movements in participants—that is, lifting the cup to
the mouth—which, in turn, results in increased drink intake. Watching the pushing
movement, in contrast, activates a movement incompatible with drinking, usually
decreasing drink intake. The amount of drunken liquid can be used as a measure of
movement imitation across contexts.

Since movements are a crucial part of gestures, gesturing can be used to examine
movement imitation, as well. One study, for instance, used an experimental para-
digm in which participants are led to believe that they take part in a study on con-
ducting job interviews (Wessler & Hansen, 2017). Participants are assigned to the
role of a job interviewer who talks to an applicant for an internship. Their tasks
include asking several interview questions that are provided by the experimenter as
well as shortly summarizing the applicant’s answers to these questions. Additionally,
participants are asked to imitate the applicant’s gestures during these summaries to
“make the applicant feel more comfortable and reduce her nervousness.” Unknown
to the participants, the applicant is a confederate of the experimenter who has been
instructed to use specific relevant and irrelevant gestures according to a predefined
script. For instance, he/she taps the fingers on the table when talking about the
impatience of others or rolls the arms when talking about swapping tasks with
coworkers. The number of gestures imitated by the participants during their sum-
maries can be used to assess movement imitation and to study conditions under
which movement imitation is more or less prevalent. In contrast to the stimulus-
response compatibility paradigms and the drinking task summarized above, move-
ment imitation in this gesture task is explicitly instructed and thus not automatic. If
one is interested in whether awareness of imitation affects the amount of imitation
under certain conditions, different paradigms might be used and compared.

Goal-Directed Movement Imitation

In developmental psychology, several experimental paradigms have been created to
investigate imitation of goal-directed movements (e.g., Abravanel & Gingold, 1985;
Abravanel et al., 1976; Barr et al., 1996; Killen & Uzgiris, 1981; Meltzoff, 1988a).
For instance, in a classic study by Meltzoff (1988a), the following paradigm was
introduced (see also Gergely et al., 2002). Participants (in this case, 14-month-old
children) observe an adult who is bending at the waist and touching his/her head to
a panel which results in turning on a light. Typically, participants engage in imita-
tion of such an unusual movement even though it would be easier for them to simply
push the panel with the hand.
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Likewise, movement imitation can be examined by presenting participants (i.e.,
children) with a puzzle box that has movable parts and contains a reward (e.g.,
Horner & Whiten, 2005; Lyons et al., 2011). In this paradigm, an experimenter
demonstrates several actions on a box (see Keupp et al., 2018). Some of the actions
are necessary to obtain the reward (e.g., the door hiding the reward must be opened),
whereas others are unnecessary (e.g., tapping on the box and moving attachments
on the outside of the box). When it is their turn to operate the box, children less than
2 years of age typically engage in the necessary actions only and ignore the unnec-
essary ones, but older children imitate also the irrelevant movements (e.g., McGuigan
& Whiten, 2009).

A similar paradigm has been introduced for adults (Hansen et al., 2016).
Participants learn a new activity—that is, creating a dog out of towels—by watching
an instruction video. The model in the video performs the activity in a particular
way, including several unnecessary steps. For instance, she rolls one of the towels
first from the right and then from the left side, flattens the towel at specific points in
the video, and folds the ear of the dog in a certain way. After watching the video,
participants are asked to recreate the dog. To assess movement imitation, their
behavior is coded for how closely their movements match those of the model.
Typically, participants imitate also the irrelevant movements to a consider-
able amount.

The paradigms in the present subsection have been criticized because it is diffi-
cult to tease apart movement and outcome/goal imitation when movements come
along with outcomes/goals (Want & Harris, 2002). In these paradigms, it is always
possible that participants understand the observed behavior in terms of a goal (i.e.,
the model has the goal and then chooses the movements to reach it from among
other possible movements) and imitate that goal by choosing the same movements.
One solution to circumvent this problem is using a paradigm that contrasts out-
comes/goals with movements, as introduced in the next subsection.

Contrasting Movement Imitation with Outcome/Goal Imitation

Movement-based and outcome/goal-based imitation can be contrasted in a para-
digm developed by Genschow, Hansen, et al. (2019, Exp. 1). In this paradigm, par-
ticipants are asked to watch a model who indicates his/her decision to either drink a
lot of cups or only a few drinks by moving cups to the right side or the left side on
a table. Participants likewise choose how much they would like to drink by placing
cups on their right or left side (see Fig. 7.2). The degree to which participants imi-
tate the outcome/goal of the model’s action can be assessed by the chosen amount
of cups, that is the number of cups placed on the “drink” field. Conversely, the
degree to which participants imitate the movements can be assessed by the amount
of right and left movements that matched those of the model. Crucially, the experi-
mental setup is arranged in such a way that participants have to engage in move-
ments as opposed to the model’s movements when imitating the model’s outcome/
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Fig. 7.2 Participants choose drinks and place them on a field that says “TRINK” (drink) or
“WEG” (away) while the model moves either a few or many cups to the right or left side

goal. Likewise, when imitating the model’s movements, participants achieved the
opposite of the model’s outcome. In this way, the paradigm allows one to disentan-
gle movement-based from outcome/goal-based imitation.

If interested in the relative proportion of movement-based versus outcome/goal-
based imitation, this paradigm can be useful. However, a limitation of the paradigm
is that movement-based imitation and outcome/goal-based imitation are confounded
in such a way that more outcome/goal imitation means less movement imitation and
vice versa. Thus, paradigms that allow one to dissociate movement-based from out-
come/goal-based imitation may be useful if one is interested in the independent
estimates of the two levels of imitation, as introduced in the next subsection.

Assessing Movement and Outcome/Goal Imitation
Independently of Each Other

Studies in developmental psychology compare several experimental conditions
with each other to assess whether participants (usually infants or young children)
imitate movements (actions) and/or outcomes/goals (e.g., Bellagamba & Tomasello,
1999; Huang et al., 2002; Meltzoff, 1985, 1988b). Across different conditions, par-
ticipants are provided with different amounts of information about a target action
(see Elsner, 2007). In a baseline condition, participants receive an object (e.g., an
unfamiliar toy) without having a model demonstrating a target action (e.g., pulling
the toy apart and putting it together again in a different way) or an outcome of the
action (e.g., the reassembled toy). This condition can be used to assess the
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spontaneous production of the target action. In another movement-only condition,
the model performs arbitrary actions on the object that do not cause any salient
outcome. This condition can be used to rule out the possibility that participants’
actions just result from being attracted to the same object as the model as well as to
test whether participants imitate outcome-independent movements. In the emula-
tion condition, participants are presented with the outcome of an action (e.g., the
reassembled toy) but not with the movement that caused the outcome. This condi-
tion can be used to test whether participants create the outcome without having
observed a movement causing the outcome. The different conditions can be com-
pared to a full-demonstration condition in which the model demonstrates both
movements and outcomes. This allows one to tease apart which information is
needed for the reproduction of the target actions and/or the movements in different
age groups (Elsner, 2007). A common finding in such paradigms is that movement
imitation develops in the second half of the first year of life and outcome/goal imita-
tion develops at the beginning of the second year (see below).

The paradigms outlined in the previous paragraph have been criticized because
they confound the level of imitation (movement vs. outcome) with the amount of
given information since presenting a sequence of movements usually includes more
information than presenting just the outcome (Heyes, 2021). So, it is not clear
whether differences between the experimental conditions are driven by the content
or the amount of given information. To circumvent such a confound, one could use
paradigms that minimize the amount of movement information, such as in the pen-
and-cups task (Bekkering et al., 2000; Wohlschlédger et al., 2003).

In the pen-and-cups task (Bekkering et al., 2000; Wohlschlédger et al., 2003),
across multiple trials, three action components are manipulated: object selection,
effector selection, and grip selection. On each trial, observers (usually children) see
a model moving a pen into one of two colored cups (object), using the right or the
left hand (effector) while grasping the pen with the thumb pointing up or down
(grip). Participants are asked to imitate the behavior across several trials. Imitation
of the outcome (object selection: In which cup is the pen at the end?) and imitation
of the effector and grip (movement selection: How is the pen moved?) can be
assessed.

Recently, a computerized and speeded version of the pen-and-cups task has been
introduced that can be used with adult participants (Genschow, Hansen, et al., 2019,
Exp. 2 and 3). In this paradigm, participants are watching on a computer screen the
hands of a model pressing one of two keys on a keyboard by using either the right
or the left hand across multiple trials. Participants are instructed to imitate the
observed actions (i.e., they are asked to press the same key with the same hand as
the model) as fast as possible. Imitation errors of hand use as well as of key presses
are measured, and the inversion of the error rates can be used as indicators of move-
ment imitation and outcome imitation, respectively.

In the pen-and-cups task as well as the computerized and speeded version,
respectively, it has been shown that observers typically make fewer cup errors than
hand errors and fewer hand errors than grip errors (Avikainen et al., 2003; Leighton
et al., 2008; Wohlschldger & Bekkering, 2002), or fewer key errors than hand errors,
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respectively (Genschow, Hansen, et al., 2019). This pattern of goal-based imitation
may mainly be due to the fact that the goal is more salient than the movements in
these paradigms (Bird et al., 2007). If attention is shifted to the movements, partici-
pants are more likely to imitate the movements.

Dissociating Outcomes and Goals

So far, I treated outcome imitation and goal imitation as more or less similar because
the action outcome does usually reflect the action goal. However, there are situa-
tions in which it is important to differentiate between outcome and goal since an
outcome of an action does not always correspond to the intended goal of the action.

To disentangle outcome imitation and goal imitation, one can demonstrate failed
attempts where a participant observes a model trying but failing to produce an action
outcome. For example, a model could be shown trying to pull a dumbbell-shaped
toy apart, but her fingers slip off the ends (Meltzoff, 1995, 2007). If participants
engage in different means to produce the intended outcome rather than faithfully
imitating the same failed movement that produced no outcome (or an unintended
outcome), one can assume that the action goal rather than the outcome was imitated.
It has been shown that 17- to 19-month-old (but not 12-month-old) children usually
produce what the adult tried but failed to do (i.e., they imitate the goal) in such a
condition. That is, the children are more likely to produce the intended outcome
when an intention could be inferred than when an intention could not be inferred. In
fact, children who have observed a trying but failing model show as many intended
outcomes as children in a full-demonstration group where the model successfully
demonstrates the intended outcome (Bellagamba & Tomasello, 1999; Huang &
Charman, 2005; Huang et al., 2002; Meltzoff, 1995).

A slightly different paradigm was introduced by Carpenter et al. (1998a). In this
paradigm, a model demonstrates a series of two-step actions on objects that make
interesting results occur. The demonstrator vocally marks some of the actions as
intentional (“There!”) and others as accidental (“Whoops!”). After each action, par-
ticipants are given a chance to produce the outcome. Typically, children imitate a lot
more of the adult’s intentional actions than his/her accidental ones, indicating imita-
tion of goals instead of outcomes. It might be interesting to combine paradigms, for
instance including the “There!”/“Whoops!” manipulation in the pen-and-cups task
to examine if participants’ cup selection reflects imitation of an outcome or imita-
tion of a goal.

In summary, different experimental paradigms have been introduced to investi-
gate outcome imitation and goal imitation. Some paradigms are more suitable for
children, whereas others are more suitable for adults. Evidence for both movement
imitation and outcome/goal imitation has been found. Although outcome/goal imi-
tation seems to dominate in many cases, this is not always the case. Therefore, an
interesting question is the following: Under which conditions do individuals give
movement imitation more weight relative to outcome/goal imitation? The next
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section summarizes some variables that moderate the relative degree of movement
imitation versus outcome/goal imitation.

Variables Moderating the Relative Degree of Movement
and Outcome Imitation

Research has identified variables that increase or decrease imitation of movements
or outcomes. Most notably, age and its associated knowledge about movement—out-
come relations have been investigated as moderating factors. Additionally, situa-
tional context factors such as the salience of the outcome, the apparent causal
relationship between movement and outcome, and situational constraints of the
model’s behavior affect the relative degree to which one engages in movement ver-
sus outcome imitation. Additionally, social group membership and psychological
(particularly spatial) distance have been related to movement versus outcome
imitation.

Imitation in Infancy: Knowledge About Movement-
Outcome Relations

One of the best-researched moderators of imitation is the age at which different
mechanisms of imitation develop (for reviews, see Elsner, 2007; Want & Harris,
2002; see also Chap. 9; this volume). In infancy, the capacity to encode and remem-
ber information develops as infants grow older, which helps in processing informa-
tion provided by a model who is demonstrating an action. Thus, this information
can be better and better related to one’s growing knowledge about actions and
movement—outcome relations. This, in turn, influences imitation of an action, which
becomes increasingly flexible with age.

It has been demonstrated that movement imitation develops from about 6 to
13 months of age whereas outcome/goal imitation develops from 13 months
onwards (Call & Carpenter, 2002; Want & Harris, 2002). It has been shown that
9-month-olds do not learn movement-outcome relations by observation, whereas
12-month-olds do (Carpenter et al., 1998b; Elsner & Aschersleben, 2003; Provasi
etal., 2001). By 12 months, infants can even reproduce movements that do not lead
to a salient outcome (although movements accompanied by a salient outcome are
imitated more often, see below). By 14 months, infants can adjust their imitation to
several aspects of the demonstration, such as verbal cues or situational constraints
present during the demonstration, and show more and more outcome imitation
(Carpenter et al., 1998a; Gergely et al., 2002).

In one study with infants aged between 9 and 15 months (Carpenter et al., 1998b),
the paradigm of Meltzoff (1988a, b) was used, that is, the infants observed a model
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who was bending at the waist and touching her head to a panel resulting in a light
turning on. Infants below 13 months engaged in movement imitation, that is, they
imitated the movements without paying attention to the outcome of the action.
Infants older than 13 months also engaged in movement imitation but additionally
looked at the light to check whether their actions produced the same outcome as the
model. Furthermore, 14-month-olds used their hand instead of their forehead to
touch a box and turn on a light (see also Gergely et al., 2002), indicating that infants
increasingly rely on their action-effect knowledge in imitative contexts the older
they become and choose a simpler action from their own repertoire to reproduce
observed outcomes (see also Huang et al., 2002).

The ability to predict goals or to infer unseen movements from incomplete dem-
onstrations of goal-directed actions evolves over the second year of life. By
17 months, infants can infer the goals of “failed-attempts” movements (Bellagamba
& Tomasello, 1999; Huang et al., 2002; Meltzoff, 1995). For instance, 18-month-
old children who were presented with failed attempts to achieve a goal (e.g., pulling
a toy apart or putting a stick in a hole) re-enacted the intended actions rather than
the actual failed actions (Meltzoff, 1995) whereas 12-months-olds did not
(Bellagamba & Tomasello, 1999). Likewise, children between 14 and 18 months
were more likely to imitate actions that are vocally marked as intentional (i.e., the
model exclaimed “There!” after having produced them) than actions vocally marked
as accidental (i.e., the model exclaimed “Whoops!” after having produced them;
Carpenter et al., 1998a), indicating that children of this age group start to imitate
actions based on goals and not just outcomes (see Want & Harris, 2002).

In sum, the ability to learn movement—goal relations by observation emerges at
the beginning of the second year and is regarded as the crucial factor for the changes
in the imitation of incomplete demonstrations. Likewise, the ability to reproduce
outcomes without seeing any movement that caused the outcome develops at the
end of the second year. Growing knowledge about movement—outcome relations
helps infants to infer the movements that are necessary to produce the observed
outcome (Elsner, 2007).

Related to age, there is an interesting phenomenon called over-imitation. In over-
imitation, individuals imitate causally irrelevant movements when observing a goal-
directed action despite clear evidence that those actions are unnecessary to
accomplish the task at hand (Hoehl et al., 2019; Keupp et al., 2018; Whiten et al.,
2009). So, over-imitation is an inefficient form of imitation that stands in contrast to
rational, selective imitation. It is particularly puzzling that over-imitation emerges
at later ages: While infants and even chimpanzees (Horner & Whiten, 2005) can
engage in more effective imitation (i.e., they ignore any causally irrelevant actions
and choose efficient means when imitating outcomes), older children (3- to 5-year-
olds; McGuigan et al., 2007) and even adults (Hansen et al., 2016; McGuigan et al.,
2011) often faithfully imitate any kind of behavior and thus jeopardize efficient task
performance (Horner & Whiten, 2005; for a review see Whiten et al., 2009).

In one study, for instance, 3- to 4-year-old children and young chimpanzees were
presented with a puzzle box that contained a hidden reward (Horner & Whiten,
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2005). A model engaged in both causally necessary and unnecessary movements to
retrieve the reward. When the box was opaque, both chimpanzees and children cop-
ied the unnecessary movements to retrieve the reward. When the box was transpar-
ent, in contrast, chimpanzees only imitated the necessary movements and omitted
the unnecessary ones, whereas human children imitated all (including the unneces-
sary) movements (see also Lyons et al., 2007).

Several explanations for such apparently irrational behavior have been proposed
(for reviews, see Allen et al., 2021; Keupp et al., 2018; Schleihauf & Hoehl, 2020;
Whiten et al., 2009). First, over-imitation may be a byproduct of causal learning. By
imitation, individuals gain knowledge about the functioning of tools and other arti-
facts. Faithful movement imitation is a useful strategy because it helps in the learn-
ing process, particularly when individuals can “copy all now” and “refine/correct
later” (Whiten et al., 2009). So, over-imitation may be adaptive because it provides
a strategy that can be easily used when faced with novel tasks with unknown cau-
salities. Accordingly, over-imitation may be a form of automatic imitation (Brass
et al., 2009; Catmur et al., 2009; Massen & Prinz, 2009).

Second, over-imitation may emerge because individuals are motivated to affiliate
with others (Nielsen, 2006; Nielsen & Blank, 2011; Over & Carpenter, 2012). By
imitating movements exactly, an imitator signals sameness or a shared group mem-
bership with the demonstrator and thus establishes and strengthens a social bond
with the demonstrator. Accordingly, it has been shown that over-imitation is more
likely when the demonstrator and the observer share the same group (Buttelmann
et al., 2013; Gruber et al., 2019).

Third, over-imitation may result from a motivation to conform to others and fol-
low norms (Kenward, 2012; Kenward et al., 2011; Keupp et al., 2013; Legare &
Nielsen, 2015). In this sense, over-imitation is a consequence of individuals’ desire
to learn how they ought to interact with a tool (Kenward et al., 2011). Accordingly,
imitation includes not only the causally necessary but also the normatively “neces-
sary” movements. Supporting evidence for this explanation comes from studies
showing that the model’s perceived reliability (Allen et al., 2021) and knowledge-
ableness (Buchsbaum et al., 2011) increase over-imitation.

Together, there seems to be agreement that neither of the suggested underlying
psychological mechanisms alone is sufficient to explain over-imitation (Hoehl et al.,
2019). An overall perspective on over-imitation was offered by Schleihauf and
Hoehl (2020) who suggest using a dual-process framework to integrate the different
explanations. According to their framework, cognitive resources determine which
psychological processes cause over-imitation. With few cognitive resources, blan-
ket copying (i.e., automatic movement imitation) based on type 1 processing is
likely. With more cognitive resources, deliberate considerations about whether or
not to faithfully imitate all movements come into play, based on type 2 processing.
Here, it depends on the observer’s goal in a given situation whether he/she over-
imitates or not.
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Situational Factors: Salience of the Outcome/Goal
and Situational Constraints

Several contextual or situational factors modulate whether people imitate more or
less on the basis of movements versus outcomes/goals. In addition to task and
domain knowledge (that develops during infancy), the saliency of the outcome or
the goal, respectively, and situational constraints recognized in the model’s action
have been identified as moderating variables that shift the degree to which move-
ments are imitated more or less strongly than outcomes.

Related to the general capacity to recognize the goals of others’ actions (which
develops with age, see the previous subsection), it has been shown that the avail-
ability and salience of the outcome (or goal, respectively), affect movement versus
outcome imitation. If the outcome (or goal) is salient, it is imitated more faithfully
than the movements leading to the outcome (e.g., Bekkering et al., 2000; Carpenter
et al., 2005; Schachner & Carey, 2013; Southgate et al., 2009; Williamson &
Markman, 2006; Wohlschlédger et al., 2003). In a study by Carpenter et al. (2005),
for instance, 12- and 18-month-olds watched a model moving (i.e., hopping or slid-
ing) a toy mouse on a table. In half of the trials, the action ended in one of two toy
houses. In the other half of the trials, no toy houses were present, and the move-
ments ended at some position on the table. When the mouse was moved to a house,
participants imitated the movement’s outcome more often and the observed move-
ment less often than when there was no final destination for the mouse. Likewise,
when adults and children were asked to imitate a model who moved his/her hand
and touched a table, their imitation of the movement (i.e., the choice of the hand)
was more precise when the table was unmarked than when it is marked with two
dots (Bekkering et al., 2000; Wohlschldger et al., 2003). In line with GOADI
(Wohlschléger et al., 2003), these findings indicate that the salience of an action
outcome changes participants’ encoding of a demonstration: When an outcome
(e.g., the disappearance of the mouse or the touching of a dot) is salient, the move-
ment is just a means to the outcome, and its specific features are not encoded. When
the outcome is not salient or even absent, the movement itself becomes important
and is imitated, in turn (see also Bird et al., 2007).

Relatedly, the causal relationship between the movement and the outcome may
be a factor influencing which type of imitation takes place (Horner & Whiten,
2005). When a critical causal relationship is apparent to the observer, outcome imi-
tation occurs, whereas movement is preferred when the causal relationship is less
clear. In one study, for instance, the availability of information about the causal
relationship was varied in a tool use task with young children and chimpanzees as
participants (Horner & Whiten, 2005, see also Fugazza et al., 2019, for similar find-
ings in dogs). Participants observed actions performed to obtain a reward inserted
either into a transparent or an opaque box. When the reward was in the transparent
box, the causal relationship between the movements performed with the tool and the
outcome was visible; when the reward was in the opaque box, the causal relation-
ship was not visible so participants could not see that some actions were irrelevant
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to solve the task. The findings showed that participants adjusted their behavior
according to the situation and engaged in more outcome imitation in the first condi-
tion or relatively more movement imitation in the latter.

Besides the causal link between the movement and the outcome, situational con-
straints recognized in the model’s action modulate whether people’s imitation is
more based on movement or more on outcomes. Specifically, individuals will imi-
tate movements that represent unusual means to reach a goal only if the model does
not have an apparent situational constraint to perform the strange movement. For
instance, participants (in this case, 14-month-old children) imitated the movements
of an adult who is bending at the waist and touching her head to a panel which
results in turning on a light only when the model had her hands free (Gergely et al.,
2002). Participants were more likely to use their hands instead of their head when
the model was constrained to perform the strange movement, for instance when her
hands were occupied by holding a blanket. In the hands-free condition, participants
presumably inferred that the model deliberately chose to use her head, and they
preferentially imitated the head movement. In the hands-occupied condition, in con-
trast, the model was not able to use her hands whereas the participants’ hands were
free to be used (for similar findings in adults, see Genschow & Brass, 2015).
Accordingly, participants did not need to imitate the unusual head movement and
could reach the same outcome by different means. Similar findings have also been
shown for chimpanzees (Buttelmann et al., 2007) and dogs (Range et al., 2007).

Social Group Membership

In addition to situational factors, shared group membership of the observer and the
model can increase the imitation of movements. For instance, stronger automatic
imitation of movements has been found for human actions than for nonhuman
actions (Cracco et al., 2018; Liepelt et al., 2008; Liepelt & Brass, 2010). Similarly,
research on mimicry found that the movements of ingroup members are more
strongly mimicked than the movements of outgroup members (Bourgeois & Hess,
2008; Cheng & Chartrand, 2003; Mondillon et al., 2007; Yabar et al., 2006).
Relatedly, exclusion from one’s ingroup (which increases the affiliation goal and the
motivation to seek social proximity with the ingroup) causes participants to mimic
an ingroup member more than an outgroup member (Lakin et al., 2008).

Likewise, the movements of ingroup members are more strongly imitated than
the movements of outgroup members in a cross-contextual imitation paradigm. In
one study, for instance, the experimenter told the participants that they would taste
a new sports drink that was designed for consumption during workouts (Genschow
& Schindler, 2016). Furthermore, it was stated that a video of an athlete exercising
with a barbell would be presented to simulate the context of working out. Participants
were provided with ten plastic cups filled with an ice-tea-flavored drink and they
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were allowed to taste from the cups as much as they wanted until the video finished.
Drinking from the cups involves repeated arm-lifting movements. In the compatible
movement condition, participants observed the athlete standing upright lifting a bar-
bell from his waist to his chest. In the incompatible movement condition, the same
athlete was laying on his back pushing the barbell up from his chest. The findings
showed that participants who were motivated to affiliate with ingroup members
imitated the compatible movements of the athlete more when the athlete was intro-
duced as an ingroup member than when he was introduced as an outgroup member.
Thus, one could conclude that social group membership increases movement imita-
tion even across contexts.

However, several recent studies could not replicate the influence of group mem-
bership on imitation. For instance, group membership did influence imitation nei-
ther in imitation-inhibition tasks (De Souter et al., 2021; Genschow et al., 2022b)
nor in the computerized and speeded pen-and-cups task (Genschow et al., 2022a).
Future research may specify the exact conditions under which social group mem-
bership affects imitation.

Psychological Distance

Social group membership can be regarded as one dimension of psychological dis-
tance. That is, because of their familiarity and possibly shared goals, ingroup mem-
bers are usually construed as socially closer than outgroup members. In addition to
social distance, other distance dimensions affect imitation, too (for a review, see
Hansen & Genschow, 2020). In particular, temporal and spatial distance has been
investigated, which varies, for instance, when the model’s behavior is shown in a
video that has been recorded at a spatially near or far-away place (spatial distance)
or has been recorded recently versus long ago (temporal distance). Construal level
theory (Trope & Liberman, 2003, 2010; Trope et al., 2021) states that—indepen-
dently of the specific distance dimension—psychological distance causes people to
construe an activity more abstractly, that is, in terms of its more high-level elements
(such as outcomes or goals), whereas psychological proximity causes people to
construe an activity more concretely, that is, in terms of its low-level movements.
Thus, outcomes and goals may be relatively more salient than movements when an
action is perceived from the distance. The respective salient information, in turn, is
likely to be imitated.

Research investigating the effect of psychological distance on movement-based
imitation has shown that individuals reproduce near behavior, compared with dis-
tant behavior, in a more literal action-by-action manner (Hansen et al., 2016). In one
study, for instance, participants learned a new activity—that is, creating a dog out of
towels—by watching an instruction video in which a model demonstrated the activ-
ity in a particular way. Temporal distance from the model was manipulated by
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telling half of the participants that the video was made more than 10 years ago ver-
sus this year (Hansen et al., 2016, Exp. 1). When analyzing how closely partici-
pants’ movements matched those of the model, it was found that the model’s
movements were more likely to be imitated when participants believed the model
was temporally near than when they believed the model was temporally distant. A
similar effect was found when spatial distance was manipulated (Hansen et al.,
2016, Exp. 2). Participants more likely imitated the model’s movements when they
believed that the instruction video was produced in the city where the study was
conducted (near) than when they believed that the video was produced in a city that
was 3000 miles away (distant). These studies indicate that specifically movement-
based imitation is facilitated when temporal and spatial distance is low (see also
Hansen et al., 2020).

Additionally, spatial distance has been identified as a variable that dissociates
between movement imitation and outcome imitation. In a series of studies
(Genschow, Hansen, et al., 2019), participants performed the computerized and
speeded pen-and-cups task that measures movement-based imitation independently
of outcome-based imitation. Across multiple trials, participants watched on a com-
puter screen the hands of a model pressing one of two keys on a keyboard by using
either the right or the left hand. Participants were instructed to imitate the observed
action as fast as possible (i.e., they were asked to press the same key with the same
hand as the model). Errors of hand use (i.e., movement imitation) and errors of key
presses (i.e., outcome imitation) were measured. The spatial distance was manipu-
lated by presenting the model’s action at either a spatially proximal or a spatially
distant location on the screen. This was done by presenting the model’s actions in
broad arrows that pointed to either a spatially near or a spatially distant location on
a picture (see Bar-Anan et al., 2007; Hansen & Winke, 2010). The findings showed
that participants made relatively more outcome errors (i.e., pressed the wrong key)
when the actions were presented at a proximal compared with a distant location.
This finding supports the idea that spatial distance causes participants to focus more
strongly on the outcome than on the underlying movement, facilitating outcome
imitation. One would expect that temporal distance, too, increases outcome/goal
imitation relative to movement imitation, which however has not been tested empir-
ically so far.

For future research, construal level theory offers a fruitful path, as many “real-
world” context factors that affect the level of construal may also affect movement
versus outcome imitation. For instance, it has been shown that good mood (Gasper
& Clore, 2002), social power (Smith & Trope, 2006), thoughts about money (Hansen
et al., 2013), motivational states (Hansen & Steinmetz, 2019), and musical sound
patterns (Hansen & Melzner, 2014) can influence how abstractly individuals pro-
cess information. These variables may also increase outcome imitation at the
expense of movement imitation (see, for instance, Genschow, Schuler, et al., 2019,
for the attenuating effect of money on movement imitation).
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Summary and Future Directions

An observed action consists of at least two components that can be imitated—move-
ments and outcomes. When imitating, observers sometimes additionally differenti-
ate between the observable outcome and the underlying goal of the demonstrator.
Different psychological subdisciplines have investigated movement imitation and
outcome/goal imitation, ranging from cultural, animal, and developmental psychol-
ogy to cognitive and social psychology. Evidence for both forms of imitation has
been found with different experimental paradigms.

So, one can conclude that the different forms of imitation are not separate phe-
nomena but should be considered on a continuum from lower-level movement imi-
tation to higher-level goal imitation. When imitating an observed action, its
components are usually perceived as hierarchically ordered with the means/move-
ments being interpreted only after the outcome/goal is recognized (Leighton et al.,
2010). This implies that the salience of an outcome or goal modulates imitation,
with outcome/goal imitation dominating over movement imitation the more salient
the outcome/goal becomes. Other factors found to modulate the two levels of imita-
tion include social, spatial, and temporal distance that typically decrease movement
imitation.

In future research, it would be interesting to investigate combinations of the dif-
ferent factors that different subdisciplines have identified as moderators of imita-
tion. For instance, would situational constraints and salience of outcomes affect
imitation also in more cognitive experimental paradigms, corroborating the compre-
hensive findings of developmental and cultural psychology? And may the level of
construal be an alternative explanation for over-imitation? One could hypothesize
that a low construal level or a low psychological (temporal, spatial, or social) dis-
tance may increase over-imitation because it causes individuals to more strongly
focus on movements instead of outcomes. Methods with which construal levels can
be manipulated in children (e.g., Liberman et al., 2012) may be useful to investigate
such questions in experimental imitation paradigms of developmental psychology.
Likewise, exclusion from an ingroup (triggering affiliation motivation) may increase
over-imitation. And construal level manipulated in children may additionally affect
the performance in the pen-and-cups task.

In sum, the relevance of both movements and outcomes/goals in imitation is sup-
ported by the findings highlighted in the present chapter. Future research may gain
from considering the different perspectives of the different psychological subdisci-
plines to complete our understanding of the role of movements, outcomes, and goals
in imitation.
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Chapter 8 )
Anticipated Imitation e

Roland Pfister (), Bence Neszmélyi ¢, and Wilfried Kunde

Experimental research in psychology and related fields has traditionally followed a
straightforward agenda that we will call the stimulus-response paradigm here. The
stimulus-response paradigm involves creating certain situations and measuring the
behavior of humans and other animals in these situations. This paradigm offers an
elegant blueprint for empirical studies on cognition and behavior, as it follows
directly from attempts to introduce experimental methodology into the discipline of
psychology (Ueberwasser, 1787; see also Schwarz & Pfister, 2016).

Against the background of the stimulus-response paradigm, it seems intuitive to
manipulate clearly perceivable stimulus characteristics and measure behavior (i.e.,
responses) as a function of these characteristics. This approach already developed in
the early days of psychological inquiry, when initial experimental studies approached
human perception from the perspective of psychophysics (Fechner, 1877; Weber,
1851, cf. Kingdom & Prins, 2016). Other lines of inquiry quickly adopted similar
methods such as early studies with response time measurements (Donders 1869),
and this paradigm continues to be a major component of the methodological toolkit
of contemporary psychological research.

Applying the stimulus-response agenda to the scientific study of imitation entails
a straightforward roadmap for devising experimental setups. Imitation involves at
least two agents, a model and an imitator. Because the model action has to precede
the imitator action, it is natural to assign the model’s behavior to the stimulus side
of the experimental design (often using pictures or videos of the model action), and
to assign the imitator’s behavior to the response side. This assignment has enabled
a series of relevant discoveries. One example concerns research on automatic
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imitation (Heyes, 2011) as studied experimentally via motor priming effects (Brass
et al., 2000, 2001; Cracco et al., 2018). In studies on motor priming, participants are
shown a stimulus on every trial, and this stimulus includes an action of an imitation
model, e.g., lifting the index finger of the left hand. They are asked to respond to
each stimulus with clearly defined responses, e.g., also lifting the left index finger.
These setups reliably produce compatibility effects in the sense that response times
and error rates of the imitator are lower if the model action matches the required
response (compatible or imitation trials) as compared to mismatches between model
action and imitator response (incompatible or counter-imitation trials). This occurs
even if participants do not have to attend to the model action, e.g., when responding
to a stimulus shape that is superimposed on the model action. Research on motor
priming therefore suggests that perceiving the movement of another agent primes
similar responses in the observer (Fadiga et al., 1995, but see Hemed et al., 2022).

An elegant way to explain motor priming effects is in terms of the ideomotor
principle of action control (Brass & Heyes, 2005). The ideomotor principle assumes
that agents represent and access their behavioral repertoire by means of the perceiv-
able changes to be produced by the movement, i.e., in terms of its action effects
(HarleB, 1861; Herbart, 1824; James, 1890 Washburn, 1908; for historical perspec-
tives, see Stock & Stock, 2004; Pfister & Janczyk, 2012). Re-encountering any of
these effects can therefore prime the associated movements by means of bidirec-
tional associations between actions and their ensuing effects. For a simple finger
movement, these effects include the proprioceptive and tactile changes triggered by
the moving body, as well as the visual image of the moving finger (e.g., Pfister,
2019). This is precisely the kind of stimulus that triggers imitative tendencies in a
typical experiment on motor priming. In this view, therefore, motor priming is a
social manifestation of a general and basic property of action representations. The
mechanisms proposed by ideomotor theorizing also extend seamlessly to other
modalities so that they can account for automatic imitation of complex behaviors
such as gestures (Bernieri, 1988; Cracco et al., 2018) and facial expressions
(Dimberg, 1982; Seibt et al., 2015). It further accounts for a number of classic find-
ings in the field. For instance, motor priming is affected by how similar model and
imitator are (Brass et al., 2001; Liepelt & Brass, 2010; Longo & Bertenthal, 2009;
Genschow et al., 2013, 2021; Vogt et al., 2003; see also Schiitz-Bosbach & Prinz,
2007). It also captures changes of action priming through novel motor-effect contin-
gencies (Gillmeister et al., 2008; Wiggett et al., 2011). In an ideomotor view, per-
ceiving a model action can re-activate of existing action—effect associations to the
extent that there are shared features between model and imitator action. As increased
similarity implies increasingly many shared features, ideomotor accounts imply that
imitative tendencies should vary with model-imitator similarity.

In the following, we argue that the ideomotor account offers even more than
providing an elegant and parsimonious explanation of motor priming effects.
Moreover, experimental paradigms that play a central role in studying ideomotor
mechanisms of human action control allow to expand the field of study beyond
simple reactions to external events. That is: Applying similar experimental
approaches to the study of imitation shifts the focus away from the imitator and
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towards the psychological processes operating in the action model, thus opening a
new look at a classic phenomenon. To motivate this claim, we will first discuss sev-
eral key aspects of studying ideomotor action control outside the field of imitation,
and we then show how this line of thinking has stimulated so-called “sociomotor”
research on imitation and social actions in general (Kunde et al., 2017; Neszmélyi
et al., 2022).

Ideomotor Action Control: The Role of Sensory Anticipations

Ideomotor action presupposes that agents can acquire bidirectional associations
between the neural activity that generates overt movements and incoming sensory
effects that are triggered by this movement (Harle3, 1861; Herbart, 1824). Once
established, these bidirectional associations allow for goal-directed actions because
mentally recollecting, i.e., anticipating, the effects will then spread activation across
the available associations and thus initiate a movement. It is this anticipative com-
ponent that renders the ideomotor mechanism particularly relevant for understand-
ing how the human mind represents and produces actions (Kunde, 2006; Kunde
et al., 2004).

Empirically studying effect anticipations poses a profound challenge to common
experimental designs that follow the general stimulus-response agenda, however. It
requires measuring how a stimulus that occurs only after action execution affects
the very action that is going to produce the effect in the first place. Instead of vary-
ing perceivable characteristics of the current situation, experiments thus need to
manipulate future but predictable events and probe for their impact on behavior.

One way to implement a structured manipulation of to-be-produced action
effects is the response-effect compatibility paradigm (Kunde, 2001). In this para-
digm, participants perform simple responses such as keypresses and each response
produces a particular, foreseeable effect such as a visual event on the computer
screen. If the experimental design implements responses and effects that vary on a
shared dimension, e.g., left versus right, this setup can include compatible trials
such that a left keypress triggers an effect on the left-hand side, and incompatible
trials such that a left keypress triggers an effect on the right-hand side. Crucially,
compatibility here relates to how action features map onto features of later action
effects, i.e., events that are not yet present during action execution. Still, responses
are usually observed to be faster in compatible trials than in incompatible trials
(Pfister & Kunde, 2013; Pfister et al. 2014a; Wirth et al., 2016; Shin & Proctor,
2012). Similarly, the way actions are produced changes with the features of upcom-
ing stimulation so that an action will be less forceful if it triggers a high-intensity
effect as compared to a low-intensity effect or no effect at all (Horvath et al., 2018;
Kunde et al., 2004; Neszmélyi & Horvith, 2017; Thébault et al., 2020). These find-
ings clearly suggest that participants anticipate upcoming action effects, and that
such effect anticipations are functionally relevant for action planning and control.
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Even though technically still a stimulus-response paradigm (for the fact of imple-
menting a controlled experimental design), research on response-effect compatibil-
ity offers an elegant perspective on imitation by highlighting the model’s side of the
process as the first part of an action—effect sequence (with the “action” in “action—
effect” being the model’s action and ‘“effect” being the imitator’s response).
Understanding whether and how action models are affected by imitation requires a
shift in focus towards measuring rather than manipulating the behavior of action
models. What needs to be manipulated instead is the later response by the imitator,
which also needs to be sufficiently predictable to allow the model to form meaning-
ful anticipations. The following section covers this type of research.

Focusing on the Imitation Model

Imitation can affect the action model in two ways. First, experiencing another per-
son imitate one’s own actions may change later cognition and behavior of the model.
This is true especially for affective consequences of imitation such as liking of the
imitator (Chartrand & Bargh, 1999; De Coster et al., 2013; Dignath et al., 2018; van
Baaren et al., 2004; for an overview see Chaps. 13 and 14; this volume). Second,
expecting another agent to imitate one’s own actions may even affect how models
represent, plan, and control their actions in the first place. In this sense, imitative
behavior of another person can be seen as an action effect of the model action.
Ideomotor theorizing therefore suggests that predictable imitation should facilitate
action control as compared to predictably mismatching responses (counter-
imitation), and also compared to situations with unpredictable responses of a social
interaction partner. Figure 8.1 shows a summary of the assumed processes underly-
ing anticipated and reactive imitation.

Initial evidence for this hypothesis comes from a response-effect compatibility
experiment that assessed the impact of anticipated action effects on how facial mus-
cles are controlled (Kunde et al., 2011). Participants were asked to perform facial
gestures by either contracting the zygomaticus major muscle (generating a smiling
expression) or by contracting the corrugator supercilii muscle (generating a frown-
ing expression). Each response further triggered the image of either a smiling or
frowning face on the computer screen. Different blocks of the experiment imple-
mented either a predictably compatible mapping (smiling response triggers smiling
face) or a predictably incompatible mapping (smiling response triggers frowning
face). Generating a correct facial gesture was indeed faster if predictably followed
by a compatible rather than incompatible action effect. These findings are in line
with the idea that social effects enter action representations in addition to other (e.g.,
body-related) effects so that anticipated imitation directly primes corresponding
model responses.

In a second, direct test of the anticipated imitation hypothesis, we asked two
participants to act in leader—follower, i.e., model-imitator dyads (Pfister et al.,
2013). They sat face to face at a table and operated one response key each, with both
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’ Imitator

Anticipated imitation Reactive imitation

Model ‘

Fig. 8.1 Interplay of anticipated and reactive imitation when a model’s smile (depicted from
behind) makes the imitator smile back. Even before actually perceiving an imitative response
(reactive imitation), models may anticipate likely imitative behavior which, in turn, triggers imita-
tive tendencies on the model’s side (anticipated imitation; for a corresponding theoretical frame-
work, see Kunde et al., 2018). Such tendencies can be shown experimentally by having the imitator
predictably imitate or counter-imitate a model action (e.g., Pfister et al., 2013; Miiller, 2016)

keys placed close to each other on the table. The leader observed a computer screen
on each trial and performed either a short or a long keypress in response to the
screen background changing from black to either red or green. In different condi-
tions, the follower was asked to consistently imitate or counter-imitate the leader’s
action. In the imitation condition, the follower would thus perform a short keypress
in response to a short keypress of the leader, whereas the counter-imitation condi-
tion would call for long keypresses of the follower in response to a short keypress
of the leader (see Kunde, 2003, for a blueprint of this setup with physical action
effects). The experimental conditions were again manipulated across blocks so that
the leader could predict the likely follower response to his or her action on each
trial. Crucially, this manipulation did indeed affect the leader’s behavior in that their
responses were faster in the imitation condition as compared to the counter-imitation
condition. These imitation effects on the leader were smaller than the imitation
effects of directly perceived stimuli as observed with the follower but, crucially,
both were highly reliable across experiments. The same held true when comparing
the imitation condition to a control condition with unpredictable follower responses.
Further work extended the approach to larger-scale movements such as moving vir-
tual objects on a multi-touch table (Miiller, 2016). These findings again suggest that
models built up anticipations of upcoming imitator responses, thus boosting perfor-
mance if these anticipations overlapped with the currently required response.
Carefully inspecting the setup and design of the latter two studies highlights a
potential shortcoming, however (Lelonkiewicz & Gambi, 2017). Because the exper-
imental conditions varied across blocks, each imitation trial also follows another
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imitation trial in the imitation condition, and each counter-imitation trial always
follows other counter-imitation trials in the counter-imitation condition. Any sys-
tematic effects between conditions may therefore relate to anticipations as hypoth-
esized above, or they might be due to after-effects of just having experienced
imitation or counter-imitation in the preceding trial(s). This concern is particularly
relevant for designs with direct interactions of actual participants, i.e., if not relegat-
ing either the model or the imitator side to picture or video stimuli (e.g., Pfister
et al., 2013). In cases of direct interactions, imitators of course also show typical
motor priming effects so that the imitator’s responses are systematically delayed in
the counter-imitation condition as compared to the imitation condition (Brass et al.,
2001). One way to assess concerns related to the blocked experimental design is to
manipulate imitation conditions on a trial-by-trial level. This design choice only
requires an additional cue on every trial to enable the model to predict the imitator’s
response. The issue of different temporal delays during imitation and counter-
imitation, by contrast, is best addressed by using virtual agents as imitator, which
allows controlling the interval between the model’s and the imitator’s movements.
Studies that applied such modifications to the original setup still replicated the pre-
viously observed impact of anticipated imitation, thus supporting the above reading
in terms of actual anticipations (Lelonkiewicz et al., 2020; see also Pfister
etal., 2017).

Predictable Imitation

The processes occurring during anticipated imitation are tied to the model actually
predicting a social partner to imitate (see Fig. 8.1). But are such predictions actually
warranted in the real world? They are warranted in the context of a psychological
experiment as discussed above, because the imitator is explicitly asked to produce
imitation actions in certain conditions. Imitation can indeed be expected also in
many real-world interactions, however. Smiling at another person routinely triggers
this person to smile back, greeting another person will also make this person greet
back, though not necessarily using the same phrase. Many innocuous movements
are also copied readily by others, such as scratching one’s noes, crossing one’s legs,
and the like.

A familiar everyday instance of imitation is the tendency to copy the body pos-
ture of other people during a meeting. Imitation also occurs frequently when inter-
acting with children or during interactions among children (Agnetta & Rochat,
2004). Imitative games between caregivers and children can involve extended loops
of mutual provoking and performing imitative responses. Deliberately provoking
imitation therefore enables early, pre-verbal forms of interaction and communica-
tion, thus serving a crucial role in ontogenetic development (Nagy, 2006; Nagy &
Molnar, 2004).

Motor priming through anticipated imitation arguably facilitates these crucial
interactions. Specifically, imitation is a kind of win-win situation for the imitator
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and the model alike. The benefits for imitators are pretty obvious (e.g., Heyes,
2013). For example, while it may sometimes be hard to explain a complicated body
movement to another person verbally, e.g., performing a certain dance move or eat-
ing with cutlery, this is much more easily done by demonstrating the action to
another person and asking him or her to do the same. Imitation drives the imitator
towards doing the right thing in such demonstration scenarios. Yet, the foreseeable
imitation is beneficial for the models as well, namely to generate the to-be-imitated
behavior in the first place. Think of it: it is easier to demonstrate a certain movement
to another person that most likely will imitate, as compared to demonstrating the
same movement to, let us say to a wardrobe, that most likely will not imitate. Only
in the former case can the model build reasonable anticipations of upcoming imita-
tive responses. Motor priming by expected imitation from a social partner thus
facilitates model behavior directly.

Despite imitation being likely and predictable on many occasions, direct interac-
tions will also include situations in which corresponding expectations are violated.
That is, a model might sometimes anticipate their interaction partner to imitate
while the partner actually fails to do so. Reasons for such failures may be inattention
to the model’s action, error commission while actually aiming to imitate, or deliber-
ate omission of an imitative response. Unexpectedly observing a social partner not
to mirror one’s behavior has been shown to trigger immediate neurophysiological
and behavioral responses (Pfister et al., 2020; Weller et al., 2017), suggesting that
action models monitor the behavior of their interaction partners closely.

Imitating Anticipated Actions

The discussion so far had centered on the model’s perspective. Anticipation might
also play a crucial role for the observing imitator. More precisely, when observing
others, humans tend to predict future behavior of their social partners (Bach et al.,
2011; Bach & Schenke, 2017). Following the logic of ideomotor theorizing, such
predictions or anticipations might induce similar imitative tendencies as in the case
of anticipated imitation. This is indeed the case: If participants can reasonably pre-
dict another agent to perform an action, they are biased towards performing pre-
cisely this predicted action (Genschow & Brass, 2015; Genschow et al., 2018).
Watching someone wrinkle their nose, for instance, is predictive of this event being
followed by nose scratching. Participants observing a model performing the first
action (nose wrinkling) are indeed likely to perform the predicted follow-up action
(nose scratching) themselves even if the model does not execute the second action
at all. Moreover, merely drawing attention to a certain body part of others does not
induce similar action tendencies (Genschow & Grof3-Bolting, 2021). Participants
therefore form a prediction of a specific action and likely activate own actions with
similar features in much the same way as imitation models are primed by anticipat-
ing the imitator’s response (Genschow & Brass, 2015; Pfister et al., 2013).
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Findings on imitation of anticipated actions (Genschow & Brass, 2015) find a
non-social counterpart in ideomotor-inspired research on motor priming by merely
intended events (De Maeght & Prinz, 2004, Knuf et al., 2001; Prinz et al., 2005). In
these experiments, participants watched the trajectory of a rolling ball that steered
towards a target area. Each movement lasted several seconds and the ball appeared
to miss the target if participants did not intervene early on in the trajectory. During
the later phases of the trajectory, participants knew that they could no longer affect
the ball movements. Still, they consistently continued to perform actions that would
have steered the ball in the intended direction. This mirrors imitation of anticipated
actions in that motor priming only derived from anticipated or intended events. In
case these anticipated events are actions of another partner, however, this priming is
additionally boosted by the strong resemblance of predicted partner actions and the
observer’s own motor repertoire (Colton et al., 2018).

Anticipating Imitation Versus Actually Imitating

The findings discussed so far suggest striking similarities between the impact of
anticipated imitation and the processes occurring when actually performing an imi-
tative response to a currently perceivable stimulus, i.e., reactive imitation. Both
seem to come with a similar behavioral signature and both can be explained by the
same ideomotor mechanism. This mirrors the relationship of stimulus—response and
response—effect associations in ideomotor theorizing. Both types of associations are
assumed to rely on the very same linkage between efferent activity and (re)afferent
signals, regardless of the temporal order of the perceptual and motor events.
Whenever action models expect or anticipate an imitative response of a social part-
ner, this process effectively blurs who imitates whom: Even though the second per-
son to physically respond is clearly triggered by observing the first action, this first
action is already biased by imitative tendencies due to anticipated imitation.
Expecting another person to return a smile thus makes us smile back before actually
perceiving the imitative smile.

Several notable differences qualify the observed similarities of anticipated and
reactive imitation, however. For instance, reactive imitation has been suggested to
be moderated by group membership, with stronger imitation effects for in-group
members than for outgroup members (Bourgeois & Hess, 2008; McIntosh, 2006;
Yabar et al., 20006), specifically when groups were framed as competing with one
another (Gleibs et al., 2016). This effect of group membership was further reported
to depend on the imitator’s motivation to affiliate with social partners, with reliable
effects of group membership emerging particularly for participants with a high
motivation to affiliate (Genschow & Schindler, 2016). The observation of limited
imitation of out-group members resonates with a range of findings outside the imi-
tation literature indicating that the impact of social partners on an agent’s perfor-
mance is relatively small or even absent when construing the other as belonging to
an out-group (Aquino et al., 2015; Iani et al., 2011; McClung et al., 2013; Miiller
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et al., 2011). The available evidence for anticipated imitation, by contrast, does not
support a role of social group (Weller et al., 2020). Here, four participants were
invited to each session and were split into two groups of two participants each.
Group membership was consistently reinforced by colored t-shirts to be worn
throughout the experiment (red for one group, blue for the other). Participants were
further informed that one group would win an additional reward based on the com-
bined performance of the group members to instill a competitive context. Participants
then interacted with in-group members and out-group members in an imitation
setup with short versus long keypresses of a leader and a follower as sketched above
(Pfister et al., 2013). This study showed anticipated and reactive imitation for all
participants and groups in two separate experiments, suggesting that anticipated
imitation is not particularly sensitive to group membership. These conclusions have
to be taken with caution for several reasons, however. For one, neither of the two
experiments on anticipated imitation replicated common effects of group member-
ship on the imitator’s side and they also did not yield any effects of the group manip-
ulation on closeness ratings to ingroup and outgroup members (Weller et al., 2020).
For another, recent re-assessments of the effect of group membership on reactive
imitation have questioned earlier findings (De Souter et al., 2021; Genschow et al.,
2022, 2023).

A major difference between anticipated imitation and imitation of physically
perceivable stimuli, however, is the role of different features that become repre-
sented in both situations. The experiments discussed up to now do not address such
a question because each experiment focused on one single feature to distinguish
different actions, i.e., facial expression (Kunde et al., 2011), duration (Lelonkiewicz
et al., 2020; Pfister et al., 2013), or spatial location (Miiller, 2016). Research on
automatic imitation, by contrast, has shown that motor priming relies on rich repre-
sentations that cover different features of the model’s action if multiple features
were included in the experimental design (Boyer et al., 2012).

When participants perceive the model action of lifting the left index finger, this
movement obviously comprises spatial features relating to the location and direc-
tion of the movement in allocentric coordinates. It also comprises anatomical fea-
tures of which body part moves, and temporal features relating to movement
kinematics. Each of these features can be expected to trigger motor priming in its
own right. Empirical studies have confirmed this prediction (Bertenthal et al., 2006;
Boyer et al., 2012; Catmur & Heyes, 2011). One way to disentangle different fea-
tures is to manipulate two or more features orthogonally across conditions.
Figure 8.2 shows an exemplary setup for corresponding studies. When two partici-
pants sit face to face at a table and each have their index and middle finger rest on
two adjacent keys, a study can implement spatially compatible or spatially incom-
patible conditions by asking the imitator to respond with operating the key that
spatially corresponds or does not correspond to the key operated by the action
model. Assuming that the model operates their pair of keys with the right hand, ask-
ing the imitator to use the left hand will result in a joint variation of spatial compat-
ibility and anatomical compatibility in the sense that a spatially compatible condition
will also be anatomically compatible. For example, lifting the left finger from the
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Fig. 8.2 Experimental setup for contrasting spatial coding (dashed lines) and anatomical coding
(solid lines) with corresponding results. Models and imitators sit face to face at a table. They both
operate a pair of keys with index and middle finger of one hand. If the model uses the right hand
for operating the keys, spatial and anatomical compatibility go hand in hand if the imitator uses the
left hand. Both are pitted against each other if the imitator uses the right hand, however. Studies in
this design shows a joint influence of spatial and anatomical features for reactive imitation
(Bertenthal et al., 2006; Boyer et al., 2012; Catmur & Heyes, 2011) whereas anticipated imitation
has been observed to draw only on spatial features (Weller et al., 2019)

left key as a model will make the imitator lift the left finger from the key on the same
side during imitation, whereas the imitator would lift the right finger from the key
on the opposite side in the counter-imitation condition. Asking the imitator to use
the right hand, by contrast, renders spatially compatible mappings anatomically
incompatible, and vice versa. Evidence suggests that spatial and anatomical features
both contribute to motor priming (Bertenthal et al., 2006; Boyer et al., 2012; Catmur
& Heyes, 2011). Observing a movement to the right thus primes imitative responses
to the same spatial location just as observing a movement of the index finger primes
imitative responses with that same body part.

Anticipated imitation, by contrast, shows a distinct picture that seems to rely
entirely on spatial coding (Weller et al., 2019). That is, expecting the imitator to
respond at the same spatial location will expedite action planning for the model,
irrespective of whether this movement is made with the same or a different effector.
These experiments further replicated a role of anatomical compatibility for imita-
tors in the same experimental setup, so that imitator responses with the same finger
as the model were faster than responses with another finger. It is an open question
whether anatomical features may affect anticipated imitation for more extended,
salient movements. In any case, the available data indicate that anticipated imitation
is less sensitive to anatomical features than reactive imitation. Anticipating imita-
tion therefore cannot be equated directly with actually imitating when it comes to
priming motor actions.
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Imitative Versus Non-social Action Effects

Differences in the role of spatial and anatomical features in anticipated imitation
and in reactive imitation mirror findings from the literature on ideomotor action
control in non-social settings. Whereas empirical studies on anticipated imitation
find a non-social counterpart in research in the response-effect compatibility para-
digm, research on motor priming resembles spatial stimulus-response compatibility
paradigms in various characteristics (Boyer et al., 2012). The Simon effect, for
instance, describes the observation that making spatial responses to a non-spatial
stimulus attribute is facilitated if the stimulus appears at a compatible spatial loca-
tion (Simon & Rudell, 1967; Hommel, 2011). In a simple version, making a left or
right response to the color of a stimulus that appears either on the left or right is
easier if stimulus and response location match as compared to when they differ.
Interestingly, the spatial stimulus location also primes anatomical features so that
observing a stimulus on the right not only primes responses to that side, but also
responses with the right hand (Heister et al. 1990; Klapp et al. 1979; Riggio et al.
1986; Simon et al., 1970). These conclusions emerged from experiments with
crossed hands so that participants were asked to operate a left response key with
their right hand and a right response key with their left hand. Spatial compatibility
effects usually exceed anatomical compatibility effects by a substantial margin in
these designs, but it is important note that both types of features are effective.
Turning to response-effect compatibility designs, anticipating a spatial action effect
was observed to prime responses at that spatial location while anatomical features
in terms of left or right hand did not bear any relevance here (Pfister & Kunde, 2013;
see also Hoffmann et al., 2009).

Viewing the evidence from studies on imitation and studies on compatibility
effects in non-social settings side by side suggests that anticipations are surprisingly
sparse in that they only draw on selected features of upcoming stimuli. Alternatively,
the absent impact of anatomical features for anticipated stimuli might be explained
by the overall lower effect sizes for anticipated as compare to perceived stimuli
(Miiller, 2016; Miiller & Jung, 2018; Pfister et al., 2013). With a smaller overall
effect size, detecting the weaker effects of anatomical as compared to spatial fea-
tures would be more difficult and require more statistical power. Until such findings
are available, however, we suggest that anticipations might actually be selective in
what features become represented and what features are ignored. Crucially, these
points suggest that different sensitivity of anticipated and reactive imitation derive
from relatively broad differences between anticipation and perception.

The striking parallels between imitation and non-social compatibility effects
raise the question whether effects related to imitation can be reduced to stimulus-
response and response-effect compatibility effects in the non-social domain or if
these should be regarded as separate phenomena. For reactive imitation, the empiri-
cal evidence shows a clear picture: Compatibility effects observed during imitation
are stronger than stimulus-response compatibility effects obtained in paradigms
where participants respond to non-social stimuli (Brass et al., 2000). Although these
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differences could also be a result of different stimulus properties in the social and
non-social domain (Aicken et al., 2007; Jansson et al., 2007), other experimental
methods that compared automatic imitation to other classes of stimulus-response
compatibility, also found that the phenomena can be dissociated (Boyer et al., 2012).
In the case of effect anticipation, the picture is less clear. Some studies that com-
pared the influence of imitative and non-social action consequences found effects
that could only be observed with imitative stimuli (Kunde et al., 2011; Flach et al.,
2010). However, in these cases, the confounding effects of stimulus saliency or
stimulus complexity were not controlled properly and more nuanced manipulations
have not yet been used to assess the question. In the case of other (non-imitative)
social effect types, recent results indicate that their influence on actions is surpris-
ingly similar to the influence of non-social action consequences (Neszmélyi et al.,
2022), but it has yet to be tested whether this also applies to imitative effects.

Imitative Versus Complementary Social Effects

One aspect that separates non-social and imitative effects is the possible role of
shared representations for action observation and action execution (see also Chaps.
5 and 6; this volume). Using the same system for planning one’s own action and for
processing the observed actions might contribute particularly in the case of imita-
tion (see the double route model of Sauser & Billard, 2006). However, shared rep-
resentations could also contribute to the processing of the co-actor’s actions if these
are not identical with one’s own actions, which raises questions about the relation
between imitative interactions and other action-reaction-type interactions between
two human agents. Again, this topic is better explored in the context of reacting to
actually presented stimuli: It has been shown that seeing the execution of an action
might not only activate identical actions in the observer but, depending on the con-
text, it can also facilitate complementary dissimilar actions (Newman-Norlund
et al., 2007). Although different neural populations are responsible for facilitating
identical and complementary actions, the two systems are assumed to work in uni-
son, and some findings suggest that when signaled by context or kinematic cues,
people can seamlessly switch from imitating a movement to performing a dissimilar
but complementary action (Sartori et al., 2012, 2013). A system that could enable
facilitation of movements with varying levels of similarity between observed and
performed action would be plausible: Although previously we mentioned several
examples where imitation is relevant in everyday situations, a substantial majority
of human interactions is based on complementary rather than on identical move-
ments. Even such complementary actions usually share some of their features, thus,
it is difficult to draw a clear line between imitative and non-imitative interactions
(Flach et al., 2010). Rather than assuming a sharp distinction between identical and
dissimilar actions, it might be more useful to conceptualize interactions on a con-
tinuum of shared features.
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Studies on reactive as well as anticipated imitation can therefore be seen as pro-
viding a flexible empirical tool to study all kinds of social action representations,
including those that are related to social interactions other than direct imitation.
Anticipated imitation in particular highlights the goal-directed nature of many
social interactions, in which an action aims at eliciting a response from an interac-
tion partner. In more general terms, observing that human actions can become rep-
resented and controlled in terms of the social effects they produce offers an exciting
approach to human action (Wolpert et al., 2003). We have previously dubbed such
findings to reflect “sociomotor” action control, i.e., direct associations between
one’s own motor actions and the responses they evoke at social interaction partners
(Kunde et al., 2018). As in the case of actual imitation, the ideomotor mechanism
that we propose to underlie (anticipated) imitation could also handle interactions
with smaller overlap between the initial action and the social response. But such
ideas are yet to be explored.

The present ideomotor view on anticipating and producing social action effects
is surprisingly non-social, however, in that it does not propose any mechanisms on
top of what is needed to explain interactions with the non-social world (Neszmélyi
etal., 2022). Nor are there any findings from anticipated imitation that would require
any specifically social additions to the theoretical framework. This conclusion
stands in contrast to how strongly human agents are attuned to processing social
stimuli perceptually. The contrast to social perception becomes evident when con-
sidering the impact of biological motion (Johansson, 1973; Lacquaniti et al., 1983;
Shiffrar & Freyd, 1990) such that even perceptually impoverished point-light walk-
ers are easily identified as stemming from a human agent (Hudson et al., 2016).
Similarly, tuning towards social stimuli has been proposed for faces (Oruc et al.,
2019), eye-direction (Baron-Cohen, 1994), and language (Chomsky, 1980). Whether
this tuning relates to dedicated, specialized mechanisms or whether it derives from
extended learning experiences is debatable (Jarstorff et al., 2006; Vogelzang et al.,
2017). In any case, social actions can leverage such capacities in principle, but it
seems as if the impact of anticipated imitation is rooted deeply in basic mechanisms
of human action control.

Open Questions

The available evidence for the impact of anticipated imitation raises several intrigu-
ing questions for future research. A first question relates to specific input—output
modalities. Research on anticipated imitation has typically relied on manual tasks
with only few notable exceptions (e.g., Kunde et al., 2011; Miiller, 2020; Miiller &
Jung, 2018). Special input—output modalities that have been highlighted in research
on social perception have not yet been targeted (e.g., Lacquaniti et al., 1983; Shiffrar
& Freyd, 1990). These modalities come with several features that go beyond previ-
ous manipulations such as spatial or anatomical compatibility, especially in the case
of language (e.g., pitch, phoneme duration, or semantics in the case of language; see
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also Chap. 4; this volume). Such features lend themselves to experimental manipu-
lations in studies of anticipated imitation and may eventually reveal genuinely
social components for such types of actions or social responses (note that many
moderators of automatic imitation also still remain to be tested for anticipated imi-
tation; for a summary of known moderators, see Cracco et al., 2018).

A second question concerns subjective agency for imitation, i.e., feelings of con-
trol over action outcomes. The sense of agency for interactions with the non-social
world has attracted considerable interest across psychology and neuroscience in the
last decades (Haggard & Tsakiris, 2009). It can be measured explicitly by asking for
ratings of how strongly participants felt as if they had caused a certain event. Such
ratings are often made on a visual analogue scale to elicit a graded response. In a
typical imitation setting, the model clearly stimulates the imitator’s response so that
the model should strongly feel as causally responsible for the ensuing imitator
response. Previous work has further tried to relate the perceptual illusion of tempo-
ral binding to agency. Temporal binding reflects a subjective compression of action—
effect episodes, or cause—effect episodes in general, so that it can at least be expected
to occur in imitation, even though its relation to agency is debatable (Schwarz et al.,
2019). Crucially, explicitly reported agency and implicit temporal binding might be
even stronger for imitation as compared to contingent but non-imitative responses.
Because imitation draws on directly mirroring what the model is doing, the social
consequence maps directly onto the model action so that the resulting overlap in
perceptual features can be expected to boost binding. Despite first studies on agency
in social context (Pfeiffer et al., 2012, 2014b; Grynszpan et al., 2019; for a review
see Silver et al. 2021), there are currently no studies to assess subjective agency in
the context of imitation. The question of subjective agency is also highly relevant on
the imitator’s end. Research on motor priming has shown that imitative responses
are much more fluent than responding in a non-imitative or even counter-imitative
way (Cracco et al., 2018). Fluency has been suggested to be a particularly strong
cue to agency (Sidarus et al., 2013; Sidarus & Haggard, 2016), though here this cue
accompanies those actions that arguably involve less control (and thus causation)
for the imitator. Situations with a dynamic, real-time interaction may further yield
particularly strong confusions as to who caused what during imitation. An everyday
example for such confusion arises on pavements across the globe when two pedes-
trians approach each other. This situation will often trigger one person to step aside
which, in turn, triggers the other person to perform an evasive action in the same
direction, resulting in both pedestrians facing each other again. Going through two
or three iterations of such imitative maneuvers blurs the difference of who is model
and who is imitator, while each person aims not to be imitated in order to break
the loop.

A third question pertains to direct and predictable imitation by virtual avatars
(Boffel & Miisseler, 2018; Miisseler et al., 2022). Here, imitation can be seen as a
major tool to embody such a virtual entity if the avatar’s behavior maps sufficiently
closely onto the behavior of the user (e.g., Eck et al., 2022; Kokkinara & Slater,
2014; Sanchez-Vives et al., 2010). Such virtual reality settings can further be con-
strued in two ways: Imitative behavior of the avatar may either be seen as a direct
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extension of one’s own behavior in the physical world, or the avatar may be expected
to have some degree of autonomy while choosing to mirror what the human is
doing. It is a relevant question for future research how such different ways to con-
strue the same situation affect cognition and behavior in virtual environments.

A fourth question relates to situations in which a model is imitated by multiple
imitators. This situation occurs frequently when instructing other people, say when
a yoga teacher instructs his or her course. Arguably, having multiple imitators ren-
ders it difficult to build up anticipations of how the entire group is going to perform,
so that it is an open question whether anticipated imitation actually occurs in these
settings. At the same time, having multiple imitators might make imitation particu-
larly salient. This effect has been demonstrated for reactive imitation (Cracco &
Brass, 2018; Cracco et al., 2015). Exploring the role of multiple imitators for antici-
pated imitation will thus provide relevant insights into designing instructional inter-
actions, including strategies of instructors on how to take advantage of positive
effects of anticipated imitation while avoiding issues due to potential mismatches or
prediction errors. Such work could also assess the transition of gradually merging
imitative instruction-following to synchronized performance.

Conclusion

Just as it takes two to tango, imitation involves two agents that influence one another.
While the impact of the imitation model on the imitator has been subject to exten-
sive research, the role of the imitator’s behavior for the action model has received
comparatively little attention. Research on automatic imitation in direct, dyadic
interactions indicates that model’s incorporate upcoming imitative responses in
their action representation. In turn, anticipated imitation shapes how models select
and perform their action, showcasing a remarkably dynamic interplay of imitative
tendencies during social interactions.
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Chapter 9 ®
Automatic Imitation in Infants Creck o
and Children

Sumeet Farwaha and Virginia Slaughter

Introduction

The challenges in understanding the development of automatic imitation start with
terminology. The term “imitation” has been used in the developmental psychology
literature for decades, beginning with Piaget’s classic observations (1962), to refer-
ence a wide array of copying behaviors. These run the gamut from preverbal infants’
matching of others’ actions and facial expressions to children’s reproduction of
complex action sequences. It is only recently that developmentalists have begun to
use terminology that differentiates copying behaviors, but these are not always in
line with the adult literature (see Verde-Cagiao et al., 2022; Rauchbauer &
Grosbras, 2020).

Another challenge is methodology. Beginning with Piaget’s classic experiments
in the mid-twentieth century, “imitation” in infants and children has been assessed
with a fairly standard paradigm. This is a naturalistic interaction where an experi-
menter captures the child’s attention, then deliberately models a vocalization, body
movement, or object-directed action. This model may be repeated several times.
Following the model, the experimenter sits quietly while the child’s behavior is
observed during a response period which can be as short as 2 s or as long as several
minutes. In the response period, the child may act spontaneously, or might be
prompted to imitate, especially if initially nonresponsive. Imitation is credited when
the child copies the model within the response period. Fidelity of match to the
model is usually the primary indicator of imitation in these experiments, whereas
speed of responding, number of matching responses or production of non-matching
behaviors, is of secondary interest or ignored altogether. Although this approach has
produced some findings relevant to automatic imitation, it does not map neatly onto
the behavioral paradigms used to investigate the phenomenon in adults.
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In this chapter, we will focus on developmental psychology experiments that
align with the notion of automatic imitation as defined in the adult literature. That
is, motor matching to a model which is spontaneous rather than instructed, physi-
cally congruent with the model and occurring alongside or after the model. Others
have already systematically reviewed relevant developmental findings (see
Rauchbauer & Grosbras, 2020). Here we will selectively discuss this literature with
a focus on understanding the similarities and differences across child and adult defi-
nitions and methodologies. Our discussion will be limited to research with infants
and young children. This is not to imply that development of this behavior is com-
plete by adolescence; it is because studies with adolescents already adopt the same
methodologies as those used with adults. We will also limit our discussion to
research involving typically developing children, because the literature is already
complicated and studies with atypical children are relatively few.

To organize our discussion of automatic imitation in development, we will use
Heyes’ (2011) definitions of three related phenomena:

1. Motor mimicry is nonconscious, spontaneous matching of another’s physical
actions or vocal sounds during interpersonal interactions. This is assessed behav-
iorally via frequency and/or duration of matching actions during a specified
interaction period. Motor mimicry has been contrasted with emotional mimicry,
which includes matching facial expressions of emotion, contagious laughing,
and crying (for more details, see Chap. 3; this volume). Motor mimicry involves
matching actions which are subjectively neutral, whereas emotional mimicry
involves activation of a congruent physiological and subjective state as well as
matching another’s motor movements. As such, the mechanisms involved in
motor and emotional mimicry are thought to differ (Hess & Fischer, 2014).
Motor mimicry is also contrasted with verbal mimicry, where the matching is
across auditory rather than visuo-motor channels (Chartrand & Lakin, 2013). In
this chapter, we will focus on the development of motor mimicry.

2. Automatic imitation is a laboratory phenomenon, assessed with experimental
stimulus-response compatibility paradigms, most commonly the Automatic
Imitation Task (AIT). During the AIT, participants perform simple motor move-
ments while simultaneously viewing a matching or nonmatching model.
Automatic imitation is evident in modulations to reaction times and/or accuracy
in motor movement performance in the different model conditions. For the
remainder of this chapter, the term “automatic imitation” will refer to the labora-
tory task. We will refer to “automatic imitation effects” when discussing the
broader concept.

3. Mirror effects are neurophysiological indicators of motor potentiation or move-
ment while passively watching others’ motor movements. In the adult literature,
these include EMG responses in matching muscle groups, mu suppression over
the motor cortex as measured with EEG, TMS enhancement of motor cortex
responses to viewed action models, and functional imaging of motor cortical
activity during action observation (see Heyes, 2011 for review). Only the former
two methods are suitable for infants and children.
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In her review, Heyes (2011) suggested that these three phenomena are related.
Motor mimicry occurs often during interpersonal interactions, its expression is
modulated by a variety of individual and social factors, and it produces a range of
social-affiliative outcomes. Automatic imitation is a form of motor mimicry elicited
in a controlled laboratory setting. Both motor mimicry and automatic imitation are
likely to be underpinned by activity of a mirror neuron system, which mirror effects
are thought to index.

However, the question of whether automatic imitation and mimicry share the
same underlying mechanism has since been debated. This debate is centered in
methodological differences in the manifestation of these phenomena. First, the tasks
used to index automatic imitation and motor mimicry in adults are inherently differ-
ent. During the AIT, for example, participants are instructed to respond as quickly
as possible to a visual cue while making a motor movement. The timing of the par-
ticipant’s response is so important in the AIT, that researchers make sure to exclude
any premature or delayed responses, as they could indicate poor attention or lack of
motivation during the task. This is in direct contrast with mimicry studies, where
participants are not provided with any instructions (Genschow et al., 2017).
Furthermore, participants’ responses are coded differently in mimicry studies com-
pared to automatic imitation studies. In the former, mimicry behavior occurring
several seconds after observing the target action will still be counted for analysis,
while in the latter, it would be excluded. As we discuss below, these sorts of differ-
ences are magnified in the developmental literature, where concessions for infants’
and children’s attention, memory, motivation, and motor development impact how
these phenomena are measured.

In investigations with adults, automatic imitation and motor mimicry differ in
terms of the specificity of copied actions. In the former, researchers take great care
to match the observed actions with the response required by the participant.
However, in the latter, there is a significant amount of variability in the overlap
between the executed action and observed action. In many mimicry studies, non-
matching (e.g., actions made using the opposite limb) mimicking behaviors are
coded as equivalent to matching occurrences (e.g., actions made using the same
limb; Casasanto et al., 2020). Researchers examining motor mimicry in adults have
now distinguished between matching vs non-matching behaviors, by using terms
like anatomical mimicry (i.e., mimicry of the action using the exact same limb) or
specular mimicry (i.e., mimicry of the action using the opposite limb; Casasanto
et al., 2020). These distinctions have not entered the developmental literature.

Thus, it is difficult to conclude that automatic imitation and mimicry share the
same underlying mechanisms, since the respective studies vary significantly in
terms of response time, specificity of the copied action, as well as how responses are
coded (reaction time/error rate of imitation vs length/frequency of mimicry behav-
ior). These issues are highlighted by recent evidence that in adults, mimicry and Al
are not correlated (Genschow et al., 2017). This is a ripe area for developmental
investigation because longitudinal assessments of theoretically related behaviors
can shed light on whether or not there are shared underlying mechanisms driving
development (e.g., Carpenter et al., 1998; Nielsen & Dissanayake, 2004).
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Below, we discuss the evidence for motor mimicry, automatic imitation, and mir-
ror effects in infants and children. We point out where there are terminological,
methodological, and conceptual mismatches, where these differences lead to ambi-
guities in interpretation and where there are opportunities for future research.

Motor Mimicry

Motor mimicry is commonly observed in adults; this has come to be known as the
Chameleon Effect (Chartrand & Bargh, 1999). The phenomenon is assessed in a
naturalistic interaction whereby participants are invited to take part in a fun task
(e.g., describing photographs or rating music) with an unassuming partner, who is
typically a trained confederate of the study. During this session, the confederate
performs specific actions (e.g., face touching, foot shaking, etc.) after a pre-
determined time (e.g., every 5 or 10 s) to assess whether the participant will non-
consciously mimic their actions. Covertly recorded videos of the interaction are
coded for mimicry behavior, which is typically indexed by the frequency or duration
of the participants’ production of the target action, using a cross-target or baseline
comparison method (Chartrand & Bargh, 1999; Hogeveen et al., 2015). This effect
is modulated by a range of interpersonal factors, from similarity to and liking for the
confederate, to the participant’s own state of mind (see Duffy & Chartrand, 2015).
Debrief interviews are conducted after the interaction to ensure that participants
were unaware of the true purpose of the study. As van Baaren, Janssen, Chartrand,
and Dijksterhuis (2009) explain, this paradigm is set up such that mimicry is a “by-
product in the interaction” (p. 2382) rather than the focus. Few, if any, mimicry
studies involving infants or children meet that criterion.

Neonatal Imitation and beyond

Although traditionally called “neonatal imitation,” the phenomenon referenced in
this literature broadly aligns with the contemporary concept of motor mimicry, that
is, a spontaneous production of motor activity that matches another person’s motor
behavior, during face-to-face interaction. However as described below, some fea-
tures of its presentation are not consistent with the adult definition of motor mim-
icry. It is assumed that neonates’ copying behaviors are nonconscious, as is motor
mimicry in adults, but this is based on theories about preverbal infants’ capacity for
self-awareness rather than evidence.

Much has been written about the 40-year controversy around neonatal imitation
(see Oostenbroek et al., 2013; Leys, 2020; Ray & Heyes, 2011). In short, Meltzoff
and Moore (1977) reported that newborns no older than 21 days spontaneously copy
an adult’s facial and manual actions. They reported two experiments in which an
adult experimenter modelled face and hand actions to newborn infants in a close
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face-to-face format. In Experiment 1, the distinct actions of lip protrusion, mouth
opening, tongue protrusion, and sequential finger movement were modelled to
infants in separate blocks. The adult model performed each action four times for a
duration of 15 s, followed by a 20 s response period. In Experiment 2, only the
mouth opening and tongue protrusion actions were modelled, and the response
period was extended to 150 s. Infant behavior while watching these face-to-face
displays was videotaped. Later, trained observers coded the infants’ spontaneous
production of modelled actions. Using a “cross-target” comparison method, which
compares the frequencies of infant actions to matching versus non-matching adult
models, the researchers reported that newborns copied all the actions in both experi-
ments. Meltzoff and Moore’s (1977) findings were followed by a variety of inde-
pendent replications and extensions (e.g., Heimann & Schaller, 1985; Reissland,
1988; see also Meltzoff & Moore, 1997 for a review).

This discovery changed the landscape of infancy research and is a standard refer-
ence for claims of an inborn human tendency to mimic underpinned by an innate
mirror neuron system (Ferrari et al., 2009). However, the positive evidence for neo-
natal imitation has faced a significant amount of criticism. The most pressing prob-
lem is reliability: alongside the reported replications, numerous researchers dating
back to Hayes and Watson (1981) failed to find evidence of imitation in newborns
using a close variant of Meltzoff and Moore’s (1977) procedure. To address the
controversy, Davis et al. (2021) carried out a systematic review and meta-analysis to
address whether neonatal imitation truly exists. Combining data from over 1000
infants under 6 weeks old, who were tested in 33 independent samples, Davis et al.
(2021) found a significant overall effect (d = 0.68) but significant heterogeneity in
the literature. Moderator analyses indicated that the effect is not influenced by any
of the several factors that have been cited as essential for eliciting imitation in new-
borns, including the test setting, model presentation duration, infant response dura-
tion, infant testing position, or pre-exposure to the model. However, the size of the
neonatal imitation effect was shown to vary significantly by research institution,
with only 6 of 16 institutions finding effects that are statistically greater than zero
(Davis et al., 2021).

If we adopt a generous interpretation of this literature and assume that newborn
imitation is hard to capture but does exist, it is difficult to align with the concept of
motor mimicry. First, it is evident that this is an unreliable behavior, both at the
group and individual levels. Some researchers have argued for individual differ-
ences in neonatal imitation (e.g., Simpson et al., 2014) which, they suggest, mask
the group level effect in some experiments. Yet, the only longitudinal study of neo-
natal imitation by Oostenbroek et al. (2016) found no intra-individual consistency
of infants’ imitative responses across four testing occasions between one and nine
weeks of age. By contrast, although individual differences exist, motor mimicry in
adults appears to be far more reliable (Duffy & Chartrand, 2015).

Another stumbling block to linking neonatal imitation with motor mimicry is
that the interactions that elicit mimicry in newborns are not natural. In all of the
experiments, modelling follows a pre-set timetable where the target action is
repeated several times, often with the experimenter posing a passive and neutral
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facial expression between sets of actions. The idea is that newborns may be over-
aroused by a moving face, interfering with their ability to generate a matching motor
response. A “pause” period is included to give newborns time and space to marshal
their imitative responses (Meltzoff et al., 2018). Relatedly, newborns’ production of
matching actions may not be evident for some time after the adult stops moving.
Thus, newborns are credited with motor mimicry even if their social partners have
stopped behaving for many seconds. Indeed, response periods in some of these stud-
ies have been as long as 2.5 min (see Davis et al., 2021). It has been argued that
these features of repeated action modelling interspersed with stillness, and extended
response periods, are crucial for eliciting motor mimicry in newborns (Meltzoff
etal., 2018). This is at odds with our understanding of motor mimicry as a spontane-
ous, automatic matching of another’s motor behavior.

Jones (2007) adopted a similar procedure to the neonatal imitation protocol, to
investigate motor mimicry in infants aged between 6 and 20 months. In this study,
infants” mothers were trained to model simple motor actions—manual, vocal, and
facial actions—to their infants using a similar burst-pause procedure to that devel-
oped by Meltzoff and Moore (1977). Modelling of the target actions lasted up to
3 min and parents could encourage their infants to mimic. Although it makes a nice
bridge to the neonatal imitation work, this procedure is a version of the standard
paradigm pioneered by Piaget, which deviates from key features of adult motor
mimicry studies. Jones (2007) found that mimicry first emerged around 8—12 months
of age, which is consistent with the original observations of Piaget. Notably the
target actions first mimicked had auditory components: tapping the table and “ah”
vocalization. Simple motor acts without accompanying sounds including tongue
protrusion, finger waving, and touching the hand to the head were not evident until
infants were older than 12 months. This might indicate that motor mimicry emerges
in the second year of life, but the same methodological criticisms as discussed
above, plus the added issue of parental encouragement, cloud the picture.

Caregiver-Infant Interactions

In the large research literature investigating the structure and functions of face-to-
face caregiver-infant interactions, motor mimicry by both participants is sometimes
included as a dependent variable (see Cagiao et al., 2022 for a review). These inter-
actions between caregivers and their infants (up to around 18 months of age) are
natural and spontaneous, which brings them closer to adult investigations of motor
mimicry. However, there are key differences. These studies invariably look at vocal
and emotional mimicry as well as motor mimicry, and these forms are rarely ana-
lyzed separately. When they are separated, motor mimicry is less frequent than
mimicry of vocalizations and emotional expressions (e.g., Masur & Rodemaker,
1999). Interestingly, these studies reveal that adult caregivers tend to mimic their
infants around once every 2 min (see review in Ray & Heyes, 2011). This is similar
to the rate at which adults nonconsciously mimic confederates in experimental
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studies (Chartrand & Bargh, 1999), which suggests a parallel, but the extent to
which caregivers’ mimicry of their infants is automatic and nonconscious, is
not known.

Another difference is that caregivers’ mimicry of their infants and infants’ mim-
icry of their caregivers are highly correlated and synchronized (Moran et al., 1987;
Masur & Rodemaker, 1999; Stern, 2002). The bidirectional and interdependent
nature of these interactions makes it difficult to work out who is mimicking whom.
Those researchers who have sought to disentangle caregiver and infant mimicry by
coding initiation versus following roles find that caregivers copy their infants much
more frequently than vice versa (Moran et al., 1987; see also Ray & Heyes, 2011).
There is scope to generate novel experiments on the emergence of motor mimicry
in the context of caregiver-infant interactions. For instance, caregivers could be
instructed to interact with their infants naturally, while being surreptitiously cued to
perform specific target actions similar to those generated by confederates in the
adult studies.

Chameleon Effect in Children

Given the popularity of the Chameleon Effect in the adult literature, it is surprising
that there are relatively few such studies with children. One possibility is that the
effect is not present in young children interacting with an unfamiliar adult; indeed
this was the conclusion drawn by Over and Carpenter (2009) in their paper on 5 year
olds’ imitation following ostracism priming. They reported results of a pilot study
which they summarized as follows: “...when engaged in a conversation with an
adult experimenter who repeatedly touched her face (as in Chartrand & Bargh,
1999), 5-year-old children did not increase their face touching above baseline lev-
els” (p. F2). This is the only published report of a motor mimicry study testing
children with the standard Chameleon Effect paradigm.

Soon after, van Schaik et al. (2013) reported positive findings of motor mimicry
in children. They pioneered a novel approach which has similarities to the original
Chameleon Effect paradigm, but also some important differences. For one thing, it
is video-based, with children passively watching the confederate on screen, rather
than engaging in a shared activity. In this adapted paradigm, children’s motor mim-
icry is assessed while they are watching short video clips of an adult female model-
ling a specific target action such as yawning, laughing, frowning, scratching her
cheek, rubbing her lips, and wiggling her head back and forth. Each 7-s video por-
trays a different target action. In the test, the action modelling videos are presented
several times each, back-to-back, in a pseudo-random order. Children’s perfor-
mance of target actions throughout the video presentations is compared to their
performance of the same actions spontaneously while watching a non-social base-
line video.

Presenting the action models on video is argued to enhance control over the fidel-
ity of the models, as well as allowing experimenters to assess children’s attention to
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the models as a covariate of mimicry performance. It is also suggested that videos
eliminate any interpersonal biases that could impact face-to-face interactions with
children. However, it is difficult to draw developmental trajectories from these find-
ings to the adult data, when something so fundamental differs between them, and
while some mimicry studies with adults have found the effect during screen-based
interactions (Genschow et al., 2017; Estow et al., 2007; Neufeld & Chakrabarti,
2016), children are subject to a “video deficit” effect, whereby learning from
screens—including learning via directed imitation—is less effective than learning
from a live model. The video deficit effect diminishes with age, but it is still appar-
ent even for children over age 3 (Strouse & Samson, 2021).

Despite this threat to validity, van Schaik et al. (2013) found evidence for motor
mimicry in 3-year-old children. This was concluded from the finding that children’s
performance of all the target actions, except laughing, was more frequent while
watching the action modelling videos, compared to baseline. Furthermore, 23 of 26
children exhibited motor mimicry of at least one of the target actions. Data on tim-
ing of the mimicry were not reported, and this is an important omission because
children were credited with mimicry if they performed a target action any time
between its first presentation within the back-to-back video clips, to the end of the
test. Thus, mimicry could be near simultaneous, or there could be a delay of many
seconds between the modelled action and the child’s mimicry response. This could
mean that the child was credited with mimicry when performing an action, such as
head scratching, at the same time that a different model, such as yawning, was vis-
ible on screen.

In this study, van Schaik et al. (2013) also investigated whether social evaluation
of the confederates influenced children’s motor mimicry, in line with such findings
in the adult literature. This was accomplished by priming the children with separate
videos of the confederates either helping or hindering another person, just prior to
the presentation of the test. This manipulation had no effect. Finally, a nice addition
to van Schaik et al.’s (2013) paradigm is the debrief: at the end of the procedure,
children were asked if they remembered copying the model. Their answers to that
question were unrelated to their performance in the test, suggesting that they were
not conscious of mimicking.

A second study by van Schaik and Hunnius (2016) replicated the motor mimicry
effect in children using a subset of the same action modelling videos (yawn, head
shake, cheek scratch, and lip rub). Extending on their previous experiment, they
found that 4- to 6-year-olds, as well as a new sample of 3-year-olds, exhibited motor
mimicry. However, in this second study, only 45% of the 4- to 6-year-old children
and 70% of the 3-year-olds performed any of the target actions during baseline or
test. This was much lower than the 88% of children who did so in their initial study.
Using a minimal-groups paradigm to prime in- and out-group identification, van
Schaik and Hunnius (2016) found that in-group mimicry was significantly higher
than out-group mimicry in this study, for the subset of children aged 4—6 years. This
pattern replicates acommon finding in the adult literature (Chartrand & Bargh, 1999).

In their next study, van Schaik and Hunnius (2018) developed a more naturalistic
paradigm to further investigate how social factors modulate motor mimicry
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exhibited by 5-year-old participants. Here, two female confederates interacted with
the child participant at the start of the experiment. One confederate shared one of
two stickers with the child (i.e., the sharer) while the second kept both stickers for
herself (i.e., the keeper). After this face-to-face social manipulation, children
watched a video in which the two confederates each told a short children’s story. For
the experimental group, one of the confederates performed hand rubbing while the
other performed face rubbing. For the control group, stories did not have accompa-
nying face or hand rubbing. Results were contrary to expectation: children in the
experimental group exhibited “negative mimicry” by performing the target behav-
iors significantly less frequently than children in the control group, and within the
experimental group, there was no difference between mimicry of sharer versus
keeper. On the positive side, this experiment revealed a significant correlation
between children’s social understanding, as reported by their parents, and mimicry
in the hypothesized direction. Specifically, the higher the children’s social under-
standing, the more motor mimicry they exhibited in the test.

So what do we make of all this? The Chameleon Effect is evidently hard to elicit
in children, and the effect is fragile. The limited positive evidence points to its emer-
gence in the preschool period, where the effect is similar to that seen in adults inso-
far as it can be modulated by social factors and it is linked to individual differences
in social understanding. However, there are a lot of unanswered questions. Are we
content to credit children with motor mimicry if it occurs minutes after the model,
or if the child’s action matches a previous model rather than the contemporaneous
one? What is the impact of video versus live modelling by confederates? Most
importantly, at what point in development is there continuity with motor mimicry
effects commonly observed in adults? Here we clearly need longitudinal data that
tests children and adults using the very same paradigm.

Contagious Yawning

Contagious yawning has also been a target of developmental studies investigating
motor mimicry. Although some authors class contagious yawning as a form of emo-
tional mimicry, its performance is associated more strongly with detection and
attention to others’ yawns, than by emotion-related factors (Gallup, 2021).
Investigating its development, initial studies using videotaped yawn stimuli con-
cluded that it was not evident until age 5 or 6 (e.g., Anderson & Meno, 2003). By
contrast, Helt et al. (2010) adopted a live mimicry paradigm to investigate conta-
gious yawning in children ranging in age from 1 to 15 years. They had children read
a book together with a confederate who yawned four times over the 12-min session.
Yawns that occurred within 90 s of the confederate’s yawn were counted as instances
of mimicry. The data indicated that contagious yawning was rare in children ages
1-3. At age 4, approximately 40% of children mimicked at least one of the confed-
erate’s yawns, and this level response was maintained through the higher ages.
Recently an ethological study of children’s contagious yawning in an Italian
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preschool (Cordoni et al., 2021) found evidence for the phenomenon as young as
age 2; however, their operationalization included any yawns that occurred within
5 min of another’s yawn. These studies highlight that video versus live modelling
may not be equally effective at eliciting motor mimicry in children, although the
small number of studies and vast differences across the methodologies limit what
can be concluded.

The contagious yawning studies again bring up the problematic issue of timing.
In the literature on motor mimicry in adults, there is no standard definition that ref-
erences the time interval between model and mimicry (Hale & Hamilton, 2016).
Rather, these studies calculate the frequency and/or duration of matching actions
that participants produce while the model is intermittently displayed over an
extended period, yet the definition of motor mimicry, as an automatic response,
implies a relatively tight coupling between model and matching response. Some
research on motor mimicry reverses the design and has the confederate copy the
experimental participant; in those experiments, the mimicry manipulation occurs
within several seconds (Chartrand & Bargh, 1999; Hale & Hamilton, 2016; van
Baaren et al., 2009; Leander et al., 2012). In this context, most of the evidence for
motor mimicry in infants and children is ambiguous, because timing is not reported,
or the mimicry occurs so long after the model that it may not be automatic. These
considerations point to the need for theoretically informed definitions of the time
course of motor mimicry in infants, children, and adults.

Automatic Imitation in Children

Automatic imitation as defined by Heyes (2011) is difficult to assess in children due
to the motivational and attentional demands inherent in tasks used to index this
phenomenon. In adults, this has most commonly been via the AIT computer task
where participants see a cue on-screen (e.g., a number or symbol) that prompts them
to lift and re-press a specific key with their index or middle finger. Meanwhile, they
can see an on-screen hand performing the same action as cued (i.e., congruent trials)
or the opposite action (i.e., incongruent trials). Participants are told to ignore the
on-screen hand, yet they are typically slower and less accurate on incongruent trials
compared to congruent trials (Heyes, 2011). The difference between reaction times
and error rates on congruent and incongruent trials is referred to as the interference
effect. A large interference effect (i.e., greater susceptibility to imitating the on-
screen action) is thought to be due to the automatic activation of the observed action
in the observer (Heyes, 2011). This task is widely used with adults but has limited
utility with young children because, among other things, they usually are unwilling
to perform a dull finger-lifting task many times over.

With that said, one study has successfully implemented the standard AIT task
with children, with the aim of establishing a proof of concept and assessing age-
related differences (MacGowan et al., 2022). The only modification made to the
standard AIT task for the sample of 6-year-olds they tested was to embed the



9 Automatic Imitation in Infants and Children 187

finger-press response in a lemonade-making context whereby children pressed the
“lemon” or “lime” colored key, as cued by the number on screen. This study revealed
that the children were slower overall, as expected, but the error rate (i.e., number of
mistakes made during the task) was comparable between undergraduate participants
and children. Crucially, children exhibited reduced RT interference effects com-
pared to their adult counterparts (MacGowan et al., 2022). In other words, the adult
participants were more susceptible to imitating the incompatible on-screen actions
during the task. While this finding is noteworthy, future work is encouraged to take
additional steps to assess whether this age-related difference is due to imitative dif-
ferences or whether children are simply less prone to congruency effects in stimulus-
response compatibility tasks in general. On another note, it was also observed that
shyness in 5-year-olds predicted higher automatic imitation 1 year later. The
researchers suggested that this correlation could indicate that automatic imitation is
enhanced in shy children both because they have more opportunities to observe oth-
ers’ behavior, and they may use it as an adaptive strategy to create and maintain
affiliations within their social environments.

Although the AIT is considered a robust measure of automatic imitation, it is
important to discuss some of its limitations. In the traditional version of the task,
participants are required to make keypress and release actions using the “v” and “b”
key on a standard computer keyboard using their index and middle finger, respec-
tively. Meanwhile, the on-screen hand mirrors the exact position of the participant’s
resting hand on the keyboard. Some argue that this set-up makes it difficult to con-
clude whether observed interference effects are due to differences in automatic imi-
tation, or whether they are a result of spatial compatibility effects whereby the cued
response does not spatially correspond with the on-screen action (Jiménez et al.,
2012). That is, participants may be slower or more error-prone during incongruent
trials due to the mere presence of movement on the incompatible location. If so, that
undermines the idea that this task solely captures imitative differences (Jiménez
et al., 2012). Therefore, caution should be used when interpreting findings from the
traditional version of the AIT. This concern is amplified when interpreting results
from AIT tests with children, because they are significantly less capable of ignoring
visual distractors compared to adults (Robinson et al., 2018).

In order to address the concern of spatial compatibility confounds during the
AlIT, researchers have moved away from presenting the on-screen hand on a hori-
zontal plane (i.e., mirroring the participants hand) and have now rotated the stimuli
90° so that it is orthogonal to the position of the participant’s hand at rest (Rauchbauer
& Grosbras, 2020; Farwaha & Obhi, 2021; MacGowan et al., 2022). By implement-
ing this change, researchers can ensure that left-left or right-right spatial compatibil-
ity effects do not interfere with the participants’ responses. However, even with this
change, other forms of orthogonal spatial compatibility (i.e., downward stimulus—
leftward response, upward stimulus—rightward response) continue to exist (Cho &
Proctor, 2004). Like in the traditional AIT, participants completing this version may
simply be slower or make more mistakes during incongruent trials due to the mere
presence of movement on the compatible side, which again undermines the idea that
this task solely captures imitative differences. As such, recent work using the AIT
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has adopted a new configuration of stimuli to better control for these types of spatial
compatibility effects (see Czekdovd et al., 2021 for a detailed discussion).

In addition to spatial compatibility effects, there are other limitations of the AIT
that should be noted. Although reaction time and error rate interference effects dur-
ing this task can be seen as an index of an individual’s susceptibility to imitate the
actions of others, there may be other underlying factors driving this effect. For
example, performance may be impacted by participants’ ability to follow through
with task instructions (i.e., ignore the on-screen hand) or by individual differences
in attention to social stimuli (i.e., fixating on the on-screen hand more often). Again,
these issues may be magnified when testing children, especially when trying to
compare performance across age groups where such confounds may be subject to
developmental effects of their own. Researchers are encouraged to incorporate other
measures such as visual attention and executive function to help interpret children’s
performance on the AIT.

Other studies of automatic imitation in children have used more naturalistic para-
digms. Marshall, Bouquet, Thomas, and Shipley (2010) developed clever adaption
of the AIT for children. Participants were instructed to scribble horizontally or verti-
cally on a screen using a stylus while the screen showed a model moving her arm
congruently or incongruently with the child’s scribble. Four-year-old children
showed interference, with variability of the horizontal or vertical scribbles being
significantly larger when the background movements were incongruent. The
researchers demonstrated this interference effect when the models were adults
(Experiment 1) and same-aged peers (Experiment 2). However, in Experiment 2,
there was an overall stronger effect for the peer model, and the effect disappeared
for the adult model. This difference is hard to interpret because the peer model
could only be filmed performing horizontal movements, meaning that only half of
the Experiment 1 design was replicated in the second experiment, in both the peer
and adult model conditions. This difference might have explained the discrepancy
in responses to the adult model across the two experiments. Using this same task,
van Schaik et al. (2016) investigated group membership effects on children’s auto-
matic imitation. They partially replicated the effect in a sample of 4- to 6-year-olds;
that is, the interference effect was present, but only for the out-group condition. No
motor interference was evident for children in the in-group condition.

O’Sullivan et al. (2018) assessed automatic imitation in children with another
naturalistic experimental paradigm. In this study, 3- to 7-year-olds sat across from a
live experimenter and played a game where they were instructed to perform one of
two hand actions, immediately after the experimenter had performed a matching or
non-matching action. The hand actions were paired as follows: clapping and waving
were deemed the “commonly imitated set” and finger pointing and hand closing
were deemed the “rarely imitated set.” The idea was that children naturally experi-
ence correlated visuo-motor input for the commonly imitated actions of clapping
and waving since humans tend to do those in synchrony. This experience would
facilitate imitation of the matching action and interfere with imitation of the non-
matching action. The same effects would not be evident for the rarely imitated set.
Results confirmed this hypothesis, showing that interference in the commonly
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imitated action set was significantly greater than in the rarely imitated set. This
effect did not vary with age.

Thus overall, the developmental findings for automatic imitation are similar to
those for motor mimicry. Automatic imitation can be elicited in preschool-aged
children, with modifications to the standard paradigm. It seems to be less reliable in
children compared to adults. There is some evidence that automatic imitation in
children can be modulated by social factors; however, the evidence is extremely
limited and must be reconciled with recent work questioning whether adults’ auto-
matic imitation is modulated by social factors (see Cracco et al., 2022 for a detailed
discussion). The immaturity of children’s attention, memory, and executive systems
complicates comparisons with the adult findings; again, there is a need for longitu-
dinal research.

Mirror Effects in Infants and Children

The behavioral effects of motor mimicry and automatic imitation are thought to
rely, at least partially, on a mirror neuron system (Heyes, 2011; Rizzolatti et al.,
2001). This system produces physiological motor resonance, whereby observation
of another’s motor movements automatically stimulates a matching neuro-motoric
response in the observer. Developmental research on these effects has been thor-
oughly reviewed elsewhere (see Cuevas et al., 2014; Marshall & Meltzoff, 2014;
Rauchbauer & Grosbras, 2020); here we will briefly summarize some key findings
and considerations for future research.

Surface Electromyography (sEMG)

One technique for investigating mirror effects is via surface electromyography
(sEMG), which is the recording of muscle electrical activity using non-invasive
sticky electrodes affixed to the surface of the skin. This technique has long been
used to examine timing or magnitude of muscle activity in infants and children
while they perform various tasks or actions (Chowdhury et al., 2013; Hirschfeld,
1997; Sundermier et al., 2001). While sEMG has been used to study spontaneous
mimicry in adults for many years (Dimberg, 1982; Carr and Winkielman, 2014),
until recently, few researchers used sEMG for imitation studies with children
(Hofree et al., 2015). This is surprising, as SEMG allows researchers to obtain a
continuous recording of muscle activity and establish a reliable linkage between
visual stimuli (e.g., action observation) and corresponding muscle activity (i.e.,
motor responses).

The youngest infants so far tested for mirror effects using SEMG were 4-month-
olds. de Klerk et al. (2018) presented infants with a video-taped female model per-
forming facial and manual actions including eyebrow raising, frowning, hand
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opening/closing, and finger movement. The experiment included two eye gaze con-
ditions, whereby the model’s eye gaze was either direct or averted during the action
presentation, with the idea being that direct eye gaze, as a social signal, would
enhance matching motor movements in the infants. Muscle potentiation was exam-
ined by placing electrodes over the infants’ eyebrow region (i.e., frontalis), mouth
region (i.e., masseter), and hand region (i.e., interosseous). This study found mirror
effects, in that matching motor activation was evident during action observation;
however, this was only for the eyebrow raising action in the direct gaze condition.

Another study by de Klerk et al. (2019) similarly explored mirror effects in
11-month-olds, using SEMG. Here, the social identity of the model was manipu-
lated. Infants were presented with models that were initially presented speaking the
infant’s native language or an unfamiliar, foreign language. After this, they were
shown modelling two facial actions of mouth opening and eyebrow raising. Results
indicated greater activation of matching electrodes (placed on the eyebrow versus
mouth region) in response to the familiar-language model. This finding fits with van
Schaik and Hunnius (2016) who found greater production of overt motor matching
in response to in-group models in 4- to 6-year-old children, although recall that they
did not see the effect in 3 year olds.

de Klerk et al. (2020) explored whether a different social factor—ostracism—
would enhance sSEMG measures of mimicry in 30-month-old toddlers. Here, chil-
dren observed a video depicting moving shapes, in which one shape appeared to be
ostracized by the others. Next, toddlers watched eyebrow raising and mouth open-
ing models on video. Matching muscle activation was greater for children in the
ostracism condition, relative to those in a control condition.

These studies indicate that sSEMG is a valuable tool for investigating the develop-
ment of mimicry. However, researchers must be aware of its limitations especially
with infant and child participants. Even with adults, it can be difficult to obtain
muscle-specific activation during SEMG recordings, due to a significant amount of
crosstalk from neighboring muscle groups. This problem is magnified with infants’
and children’s small bodies. Researchers have addressed this limitation by attribut-
ing muscle potentiation to general regions of interest rather than specific muscles
(see Fridlund & Cacioppo, 1986; de Klerk et al., 2018). When testing infants,
researchers must manage the participants’ level of arousal which can influence data
quality. Highly aroused infants may wiggle and squirm, producing motion artefacts
that overrun the sSEMG signal, and if infants become upset and cry before or during
action observation, this can produce distress-related muscle fatigue that is a limiting
factor for collecting meaningful physiological data. Indeed, in developmental
sEMG studies, there tends to be a very high drop-out rate, sometimes close to 50%,
because many infants and children do not tolerate the feeling of sticky electrodes.
This may bias samples toward temperamentally easy, low-reactive individuals,
which is a significant confound since this temperamental profile is associated with
trait sociability (Kagan & Snidman, 2004). As such, researchers are encouraged to
investigate the implications of these factors on the reliability and validity of SEMG,
especially when used with infants and children.
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Mu Suppression

Another technique for investigating mirror effects involves using EEG to record
brain activity from regions of interest during action observation and/or action exe-
cution (for a review, see Hobson & Bishop, 2016). The resting mu-rhythm becomes
suppressed when participants observe another individual performing an action and
when they perform the action themselves (Hobson & Bishop, 2016; Hager et al.,
2018). This brain-level matching of observed and performed actions has obvious
parallels to automatic imitation, and some evidence suggests that mu suppression
and motor mimicry are correlated (Hogeveen et al., 2015).

There are quite a few studies using mu-suppression as an index of mirror system
activity in children, because it is relatively easy to implement even with young
infants who do not mind wearing electrode caps, and it is robust to motion artefacts.
This body of work indicates that mu suppression during action observation is first
evident around 7-8 months of age (see Rauchbauer & Grosbras, 2020 for a sum-
mary). The effect is stronger, in children as well as adults, when viewing live as
opposed to videotaped actions, and when viewing goal-directed actions such as
grasping and lifting an object, as opposed to empty actions. Developmental studies
on mu suppression have capitalized on the fact that infants vary in their motor skill
development, using these individual differences to show that mu suppression is
greater when the observed action is already within the child’s motor repertoire
(Cuevas et al., 2014).

A recent meta-analysis by Fox et al. (2016) has shown support for use of mu-
suppression as an index of human mirror activity. Indeed, significant effect sizes for
mu-suppression were observed during action observation and action execution
across 85 studies and a total of 1508 participants (Fox et al., 2016). However, the
use of mu-suppression as an index of mirror system activity has faced significant
criticism in the extant literature. For example, Hobson and Bishop (2017) argue that
most published mu-suppression work is generally underpowered, difficult to repro-
duce due to variability in the chosen frequency band for mu-suppression (e.g.,
8-13 hz, 8-15 hz, or 10-14 hz), and the recorded brain activity is susceptible to
crosstalk from neighboring areas. In addition, some researchers have also argued
that mu-suppression may only index the mirroring of sensory information rather
than motor responses (see Coll et al., 2017; Hobson & Bishop, 2017). As such, the
mu-suppression findings from both adults and children should be interpreted with
caution.

In sum, the developmental studies of mirror effects show that some forms of
motor resonance are evident in the first year of life. However, there are significant
limitations to data collection and interpretation when using these physiological
tools with infants and children.
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Competing Theories of the Origins of Automatic
Imitation Effects

Based on their findings about newborn imitation, Meltzoff and Moore (1997) pro-
posed a theory of Active Intermodal Mapping (AIM), which states that humans are
equipped at birth with a shared supramodal representational system (Hurley &
Chater, 2005; Meltzoff & Prinz, 2002) for mapping our own body movements to
those of social partners. It is argued that this innate mirroring mechanism evolved to
facilitate bonding between infants and their caregivers, at a time when the infant is
still relatively helpless and otherwise unable to communicate (Ferrari et al., 2009;
Meltzoff, 1988, 2007). Later, the AIM theory was expanded to include mirror neu-
rons as the neurocognitive substrate for this matching. Ferrari et al. (2009) refined
this theory with the idea that an inborn subcortical “direct mirror pathway” linking
premotor and posterior parietal regions to primary motor cortex is responsible for
neonatal imitation and automatic imitation effects in older children and adults. They
also posit that a complementary “indirect mirror pathway” is responsible for later-
developing, voluntary forms of imitation via connections with the prefrontal cortex
(Ferrari et al., 2009). These theories claim that automatic imitation effects are pres-
ent at birth, as a result of gene-based natural selection.

The alternative view is that automatic imitation effects are acquired through
experience. The most influential theory on this side is Associative Sequence
Learning (ASL; Cook et al., 2014), which holds that mirror neurons, which under-
pin matching behaviors, develop as a consequence of contingent and contiguous
associations between visual and motor input over time (Ray & Heyes, 2011; Cook
etal., 2014). For example, when a caregiver imitates their infant’s facial action (e.g.,
eyebrow raising), the visual input received by the infant (e.g., caregiver’s raised
eyebrows) becomes associated with the infant’s own motor activity, which then is
strengthened over repeated experiences. Eventually, this forms a bi-directional rela-
tionship between sensory and motor neurons, whereby simply observing an action
activates an internal motor representation of that action in the observer, which can
then be indexed at the behavioral or physiological level (Ray & Heyes, 2011; Cook
et al., 2014). These associations between sensory and motor neurons can also be
built via experiences of self-observation (Ray & Heyes, 2011; Cook et al., 2014).

The emergence of learning models such as ASL has stimulated researchers to test
this alternative view. For example, de Klerk et al. (2019) found that 4-month olds’
duration of looking at their own hands during a 5-min unstructured observation was
correlated with their manual EMG responses to modelled hand actions in an imita-
tion test, although these hand responses did not reach behavioral criteria for motor
mimicry. Rayson et al. (2017) similarly found an association between mothers’ fre-
quency of mirroring their 2-month-old infants’ mouth opening and smiling, and
infant motor cortex mu rhythm de-synchronization while observing those same two
facial actions measured 7 months later. These findings are in line with the idea that
co-experiences of action observation and execution produce mirror mechanisms
during infancy.
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The debate about the development of imitation is ongoing. Ultimately it is a
nature-nurture question that turns on the status of neonatal imitation, but that litera-
ture is riddled with controversy in part because of methodological differences across
investigating laboratories (see Davis et al., 2021). Physiological indicators may be
more informative to reveal whether or not automatic imitation effects are evident at
birth, but as yet those techniques have only been used with infants aged 4 months or
older. As the technologies improve, researchers may be more willing to investigate
mirror effects in newborn babies, although the practical constraints of collecting
physiological data with such tiny participants, and challenges to interpretation, will
still apply.

Conclusion

There has been a significant disconnect between the child and adult research on
automatic imitation effects, making it difficult to draw developmental conclusions.
Some gaps are unavoidable, because of the inherent constraints on testing infants
and children, but others can be bridged. Developmental researchers should adopt
more precise terminology and definitions, to align automatic imitation effects in
children, with their adult manifestations. Relatedly, there needs to be a consensus on
the timing of motor mimicry. Effort should go into developing experimental para-
digms that work equally well with children and adults. That will enable longitudinal
studies that are essential for understanding the development of these phenomena.
Developmental studies have so far focused on the social factors that modulate auto-
matic imitation in children, but it will be important in future to investigate other
moderators such as live versus video modelling and individual differences including
child temperament.
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Chapter 10 )
Automatic Imitation of Multiple Agents e

Emiel Cracco

Around the turn of the twenty-first century, a number of research groups more or
less simultaneously provided the first unequivocal evidence for the longstanding
suspicion (Smith, 1759) that humans spontaneously imitate each other (Brass et al.,
2000; Chartrand & Bargh, 1999; Stiirmer et al., 2000). This sparked a large litera-
ture on motor mimicry (Chartrand & Lakin, 2013), automatic imitation (Cracco
etal., 2018a; Heyes, 2011), and related phenomena (e.g., Cook et al., 2014; Frischen
et al., 2007) that substantially increased our knowledge of how other people’s
actions inform our own behavior. However, strikingly, research has largely been
focused on imitating the actions of a single individual. In contrast, in real life, we
often find ourselves surrounded by multiple people, all moving together (e.g., pub-
lic transportation, family gatherings, concerts, etc.). This raises an important ques-
tion: how does automatic imitation scale up from one to many? In this chapter, I will
discuss recent research on automatic imitation in situations with not one but multi-
ple agents and will present evidence that in multi-agent settings, humans spontane-
ously simulate the actions of multiple agents in their motor system, allowing action
selection to be influenced by several people at once.

In the first part of this chapter, I will discuss recent advances in our understand-
ing of how automatic imitation changes as a function of group size and how this
allows for new insights into the mechanisms underlying social group phenomena
like conformity (Bond, 2005; Latané, 1981) and rule breaking (Krause et al., 2021).
In the second part, I will then go on to discuss automatic imitation in situations
where multiple people perform different actions, as is often the case in daily life. In
this part, I will also address the question of whether we integrate observed actions
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in the motor system, as appears to be the case for visual processing (Alvarez, 2011),
or rather represent them separately, and the question of whether observing conflict-
ing actions, like planning conflicting actions (Botvinick et al., 2001, 2004), elicits
motor conflict and conflict adaptation (Braem et al., 2019). In the third part, I will
consider two possible mechanisms underlying automatic imitation of multiple
agents: a mechanism where multiple actions are processed simultaneously and a
statistical facilitation mechanism where actions are processed randomly (Cracco &
Brass, 2018a). Finally, in the last part of this chapter, I will talk about interactions
between observing and being part of a group and will discuss how this influences
automatic imitation and can help us understand how humans are able to so effort-
lessly coordinate their movements with other people to achieve common goals
(Sebanz et al., 2003).

Does Automatic Imitation Depend on Group Size?

Though studies on automatic imitation have largely ignored the question of how
group size influences spontaneous imitative behavior, at least two research lines
suggest that such a relationship might exist. In one line of studies, researchers have
investigated imitation fidelity in young children as they watch an individual or a
group perform a certain action. For example, Herrmann et al. (2013) asked children
to imitate an adult model performing an action sequence with a wooden mallet and
a pegboard. Each child was assigned to one of four conditions. In the Single/Twice
condition, one model performed the same action sequence twice. In the Successive/
Twice condition, two models each performed the same action sequence once, one
after the other. Finally, in the Synchronous/Once and Synchronous/Twice condi-
tions, two models sitting next to each other performed the same action sequence
either once or twice in a row. The results revealed that children imitated the observed
action sequence more accurately in the Synchronous conditions than in the other
two conditions. However, what this means in terms of motor representation is not
entirely clear. Indeed, when asked why they acted like they did, children were more
likely to provide convention explanations (e.g., “because I have to do exactly what
she does”) in the conditions with two actors than in the other condition. These
results suggest that children may have imitated more accurately in the Synchronous
conditions because they thought that two persons simultaneously doing something
in the same way must mean that it is conventional to do so.

A different line of research hinting at a relationship between group size and auto-
matic imitation is research on social group influence (Bond, 2005; Latané, 1981;
Latané & Wolf, 1981). The central tenet of this research is the lightbulb principle,
which states that social influence can be compared to the light emitted by a lightbulb
and therefore is a function of the strength, immediacy, and number of sources acting
on the individual. In other words, the lightbulb principle predicts that social influ-
ence will increase with group size. Applying this to imitation, Milgram et al. (1969)
conducted a field experiment in which they manipulated the size of a group of
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confederates in a busy city street suddenly looking up at a 6th floor window. When
analyzing the behavior of other people in the street, they found that passers-by often
imitated this behavior and, crucially, were more likely to imitate as group size
increased. This finding has since been replicated both in similar (Gallup et al., 2012)
and in different contexts (Knowles & Bassett, 1976), in real life and in virtual reality
(Jorjafki et al., 2018), and with different types of behavior such as queue formation
(Mann, 1977), applause (Freedman & Birsky, 1980), and helping behavior (Darley
& Latane, 1968; Fischer et al., 2011).

Interestingly, however, though clearly related to imitation, these findings are
typically interpreted in reference to interpretative processes and social norms (Bond,
2005; Latané, 1981). Hence, like research on the imitation of groups in children, it
is not clear what this research tells us in terms of motor processing. For example,
Milgram et al. (1969) argued that individuals are more likely to follow the gaze of
larger groups because they reason that when a large group of people looks in the
same direction, they must be looking at something of interest. Similarly, Gallup
et al. (2012) found that passers-by did not follow the gaze of a group more when the
group could see them, leading them to conclude that gaze following behavior in
these situations is not likely explained by some type of mindless conformity, but
instead is probably driven by the goal of obtaining information. Finally, Jorjafki
et al. (2018) found that participants sometimes did not look up even though they had
seen the group, while other times they looked up multiple times. This, also, made
them conclude that following the behavior of a group is a thoughtful rather than
automatic process.

In sum, although initial research suggests an influence of group size on imitation,
this effect has mostly been explained in terms of interpretative processes, leaving
open whether groups may also have a more direct influence on motor processing
and automatic imitation. To investigate this question, Cracco et al. (2015) decided
to extend the well-known imitation-inhibition task of automatic imitation (Brass
et al., 2000, 2001) from one agent to two agents (Fig. 10.1). In the original task,
participants see a hand on the screen moving one of two fingers while simultane-
ously seeing a response cue instructing them to move either the same (congruent) or
the other (incongruent) finger. Participants are usually faster to respond and make
fewer errors on congruent than on incongruent trials, indicating that observing the
movement triggered the execution of that same movement (Cracco et al., 2018a;
Cracco & Brass, 2019; for an overview, see Chap. 2; this volume).

To test whether automatic imitation increases with group size, Cracco et al.
(2015) showed not one but two hands and compared two conditions. In one condi-
tion, only one of the two hands performed a congruent or incongruent action, while
the other hand remained still. In the other condition, both hands performed the same
congruent or incongruent action. The results revealed a larger congruency effect in
the latter compared to the former condition, supporting the hypothesis that the
actions of both hands triggered the same imitative response and therefore produced
a stronger automatic imitation effect. This was further supported by a transcranial
magnetic stimulation (TMS) study showing that observing a particular action acti-
vates the muscles involved in that action (Fadiga et al., 2005; Naish et al., 2014)
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Fig. 10.1 Stimuli and results of Cracco et al. (2015). (Note: In Cracco et al. (2015), participants
were asked to abduct their right index finger when the letter W was shown and their right little
finger when the letter P was shown. At the same time, either one hand performed a congruent (C)
or incongruent (IC) action or both hands performed the same congruent or incongruent action. An
example is shown for both conditions of the number of movements manipulation. The results
showed that reaction times were faster on congruent than on incongruent trials and that this con-
gruency effect was larger when both stimulus hands performed an action than when only one hand
performed an action)

more strongly when the action is performed by two agents compared with one agent
(Cracco et al., 2016).

The studies by Cracco et al. (2015, 2016) suggest that group size can influence
imitation not only indirectly, via inferential processes, but also directly, by modulat-
ing activity in motor areas of the brain. Indeed, in these studies, the hands not only
perform meaningless actions (i.e., moving a finger), they are also irrelevant for the
task (i.e., participants have to ignore the hands and respond to a symbolic cue). As
a result, interpretative processes are unlikely to explain why automatic imitation
increased with the number of agents in these tasks. Instead, a more plausible expla-
nation is that group size had a more direct influence on motor excitability and that
groups therefore exerted a stronger influence on behavior simply because their
actions resonated louder in the motor system (Kemmerer, 2021). However, the stud-
ies by Cracco et al. (2015, 2016) included only two agents, whereas research in
social group influence typically includes groups of larger sizes. To test whether
automatic imitation also increases further as the group grows larger, Cracco and
Brass (2018c¢) followed up on their initial research with another study in which they
extended the number of stimulus hands from two to four. The results revealed that
automatic imitation increased with the number of hands according to an asymptotic
curve, mirroring what had previously been found in research on social group influ-
ence (Gallup et al., 2012; Jorjafki et al., 2018; Milgram et al., 1969).
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Fig. 10.2 Results of Cracco and Cooper (2019). (Note: Cracco and Cooper (2019) developed a
computational model aimed at simulating the asymptotic curve found in Cracco and Brass (2018c)
on congruent but not incongruent trials. In Cracco and Brass (2018c), participants were asked to
abduct their right index finger when the letter W was shown and their right little finger when the
letter P was shown. At the same time, either one hand, two hands, three hands, or four hands per-
formed the same congruent (C) or incongruent (IC) action. An example of an incongruent trial is
shown, together with the empirical results of Cracco and Brass (2018c) and the simulated results
of Cracco and Cooper (2019))

Interestingly, however, splitting up the results for congruent and incongruent tri-
als revealed that the asymptote was visible only when the required action was con-
gruent to the observed actions. Based on this result, Cracco and Brass (2018c)
argued that the reason why imitation reaches an asymptote with increasing group
size may be that imitation is regulated by a flexible control mechanism that exerts
more or less control depending on the amount of input (i.e., the size of the group) to
prevent unwanted imitative responses, similar to what has been proposed in models
of action selection (Houghton et al., 1996). In line with this idea, when only congru-
ent trials were included and imitation was beneficial to task performance, the
asymptote disappeared (Cracco & Brass, 2018c). A subsequent computational
model further confirmed that input-based inhibition could indeed explain this pat-
tern and that such a mechanism may be driven by differences in response conflict
between tasks with both congruent and incongruent trials and tasks with only con-
gruent trials (Cracco & Cooper, 2019; Fig. 10.2).

In sum, recent work suggests a close correspondence between findings on social
group influence and on automatic imitation. However, there are also two important
differences. First, research on social group influence usually looks at imitation of
meaningful behavior such as gaze following, whereas research on automatic imita-
tion typically studies imitation of meaningless actions such as lifting a finger.
Second, research on social group influence studies imitation in ecologically valid
settings, whereas research on automatic imitation instead mostly uses artificial com-
puter tasks. To address the first point, recent studies have started to investigate the
influence of group size on gaze following using similar paradigms as those used in
research on automatic imitation (Capozzi et al., 2018, 2021; Sun et al., 2017). For
example, Sun et al. (2017) asked participants to detect a target letter T appearing on
the left or right side of the screen after seeing a group of ten avatars looking in the
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same or the opposite direction. Even though the group’s gaze was not informative of
the target’s location, thereby limiting the role of inferential processes, participants
were faster to respond when the group looked in the direction of the target than
when the group looked in the other direction, and this effect again became larger as
the group of agents grew in size. These results show that group size has a direct
effect on automatic imitation not only for meaningless finger movements, but also
for socially relevant behavior, like gaze following.

To address the second point, that automatic imitation research often has low
ecological validity, a recent study created a virtual reality task based on the study of
Milgram et al. (1969), but following the structure of automatic imitation tasks
(Cracco et al., 2022a). In this study, participants stood in a city environment together
with a group of ten virtual agents watching a cartoon movie (Fig. 10.3). The task
was to detect a fire in the window of a building. That is, every so often, participants
would hear an explosion, a collapsing structure, or glass breaking, cueing them to
look either to the left or to the right (forced choice trials), or to choose where to look
(free choice trials). When participants looked, they could see the fire they had to
detect. Together with the sound, a variable number of virtual agents also looked to
the left or to the right. As before, the gaze direction of the group was random. In
addition, to further ensure that the group did not convey any meaningful informa-
tion, the target fire was always present both left and right, and participants were
made aware of this fact. Nevertheless, the results again revealed a clear relationship
between group size and imitation, such that participants were more likely to follow
the group’s gaze as group size increased. Importantly, this was true not only when
imitation was measured indirectly, as a congruency effect on forced choice trials,
but also when it was measured directly, as the proportion of free choice trials where
participants decided to follow the group.

In sum, research converges on the idea that group size has a direct influence on
imitation, presumably because larger groups provide a stronger trigger to the motor
system (Cracco et al., 2016) and therefore produce a strong urge to imitate (Capozzi
etal., 2018; Cracco & Brass, 2018c; Sun et al., 2017). The fact that basic sensorimo-
tor processes contribute to group influence does not necessarily mean that social
norms and interpretative processes do not, however. Indeed, as mentioned, earlier
research found clear evidence that they do (Gallup et al., 2012; Jorjafki et al., 2018).
Similarly, Cracco et al. (2022a) found evidence that participants sometimes over-
turned their initial choice to follow the group. These changes of intention
(Furstenberg et al., 2015) clearly show that reflexive imitative responses can be
overturned by slower, top-down processes and thus suggest that imitation of groups
is most likely driven by a two-step model, in which groups first elicit an automatic
tendency to imitate, before strategic processes determine whether to act on this ten-
dency. These strategic processes can be driven by task context, but also by social
factors, such as whether the to-be-imitated behavior is socially appropriate (Cracco
et al., 2018b; Kastendieck et al., 2021) or whether it is displayed by reliable and/or
trustworthy individuals (Capozzi et al., 2016, 2021).

Although premature at this point, unraveling the role of imitation in group
dynamics may have important real-world consequences for understanding how
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Fig. 10.3 Stimuli and results of Cracco et al. (2022a). (Note: In Cracco et al. (2022a), participants
were in a virtual environment, watching a movie clip together with ten virtual agents. Occasionally,
they heard a sound (i.e., an explosion, a collapsing structure, or glass breaking), telling them to
look up to the left (forced choice), to look up to the right (forced choice), or to choose (free choice).
In both locations, there was a fire. Participants’ task was to detect the fire and to then look back at
the screen. Together with the sound, a variable number (0-10) of virtual agents also looked left or
right. The forced choice results revealed a congruency effect, with faster and more accurate
responses on congruent (C) than on incongruent (IC) trials. For three of the four dependent mea-
sures (reaction time, partial errors, and errors), this congruency effect became larger as the number
of virtual agents looking left or right increased. The free choice results revealed a decision effect,
with faster responses when participants decided to follow the virtual agents (F) than when they
decided not to follow them (NF). It also revealed that participants followed the virtual agents more
than could be expected based on chance and that the probability of following them increased with
group size. Finally, it revealed that participants sometimes changed their mind. Especially when
participants initially followed the gaze of the group, they sometimes corrected their gaze in the
other direction (partial choices). (The figures shown here were taken from Cracco et al. (2022a),
where they were published under a CC-BY license))

societally relevant phenomena like rule breaking (Krause et al., 2021), violence
(Hylander & Granstrom, 2010; Nassauer, 2019), and helping unfold (Darley &
Latane, 1968; Fischer et al., 2011). Understanding these mechanisms, in turn, will
be key to learn how a controlled group can be stopped from turning into an uncon-
trollable crowd. However, while research is now starting to address these questions,
it is clear that much more work is still needed to reach this point and that extensive
collaborations across relevant disciplines, such as psychology (e.g., Raafat et al.,
2009; Tump et al., 2020), biology (e.g., Couzin, 2018; Sumpter, 2006), physics
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(Dodds & Watts, 2004; Rahmani et al., 2020), and sociology (e.g., Hylander &
Granstrom, 2010; Nassauer, 2019), will be needed to solve the complex puzzle of
how group dynamics shape behavior.

Automatic Imitation of Multiple Different Actions

Though understanding the relationship between group size and automatic imitation
is important to better understand the influence of social groups on behavior, very
often, the people in our immediate surrounding perform different, not identical
actions (e.g., when sitting in the train, you may see some people typing on their
laptop and others chatting or on the phone). In terms of motor representation, repre-
senting multiple different observed actions is considerably more complex than rep-
resenting multiple identical observed actions. Indeed, identical actions activate the
same motor representation and can therefore be coded as a single action. This is not
the case for different actions, however. As such, an important question arises: Can
the motor system, which is geared towards representing the actions of a single indi-
vidual (i.e., our own actions), simultaneously represent different actions of multi-
ple agents?

To address this question, Cracco and Brass (2018b) adapted the imitation-
inhibition task to contain not one but four hands (Fig. 10.4). They then compared
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Fig. 10.4 Stimuli and results of Cracco and Brass (2018b). (Note: In Cracco and Brass (2018b),
participants were asked to abduct their right index finger when the letter W was shown and their
right little finger when the letter P was shown. Three conditions were compared. In the first condi-
tion, three hands all performed the same congruent (C) or incongruent (IC) action while the fourth
hand did not move. In the second condition, all four hands performed the same congruent or incon-
gruent action. In the third condition, three hands all performed the same congruent or incongruent
action while the fourth hand performed the opposite action. An example of this last condition is
shown in the figure. The results revealed that the congruency effect (calculated with respect to the
majority) was reduced when one hand performed a different action than the other three hands)
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three conditions. In the first condition, three hands performed the same action, while
the fourth hand did not move. In the second condition, all four hands performed the
same action. Finally, in the third and crucial condition, three hands performed one
action while the fourth hand performed a different action. If in this last condition all
four hands are represented motorically, three hands should trigger one response,
whereas the fourth hand should trigger a different response. Hence, in this case, the
overall congruency effect, determined with respect to the action performed by the
majority, should be smaller in the mixed action condition than in the two control
conditions. The results confirmed this hypothesis, suggesting that not just multiple
identical but also multiple different observed actions can be simultaneously repre-
sented in the motor system.

But what if we see two actions that we cannot simultaneously execute? In their
initial experiments, Cracco and Brass (2018b) showed hands moving either the
index or little finger. In principle, however, it is possible to move both those fingers
at the same time. Hence, perhaps the observed movements were represented as a
single, compound action rather than as two different actions. To rule this out, Cracco
and Brass (2018b) conducted an additional experiment in which they used the same
task, but now with hands pointing either left or right. The rationale here is that even
though it is possible to move two different fingers at the same time, it is not possible
to simultaneously point the same finger in two directions. Nevertheless, the results
revealed exactly the same pattern as before, confirming the hypothesis that even if
two observed actions cannot be integrated, they are both represented in the
motor system.

The fact that the motor system can simultaneously represent conflicting actions
does not necessarily imply that it does not integrate non-conflicting actions into
compound actions, however. Looking at research in visual perception, for instance,
such integration seems likely. Indeed, research on ensemble processing suggests
that humans automatically summarize complex social scenes with multiple agents
by computing an average representation across those agents (e.g., Nguyen et al.,
2021; Sweeny et al., 2013; Whitney & Leib, 2018). For example, Nguyen et al.
(2021) briefly showed an array of 12 persons moving at variable speeds and asked
participants to indicate the average speed of the crowd. Results revealed that partici-
pants could relatively accurately estimate the average speed despite short presenta-
tions (500 ms) and statistical simulations indicated that at least three to four agents
were integrated in this period. Similarly, Sweeny et al. (2013) asked observers to
indicate the average walking direction of a group of agents and found that partici-
pants were highly accurate in estimating the average walking direction of the group.
In fact, accuracy in indicating the group’s walking direction was better than accu-
racy in indicating the walking direction of an individual seen alone.

To investigate whether similar integration processes also occur at the motor level,
a recent study adapted the imitation-inhibition task to measure imitation of com-
pound movements (Cracco et al., 2022d). More specifically, in a first experiment,
the authors showed a single hand lifting either the index finger, the middle finger, or
both of these fingers, while asking participants to respond to a colored square requir-
ing them to similarly lift their index finger, middle finger, or both of these fingers.
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The results revealed that participants were faster to lift a single finger (index or
middle finger) when the stimulus hand lifted a single finger, but faster to lift both
fingers (i.e., index + middle finger; a compound response) when the stimulus hand
lifted both fingers. In four additional experiments, the authors then investigated
whether compound responses would also be triggered when seeing two hands of
which one hand lifts the index finger and one hand lifts the middle finger. In con-
trast, two hands lifting two different fingers was found to activate the motor plan of
lifting the fingers individually (i.e., lifting one finger), rather than together. These
results thus suggest that the hands’ actions were not integrated at the motor level but
were represented independently instead.

What might drive these differences between visual and motor processing? One
possibility is that motor representation mainly relies on input from visual areas with
smaller receptive fields, which are less likely to integrate stimuli. Another possibil-
ity is that what is integrated are not actions but action parameters (i.e., the parame-
ters that define ow the action is performed). Indeed, an important difference with
studies on ensemble processing is that ensemble processing research typically
shows multiple agents performing the same action (Nguyen et al., 2021; Sweeny
etal., 2013), whereas Cracco et al. (2022d) showed two agents performing different
actions. As a result, a possible explanation for the diverging results is that ensemble
processing is applied not to the actions themselves, but to action parameters like
speed, movement direction, and force. In line with this idea, research suggests that
different aspects of an action such as its goals and kinematics are indeed represented
at different levels. However, whether this can explain the lack of motor integration
will require further research.

In sum, concurrently observed actions are simultaneously represented in the
motor system but are not integrated. What consequences does this have? According
to dominant models of action representation, when two motor representations are
simultaneously activated, this generates motor conflict (Botvinick et al., 2001,
2004). Although this assumption has received extensive support in the domain of
action planning, whether seeing conflicting actions can also trigger motor conflict is
not yet known. Initial evidence supporting this hypothesis comes from an fMRI
study showing that seeing two different sign language gestures activates the anterior
cingulate cortex (ACC; Cracco et al., 2019), a brain area well known to be involved
in processing motor conflict (Botvinick et al., 2001, 2004; Braver et al., 2001;
Ridderinkhof et al., 2004). However, just because the ACC is involved in motor
conflict does not mean that ACC activity necessarily reflects motor conflict (e.g.,
Shackman et al., 2011; Vassena et al., 2017; Vermeylen et al., 2020). Therefore, to
further test whether not just planning but also observing conflicting actions can
elicit motor conflict, a recent study looked at the consequences of experiencing
motor conflict, namely conflict adaptation (Cracco et al., 2022b).

Conflict adaptation is the phenomenon that conflict triggers changes in cognitive
control (Braem et al., 2019). To test whether such adaptation also occurs after
observing conflicting actions, Cracco et al. (2022b) conducted a series of experi-
ments in which every trial consisted of two phases. In the first phase, participants
saw two hands performing identical or conflicting gestures. Next, in the second
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phase, they did a prime-probe task (Weissman et al., 2014, 2015) in which they had
to respond to a small arrow preceded by a big arrow pointing in the same or different
direction. The results revealed that the prime-probe congruency effect, which is a
measure of cognitive control, was larger after seeing conflicting gestures than after
seeing identical gestures. This pattern is similar to what has been found in previous
work on conflict adaptation across tasks (e.g., Braem et al., 2011; Brown et al.,
2007; Freund & Nozari, 2018; Notebaert & Verguts, 2008; Scherbaum et al., 2011,
2016) and is usually taken to reflect that motor conflict increases cognitive control,
but only in the task where it was experienced and at the cost of reducing control in
other tasks (Verguts & Notebaert, 2008, 2009).

Thus, while much is still left to uncover, emerging research on automatic imita-
tion in situations with multiple agents indicates that the brain simultaneously pro-
cesses the actions of these agents, not just at the visual level but also at the motor
level. Furthermore, this appears to be true even when they perform different actions,
and even when those actions involve conflicting motor plans (Cracco et al., 2019;
Cracco & Brass, 2018b). Yet, there are also important differences between visual and
motor processing, as visual processing of scenes with multiple agents often involves
integrative coding (Whitney & Leib, 2018), whereas no integration appears to take
place at the motor level (Cracco et al., 2022d). Instead, processing multiple observed
actions in the motor system seems to trigger a conflict signal (Cracco et al., 2019,
2022b). Although the function of this signal is still unknown, one possibility is that it
leads people to process the scene more deeply so that they can resolve their conflict
and choose the appropriate course of action (Shamay-Tsoory et al., 2019). Whatever
the function (if any) may be, it is clear that extending research on automatic imitation
from one to multiple agents opens up a host of new questions that, if studied, hold
promise to substantially increase our knowledge on what, when, and why we imitate.

Simultaneous or Random Representation?

While extending the study of automatic imitation to multiple agents holds great
promise, it also brings along important challenges. In particular, one key method-
ological issue in this type of research is the question what mechanism drives the
effect of multiple agents on imitative behavior: simultaneous, or random representa-
tion? According to the simultaneous representation account, observers simultane-
ously represent the actions of multiple agents in their motor system and consequently
can be influenced by multiple agents at once. In contrast, according to the random
representation account, effects of multiple agents on automatic imitation are statisti-
cal artefacts that emerge not within but over trials as a result of a mechanism that
randomly represents just one of the different observed agents at each time point.
To give an example, Cracco et al. (2015) found increased automatic imitation
when participants observed two hands both making the same action compared to
two hands of which only one hand made an action. According to the simultaneous
representation account, this is because the actions of both hands were
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simultaneously represented in the motor system, therefore providing a stronger
motor trigger and producing a stronger imitative response. In contrast, according to
the random representation account, it is because participants on each trial randomly
represented one of the two hands in their motor system. On trials where both hands
performed an action, this means that they always represented an action. On trials
where only one hand performed an action, however, it means that they represented
an action only on half of the trials. Across trials, this becomes visible as increased
automatic imitation in the condition where both hands performed an action, but only
because in this condition, there was a higher probability that at least one action was
represented (see Mooshagian et al., 2008, for a similar distinction between indepen-
dent and interactive processing in the visual system).

To distinguish between both accounts, Cracco et al. (2018a) conducted two
experiments in which they adapted previous research on automatic imitation of two
hands (e.g., Cracco et al., 2015). In the first experiment, they changed the location
of the response cue. More specifically, instead of putting it between the two hands,
the cue was now put on top of one specific hand. Crucially, this hand always made
a movement. At the same time, the other hand either did not move or made the same
movement. According to the random representation account, this should have
caused participants to always represent the hand on which the cue was positioned,
because this was the location where their attention was directed. Because the cued
hand always made a movement, this means that the random representation account
expected no imitation of the second hand. In contrast, the simultaneous representa-
tion account assumes that participants always represent both hands and therefore
still expected stronger automatic imitation when both hands made the same move-
ment than when only the cued hand moved.

The result clearly supported the simultaneous representation account and this
was further supported by an additional experiment in which participant were asked
to imitate one hand while seeing another hand performing either the same action or
a different action. Because intentional and automatic imitation rely on the same
mechanisms (Bien et al., 2009; Brass & Heyes, 2005; Hamilton, 2015), the random
representation account predicts that the motor system is “occupied” when imitating
one hand and therefore no longer predicts an effect of the other hand. Nevertheless,
response times where clearly faster when the other hand performed the same action
as the to-be-imitated action than when it performed a different action.

In sum, research shows that the effects of multiple agents on automatic imitation
are better explained by simultaneous than by random representation. This resonates
with the work on conflict processing discussed earlier, as it is hard to see how con-
flicting actions could elicit motor conflict if only one action was processed at a time
(Cracco et al., 2019, 2022b). Yet, these findings do not rule out that random repre-
sentation never plays a role. Hence, it is important that (especially) new findings on
the automatic imitation of multiple agents consider this possibility and rule it out
either by experimental means or with control analyses.
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Interactions Between Being in and Imitating a Group

So far, the research discussed in this chapter has focused on imitation of multiple
agents. In the last section, I will instead turn to imitation with multiple agents. That
is, in daily life, we often see groups of people. But, we are also often part of a group.
As a result, an interesting question is whether being part of a group changes imita-
tive behavior. To address this question, Tsai et al. (2011) designed a task in which
participants sat on one side of a screen while seeing two hands of which either the
hand on their side or both hands made a movement. Participants’ task was to imi-
tate the hand on their side as fast as possible, together with a confederate who sat
on the other side of the screen and also imitated either the hand on their own side
(compatible condition) or the hand on the participant’s side, only when the hand
on their own side did not move (incompatible condition). In the compatible condi-
tion, the number of required responses always matched the number of observed
movements (i.e., when one hand moved, one person had to imitate, but when both
hands moved, both persons had to imitate). In contrast, in the incompatible condi-
tion, the number of required responses never matched the number of observed
movements (i.e., when one hand moved, both persons had to imitate, but when two
hands moved, only one person had to imitate). The results revealed that partici-
pants were faster to imitate in the compatible condition than in the incompatible
condition, but only when the two stimulus hands belonged to two different persons.

In other words, imitation was facilitated when the number of imitators matched
the number of agents. This, in turn, suggests that actions performed together
(“we-actions”) are coded fundamentally different than actions performed alone
(“me-actions”) in the motor system. The results of Tsai et al. (2011) have since
been replicated in adults, but intriguingly, not in young children (Essa et al.,
2019). While speculative, this potentially indicates that the coding of actions in
terms of “me” and “we” is a complex social process that develops only later in
life. In another study, Ramenzoni et al. (2014) extended the study of Tsai et al.
(2011) from discrete to continuous actions. In their study, participants saw two
hands alternately tapping the index finger and were asked to tap their own index
finger in synchrony with one of those two hands, either alone (solo condition) or
together with another person synchronizing with the second hand (joint condi-
tion). In line with Tsai et al. (2011), the results revealed that synchrony in the joint
condition was higher when the hands belonged to two different persons than when
they belonged to the same person and vice versa in the solo condition.

Taken together, these findings show that when we act together with someone
else, we integrate our own actions with those of the other person to form a higher-
order “we-representation” (Gallotti & Frith, 2013) that is then used in action plan-
ning and determines how we process and respond to the actions of other people
(Essaetal.,2019; Ramenzonietal.,2014; Tsaietal.,2011). Such we-representations
also have an important function in joint action, where they help individuals to coor-
dinate their actions with other people to execute complex motor tasks that rely on
the seamless cooperation of two or more persons (Kourtis et al., 2019). As such,
they may form an essential component of social interaction more broadly.
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Conclusion

We live in a complex social world. Navigating ourselves in this world critically
requires us to adjust our own action plans to the actions of others. Automatic imita-
tion and its underlying mechanisms play an important role in this process (Colling
et al., 2013; Cracco et al., 2018a; Wilson & Knoblich, 2005). However, while social
situations often involve many people, research on automatic imitation has mostly
focused on dyadic situations. In this chapter, I discussed recent work that bridges
this gap by investigating how automatic imitation varies as a function of group size
(e.g., Capozzi et al., 2018; Cracco et al., 2015, 2022a; Sun et al., 2017), how it com-
bines the actions of different people (Cracco et al., 2015, 2022d; Cracco & Brass,
2018b), and how it is affected by being part of a group oneself (e.g., Essa et al.,
2019; Ramenzoni et al., 2014; Tsai et al., 2011). Overall, these studies indicate that
automatic imitation is a complex process that takes into the account the actions of
the different people in our surrounding (for a computational model, see Cracco &
Cooper, 2019) and interacts with regulatory processes to adjust cognitive control
parameters as a function of both group size (Cracco & Brass, 2018c) and the topo-
graphical relation between the different observed actions (Cracco et al., 2022b).

This research on automatic imitation goes hand in hand with an increasing inter-
est in social perception beyond the dyad more generally. Discussing this latter
research goes beyond the scope of this chapter, but recent years have seen many
exciting advances in our understanding of how we process not just individuals but
also the social relationships between individuals (e.g., Papeo, 2020; Papeo et al.,
2017; Vestner et al., 2020) and their actions (e.g., Alp et al., 2017; Bellot et al.,
2021; Cracco et al., 2022c), of how we summarize complex social scenes in the
visual system (e.g., Elias et al., 2017; McHugh et al., 2010; Nguyen et al., 2021;
Sweeny et al., 2013), and of how we go from processing actions to processing inter-
actions (e.g., Ding et al., 2017; Isik et al., 2017; Oomen et al., 2022; Walbrin &
Koldewyn, 2019; Yin et al., 2018). Going further along this path is sure to culminate
in a better understanding of social cognition and of how we cope so effortlessly with
the vast complexity that is social life.
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Chapter 11 )
Social Modulation of Imitative Behavior Creck o

Oliver Genschow (® and Emiel Cracco

As the saying goes “monkey see, monkey do,” individuals have the automatic ten-
dency to imitate a wide range of different behaviors such as facial expressions (e.g.,
Dimberg, 1982), characteristics of language (e.g., Cappella & Planalp, 1981), emo-
tions (e.g., Hess & Fischer, 2014), postures (e.g., LaFrance, 1982), gestures (e.g.,
Cracco et al., 2018b), or simple movements (e.g., Genschow & Florack, 2014;
Genschow et al., 2013; Genschow & Schindler, 2016). An often put-forward claim
in the literature is that imitative behavior as a social phenomenon should be modu-
lated by social factors. However, since some researchers find evidence for social
modulation, but others do not, the current literature leaves open whether and how
social factors actually influence imitative behavior (e.g., Cracco & Brass, 2018;
Ramsey, 2018; Ramsey & Ward, 2020). In this chapter, we shed light onto the
debate of whether and how social factors influence imitative behavior by reviewing
current theories on social modulation of imitative behavior as well as the evidence
in favor and against these theories. We will continue by discussing potential reasons
for the mixed findings and then suggest potential paths for future research. In this
chapter, we mainly focus on behavioral mimicry and automatic imitation, because
social modulation has been tested especially for these two forms of imitative
behavior.
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Theories of Social Modulation

To assess imitative behavior, different tasks have been developed (for an overview,
see Chap. 2; this volume). Cognitive psychologists measure automatic imitation
with stimulus response compatibility (SRC) tasks, such as the imitation-inhibition
task (Brass et al., 2000). In this task, participants respond in multiple trials to an
imperative cue, such as the number “1” or “2,” by lifting either the index or middle
finger. In congruent trials, participants see another person’s hand lifting the same
finger, and in incongruent trials, they see the other person’s hand lifting the other
finger. Automatic imitation in such an SRC task refers to the finding that partici-
pants respond faster and with fewer errors to congruent than to incongruent trials
(for reviews, see Cracco et al., 2018a; Heyes, 2011). To investigate imitative behav-
ior in more natural settings, social psychologists measure behavioral mimicry. In a
typical experiment (e.g., Chartrand & Bargh, 1999), participants interact with a con-
federate in two conversations. During each conversation, the confederate engages in
one of two target actions, such as touching the face or moving the leg. The typical
finding in mimicry experiments is that participants more often touch their face than
move their leg when the confederate touches their face and vice versa when the
confederate moves their legs. Regardless of the method used to assess imitative
behavior, a frequent claim in the literature is that imitative behavior as a social phe-
nomenon should be modulated by social factors. In the last two decades, two differ-
ent theories have been put forward to explain such social modulation: motivational
theories and self-other overlap theories.

Motivational Theories

Motivational theories of imitation (e.g., Chartrand & Dalton, 2009; Wang &
Hamilton, 2012) postulate that people use imitation either consciously or uncon-
sciously as a tool to affiliate with others. As a result, individuals are expected to
imitate others more strongly when they have an affiliation goal. For example, the
theory of social top-down response modulation (STORM; Wang & Hamilton, 2012)
takes a kind of Machiavellian approach by stating that imitation is strategic and
driven by the anticipated social consequences of the action. The basis for such a
theoretical perspective comes from studies showing the positive social conse-
quences of imitation (for an overview, see Chaps. 13 and 14; this volume). Such
research suggests that being imitated leads individuals to like the imitator (e.g.,
Chartrand & Bargh, 1999; Kulesza et al., 2022; Sparenberg, Topolinski, et al.,
2012), give more money to the imitator (van Baaren et al., 2003), increases proso-
cial orientation towards the imitator (Lakin et al., 2008; van Baaren et al., 2004),
increases the feelings of affiliation with the imitator (Lakin & Chartrand, 2003), and
increases the susceptibility of being persuaded by the imitator (Maddux et al., 2008).
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Self-Other Overlap Theories

Self-other overlap theories (e.g., Brass & Heyes, 2005; Greenwald, 1970; Heyes,
2010; Prinz, 1990) suggest that imitative tendencies are learned responses that
develop as a result of self-observation and interaction with other, often similar
(Efferson et al., 2008), individuals (Brass & Heyes, 2005; Cook et al., 2014b; Heyes,
2010; Ray & Heyes, 2011). The observation of similar (as compared with dissimi-
lar) individuals is assumed to elicit stronger activations of the corresponding motor
plans (e.g., Press, 2011), thereby increasing imitative behavior (Cracco et al.,
2018a). Recent support for this theory comes from a series of three experiments
conducted in our lab (Genschow et al., 2021). In these experiments, participants run
through a classical imitation-inhibition task (Brass et al., 2000). At the same time,
participants were instructed to focus either on similarities or differences between
the hand presented on the screen and their own hand. The results indicated that
focusing on similarities (as compared to differences) increased perceived similarity
and as a consequence automatic imitation.

Which Social Factors Modulate Imitative Behavior?

Although motivational and self-other overlap theories propose different underlying
mechanisms of social modulation, both theories derive at similar predictions for the
influence of most social factors. Interestingly, research testing whether these social
variables influence imitative behavior produced rather mixed results. In the next
section, we will review these results by firstly focusing on experimental manipula-
tions and then on interindividual differences that are assumed to relate to imitative
behavior. When evaluating the evidence for social modulation of imitative behavior,
the evidence for social modulation can roughly be divided into five different catego-
ries (for an overview, see Table 11.1):

» Strong evidence means that there are several successful replications of an origi-
nal finding and/or there is meta-analytical evidence in favor of social modulation.

e Preliminary evidence indicates that there is only a small number of studies that
find support for social modulation. Often these studies are underpowered, mean-
ing that only a small number of participants were tested. In the same time, there
are no, or just a few, replication studies reported in the literature.

* Mixed evidence suggests that there are some studies finding support for social
modulation, but also other studies that cannot replicate the original findings.

* No evidence means that besides some studies finding support for social modula-
tion, there are several non-successful often high-powered replications and/or
there is meta-analytical evidence for the null effect.

* No data available indicates that based on theory, it is assumed that social modu-
lation should take place. However, there are no empirical studies actually testing
this claim.
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Table 11.1 Overview of social influences on imitative behavior

Evidence for

Automatic imitation Behavioral mimicry

Experimental manipulations
Bottom-up animacy
Top-down animacy
Self-other focus

Pro- vs. anti-social mindset
Group membership
Affiliation goal

Status & power

Eye gaze

Cooperation vs. competition
Perspective

Liking

Interindividual differences
Empathy

Perspective taking

Autism

Other interindividual factors*

Note.
Strong evidence; Preliminary Mixed evidence; No evidence; e.g.,  No data available
e.g., based on evidence; e.g., due  e.g., dueto due to several
multiple successful  to few replications  successful as well as  failed replications,
replications or and small sample non-successful or meta-analytical
meta-analytic sizes (conceptual) evidence
evidence replications

*Other interindividual factors include among others narcissism, independent versus interdependent self-
construal, individualism vs. collectivism, need to belong, and belief in free will
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Experimental Manipulations

Human Versus Non-Human Actions With reference to the animacy effect, sev-
eral experiments have tested whether individuals imitate human actions more
strongly than non-human actions. More specifically, the literature can be divided
into two lines of research. On the one hand, some researchers focus on bottom-up
influences of animacy. That is, they test whether the actual observation of human
actions leads to an increase in imitative responses, as compared to the observation
of non-human actions (e.g., Bird et al., 2007; Kilner et al., 2003; Press et al., 2005;
Press et al., 2006). For instance, Press et al. (2005) found stronger imitative
responses in an automatic imitation task when participants observed actions per-
formed by a human actor, as compared to actions performed by a robot. The idea
that human actions are imitated more strongly in automatic imitation paradigms has
been supported by several independent high-powered studies (Westfal et al., 2024)
and a recent meta-analysis (Cracco et al., 2018a).

On the other hand, researchers investigate fop-down modulations of animacy by
testing whether merely believing that the presented stimulus is based on human, as
compared to non-human agents, increases imitative tendencies. The literature on the
influence of top-down animacy has produced rather mixed results. For example,
Liepelt and Brass (2010) used the imitation-inhibition task and presented partici-
pants with hands in a glove that engaged in different finger lifting movements.
While half of participants were made to believe that the observed finger movements
were executed by a human, the other half of participants were made to believe that
the movements were executed by a wooden hand. The results indicated that indi-
viduals imitate more strongly when they believe that they observe human actions.
Despite this seminal demonstration, other researchers could not detect such effects.
For example, Press et al. (2000) presented participants in an imitation-inhibition
task either with robotic or human hand movements (bottom-up manipulation) or let
participants believe that they saw human versus robotic hand movements (top-down
manipulation). While the researchers found evidence for bottom-up animacy effects,
they could not find support for top-down influences. Most recently, Cracco et al.
(2023) were not able to successfully replicate the Liepelt and Brass (2010) finding.

There are no systematic investigations about the degree to which behavioral
mimicry is modulated by animacy—most likely because it is difficult to create a
social setting in which participants interact with actual humans and robots.

Self-Other Focus A crucial prerequisite for imitation to occur is attention to the
other person’s action. That is, the more attention is directed to an action, the stron-
ger it is imitated (for a meta-analysis, see Cracco et al., 2018a). Based on this find-
ing, researchers tested whether a focus on others, as compared to the self, increases
imitative behavior. For example, in a seminal experiment, Spengler et al. (2010b)
applied an evaluative task to manipulate participants’ focus to the self. Specifically,
participants in the self-focus condition were asked whether they agreed with a series
of value-based statements. For example, participants had to indicate whether they
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thought that Leipzig (where the experiment was conducted) is a pleasant town. It is
assumed that for forming such kind of judgments, participants need to retrieve and
apply their internal value system (e.g., preferences, norms, aesthetic values, etc.)
which then leads to a focus on the self (Amodio & Frith, 2006). In the control condi-
tion, participants engaged in a semantic memory retrieval task where they had to
indicate whether a series of trivia statements were correct (e.g., Leipzig is the capi-
tal of Germany). Afterwards, the researchers administered the imitation-inhibition
task. The results indicated that answering self-related questions decreased auto-
matic imitation. In another experiment, the same authors manipulated participants’
self-focus by letting them sit in front of two mirrors. In the control condition, the
mirrors were turned so participants could not see themselves. The authors found
smaller imitation indices when the mirrors faced participants as compared to when
the mirrors were turned. It is important to note, however, that a recent study could
not replicate this latter finding (Khemka et al., 2021). One potential reason for this
is that sitting in front of a mirror is perhaps not the best and strongest manipulation
of self-focus. Thus, it is somewhat unclear to which degree self-other focus influ-
ences automatic imitation.

There are only a few studies testing the influence of self-other focus on behav-
ioral mimicry. Among the few studies, van Baaren et al. (2003) let participants
either form sentences that included words related to the self (i.e., I, me, and mine)
or sentences that included words related to others (i.e., he, him, and his). Afterwards,
they assessed behavioral mimicry and found that participants mimicked more
strongly when they focused on themselves. To the best of our knowledge, there are
no other mimicry experiments testing similar effects, leaving open the degree to
which this effect can be replicated.

Pro- versus Anti-social Mindset Several experiments assessing automatic imita-
tion, but not behavioral mimicry, tested the hypothesis that a pro-social, as com-
pared to an anti-social mindset, increases imitative behavior. The empirical evidence
for this hypothesis is rather mixed. In a typical experiment, depending on the condi-
tion, participants either have to solve several pro-social scrambled sentences (e.g.,
“John gives Laura a warm and affectionate hug”) or anti-social scrambled sentences
(e.g., “Paul destroys Angelina’s new toy train on purpose”). Some studies find that
letting participants solve pro-social, as compared to an anti-social scrambled sen-
tences, leads to larger congruency effects (Cook & Bird, 2011; Leighton et al.,
2010). Interestingly, other authors could not replicate this finding. For example, in
one experiment, Wang and Hamilton (2013) found the exact opposite meaning that
participants in an anti-social context imitated more strongly than in a pro-social
context. Most recently, when priming either a pro-social or a neutral mindset in
participants, Newey et al. (2019) could not find any influence of the primed mindset
on automatic imitation.

In another series of experiments, researchers tested whether the influence of pro-
and anti-social primes on automatic imitation depends on certain boundary condi-
tions. For example, Wang and Hamilton (2013) manipulated the self-relatedness of
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pro- and anti-social primes (i.e., whether the scrambled sentences are related to the
self or others) and found that that pro-social primes increase automatic imitation
only when the primes were related to the self, whereas anti-social primes increase
automatic imitation only when the primes are unrelated to the self (Wang &
Hamilton, 2015). In a more recent experiment, Cracco et al. (2018b) tested whether
individuals imitate pro-social gestures more strongly than anti-social gestures. In
line with their predictions, the authors found stronger congruency effects for pro-
social, as compared to anti-social gestures. Additionally, the authors found in two
experiments that this effect is stronger when participants are primed with a pro-
social, as compared to an anti-social mindset.

Taken together, research on automatic imitation indicates that a pro-social (as
compared to an anti-social) mindset per se may not increase automatic imitation.
However, it could be that a pro-social mindset only increases automatic imitation
under certain conditions, such as when the primes relate to the self (vs. others) or
the imitated actions are pro-social (vs. anti-social).

Group Membership Being part of a social group and forming stable as well as
cohesive relationships with its members plays a crucial role in people’s life (e.g.,
Baumeister & Leary, 1995). As such, identifying someone as belonging to the same
social or ethnic group influences how close people feel to that person (Fini et al.,
2020) and triggers a desire to connect with them (Van Der Schalk et al., 2011).
Based on such research, an often-alleged claim in the literature is that in-group
members should be imitated more strongly than out-group members. In line with
this assumption, Yabar et al. (2006) found that when assessing behavioral mimicry,
individuals imitate in-group members more strongly than out-group members.
Relatedly, Stel (2005) found that Dutch participants mimicked an out-group mem-
ber (i.e., a Moroccan actor) less strongly than an in-group member (i.e., a Dutch
actor) the more negative their attitudes towards Moroccans relative to Dutch were.

By applying a classical imitation-inhibition task, Gleibs et al. (2016) found that
individuals imitate in-group members more strongly than out-group members when
they believed that they have to cooperate with the other person later in the experi-
ment. This effect was not present when participants believed that they have to com-
pete against the other person later in the experiment (for similar findings, see
Genschow & Schindler, 2016).

In contrast to these results, more recent studies could not find support for the
basic idea that in-group members elicit stronger automatic imitation tendencies than
out-group members. For example, in six high-powered experiments (total N = 1538).
Genschow et al. (2022b) could not find an effect of group membership on imitative
behavior in a classical imitation-inhibition task (for similar results, see De Souter
etal., 2021; Genschow et al., 2022a). Rauchbauer et al. (2015) even found the oppo-
site of previous research, meaning that individuals imitated out-group members in
an imitation-inhibition task more strongly than in-group members (for similar
results, see Rauchbauer et al., 2016).

Affiliation Goal Based on motivational theories of imitation (e.g., Chartrand &
Dalton, 2009; Wang & Hamilton, 2012), one can derive the prediction that an affili-
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ation goal increases imitative behavior. Experiments supporting this notion mainly
measured imitation with behavioral mimicry tasks. For example, in one experiment,
Lakin and Chartrand (2003) either presented participants with words related to affil-
iation (e.g., affiliate, friend, partner, and together) or with control words (e.g., neu-
tral, background) and then measured imitation with a standard mimicry task
(Chartrand & Bargh, 1999). The results indicated that letting participants read
words related to affiliation increases behavioral mimicry.

People usually have an affiliation goal when they would like to belong to a group
and social psychological research suggests that being socially excluded from a
group increases the goal to affiliate with others (e.g., Mead et al., 2011). To test
whether being excluded from a group increases imitative behavior, Lakin et al.
(2008) either excluded or included participants from/to their in-group by letting
them play a game of cyberball (Williams & Jarvis, 2006) and then assessed behav-
ioral mimicry. The results indicated that after being excluded from their in-group,
participants mimicked in-group members more strongly than out-group members,
presumably because they had a stronger affiliation goal. By applying a paradigm
similar to a classical imitation-inhibition task, Genschow and Schindler (2016) like-
wise found that having an affiliation goal with the in-group moderates the influence
of group membership on imitation. That is, the more participants wanted to affiliate
with the in-group, the more strongly they imitated in- compared with out-group
members.

Status and Power Based on research on affiliation goals, it has often been argued
that individuals imitate people high in power and status more than people low in
power and status, because individuals have a stronger motivation to affiliate with
high than with low power and status people (Chartrand & Dalton, 2009; Chartrand
et al., 2005; Duffy & Chartrand, 2015). However, there is not much evidence that
power and status itself actually influence imitative behavior. Among the few experi-
ments, Cheng and Chartrand (2003) manipulated power and status of a confederate.
In addition, they measured whether participants are self-monitors. The concept of
self-monitoring reflects the extent to which individuals adapt their behavior to the
behavior of their interaction partners. For high, but not low self-monitors, it is
important how their interaction partner perceives them. As a consequence, high self-
monitors tend to more assimilate to the behaviors of others. Cheng and Chartrand
found that high power and status people are mimicked more than low power and
status people only when the mimickers scored high on self-monitoring.

When using a classical imitation-inhibition task, Farmer et al. (2016) found that
power and status itself does not modulate automatic imitation.

Eye Gaze Research on automatic imitation, but not on behavioral mimicry, inves-
tigated how the eye gaze of interaction partners modulates imitative behavior. Some
studies found that directed (versus averted) eye gaze increases automatic imitation
(Wang & Hamilton, 2014; Wang et al., 2011). In contrast, more recent investiga-
tions using similar paradigms could not replicate this finding, but found the exact
opposite meaning that averted gaze increased automatic imitation (Carr et al., 2021).
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Cooperation Versus Competition Several studies tested whether a cooperative
mindset increases imitative behavior. For example, Lanzetta and Englis (1989)
demonstrated that expecting a cooperative task leads participants to more strongly
engage in behavioral mimicry as when expecting a competitive task (see also Weyers
et al., 2009).

When using the imitation-inhibition task, Gleibs et al. (2016) found that partici-
pants who believed to engage in an cooperative task (as compared to participants
who believed to engage in a competitive task) imitated in-group members more
strongly than out-group members.

Perspective Research on automatic imitation investigated whether actions
observed from the first-person perspective increase automatic imitation. In line with
this idea, several studies found stronger automatic imitation for actions presented
from a first-person perspective, as compared to a third-person perspective (Bortoletto
et al., 2013; Genschow et al., 2013; Vogt et al., 2003). However, a recent meta-
analysis (Cracco et al., 2018a) could not find support for this effect.

Liking The idea that likeability moderates imitative behavior has been studied
with behavioral mimicry paradigms only (e.g., Stel et al., 2010a, b). For instance,
Stel et al. (2010b) let participants read a background story about a confederate. The
background story described the confederate as either likeable or not likeable.
Afterwards, participants engaged in a classical behavioral mimicry task with the
confederate. The authors found that participants mimicked the confederate more
strongly when they believed to interact with a likeable person, as compared to a
non-likeable person.

Interindividual Differences

Empathy A factor that is very often assumed to correlate with imitative behavior
is empathy. Indeed, in early work, mimicry has been viewed as an expression of
empathic concern (e.g., Maurer & Tindall, 1983). Over the last two decades, the link
between empathy and mimicry has been studied using a variety of different tasks
related to behavioral mimicry. For example, Platek et al. (2003) showed that people
tend to engage in contagious yawning more often, the more empathic they are.
Certainly, the most research on the empathy-mimicry link has been conducted with
facial and emotional mimicry tasks. Most of these studies report a positive relation
between empathy and mimicry (e.g., Drimalla et al., 2019; Perugia et al., 2020;
Sonnby-Borgstrom et al., 2003; Sonnby-Borgstrom, 2002). However, there are also
some studies that find rather small or no relations between empathy and facial mim-
icry (e.g., Kovalchuk et al., 2022). In line with such findings, a recent meta-analysis
(Holland et al., 2021) concludes that “stronger facial mimicry responses are posi-
tively related to higher dispositions for empathy, but the weakness and variability of
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this effect suggest that this relationship is conditional on not-fully understood fac-
tors.” (p. 150).

When using tasks that tap more strongly into behavioral mimicry, Miiller et al.
(2013) found that people imitate attractive, but not unattractive, persons more
strongly, the more empathic they are. When applying a classical imitation-inhibition
task, Haffey et al. (2013) found a positive correlation between empathy and auto-
matic imitation. However, other studies could not successfully replicate this finding
(Butler et al., 2015; Genschow et al., 2017). For instance, in a high-powered experi-
ment, Genschow et al. (2017) were not able to detect a relation of empathy with
neither behavioral mimicry nor with automatic imitation. Likewise, a meta-analysis
on automatic imitation could not find a significant relation between empathy and
automatic imitation either (Cracco et al., 2018a).

Perspective Taking While there is little evidence for the link between general
forms of empathy and imitative behavior, researchers suggested that the link with
imitative behavior might be specific to a subfactor of empathy—namely perspective
taking. One of the first demonstration supporting this notion comes from Chartrand
and Bargh (1999) who found that perspective taking abilities, but not other forms of
empathy, correlate with mimicry behavior (for similar results, see Horton, 2014).
Similar results have been detected when automatic imitation was assessed (Cracco
& Brass, 2017; Cracco et al., 2015; Genschow et al., 2013). However, Genschow
et al. (2017) could neither replicate the link between perspective taking and behav-
ioral mimicry nor the link between perspective taking and automatic imitation.
Similarly, Cracco et al.’s (2018a) meta-analysis could not detect a relation between
perspective taking and automatic imitation either.

Autism Previous research has repeatedly studied imitative behavior in different
clinical settings (for a review, see Chap. 12; this volume). In this respect, one of the
most intensively investigated sample is autism. Research investigating a link
between autism and imitative behavior mainly focused on automatic imitation.
Interestingly, this research produced rather mixed results. On the one hand, some
researchers found reduced automatic imitation in individuals with autistic spectrum
disorder as compared to healthy controls (Cook et al., 2014a). In contrast to this
result, other researchers found the exact opposite meaning that individuals with
autistic spectrum disorder engaged in stronger automatic imitation (e.g., Spengler
et al. 2010a), yet other researchers did not find any difference between autistic indi-
viduals and healthy controls (e.g., Gowen et al., 2008; Press et al., 2010; Sowden
et al., 2015). In line with this latter null finding, a meta-analysis could not support
the idea that autism is related automatic imitation (Cracco et al., 2018a). Also, when
pursuing a correlational approach in a large healthy adult sample, Genschow et al.
(2017) could find a relation of autistic traits neither with automatic imitation nor
with behavioral mimicry (for similar results, see Butler et al., 2015).

Other Interindividual Factors Besides the above-mentioned well-studied fac-
tors, previous research has also investigated the relation of imitative behavior with
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several other interindividual factors. Among these factors, it has been found that
automatic imitation is negatively related to narcissistic traits (Hogeveen & Obhi,
2013), an effect that could not be replicated by Butler et al. (2015). The latter authors
could also not find a relation between automatic imitation and personality traits
related to social behavior (i.e., extraversion and agreeableness), as well as autistic-
like and schizotypal traits. In a similar vein, Genschow et al. (2017) could not find
a relation of several personality traits related to social cognition (i.e., independent
versus interdependent self-construal; individualism vs. collectivism; need to belong)
with mimicry behavior and automatic imitation. Finally, when measuring higher
order beliefs, Westfal et al. (2021) did not find a relation between belief in free will
and automatic imitation.

Explanations for the Mixed Evidence

Taken together, the above-reviewed literature indicates that there is cumulative evi-
dence only for a few social moderators of imitative behaviors. In particular, for
automatic imitation, only bottom-up animacy has been repeatedly found to influ-
ence the congruency effect. For all other factors, there is either no evidence or only
preliminary evidence of social modulation. For behavioral mimicry, there is at best
preliminary evidence for some social modulators. An interesting observation across
automatic imitation and behavioral mimicry tasks is that while there is at least some
evidence for social modulation when reviewing the literature on experimental
manipulations, there is no evidence for a relation between interindividual factors
and imitative behavior on a correlational level. There are different explanations for
these results that can roughly be divided into methodological and theoretical
explanations.

Methodological Explanations

An interesting observation of the literature we reviewed here is that in the automatic
imitation literature, there are several replications of previously published findings.
In contrast, in the behavioral mimicry literature, there are just a few published
empirical articles for each social factor and even fewer replications. Reasons for this
are manifold. First, it might be that researchers were not interested in replicating
previous findings, because they were afraid of conducting research that is not novel
enough. Second, the few replications in the behavioral mimicry literature could be
due to the fact that conducting mimicry experiments are rather effortful and costly.
Thus, researchers might have decided to focus on other research questions that can
be tested with less effort. Indeed, when reviewing the literature of the last two
decades, an interesting observation is that since the so-called replication crises in
(social) psychology, researchers started testing their predictions with larger sample
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sizes (e.g., Sassenberg & Ditrich, 2019). As mimicry experiments are very effortful
and costly, experiments with large numbers of participants became less feasible,
which may have reduced the published number of behavioral mimicry experiments.
Third, the few published replication studies in the mimicry literature could hint to a
file drawer problem, indicating that a few positive results were published, whereas
several other experiments that do not support the original finding might not have
been published.

For many social factors that are assumed to modulate imitative behavior, the
present review finds either mixed or merely preliminary evidence. Besides the
above-mentioned lack of replications, another explanation for this characteristic of
the literature could be that previous research used rather small samples. A problem
of such underpowered experiments is that the resulting effect sizes for significant
findings are oftentimes overestimated especially when the true effect size is not
large (e.g., Cumming, 2013). As a consequence, it might well be that when testing
social modulation, researchers base their sample size on previous underpowered
experiments, which leads to further underpowered experiments and as a result to
inconclusive and difficult to interpret results.

An issue of many experiments testing the in influence of social factors on imita-
tive behavior is that these experiments did not implement manipulation checks. That
is, most of previous studies did not measure the degree to which the psychological
factors they purported to manipulate were actually influenced. Thus, for many
experiments, it remains open whether the implemented social manipulation actually
worked. Note, only if the experimental manipulation actually influences the pro-
cesses it aims to affect, one can expect social modulation of imitative behavior to
occur. In addition, one would also predict that factors influencing the purported
psychological variables the strongest should also influence imitative behavior the
strongest. For example, it might be that letting participants sit in front of a small
mirror leads participants to less strongly focus on themselves as compared with
directly asking them to focus on themselves. As a consequence, one would expect
stronger imitation effects when self-other focus is manipulated by directly asking
participants to focus on themselves than by letting them sit in front of a mirror.
Likewise, one could interpret the finding that bottom-up animacy manipulations
lead to stronger effects than top-down manipulations (e.g., belief manipulations)
with the notion that bottom-up manipulations influence perceived similarity more
strongly. In sum, the lack of evidence for the influence of some social factors on
imitative behavior could be due to the researchers applying manipulations that influ-
ence the assumed processes rather weakly.

The observation that interindividual differences do neither reliably correlate with
automatic imitation nor with behavioral mimicry could be interpreted in different
ways. First, one may argue that independent of any personality trait, different peo-
ple have the same automatic tendency to imitate others. Second, it might be that
there are some interindividual factors that relate to imitative behavior, but previous
research has not studied them yet. Third, and probably most likely, the lack of evi-
dence may be due to the psychometric properties of the tasks used to measure imita-
tive behavior. A particular characteristic of classical imitation-inhibition tasks is
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that they produce very strong (Cracco et al., 2018a) and reliable (Genschow et al.,
2017) effects in the sense that the congruency effect can be detected in almost every
participant. As a consequence, automatic imitation tasks do not have much interin-
dividual variability, which makes it difficult to find correlations with other measures
(e.g., Goodwin & Leech, 2006). Behavioral mimicry tasks, on the other hand, are
designed to detect imitative behavior in more natural settings. A disadvantage of
these tasks is, however, that they do not measure imitative behavior in a very reliable
manner (Genschow et al., 2017). Since unreliable measure are unlikely to correlate
with other measures (Crocker & Algina, 1986; Cronbach, 1990), it is not surprising
that previous research could not detect stable correlations between mimicry behav-
ior and interindividual differences.

Theoretical Explanations

A specific characteristic of the literature on social modulation of imitative behavior
is that researchers investigated social variables in a rather exploratory manner and
just later explained the findings post hoc by putting forward different theories. In
principle, two different theories have been proposed. Motivational theories (e.g.,
Chartrand & Dalton, 2009; Wang & Hamilton, 2012) assume that social modulation
is due to differences in affiliation goals, whereas self-other overlap theories (e.g.,
Brass & Heyes, 2005; Greenwald, 1970; Heyes, 2010; Prinz, 1990) suggest that
social modulation takes place based on differences in perceived similarity. Strikingly,
previous research has neglected to rigorously test the degree to which these two
processes (i.e., affiliation goals vs. perceived similarity) directly contribute to auto-
matic imitation and mimicry behavior and whether the social factors assumed to
modulate imitative behavior actually influence perceived similarity and affilia-
tion goals.

Popper (1934/2005) argues that a theory can be evaluated based on two criteria:
universality and precision. The level of universality (Allgemeinheit) specifies how
many situations a theory can be applied to. The degree of precision (Bestimmtheit)
specifies how accurate a theory can predict a certain outcome. Previous theories on
the social modulation of imitative behavior score relatively high on universality as
any factor that influences affiliation and/or similarity is assumed to increase imita-
tive behavior. At the same time, these theories lack precision, because several cru-
cial aspects remain unclear. First, previous theories on social modulation of imitative
behavior leave open which social variables influence similarity and the goal to affili-
ate how strongly. Second, these theories also do not allow predicting which mea-
sures of imitative behavior will be influenced by which social factors. Third,
previous theories do not specify whether perceived similarity and affiliation goals
influence imitative behavior equally strong and whether the combination of both
processes influences imitative behavior more strongly.

With respect to the latter, an interesting observation of the literature is that in
several cases, researchers tested whether the combination of different social factors
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influences imitative behavior. For example, Gleibs et al. (2016) found that in-group
members are only imitated more strongly than out-group members if participants
believe to be cooperating with the other person. Likewise, Cracco et al. (2018b)
found that the influence of a pro- vs. anti-social mindset on automatic imitation
depends on whether participants imitate pro-social or anti-social gestures. Based on
this research, it might be that social modulation of imitative behaviors hinges on
crucial boundary conditions that are not specified by previous theories.

In sum, an explanation of why the literature on the impact of social factors on
imitative behavior produced rather mixed findings can be explained by the impreci-
sion of existing theories.

Avenues for Future Directions

Taken together, previous research on the social modulation of imitative behavior
resulted in largely mixed results with few experiments finding support for the influ-
ence of some social variables and other experiments finding no influence for other
variables. Based on the reasons for these mixed results reviewed-above, we can
derive several potential directions for future research that will allow investigating
which social factors influence imitative behavior based on which processes with
more precision.

First, from a methodological point of view, there is the need to conduct more
direct replications to test whether the variables for which is currently preliminary or
mixed evidence influence imitative behavior. Such kind of replications will allow
drawing a clearer picture about the degree to which imitative behavior is socially
modulated. Another (or additional) way to assess the strength to which different
social variables modulate imitative behavior is to carry out meta-analyses. While
there are already some informative meta-analyses for automatic imitation (Cracco
et al., 2018a; Genschow, Schuler et al., 2019), the literature currently lacks a meta-
analysis on behavioral mimicry. Given that the literature might have a file drawer
problem, researchers carrying out meta-analyses should take into account publica-
tion bias.

Second, as many previous experiments are underpowered, it is unclear to which
degree they are replicable. Thus, when designing experiments to assess social mod-
ulation of imitative behavior, researchers are advised to conservatively calculate
power analyses and to test larger samples.

Third, when testing the influence of social variables on imitation, future research
should make sure that they use strong manipulations to detect potentially small
effects. In addition, future research is advised to administer manipulation checks to
test whether the applied manipulations influence the psychological variables the
manipulations purported to manipulate. Additional manipulation checks should be
implemented to assess the processes based on which social factors should influence
imitative behavior. That is, based on previous theories, research may investigate the
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degree to which perceived similarity and affiliation goals mediate the influence of
social factors on imitative behavior.

Fourth, since classical imitation-inhibition tasks (e.g., Brass et al., 2001; Brass
et al., 2000) assess imitative behavior without much variance and behavioral mim-
icry tasks (Chartrand & Bargh, 1999) measure imitative behavior rather unreliably,
future research should aim at developing and implementing other measures. In this
respect, a potential direction could be to apply Virtual Reality to manipulate social
factors (Cracco et al., 2022).

Fifth, based on the suggestions for future research made above, scholars may be
able to derive at better theories that allow predicting social modulation with more
precision. In line with the current call for formalized theories in psychology (e.g.,
Borsboom et al., 2021; Oberauer & Lewandowsky, 2019; West et al., 2019), future
theories on social modulation of imitative behavior should be formulated in such a
way that they are able to precisely predict which social factors influence how
strongly what kind of imitation tasks based on which processes. These theories
should also include potential boundary conditions under which social modulation
can be expected.

Summary

Although different theories predict social modulation of imitative behavior, the evi-
dence for social modulation is rather mixed in the sense that only for a few social
factors, there is cumulative evidence in favor of social modulation. The reasons for
the mixed findings are manifold, but may especially lay in several methodological
shortcomings as well as imprecise theories. Future research may implement stron-
ger methods which includes among other factors more replications, larger sample
sizes, the integration of manipulation checks, as well as reliable measures that
assess imitative behavior with more variability. In addition, scholars are advised to
formalize more precise theories to better predict social modulation of imitative
behavior.
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Chapter 12 )
Automatic Imitation of Hand Movements o
in Clinical and Neurodiverse Populations

Ellen Poliakoff (» and Emma Gowen

Introduction

Seeing someone else move can have a powerful effect on our own motor system,
making us more likely to make the same movement even if we are not intending to
do so. This motor resonance or automatic imitation is driven by overlapping repre-
sentations between observed and executed action in fronto-parietal brain areas (e.g.,
Hardwick et al., 2018). This has historically been referred to as the “mirror neurone
system” (e.g., Rizzolatti et al., 2009) or action observation network. These pro-
cesses are thought to account for learning through observation (Buccino et al.,
2004), as well as unconscious mimicry of movements and speech during social
interactions (Iacoboni, 2009). It is also important to control automatic imitation, so
that we do not copy everything we see. This top-down modulation of who and when
to imitate is important for social bonding (Wang & Hamilton, 2012). Indeed, brain
areas such as the medial prefrontal cortex and temporo-parietal area that inhibit
automatic imitation are also involved in Theory of Mind processes (Spengler et al.,
2010). These processes also require the ability to separate the representation of self
and other (Spengler et al., 2010).

Given the involvement of motor and social-cognitive processes in automatic imi-
tation, researchers have investigated how this process is affected in a range of clini-
cal and neurodiverse populations. Indeed, “broken mirror neurone” accounts have
been proposed for several conditions, including autism and schizophrenia (e.g.,
Mehta et al., 2014). These accounts suggest that impairments in the perception-
action mapping attributed to mirror neurones could account for core symptoms,
such as difficulties reading the intentions of other people. As will be outlined below,
the motivation for studying automatic imitation differs between clinical groups,
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from investigating the control of actions or links to voluntary imitation (e.g., in
schizophrenia, Simonsen et al., 2019) to using automatic imitation as a measure of
social cognition (e.g., in Alzheimer’s disease, Bisio et al., 2012). Moreover, reports
of imitation behavior and utilization behavior, whereby patients imitate gestures or
use objects apparently automatically, have been reported in patient populations such
as those with frontal lobe damage (Lhermitte et al., 1986). It has also been argued
that investigating the imitation of neutral hand actions could be a cleaner method of
evaluating imitation, since there it does not involve processing emotions as is needed
when using faces as stimuli (Simonsen et al., 2019). Furthermore, automatic imita-
tion has also been employed as a simpler alternative to voluntary imitation which
involves more cognitive processes such as understanding of the task, attention, and
motor planning (e.g., Rudolph et al., 2022; Sowden et al., 2016).

Automatic imitation of hand movements has generally been investigated using
two main types of task (for an overview, see Chap. 2; this volume). First, there are
tasks based on the work of Brass and colleagues, where participants are required to
make a particular finger response but ignore a concurrently viewed finger move-
ment. They may be trying to move one finger, but primed to move a different finger
(Brass et al., 2000) or moving in one direction (up/down) but primed to move in a
different direction (Brass et al., 2001). Participants are slower in these incompatible
trials than in compatible trials, where the moving finger matches the movement that
they are trying to make (herein referred to as a compatibility effect; note that some
authors use the terms congruent/incongruent to describe these conditions). To inves-
tigate the specificity of this effect for imitation, it is important to include a control
condition to test for general spatial compatibility effects based on the location or
direction of the stimulus. For example, some studies rotate the observed hand so the
finger now moves left/right rather than up/down (e.g., Bek et al., 2018). Second,
there are kinematic interference tasks where participants are asked to copy one ele-
ment of an observed action (such as the timing or end point) but to ignore other
elements such as the speed or orientation (horizontal/vertical; e.g., Albert et al.,
2010). The measure of automatic imitation is the extent to which this task-irrelevant
stimulus attribute affects their own movement. For both types of task, it can be
informative to contrast biological (human) and non-biological (abstract moving
shapes) stimuli (Gowen & Poliakoff, 2010) to explore the specificity of automatic
imitation. Some variations include methods to investigate the modulation of auto-
matic imitation, such as cueing participants to the origin of the hand (e.g., human or
robotic/computer generated; Stanley et al., 2007) or manipulating the context of
imitation (e.g., adding social cues; Cook & Bird, 2012).

In this review, we consider neurodegenerative conditions (Parkinson’s,
Alzheimer’s), psychiatric or mental health conditions (schizophrenia, depression,
eating disorders), and then neurodiverse/neurodevelopmental conditions (mirror
touch synesthesia, autism, developmental coordination disorder, and Tourette’s).
We briefly introduce each condition and outline the motivations for investigating
automatic imitation in that population before describing the key findings and tasks
used. Identifying commonalities and differences across conditions is likely to be
informative, particularly as there are mostly only a small number of studies per
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condition. This provides an opportunity to identify strengths and weaknesses in the
methodologies and approaches, and to identify future research directions.

Alzheimer’s Disease

Alzheimer’s disease is a progressive neurodegenerative condition and the common-
est cause of dementia. Given the visuomotor issues observed in Alzheimer’s dis-
ease, such as control of fine finger movements (Yan et al., 2008) and the broad
cortical damage, including the parietal cortex, it is important to investigate how
automatic imitation of movements is affected in people with the condition. There
are also earlier observations in the literature of spontaneous imitation of others in
people with Alzheimer’s disease, as well as those with frontal damage (Lhermitte
et al., 1986, see section “Introduction”).

Bisio et al. (2012) compared 25 people with mild-to-moderate Alzheimer’s dis-
ease to 16 healthy older controls on a kinematic task where participants were asked
to point to the end point of a moving (non-biological) target. Participants were not
told whether the movement was computer or human-generated. Both groups were
influenced by the velocity of the moving target, which the authors argue demon-
strates motor resonance. However, the fact that the stimulus was non-biological
means it is not conclusively automatic imitation. In addition, the Alzheimer’s group
made more anticipatory errors, beginning to move prior to the end of the stimulus
movement. This suggests that the Alzheimer’s group had greater difficulty in inhib-
iting observed motion, but future work will be needed to demonstrate whether this
is a general effect or could be even stronger for human actions.

In summary, the study by Bisio et al. (2012) provides preliminary evidence that
automatic imitation is intact in people with Alzheimer’s disease. Importantly, if this
is the case, it is relevant for therapeutic interventions that could circumvent the
requirement for explicit instructions and relearning (Bisio et al., 2012). Skills such
as communication could be addressed since the initiation and desire to communi-
cate verbally and nonverbally can be reduced in people with Alzheimer’s (Bisio
et al., 2012). Moreover, people with Alzheimer’s may forget to carry out healthy
behaviors, such as drinking enough water, and such behaviors could be encouraged
by providing imitative cues (see Nam & Shune, 2020 for a drinking intervention in
healthy ageing).

Parkinson’s Disease

Parkinson’s disease is a neurodegenerative condition which is primarily a motor
disorder associated with slower initiation of movement and lower amplitude of
movements. These motor difficulties could mean that automatic imitation is
impaired or reduced, or on the other hand, that this group could benefit from
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automatic imitation to facilitate their movements (Poliakoff, 2013). The first study
to investigate automatic imitation in Parkinson’s used a variant of the Brass task,
where participants pressed a button in response to a go signal presented after observ-
ing either a finger or object moving downward (compatible) or upward (incompat-
ible; Poliakoff et al., 2007). The control group (N = 24) exhibited a greater
compatibility effect for the finger than object, while the Parkinson’s group (N = 24),
who were tested on their dopaminergic medication, exhibited equivalent compati-
bility effects for the two types of stimuli. This suggested that there could be a lack
of specificity in their response; however, the size of compatibility effects was rather
small overall. This is likely to be due to the go signal being presented after the mov-
ing stimulus so the effect of priming from the moving stimulus is reduced (see
Gowen et al., 2010).

Albert et al. (2010) used an interference task where participants moved their
hands horizontally or vertically, in time with an external stimulus. This stimulus
was either a moving hand or a moving dot, which moved either in the same or oppo-
site plane to the participant’s own movement. They compared people with
Parkinson’s (N = 10) off medication to a group of controls (N = 10). Both groups
exhibited a greater interference effect (from the stimulus moving in the mismatch-
ing plane) for the hand than for the dot, suggesting that automatic imitation is intact
in people with Parkinson’s. This contrasted with the findings of Poliakoff et al.
(2007), which could potentially be because the movement was task-irrelevant in
their study, while Albert et al. asked participants to attend to one aspect (timing) of
the moving stimulus (see later discussion on the role of attention in automatic
imitation).

Bek et al. (2018) set out to disentangle imitative compatibility from stimulus-
response compatibility, by using a similar task to Poliakoff et al. (2007) but rotating
the stimulus by 90° anti-clockwise such that a finger lift moved leftward on the
screen and a finger press moved rightward. This meant that any general stimulus-
response effects would work in the opposite direction to imitative compatibility.
That is, the pressing finger moved rightward which was away from the responding
(left) hand and in the opposite direction to orthogonal stimulus-response compati-
bility, whereby rightward and upward and leftward and downward movements are
linked (Gowen et al., 2016). This allowed them to demonstrate imitative compatibil-
ity effects, that could not be accounted for by general stimulus-response compatibil-
ity, in both 23 people with mild to moderate Parkinson’s (tested on medication) and
24 healthy controls. They also observed that response times for the incompatible
finger movement correlated positively with level of motor symptoms in the
Parkinson’s group, suggesting greater difficulties in inhibitory control with increased
symptom severity.

In summary, there is evidence for intact automatic imitation processes in
Parkinson’s, which has significance for therapeutic interventions. More basic cues
(visual markers, metronomes) have been widely used to support movements in
physiotherapy for Parkinson’s (Nieuwboer, 2008) and evidence is now accumulat-
ing that action observation can be used to support interventions (for a review, see
Temporiti et al., 2020). Observing another person’s action (e.g., on video) can be
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used as a cue to elicit movements or to prompt motor imagery (mental simulation)
of movements (Bek et al., 2019). Moreover, the urge to imitate can be capitalized on
in interventions and activities such as dance classes which are popular with people
with Parkinson’s (Bek et al., 2020). It should be noted, however, that it is not yet
known whether automatic imitation of biological moving stimuli is stronger than
well-matched non-biological stimuli in people with Parkinson’s. Moreover, although
Albert et al. (2010) tested people with Parkinson’s off their dopaminergic medica-
tion, no study to date has directly compared automatic imitation on and off
medication.

Depression

Depression is characterized by low or depressed mood, anhedonia, and fatigue;
motor slowing is also observed in some patients (e.g., Caligiuri & Ellwanger, 2000).
In addition to emotional and physical symptoms, depression also involves impaired
social functioning. Lhermitte (1993) reported both imitation and utilization behav-
ior (see section “Introduction”) in patients following major depression, which sug-
gest a difficulty in inhibiting imitation. More recently, Bennabi et al. (2018)
investigated this experimentally. They measured automatic imitation in 23 partici-
pants with unipolar depression and 11 controls using the same task that Bisio et al.
(2012) used in people with Alzheimer’s. Although the group with unipolar depres-
sion were slower to make pointing movements overall, they showed a similar influ-
ence of the target velocity to the controls; that is, automatic imitation of velocity of
a non-biological stimulus. However, the group with depression produced more
anticipatory errors; a similar pattern to that found for Alzheimer’s (Bisio et al.,
2012) and which the authors linked to general impairments in inhibitory processing
and action monitoring.

In summary, there is only one study to date on depression and automatic imita-
tion which suggests that it is intact. If motor resonance is intact in people with
depression, this could potentially be capitalized on therapeutically to facilitate
changes in behavior such as initiating healthy activities such as exercise and eating.
However, as for the findings in Alzheimer’s, the specificity of this effect to observed
action (rather than any moving stimulus) is unclear.

Schizophrenia

Schizophrenia, a chronic mental health condition, typically emerges during adoles-
cence with a breadth of possible symptoms including delusions, hallucinations, and
cognitive impairment. In relation to imitation, “mimicry of movements” (echo-
praxia) has been reported in schizophrenia (e.g., Pridmore et al., 2008). It has also
been hypothesized that mirror neurone system dysfunction might be associated with
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specific symptoms; impaired social cognition; negative symptoms (emotional blunt-
ing, motor slowing); and catatonic symptoms, such as being completely still for
periods of time (for a review, see Mehta et al., 2014). Neurophysiological studies
have shown both reduced and increased activity in frontro-parietal areas in people
with schizophrenia during action observation (Mehta et al., 2014) and reduced vol-
untary imitation has been reported (Rudolph et al., 2022). Therefore, it is highly
relevant to investigate automatic imitation in this population, which has been done
in two recent studies with good sample sizes.

Simonsen et al. (2019) compared 39 individuals with a diagnosis of schizophre-
nia or schizoaffective disorder with 40 matched healthy controls. They used an auto-
matic imitation task where participants moved their index or middle finger in
response to a 1 or a 2, while simultaneously watching a compatible or incompatible
finger movement. In addition, an effector priming control condition was used, where
instead of the finger moving, the whole finger changed color (see Cook & Bird,
2012). The schizophrenia group were overall slower and made more errors. The
authors contrasted the compatible moving finger versus primed (control) trials and
found that both groups were faster with the moving finger, but this effect was larger
for the schizophrenia group, suggesting increased automatic imitation. Furthermore,
this effect was higher with increased antipsychotic dosage which was not accounted
for by symptom severity. This is consistent with observations of stronger activity in
putative mirror neurone system brain areas with greater doses of antipsychotic med-
ication (Mehta et al., 2014). In the incompatible condition, there was no difference
between conditions for either group. The authors conclude that inhibition of imita-
tion is intact in the schizophrenia group. Nevertheless, it should be noted that a
failure of inhibition could potentially explain the larger effect observed in the com-
patible condition. Nevertheless, the slightly unusual analysis approach—comparing
across rather than within tasks—makes the interpretation of this study challenging
(Rudolph et al., 2022).

Rudolph et al. (2022) compared 37 patients with schizophrenia with 36 matched
controls. They used the same type of automatic imitation task (index versus middle
finger) as Simonsen et al. (2019), but without the control condition. Based on previ-
ously observed null effects of social context on the performance of other tasks in
people with schizophrenia, they also included a context imitation task based on
Liepelt et al. (2009). In this task, participants also moved a finger according to
whether they viewed a 1 or a 2, but they simultaneously viewed a static first-person
image of a hand which had either congruent or incongruent fingers restrained. They
found that reaction times were longer and errors higher in the schizophrenia group.
In the automatic imitation task, there was a greater compatibility effect than in the
control group (a very similar finding to that of Simonsen et al., 2019). They also
reported that automatic imitation was not significantly affected by IQ, antipsychotic
dosage, or positive/negative symptoms. For the context task, a smaller effect of
action context (viewing a constrained hand) was found in the schizophrenia group
compared to the controls. This suggests that the top-down control of imitation is
affected in schizophrenia.
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In summary, two studies have investigated automatic imitation in schizophrenia.
Although the tasks and analysis approaches differ, both found evidence for increased
automatic imitation in the group with schizophrenia, indicating a difficulty in inhib-
iting imitation which could link to a difficulty in self-other representation. Rudolph
et al. (2022) also observed reduced top-down control of automatic imitation in their
study. Difficulty modulating one’s motor system in different contexts is likely to
have social consequences for people with schizophrenia and could link to changes
in processes such as empathy and theory of mind.

Mirror Touch Synesthesia

Individuals with mirror touch synesthesia experience tactile sensations on their own
body, when they observe someone else being touched (Banissy & Ward, 2013). It is
thought that approximately 1.8% of people experience mirror-touch synesthesia. It
has been hypothesized that this may be due to a deficit in self-other representations,
so Santiesteban et al. (2015) investigated how a group of 16 people with mirror
touch synesthesia performed in an automatic imitation task in comparison to 16
controls. Participants were asked to move their index or second finger when they
saw a 1 or 2 onscreen and ignore a concurrent video of another person’s index or
second finger moving. Importantly, they removed the three participants from the
synesthesia group who reported experiencing touch sensations while observing the
videos during the experiment, since this might have directly affected performance
in the automatic imitation task. They found that the group with mirror-touch synes-
thesia were disproportionately slower than the controls in the incompatible (but not
the compatible) condition, that is, an impairment in inhibiting automatic imitation.
This is a very interesting initial finding; however, it would have been valuable to
include a non-biological control task or a non-imitative inhibitory task to under-
stand the specificity of the effect.

Eating Disorders

Feeding and eating disorders are psychiatric conditions associated with disruptions
in eating behavior, including restricted eating and loss of control of eating. These
conditions usually develop during adolescence, with up to 1 in 8 experiencing an
eating disorder by age 20 (Stice et al., 2013). Social-cognitive processes, such as
understanding the emotions and intentions of others (Oldershaw et al., 2011), have
also been reported, so it is possible that automatic imitation may also be affected. In
the first study of automatic imitation in eating disorders, Corsi et al. (2021) used an
imitation-inhibition task where colored cues indicated whether to move the index or
middle finger, at the same time as observing a video of an index or second finger
moving. Importantly, they measured spatial as well as imitative compatibility by
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using both left and right hands (see Catmur & Heyes, 2011). They compared female
participants with anorexia nervosa or bulimia nervosa (N = 75) to a control group
(N = 66). The groups did not differ in spatial compatibility, but the eating disorder
group exhibited lower imitative compatibility, as well as slower responses overall.
There was also an influence of depression (but not anxiety) on imitative compatibil-
ity, but this did not account for the group difference.

In summary, a single study has found evidence for reduced automatic imitation
in people with eating disorders. This finding clearly warrants replication and further
investigation. In particular, the authors point out that participants were not screened
for autism which could potentially account for the group difference (although see
below, as automatic imitation has been found to be intact in autism). Indeed, as
discussed below, co-morbidities are a salient issue across many of the conditions
reviewed in this chapter. However, this study should be commended for statistically
exploring the effects of anxiety and depression, using a good sample size and sepa-
rating out spatial and imitative compatibility.

Autism

Compared to the other conditions reviewed, a relatively large number of studies
have examined automatic imitation in autistic individuals. This particular focus on
automatic imitation in autism is due to the link between imitation and social interac-
tion, with difficulties in the latter being a key diagnostic criterion of autism. In
particular, the “broken mirror neurone” theory of autism (e.g., Rizzolatti et al.,
2009) suggests that automatic imitation should be reduced as it relies on activation
of the observer’s own motor system, a key function of the mirror neurone system.
Although, it should be noted that little supporting evidence has been found for this
theory (Southgate & Hamilton, 2008). Additionally, researchers have explored top-
down regulation of automatic imitation in autism to understand whether contextual
cues modulate the level of imitation in a similar manner between autistic and non-
autistic individuals.

In contrast to initial predictions, the majority of studies show similar compatibil-
ity effects between autistic and non-autistic groups. This is across a range of para-
digms including finger movement tasks (Cook & Bird, 2012; Grecucci et al., 2013;
Schunke et al., 2016; Sowden et al., 2016; Gordon et al., 2020), hand movement
tasks where participants must open or close their hand in response to viewing a
compatible or incompatible opening/closing action (Bird et al., 2007; Forbes et al.,
2017) and arm interference tasks (Gowen et al., 2008). This conclusion is supported
by a meta-analysis (Cracco et al., 2018). Importantly, those studies that control for
stimulus-response compatibility effects (Gordon et al. 2020; Sowden et al., 2016;
Cook & Bird, 2012; Bird et al., 2007) confirm absent group differences, suggesting
that imitative compatibility is intact in autistic individuals. Although, it should be
noted that only Sowden et al. (2016) controlled for orthogonal spatial compatibility
which has been shown to be influential (Czekdova et al., 2021). If basic motor
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resonance is intact in autism, this could be used within interventions, for example
addressing the recently identified issue with inertia that involves difficulties with
starting, stopping, or changing activities (Buckle et al., 2021). Participants who
experienced inertia described that having other people around frequently helped
them out of a “stuck” state, raising the possibility that observing the actions of oth-
ers may facilitate appropriate movement during “stuck’ states.

Regarding top-down regulation, a consistent pattern is that group differences in
automatic imitation appear with the introduction of social primes or content, sug-
gesting that while the basic mechanism of automatic imitation is intact in autistic
individuals, modulation is affected. For example, non-autistic individuals show
greater automatic imitation in the presence of socially relevant stimuli, such as
direct compared to inverted gaze and social compared to non-social words, but for
autistic individuals, this difference is absent (Bird et al., 2007; Forbes et al., 2017,
although see Carr et al. 2021 for an absent effect of direct gaze in typical individu-
als). Gordon et al. (2020) directly tested top-down modulation by comparing com-
patibility effects between a block with mostly compatible trials and a block with
mostly incompatible trials: modulation would be observed as lower compatibility
effects for the block with mostly incompatible trials due to an increase in proactive
inhibition. No group differences were observed. However, as regulation was
assessed through proactive control of the task rather than social priming, it is pos-
sible that it could be specifically social top-down modulation that is altered. This
remains to be tested within the same participants. Altered inhibitory regulation has
also been used to explain occasional findings of increased compatibility effects for
autistic compared to non-autistic groups (Bird et al., 2007; Spengler et al., 2010).
However, it should be noted that stimulus-response compatibility effects were not
fully controlled so it is unclear whether this represents increased imitative compat-
ibility or general stimulus-response compatibility effects. As the level and location
of attention influences automatic imitation (Gowen et al., 2010; Bach et al., 2007),
it is possible that differences in attention between the groups lead to differences in
automatic imitation and may explain rare findings of absent automatic imitation in
autistic individuals (Cook et al., 2014).

In summary, it seems that the basic mechanism of automatic imitation is intact in
autistic individuals but that top-down modulation in response to social cues and
context may be reduced, potentially due to differences in attention to these cues.
This would fit with findings of altered attention in voluntary imitation (Gowen et al.,
2020) and it would be useful to investigate whether autistic individuals are able to
modulate automatic imitation when attention is drawn to the social cues or primes.

Developmental Co-ordination Disorder/Dyspraxia

Developmental co-ordination disorder, or dyspraxia, is a developmental condition
characterized by difficulties with performing and learning motor coordination skills
at age-appropriate levels (Wilson et al., 2017). The rationale for studying automatic
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imitation in this group is to test the mirror neurone deficit hypothesis (Reynolds
et al., 2015), which suggests that motor difficulties may arise due to observational
learning and imitation being affected. Nobusako et al. (2018) used an interference
task where 29 children with dyspraxia and 42 without made vertical movements
using their index finger on a tablet, while observing an experimenter making verti-
cal (compatible) or horizontal (incompatible) movements. In contrast to the group
without dyspraxia, the dyspraxia group exhibited no compatibility effect. However,
the dyspraxia group showed greater error (variability in the horizontal direction) for
the compatible condition, which was correlated with manual dexterity. As the inter-
ference effect is calculated by subtracting compatible from incompatible condi-
tions, this could have reduced any differences between the two conditions for the
dyspraxia group, an idea supported by the observation that the incongruent condi-
tion was not significantly different between groups.

In contrast, Scott et al. (2019) observed intact automatic imitation in a small
group of 12 children with and 12 children without dyspraxia. They used a task
where participants performed a rhythmical action (e.g., face washing) which was
preceded by a distractor action that was a different speed. Automatic imitation was
measured by the effect of the distractor speed on the performed action.

Given the small participant numbers in the Scott et al. (2019) study and the
potential confounding factor of greater error in the compatible condition for the
Nobusako et al. (2018) study, the integrity of automatic imitation in dyspraxia
remains unclear. Moving forward, it would be valuable to use more traditional fin-
ger type paradigms in this group, as well as comparing top-down modulation
between dyspraxia and autistic groups using social primes to assess whether altered
modulation in response to social context is unique to autistic groups.

Gille de Tourette’s Syndrome

Gille de Tourette’s Syndrome is a neuropsychiatric condition, involving motor and
vocal tics, which typically appears in children under 10 years old. People with
Tourette’s often exhibit automatic imitation of behavior (e.g., gestures, facial move-
ments) that they observe, known as echopraxia, as well as imitation of vocalizations
(Ganos et al., 2012). Investigating, imitation may shed light on the relationship
between echophenomena and tics (Ganos et al., 2012). Three studies have investi-
gated automatic imitation of finger movements in Tourette’s.

Jonas et al. (2010) compared a small sample of 11 adults with Tourette’s, without
medication or co-morbidities, to 10 healthy adults. Participants were required to lift
their index finger or their little finger according to whether they heard a high or low
auditory go signal presented at the start or end of a visual stimulus. This was either
the movement of the compatible or incompatible finger, or a moving dot overlaid on
the finger. Both groups exhibited a greater compatibility effect for the finger than
the dot, when the auditory signal was presented early but not late. They found that
the Tourette’s group were slower for the finger than the dot for incompatible trials,
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while the controls were faster for the finger than the dot for compatible trials. The
Tourette’s group exhibited a slower mean response time which correlated with their
level of tics. The authors suggest that a reduced level of motor excitability (i.e.,
slower response time) is a strategy for reducing tics and accounted for the slower
incompatible finger response (see also Ganos et al., 2012).

Brandt et al. (2019) used the same task in 15 children with Tourette’s (screened
for Obsessive Compulsive Disorder or Attention Deficit Hyperactivity Disorder)
and 15 control children. Both groups showed compatibility effects, but there was no
difference between finger and dot conditions, showing a lack of specificity. The
Tourette’s group exhibited slower movements overall and a reduced compatibility
effect. The authors again suggest that slower responses might be a strategy to com-
pensate for the greater tendency to imitate through greater tonic inhibition, and this
could also account for the reduced compatibility effect.

The final study by Quadrelli et al. (2021) investigated a larger number of child
participants; they compared 32 with Tourette’s, as well as other comorbidities (11 of
whom had hand/arm tics) to 32 healthy controls. They used hand images from a
first-person perspective (as if looking at one’s own hand) and a slightly different
task to previous work. Participants viewed the index finger or middle finger move
and in separate blocks were instructed to either move the same finger or the opposite
finger. Both groups were faster when they had to move the same compared to the
opposite finger (compatibility effect), but the Tourette’s group exhibited a smaller
compatibility effect because they were faster than controls when moving the oppo-
site finger and produced a greater number of errors overall. The increase in errors
suggests a difficulty with motor inhibition, while in contrast, the reduced compati-
bility effect could suggest better inhibitory control in the incompatible condition.
Alternatively, the authors argue it could reflect disinhibition of automatic imitation.
Interestingly, the error rate was also associated with Attention Deficit Hyperactivity
Disorder symptoms, suggesting that automatic imitation may be affected by
Attention Deficit Hyperactivity Disorder. It is difficult to directly compare these
findings with the previous studies given the difference in perspective of the hand
and the task (where the finger that moved was relevant even in the incompatible
block). Furthermore, presenting the conditions in different blocks may have influ-
enced strategy, allowing participants to prepare in advance for compatible versus
incompatible conditions.

In conclusion, the findings of automatic imitation in Tourette’s remain inconclu-
sive given the conflicting findings and different tasks used. However, the incompat-
ible condition in the Quadrelli et al. (2021) study is particularly interesting whereby
participants must attend to and perceive a moving finger, but subsequently inhibit
this movement and choose to move the opposite finger. Considering response times
and strategies is particularly relevant to this population, who adapt their motor sys-
tems through attempts to control the expression of their tics (Ganos et al., 2012). It
would also be highly relevant to explore top-down control of automatic imitation in
this population.
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Discussion

The review of the literature demonstrates the relevance of investigating automatic
imitation across a range of conditions with motor and social-cognitive consequences
(see Table 12.1, for a summary). For most of the conditions reviewed, there are only
a handful of studies, often with quite small participant numbers. Therefore, the
integrity (or otherwise) of automatic imitation is not conclusive. As can be seen
above, the range of tasks (and analysis approaches) can make comparisons of stud-
ies within and across conditions challenging. Throughout the review, we have high-
lighted some of the methodological strengths and weaknesses of studies and their
approaches, which we briefly summarize below alongside suggestions for future
research.

Table 12.1 Summary of main findings from each group

Group and number of
studies

Alzheimer’s Disease (1)

Parkinson’s Disease (3)

Depression (1)

Schizophrenia (2)

Mirror-touch synesthesia
&)
Eating disorders (1)

Autism (10)

Developmental
Discoordination Disorder
2

Tourette’s (3)

Findings

Possible intact automatic imitation
of nonbiological kinematics
Possible inhibitory difficulties
Intact automatic imitation
Inhibitory difficulties may be
associated with more severe
symptoms

Possible intact automatic imitation
of nonbiological kinematics
Possible inhibitory difficulties
Possible increased automatic
imitation

Possible reduced effect of context
(top-down modulation)

Possible increased automatic
imitation

Possible reduced automatic
imitation

Intact automatic imitation
Possible reduced modulation of
automatic imitation to social cues
Inconclusive

Inconclusive
Possible increased and reduced
inhibitory control

Future directions/questions

Replication needed
Biological versus non-
biological untested
Biological versus non-
biological inconclusive

Replication needed
Biological versus non-
biological untested
Replication needed with more
standard tasks

Further investigation of
top-down modulation

Replication needed
Replication needed

Further investigation of
top-down modulation

Further investigation needed

Further investigation needed
Need to accounting for
changes in response time/
strategy

Relevant to investigate
top-down modulation



12 Automatic Imitation of Hand Movements in Clinical and Neurodiverse Populations 253

We consider that the evidence is inconclusive for developmental coordination
disorder and Tourette’s. There is, however, some evidence of intact automatic imita-
tion in several conditions: Parkinson’s, Alzheimer’s, depression, and autism. For
autism, there are a reasonable number of studies, but for the other conditions, there
are more limited numbers of studies. Importantly, if automatic imitation is pre-
served in a condition, then this process can be tapped into therapeutically. For exam-
ple, in motor or behavioral interventions or within more complex interventions
(e.g., dance or drama). This may be particularly valuable where there are issues with
initiating movement or motor imagery (see section “Parkinson’s Disease”).

In contrast, increased automatic imitation effects have been observed in both
schizophrenia and mirror-touch synesthesia (and possibly people with Parkinson’s
with more severe motor symptoms). This may reflect a difficulty in inhibiting auto-
matic imitation and control of actions. Moreover, the top-down modulation of auto-
matic imitation has been found to be affected in autism and in one study in
schizophrenia. This suggests that these groups experience difficulty modulating
social-motor behavior according to the context, and could account for inappropriate
over-imitation. In contrast, reduced automatic imitation was observed in one study
of eating disorders, which could suggest that interventions focussed on social cogni-
tion could be beneficial for this population.

In terms of task methodology, many studies did not include both biological and
non-biological stimuli, which is essential to draw conclusions about the specificity
of any observed effects to the automatic imitation of actions (for a review, see
Gowen & Poliakoff, 2012). More basic stimulus-response compatibility effects
should also be accounted for either by using a control condition or separating out
imitative compatibility. Another element that varies between tasks is the task-
relevance of the observed action, which might indicate when, how far or what finger
the participant should move. If any features of the action are relevant, the participant
is then required to selectively attend to one (or more) element of the observed action.
Given that some level of attention to the stimulus is required to elicit automatic
imitation (Gowen et al., 2010; Bach et al., 2007), differences in the attention toward
the stimulus required by the task might account for differences between studies
(Bek et al., 2018). Some studies have also separated the go signal from the observed
action, for example using a flash (e.g., Poliakoff et al., 2007) or auditory tone (e.g.,
Jonas et al., 2010). This approach means the observed action is entirely task-
irrelevant and allows the time-course of the automatic imitation effect to be explored,
but it necessitates more complex stimuli. Using an auditory go signal may be benefi-
cial because the go signal being presented in a separate sensory modality from the
visual action stimulus potentially reduces selective attention demands. However, it
introduces a multisensory component, which could be problematic for some partici-
pant groups (e.g., Poole et al., 2018).

More generally, the details of the task, as well as the broader laboratory context,
might influence that extent to which attention is drawn to the to-be-ignored action.
The instructions given to participants, particularly those in clinical or neurodiverse
groups, are also critically important. In general, it is essential that participants
understand the task and particularly what they need to focus their attention on. The
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Bisio et al. (2012) study on Alzheimer’s disease included other tasks to demonstrate
that participants could follow the task instructions. For this, future researchers ought
to consider collaborating with people affected by the condition to ensure that
instructions and task are as clear as possible (e.g., Gowen et al., 2019). There is also
opportunity to further investigate elements of the observed action(s) in these popu-
lations. First, the perspective of the observed action could be manipulated; most
studies use the third-person perspective, with the first-person perspective being used
in only a few studies (e.g., Quadrelli et al., 2021). This could inform how automatic
imitation may be capitalized on within interventions, but may also be critical for
investigating self-other processes. Motor resonance from object directed actions
(Bek et al., 2018) or scenes involving multiple actors (Cracco et al., 2019) could
also be explored. These are likely to be highly relevant in everyday social and action
contexts (e.g., Rudoph et al., 2022). Researchers should also consider whether the
observed actions and their kinematics are within the participant group’s motor rep-
ertoire since this could account for altered effects of action observation (see Castiello
et al., 2009 for discussion of this for voluntary imitation in Parkinson’s).

In terms of analysis and interpretation, there is the challenge of accounting for
group differences in response time (see Corsi et al., 2021) or motor performance
(e.g., Nobusako et al., 2018), when examining differences between compatible and
incompatible conditions. Indeed, in relation to Tourette’s, it has been suggested that
participants might slow down their overall response time as a strategy to allow
greater control (e.g., Nobusako et al., 2018). This could be explored in future
research by exploring sequential trial-by-trial effects on response time, such as
slower responses post-error as has been investigated for the control of other
stimulus-response compatibility effects (e.g., Praamstra & Plat, 2001). It should
also be considered that automatic imitation effects increase with longer reaction
times (Brass et al., 2001), so it is possible that participants who take longer to
respond provide more opportunity for imitative effects to exert an influence on
their response times. There was also variation between studies in their analysis
approach; some focussed on comparing compatibility effects between groups,
whereas others compared performance in the compatible or incompatible condi-
tions between groups. Both approaches are potentially informative and ought to be
reported. However, given the issue of overall response time mentioned above, future
research could usefully include a neutral baseline condition (see Corsi et al., 2021),
so that stronger conclusions can be drawn about facilitation versus inhibition in
compatible and incompatible conditions (see Galpin et al., 2011 for a similar
approach in relation to affordances). The inconsistent analysis approaches might
also suggest that some of the analyses are exploratory and therefore should be inter-
preted cautiously. Future research ought to include pre-registration of the hypothe-
ses and analysis.

In relation to participant characteristics, it is important to consider co-morbidities
and other factors alongside the main condition of interest, for example accounting
for age and depression (e.g., Corsi et al., 2021). It could also be important to screen
for mirror-touch synesthesia, which could directly affect experience of the task
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itself (see above). While it might seem cleaner to exclude participants with comor-
bidities, this can reduce the generalizability of the findings to the broader population
(Jonas et al., 2010), so ought to be used only with caution. Although gender was not
observed to influence automatic imitation in a recent meta-analysis (Cracco et al.,
2018), the gender balance of participant groups should also be considered, as there
are observations of greater spatial interference in females (Darda et al., 2020). Many
of the conditions also involve treatment using centrally acting medication (e.g.,
dopamine agonists or antagonists) and this should be documented (and included in
the analysis) where possible. Interestingly, while symptoms of Attention Deficit
Hyperactivity Disorder were found to affect error rate in one study (Quadrelli et al.,
2021), we found no studies focussing on automatic imitation in people with this
condition.

The relevance of automatic imitation across conditions indicates that it could be
considered as transdiagnostic (e.g., Corsi et al., 2021). However, the variability in
tasks and approaches used means it is currently difficult to compare across different
studies and participant groups. Future research could usefully compare across
groups within the same study or between studies using closely matched tasks. In
particular, top-down modulation of automatic imitation has only been explored in a
few conditions and it would be informative to investigate within and across condi-
tions. It would also be valuable to measure automatic imitation longitudinally in
some of the populations and to explore whether it is affected by changes in symp-
toms or interventions. For example, Mehta et al. (2014) hypothesize that changes in
“mirror neurone” brain areas (involved in perception action mapping) could account
for phasic changes of symptoms in schizophrenia. Finally, it is also important to
consider automatic imitation of other motor processes, such as facial imitation (e.g.,
Simons et al., 2003) and imitation of posture (Pelosin et al., 2018), which were
beyond the scope of this review but are of great importance for everyday social
interaction and motor function.

Conclusion

In conclusion, there is clear justification to investigate automatic imitation and its
modulation across a range of neurodegenerative, psychiatric, and neurodiverse con-
ditions to inform both theory and the development of new intervention approaches.
As summarized in Table 12.1, there is some evidence for increased, reduced, and
intact automatic imitation in different conditions, but conclusions are often limited
by small numbers of studies and participants. Future research ought to use tightly
controlled tasks that control for general effects and pre-registered analyses to
explore automatic imitation within and between groups, taking into account co-
morbidities. Moreover, automatic imitation should be measured in different con-
texts, such as after social priming or using more complex stimuli.
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Chapter 13 )
The Benefits—and Costs—of Behavioral e
Mimicry: Applications in Marketing, Sales,

and Therapy

Wojciech Kulesza () and Tanya Chartrand

Benefits Stemming from Mimicry: Liking of and Closeness
to Other People and Groups

In 1999, the term “the chameleon effect” was introduced by Chartrand and Bargh
(1999) on the basis of several experiments. Two of these experiments found that
people automatically imitate a confederate’s specific actions (e.g., smiling, rubbing
the face). One of the experiments showed that this tendency to mimic depends on
the level of perspective taking: the higher participants scored on perspective taking
abilities (i.e., a form of cognitive), the greater their tendency to imitate (for a detailed
and critical coverage of moderators of the chameleon effect, please see Chap. 11;
this volume). More relevant for the current chapter on consequences of mimicry is
an experiment reported in the same paper in which participants were (or were not)
nonverbally imitated by a confederate. The results indicated that participants who
were mimicked liked the confederate more strongly and perceived the interaction as
smoother than participants who were not mimicked.

Subsequent research has deepened the understanding of the social consequences
of nonverbal mimicry by going beyond the effects of liking and smooth interactions.
For instance, in one study, participants were asked to interact with another person in
such a way that one person watched a video clip and then reported its content to the
other person (Stel & Vonk, 2010). The participants who were assigned the role of
listener were told to either imitate their partner or to refrain from such behavior. The
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results showed that the listener as well as the reporter indicated a greater sense of
closeness when the listener imitated their partner.

The fact that closeness increased as a result of mimicry suggests that mimicry
could be a useful tool in therapeutic settings when developing a relationship between
a therapist and patient. Indeed, several studies focusing on clinical relationships
support this idea (for a more extensive review, see Chaps. 12 and 15; this volume).

Taken together, research has demonstrated that mimicry changes the perception
of the person with whom they are interacting as well as the perception of the interac-
tion itself. Importantly, this positive effect spills over from dyadic interactions to the
perception of the group that the mimicking partner represents. For example, in one
experiment, an experimenter approached people who were just exiting a church
after a service and asked them to have a conversation about their faith (Zgliniecka
& Kulesza, 2014). The interviewer, after hearing the answer to the first question,
responded “I personally am a non-believer, but I perfectly understand what you
mean.” Afterwards, she proceeded to mimic (or not) participants. Participants per-
ceived the mimicking non-believer to be more honest, friendly, and modest, and
they were liked more strongly. In a similar study, Inzlicht et al. (2012) found that
instructing non-Black students to imitate a Black person led to a reduction of gen-
eral bias against the Black outgroup.

While the above-reviewed literature indicates that being mimicked influences the
perception of the mimicker and the group the mimicker represents, other research
has demonstrated that mimicry can also affect the perception of the larger social
environment. Stel et al. (2013), for instance, investigated whether mimicry influ-
ences the perception of the world as a fair place. Analyses of data obtained from
men (comparisons for women showed no significant differences) showed that when
they were asked to mimic a person on a computer screen (regardless of gender), they
perceived the world as a fairer place compared to when they were not instructed to
mimic. In another line of research, Stel and Harinck (2011) showed that mimicked
persons perceived their bond with the social environment as stronger than those
participants who were not mimicked.

Prosocial Behavior

Several studies found that being mimicked increases pro-social orientations. For
example, Stel and Harinck (2011) found in their analysis of the influence of mim-
icry on political views that after being mimicked, individuals support pro-social
activities undertaken by authorities more strongly (Stel & Harinck, 2011).

Other studies showed that being mimicked also increases helping behaviors. For
example, van Baaren et al. (2004) let participants engage in a conversation with an
experimenter. The experimenter either mimicked or did not mimic the participants’
gestures. After the conversation, the experimenter asked the participants to fill in a
set of questionnaires and then left the room. When re-entering the room, the experi-
menter dropped pens they were carrying on a pile of documents. The researchers
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were interested in how many pens the participants would pick up as a proxy of
prosocial behavior. The results indicated that participants who had been mimicked
previously picked up more pens than control participants. The second experiment
found the same effects even when a person who was not the mimicker dropped the
pens. In the third study, participants were asked to donate to a charitable cause. The
person asking for a donation was either someone they had talked to previously or a
stranger. The results showed that more participants in the mimicry condition donated
a larger amount than participants in the control condition) irrespective of whether
the mimicker or a stranger asked for donations. This indicates that the pro-social
consequences of mimicry can spill over to other persons not involved in the social
situation in which mimicry took place.

Changes in Self-perception

While the above-reviewed literature suggests that mimicry increases pro-social
behavior, the question arises as to how this effect can be explained. Several research-
ers have proposed that changes in pro-social behavior could be due to a perception
shift from “me” to “others.” In other words, pro-social behavior could be explained
by people perceiving themselves as more interdependent. Self-construal theory
(Markus & Kitayama, 1991) puts forward that the type of culture in which individu-
als grow up (i.e., collective versus individualistic) influences how they perceive the
social world around them (Cousins, 1989). For instance, research has shown that in
collectivistic cultures, such as East Asian (in contrast to Western cultures), people
perceive themselves as interdependent—that is, they define themselves in relation to
other people. In contrast, Western countries define themselves as independent self-
construal (Nisbett et al. 2001).

In a study, Redeker et al. (2011) tested whether being instructed to mimic others
changes in participants’ self-perception. The results indicated that participants who
were asked to mimic others reported a more interdependent self-construal than par-
ticipants who were not asked to mimic. Another study explored the link between
mimicry and the perception of the social world (van Baaren et al., 2003). In this
study, the researchers tested whether people of different cultural backgrounds (i.e.,
collective versus individualistic) differ in their tendency to mimic. Students at an
American University who were either born in the USA (individualistic culture) or
recently came from Japan (collectivist culture) were invited to participate in the
experiment. The participants engaged in two conversations. During one conversa-
tion, they interacted with an American confederate, whereas they interacted with a
Japanese confederate in the other conversation. During each conversation, the con-
federate touched her head or face. The results showed that the degree of imitation
depended on the participants’ culture, with Japanese students (interdependent self-
construal) spending more time imitating than Americans (independent self-
construal). Interestingly, this effect could be detected regardless of whether
participants were interacting with a confederate from the same or a different culture.
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To test whether self-construal accounts for the influence of mimicry on pro-
social behavior, Ashton-James et al. (2007) conducted a series of experiments. The
researchers found that being mimicked leads to interdependent self-perceptions. For
example, in one experiment, Ashton-James et al. tested whether the relationship
between mimicry and pro-social behavior is mediated by participants’ self-
perception. Participants were initially interviewed about their day. During this inter-
view, the interviewer either mimicked or did not mimic the participants. After the
interview, participants’ self-construal was measured. At the end of the experiment,
participants were asked if they would agree to help a PhD student by filling out
additional questionnaires. The results showed that participants’ willingness to help
depended on prior mimicry: when being mimicked, more participants were willing
to support the PhD student than when they were not mimicked. Furthermore, the
results revealed a stronger interdependent self-construal in mimicked versus non-
imitated persons. A mediation analysis showed that the relationship between help-
ing behavior and mimicry was due to changes in self-construal.

Business Contexts: Retail and Negotiations

So far, we have reviewed literature showing that mimicry changes the perception of
others (e.g., increased liking, tendency to provide help), and that self-perception
shifts from “me” to “others,” leading to enhanced prosocial behavior toward the
mimicker. This suggests that mimicry may be a powerful element in persuasion,
business, or retail settings because it increases susceptibility to social influence
(Drury & van Swol, 2005; van Swol, 2003).

In early work testing this assumption, students were asked to rate to what extent
they would support the idea of building a pub on a university campus and to offer a
justification for their opinion (Drury & van Swol, 2005). The confederate’s task was
to express an opinion different from that of the participant and to mimic (or not) the
participants. Results revealed that mimickers were considered by the participants to
be more persuasive than non-mimickers. In a similar study, van Swol (2003) showed
that participants perceived persons who nonverbally mimicked them as more per-
suasive than those who did not mimic them.

These results led researchers to explore possible business applications of this
effect in several lines of research. For example, in a retail context, it was found that
mimicry impacts the evaluation of products (Stel et al., 2011). Participants in this
study were asked to mimic the people visible on a computer screen (presented as an
advertisement), to refrain from mimicking, or were provided no instruction regard-
ing mimicry. The authors found that the mimicking students liked commercials
more than the non-mimicking ones. In another experiment, the researchers found
that the instruction to imitate positively influenced the perception of advertised
products, but did not change attitudes towards other, similar products. Willingness
to buy was similarly affected; mimicking participants were willing to buy the
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advertised products more often, but only those that were featured in the advertise-
ment, not other, similar products.

The influence of mimicry on mimickees and their consumer judgments was also
analyzed by Tanner et al. (2008). The results of their study showed that after being
mimicked by a person who introduced an isotonic drink, participants perceived the
drink as more favorable. This study inspired Kulesza et al. (2017) to investigate
whether mimicry changes initial perceptions to be more positive (i.e., if an initial
assessment were negative, it would become more favorable after imitation), or
whether mimicry simply strengthens whatever the initial perceptions are (i.e., if an
initial assessment were negative, it would become even less favorable after mim-
icry). To investigate this question, experimenters gave participants a bad-tasting
beverage to drink. Then, a confederate mimicked (or not) the participants. After
mimicry took place, participants indicated their opinion about the beverage. The
results demonstrated that being mimicked led to a more favorable opinion about the
drink. Additionally, willingness to pay for the isotonic drink increased, leading to
the conclusion that mimicry may lead to increased sales even if the beverage
tastes bad.

Since the aforementioned studies were run in laboratories (far from a direct retail
context), follow-up research tested applications of mimicry in natural settings. For
instance, Kulesza et al. (2014) investigated the consequences of mimicry in a beauty
supply store. While serving the customer, a saleswoman was instructed to either
imitate or not the customer’s gestures. Along with the manipulation of mimicry, the
researchers also manipulated the attractiveness of the saleswoman by having her
either wear make-up or not. The analysis showed that customers spent more money
and were more satisfied with the service in the condition in which they were mim-
icked, as compared to the condition in which they were not mimicked. Interestingly,
this effect increased when clients were mimicked by the attractive (as compared to
the less attractive) saleswoman.

In more recent studies, the influence of mimicry on service satisfaction was
explored in more detail by Kulesza et al. (2022a, b) who assessed customers of a
cable TV provider who were mimicked (or not) by a technician. The results indi-
cated that even short periods of mimicry impacted perceived service quality. In
another experiment, Kulesza and colleagues (2018) investigated customers of a res-
taurant. Waitresses at a restaurant were instructed to mimic customers either at the
beginning of the interaction when taking the order, at the end of the stay (when a
survey was also administered), at both moments (i.e., at the beginning and at the
end), or not at all. The results showed that mimicry increased the average tip the
waitresses received. Interestingly, waitresses received the largest tip when they
mimicked twice indicating that the amount of mimicry matters. Finally, two experi-
ments conducted in a grocery shop and hotel showed an increase in the perceived
quality of service after mimicry was performed by an employee (Kulesza et al.,
2023). More specifically, the employee who mimicked the customers was perceived
as kinder. In addition, the researchers discovered a spillover effect as customers who
were mimicked gave the company higher ratings and reported a higher likelihood to
return to the shop/hotel.
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Based on the research reviewed so far, researchers tested whether increased sus-
ceptibility to social influence as a result of mimicry also impacts negotiations. Such
research found that participants who were mimicked gave more truthful answers
(Shaw et al., 2015). A more in-depth analysis of the link between mimicry and the
tendency to share information as a basis for negotiations was recently reported in an
interesting work combining verbal and nonverbal mimicry (Novotny et al., 2021).
During an interview, a confederate verbally mimicked participants, nonverbally
mimicked them, performed a combination of the two mimicry behaviors (verbal and
nonverbal), or presented none of these behaviors. Results showed that participants
were more willing to discuss personal topics when verbal mimicry was performed
alone, versus in conjunction with nonverbal mimicry. The authors proposed two
explanations for this effect. First: an “overdose effect” stemming from the commu-
nication accommodation theory (ACT; Giles & Ogay, 2007) postulating an optimal
level of communicative accommodation among interacting dyads. Second: cogni-
tive overload (which we will discuss below in this chapter) meaning that simultane-
ously employing two techniques made the interaction too difficult.

Sharing more information with others as a result of mimicry probably stems
from the fact that mimicry increases trust and, on that basis, might be employed in
negotiations. One experiment (Swaab et al., 2011) testing this explanation involved
pairs of students who were randomly assigned to the role of a person applying for a
job or a recruiter. The latter was instructed to mimic (or not) the “applicant’s” words
at the beginning or towards the end of the interaction. Higher gains (total number of
points in a negotiation game) were achieved by persons who imitated at the begin-
ning of the conversation (for the first 10 min). The overall scores in the negotiation
game were higher when mimicry occurred early.

A similar result was found by Maddux et al. (2008). The results of a first experi-
ment showed that mimicry led to higher gains in a negotiation game for both mim-
ickers and mimickees (compared to the control condition). In another experiment,
the authors found that in a situation where the buyer mimicked the seller, an agree-
ment was reached in two-thirds of pairs. In comparison, only 2 out of 16 couples in
the control condition reached an agreement. A mediation analysis showed that per-
ceived trust in the seller (mimickee) accounted for the observed effect. In more
recent studies on the relationship between mimicry, negotiations, and trust, research-
ers have explored the issue of verbal mimicry with trust, rapport, and liking (Muir
et al., 2020). The results indicate that mimicry is associated with greater joint and
individual gains, but also the perception of rapport by the mimicked partner.

Increase in Creativity

A final series of experiments investigated whether mimicry increases creativity. In
one study (Ashton-James & Chartrand, 2009), a research assistant nonverbally
mimicked (or not) participants during an interview. After the interview, the partici-
pants were asked to fill in a questionnaire measuring creative thinking. The results
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indicate that participants who had been imitated, scored higher in creative thinking.
A second study by the same authors analyzed the influence of mimicry on creative
thinking via a procedure that calls on the subject to name new products. The partici-
pants had at their disposal a set of already used names and were expected to come
up with new, original ones using this list as an example. If the proposed name was
similar to the existing ones, the result was coded as non-original and not creative.
The analyses revealed that more creative names were invented by those participants
who were mimicked.

Costs Stemming from Mimicry and Lack of Mimicry

Thus far, we have discussed benefits stemming from mimicry. In particular, the
studies reviewed above suggest that mimicking others has positive consequences,
whereas not mimicking others has neither benefits nor costs. This line of research,
however, neglects that mimicry, as well as its absence, can also have negative con-
sequences. Such costs of mimicry are broad and includes important consequences
such as stress, lie detection, self-esteem, and cognitive resource functioning. Below,
we loosely divide these negative consequences into four categories: emotional, per-
ceptual, cognitive, and behavioral costs.

Emotional Costs

First, researchers have found negative emotional consequences in response to not
being mimicked. The positive social-emotional consequences of being mimicked
discussed earlier suggests that when not being mimicked, positive social-emotional
consequences are absent. Going one step further, other researchers could show that
not mimicking actually has negative emotional consequences, such as increased
stress (Kouzakova et al., 2010a, b). In particular, individuals’ cortisol level (a well-
known marker of stress) significantly increases when they are not mimicked in an
interaction, presumably because the affiliation mechanism—stemming from mim-
icry—was annulled from the interaction.

Perceptual Costs

There are a number of perceptual costs associated with mimicry. One of these costs
is a more negative perception of one’s close relationships. For example, students in
a romantic relationship participated in a study during which mimicry either took
place or did not (Kouzakova et al., 2010b). It turned out that non-mimicked (vs.
mimicked) participants had a better evaluation of their current romantic
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relationship. Mediation analyses revealed that the link between mimicry and rela-
tionship evaluations was driven by increased belongingness needs, specifically for
the non-mimicked participants.

A further perceptual cost for the mimicker is the decreased ability to detect lies
in others (Stel et al., 2009). Participants were told that they would be assigned one
of two roles: an observer or an actor. The actors were asked to donate to a charity.
The experimenters then asked “actors” to take part in a conversation with an
“observer.” Depending on the experimental condition, the researchers asked the
actors to tell the truth or lie about their own behavior regarding their donation. The
observers were instructed to either mimic or not mimic the facial expressions of the
person they were conversing with (or no instruction on mimicry was mentioned).
The analysis of the results showed that the “observers” who were asked to refrain
from mimicry more correctly read the actor’s intentions (i.e., they were better at
guessing the truth). Conversely, those who mimicked were less likely to detect the
truth. The authors argue that the use of mimicry results in a poorer ability to dis-
criminate when someone is lying and when they are telling the truth.

Another perceptual cost experienced by mimickers is related to emotion identifi-
cation. In a study on the imitation of facial expressions (Kulesza et al., 2015), par-
ticipants were asked to imitate (or not) the facial expressions of emotions presented
by another person. After observing each emotion, participants were asked to iden-
tify it and write it down. The authors counted the number of emotion misidentifica-
tions, and also counted how many “empty” spaces participants had left on their lists
as an indicator of cognitive process overload. It turned out that mimickers fared
worse on both counts. This indicated that mimicry exhausted the cognitive resources
of study participants (see also Dalton et al., 2010, discussed below). Such problems
were not encountered by those who were told to refrain from mimicking. This sug-
gests that intentional mimicry causes a deterioration of emotional perception.

Finally, mimicry can have negative consequences for self-perception, that is, a
decrease in self-liking and self-esteem (Kot & Kulesza, 2016). After a nonverbal
mimicry manipulation, participants completed questionnaires measuring their self-
esteem, how much they liked the confederate, and how much they liked themselves.
In line with Chartrand and Bargh’s Experiment 2 (1999), the results revealed that
the experimenter was liked better by those who were mimicked, compared to those
who were not mimicked. Most interestingly, mimicked participants liked them-
selves less and had lower self-esteem compared to those who were not mimicked.

Cognitive Costs

Researchers have also found cognitive consequences of mimicry (or a lack thereof)
in social interactions. That is, not being mimicked—or, in some conditions, being
mimicked—can lead to depletion of one’s cognitive resources (Dalton et al., 2010).
When interacting with peers, the implicit expectation is that mimicry will take
place, and when it does not, the person who is not mimicked will have fewer cogni-
tive resources to spend on other tasks. However, in some situations, there is an
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implicit expectation that an individual will not be mimicked. For instance, someone
with less power is less likely to be mimicked by someone with more power. When
that implicit expectation is violated, it can lead to a depletion of resources as well.
Based on four experiments supporting this theory, Dalton and colleagues concluded
that cognitive resources are preserved when the amount of mimicry displayed by
interacting individuals adheres to implicit social norms, while resources are depleted
when these mimicry norms are violated.

Behavioral Costs

In terms of behavioral costs of mimicry, it is important to recall the experiments on
lie detection reviewed earlier (Stel et al., 2009). In a recent experiment on the rela-
tionship between mimicry and lies, Muniak et al. (2021) focused not on the detec-
tion of lies, but rather on telling lies. In a first experiment, participants were either
verbally mimicked or not during an interview. Participants who were mimicked
were more likely to lie than those who were not mimicked. To test the generaliz-
ability of this effect, a nonverbal mimicry manipulation was employed in a second
experiment. Again, a higher tendency to lie was present in the mimicry condition,
showing that both verbal and nonverbal mimicry leads to a heightened tendency to
lie to the mimicker. This somewhat surprising effect is currently being further
explored by our research consortium.

Another behavioral consequence of mimicry is the tendency for mimickees to
conform to stereotypical features. In an experiment, White, Asian, and African
American students were enlisted to participate in a study (Leander et al., 2011). The
composition of the participants was established on the basis of the stereotype that
Asians perform particularly well in mathematics, whereas White people perform at
an average level, and Black people perform somewhat worse. Upon arriving in a
waiting room, the participants took part in a discussion that was arranged in such a
way that the participant and a confederate (who nonverbally mimicking or not) pair
had to switch between the role of interviewer and interviewee. Afterwards, each
participant completed a math test. The results indicated that the stereotype that
Asians perform the best at mathematics, followed by White people, with Black
people performing the weakest, was confirmed only in the condition where the sub-
jects had been mimicked. Importantly, such differences between ethnic groups were
not significant when participants were not mimicked.

Conclusions and Critical Remarks

This chapter highlights the power of the chameleon effect as mimicry affects many
domains of our lives, in multiple ways. In this respect, we showed that mimicry has,
in contrast to the general accepted view, not only several benefits, but also multiple
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costs. Despite the large number of interesting findings, there are several limitations
that need to be discussed and crucial questions to be asked.

First, currently, it is unclear what would happen if individuals in social interac-
tions become aware that they are being mimicked. Would awareness of mimicry—
just as with the vast majority of social influence techniques—not only reduce the
impact of mimicry on a given outcome, but potentially backfire as predicted by the
Persuasion Knowledge Theory (Friestad & Wright, 1994)? On the one hand, there
are, indeed, some studies suggesting that awareness of mimicry may backfire
(Genschow & Florack, 2014; Wessler et al., 2023). On the other hand, some research
has also proposed that perhaps the mechanism underlying the chameleon effect is
unique in the sense that becoming aware of mimicry does not change the result
(Kulesza et al., 2016). Future research should shed further light on the question of
whether and how awareness of mimicry can backfire.

Second, there is the question of what the purpose of mimicry actually is. While
previous research suggests that mimicry plays an important role in learning
(Bandura, 1971), more recent research indicates that mimicry fulfills an important
social function as it has many pro-social consequences (e.g., Dijksterhuis, 2005;
Lakin et al. 2003., Lakin & Chartrand et al., 2003). With respect to the latter, in this
chapter, we presented a broad range of experiments, supporting the claim that mim-
icry has social benefits. However, the second part of our chapter reviewed a variety
of studies finding negative social consequences of mimicry. This somehow chal-
lenges the general view that mimicry has only positive consequences. Future
research should thus investigate under which specific conditions mimicry has posi-
tive and negative consequences with the goal to formulate a more fine-grained the-
ory that allows better and more precise predictions to be derived regarding the
outcome of mimicry.

Finally, there are important methodological caveats stemming from the reviewed
experiments on mimicry. In particular, most of the experiments on the consequences
on mimicry were conducted around 10 (and more) years ago. As is typical for the
experiments at this time, the sample sizes were rather small (often less than 20 par-
ticipants per experimental condition). Even more concerning, many of the reviewed
findings have relatively high p-values (e.g., just below .05). The combination of
small samples with high p-values calls for great caution when, for example, making
recommendations or even considering the results as a pattern supporting theoretical
implications. Therefore, future research should replicate previous experiments with
larger samples to consolidate current theories and their supporting findings.
Conducting such replications will be challenging, because most of the older research
on mimicry was conducted without preregistration and published without making
data or stimulus materials publicly available. Moreover, since mimicry studies are
usually carried out in the lab with the involvement of confederates, assessing large
samples is both costly and time-consuming. To deal with this challenge, future
research may consider conducting multiple labs studies.

Taken together, in this chapter, we reviewed results showing that mimicry has not
only positive, but also negative social consequences. The findings for negative con-
sequences, in particular, challenge previous theories that argue that mimicry has
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mainly positive social outcomes. Future research should, thus, investigate boundary
conditions for positive and negative social consequences with the aim to develop a
more fine-grained theory of mimicry. Moreover, since previous research assessed
mainly small sample sizes and detected rather high p-values, future research is
encouraged to carry out high-powered and pre-registered replications.
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Chapter 14 )
Cognitive Mechanisms of Being Imitated oo

Paula Wicher, Harry Farmer (), and Antonia Hamilton

Introduction

Imagine a social situation where Anna leans forward, scratches her eyebrow, and
shifts her legs as she speaks, and shortly after Bob leans forward and scratches his
eyebrow, and shifts his legs. Here, Bob mimics Anna’s actions, probably without
realizing he is doing so. A number of research studies suggest that this mimicry
behavior is associated with liking and affiliation—that Bob and Anna will now feel
closer and will like each other more. This chapter reviews this literature, with a
focus on the methods used to study this and the parallels between mimicry of motor
behavior and mimicry of more abstract choices. We consider both positive and neg-
ative effects specifically in the case of the person who is being mimicked (Anna in
the example above).

To avoid confusion between discussion of mimicry (as performed by Bob) and
the situation of being mimicked (as experienced by Anna), we will use the term
BeMim to refer specifically to the experience of Anna, and to experimental condi-
tions which create a situation where a participant is being mimicked. The term mim-
icry can describe the actions of Bob or the global dyadic interaction of both people.
The idea that mimicry correlates with affiliation is found in Condon and Ogston
(1966) and Scheflen (1964) but attention towards this phenomenon rapidly increased
with the publication of Chartrand and Bargh’s (1999) landmark study on the
Chameleon effect. That paper includes an explicit and well controlled test of the
effects of BeMim, where a naive participant took part in a conversation with a
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confederate who copied some of the participant’s gestures and movements. After
the conversation, participants who experienced BeMim rated the confederates more
positively than did participants who interacted with a non-mimicking confederate,
providing evidence that there is a causal effect of the manipulation of the confeder-
ate’s mimicry behavior on the social perception of the participant.

One key point to resolve before we review the literature around BeMim is what
should count as of mimicry or imitation. For some researchers (Boesch & Tomasello,
1998; Fridland & Moore, 2015; Heyes, 1994), the direct matching of bodily move-
ments is a definitional component that distinguishes imitation from other forms of
social learning. However, as noted by Heyes (2021) the everyday use of imitation to
refer to the copying of another’s behavior in general has been retained by research-
ers in fields such as behavioral ecology and cultural evolution as well as in the wider
vernacular. On this wider sense, we can consider the imitation of others occurring
across a range of levels, moving from the matching of motor actions at the most
direct level through the matching of the outcomes of motor actions (often referred
to as emulation) and then into increasingly abstract areas such as the matching of
preferences and values (which is commonly referred to within the literature on
social influence). In all these cases, we can think of imitation occurring when one
agent observes the behavior of another and subsequently shows the same behavior
themselves and use BeMim to refer to the experience of being the copied agent. For
example, if Anna says she likes Jazz and Bob replies that he does too, this might be
perceived by Anna as a form of BeMim.

In recent decades, many different experimental methods have been used to
explore the concept of being mimicked both at a motor level and an abstract level.
BeMim is a challenging concept to study in the lab because it ideally requires a situ-
ation where person A spontaneously produces a distinctive behavior or preference,
person B then copies (or does not copy) that behavior; afterwards the affiliation of
A towards B can be measured. This can be characterized as a social learning task, as
illustrated in Fig. 14.1, where A has an initial impression of B which might be
changed by B’s behavior (mimicking or not mimicking), and the new impression

Learning Phase Test Phase

A PR
N\ N\
I BJ Who do you prefer?

How friendly is she?

Fig. 14.1 Experimental design. A typical BeMim study has a learning phase where the participant
(A) encounters confederates (B, C) who mimic (B) or do not mimic (C). After the learning phase
is complete, the participant must evaluate the confederates in the test phase. This figure illustrates
a within-subjects design but a between-subjects design, where each participant meets only one
confederate who mimics or not, is also possible
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can then be measured by the experimenter. Typically, such studies also require a
control condition where A engages in the same behaviors but is not mimicked; this
could be a within-subjects design (e.g., A encounters a new person, C, who does not
mimic) or a between-subjects design (a new participant encounters B who is
instructed not to mimic).

For an experimenter wishing to study the effects of BeMim, the challenge is to
create a scenario where A can behave naturally and then to implement the actions of
B in an ecologically valid fashion. In various studies, B has been implemented using
a confederate, using a virtual human, using a deceptive video clip (where partici-
pants believe the video is a live confederate) or using an “ordinary” video clip
(where participants are not deceived). In the study of shared preferences, there are
also a range of different methods used. Some studies have examined shared prefer-
ences in the context of laboratory experiments in which participants simply learn
about the traits of a target other without interacting with that target, while other
studies involve examining levels of similarity within existing relationships (Montoya
et al., 2008). Within laboratory studies, similarity of attitudes between self and other
can be presented as having come about via chance (e.g., Farmer et al., 2019) or due
to the confederate directly copying the participant (e.g., White & Argo, 2011).
Finally, the growth of social media and other forms of networked communication
has allowed for researchers to identify the effect of shared preferences on the forma-
tion of large-scale social networks “in the wild” (e.g., Ma & Hu, 2015)

In designing BeMim experiments, there are also some other important factors to
consider. First, it is not always clear what is the most appropriate control condition.
If a control condition is designed with reduced movement from the confederate in
the interaction, that might feel unnatural to the participants. If a control condition
has movements of a different limb that are not mimicry, that might also feel unnatu-
ral. So, it can be hard to find an appropriate control. Similarly, another issue is
whether BeMim effects arise only when there is precise mimicry between partici-
pant and confederate (the same limb performing the same action) or if more general
contingent responses with any limb are enough to lead to BeMim effects. Some
previous studies suggest that merely responding to another person’s movement
might be enough to induce the BeMim liking effect, without the need to mimic the
same movements (Sparenberg et al., 2012; Kulesza et al., 2022). The implications
of these results for our theories will be considered in the section about BeMim neu-
rocognitive mechanisms.

To organize this review, we will divide studies up into four overarching catego-
ries, as illustrated in Fig. 14.2. Some studies use tightly controlled interactions in
the lab, such as moving in the same way as a person seen on video (Fig. 14.2C) or
preferring the same piece of art as an unseen person (Fig. 14.2A). Others use live
interaction between real (or virtual) humans who show similar motor movements
(Fig. 14.2D) or similar abstract preferences (Fig. 14.2B). Each of these methods has
advantages and disadvantages, and here we review work in each domain with a
focus on evaluating methods. We do not provide an exhaustive review of all work
using each method, but rather aim to highlight what can be done and what the
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T2 Y

motor movements

What is shared?

abstract preferences

Live interaction . . Controlledin lab
Type of interaction

Fig. 14.2 Ways to study BeMim effects can vary according to what is shared (movements or pref-
erence) and the type of interaction (live or controlled). A illustrates a face-to-face conversation
where movements are mimicked by a confederate (e.g., Chartrand & Bargh, 1999). B illustrates a
virtual reality encounter where a participant is mimicked by a virtual agent. C illustrates controlled
movement paradigms (e.g., Dignath et al., 2018). D illustrates consumer choices in live discus-
sions. E illustrates controlled choices of abstract preferences (e.g., Farmer et al., 2019). In all
cases, the blue figure represents the participant, and the red figure represents the confederate

limitations of each method are. In the second section of this chapter, we will then
consider the broader implications and theories behind this work.

Varieties of Ways to Study Being Mimicked

Studying Motor Mimicry in Live Interactions

The prototypical case of motor mimicry is a live conversation where one person
copies (or does not copy) the actions of the other. In the landmark study of Chartrand
and Bargh (1999), participants were asked to have a 15-min conversation about
pictures with another “participant” who was a confederate (a research assistant who
is not aware of the hypothesis, but follows specific instructions on how to act). Here,
the confederate was told to mimic the movements and posture of the participants
during the conversation, and afterwards the participant’s liking towards the confed-
erate was measured using simple Likert-scale rating questions. Participants who
were mimicked reported having a smoother interaction and liking the confederate
more than participants in the control group who were not mimicked (for a review,
see Chap. 13; this volume).
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Numerous studies have recreated this type of confederate paradigm in in-lab or
field research settings. For example, van Baaren and colleagues (2009) ran a similar
study where each participant had a chat about advertisements with a confederate
who mimicked (or not) their facial expressions, face/hair touching, and feet/arms
movements. The interaction lasted specifically 5.5-6 min and the mimicry was per-
formed with a 4-second delay. After the task, participants were shown two pictures
and asked how similar they find them. The data showed that mimicked participants
saw more similarities between random objects than the non-mimicked ones. The
authors claim that BeMim influences similarity from various perspectives: it makes
people feel more similar to others, behave more prosocial, but also see random
objects as more similar.

Other researchers conducted a study with live corporate interviews in the US
exploring cultural differences between Latino and Anglo managers to BeMim
response (Sanchez-Burks et al., 2009). Participants’ gestures were mimicked or not
by a confederate who was asking them personal questions about their career.
Participants who were mimicked rated that the interview was better, answered ques-
tions faster, and were evaluated as better than participants in the non-mimicry con-
dition. In general, these results suggest that BeMim can provide a boost in confidence
in a professional setting that results in actual better performance.

A very limited number of studies used a BeMim study design where anti-mimicry
is included as a comparison. In a series of studies, researchers explored the role of
physical attractiveness and BeMim in the sales context (Kulesza et al., 2014). The
study was conducted in a cosmetic store, where the confederate pretended to be a
salesperson who was welcoming and helping new clients. Confederates (with or
without make-up) were instructed to mimic, stay still, or anti-mimic in relation to
the participant’s movements. Results showed that mimicry made participants spend
and rate customer service more favorably. Eighteen out of 19 all participants who
said that they do not want to return to the store for future purchases were from the
less attractive (without make-up) and anti-mimicking condition. This study suggests
that BeMim positively influences purchasing behavior and the effect is even stron-
ger when the mimicker is physically attractive.

Another study explored whether BeMim creating motoric self-other overlap can
be generalized to automatic imitation indices (Rauchbauer et al., 2020). During the
picture description task, confederates mimicked or anti-mimicked participants’
body movements with 3 to 6 second delay. They used participants’ middle and index
fingers in the Imitation-Inhibition task with congruent and incongruent trials to
measure facilitation, inhibition, and interference of automatic imitation (for a review
of such and similar tasks, see Chap. 2; this volume). Results showed only a decrease
in inhibition index in a BeMim condition and an increase in an anti-mimicking con-
dition; facilitation and interference index were not significant. Overall, this study
showed that the self-other overlap after BeMim cannot be generalized to automatic
imitation indices. This suggests that mimicry and automatic imitation are two sepa-
rate cognitive processes.

There are both advantages and disadvantages to studying BeMim in live interac-
tions. Conducting studies in these ecological settings allows researchers to study
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BeMim in an environment close to (or in) natural conversations, and as a result
participants can act in a relatively genuine and spontaneous fashion, even in experi-
mental situations. Live interactions can reveal behavior patterns that would be
impossible to study with more controlled experimental settings. It is especially rel-
evant when it comes to studying the undefined unconscious nature of BeMim (e.g.,
Chartrand & Lakin, 2013; Chartrand et al., 2006). However, the biggest challenge
of live studies is low experimental control—it is possible that other factors (besides
motor mimicry) could influence the participant’s affiliation feelings towards their
interlocutor. Possible factors include the type and number of spontaneous (to-be-
mimicked) actions produced by the participant, the background and training of the
confederates, their knowledge of the hypothesis, and the other movements and
speech of the confederates that are not mimicry.

An ideal confederate would be able to hold the same conversation with every
participant (regardless of that participant’s characteristics) while mimicking spe-
cific aspects of the participants actions and not changing her smiles, eye contact,
tone of voice, or any other social cues. In practice, this is a very demanding task that
requires excellent acting skills and self-control from confederates. Spontaneous
behaviors like smiles or subtle differences in performing copying behavior might
not be well controlled (Fox et al., 2009). Furthermore, the amount of mimicry in an
interaction depends on the interlocutors’ tendency to mimic others, on differences
between unique dyads and on reciprocity (Salazar Kampf et al., 2018). This means
that confederates might find it easier to mimic some participants than others. The
confederate’s initial liking of the participant (McIntosh et al., 2006), group mem-
bership (Bourgeois & Hess, 2008; Lakin et al., 2008), or personality traits such as
extraversion (Duffy & Chartrand, 2015), and interdependence (van Baaren et al.,
2009) could also influence how much mimicking behavior confederates perform/
produce.

Researchers can try to control these factors with manipulation checks such as
using hypothesis blind video coders to capture differences in confederates’ mimicry
behavior, and by evaluating their friendliness or smiling across the studies (Sanchez-
Burks et al., 2009). However, these checks seem subjective—for example how can
one objectively rate “[confederate’s] apparent liking for the participant based on the
video recording”?

Confederates can also fail at performing naturally. In some studies, researchers
reported participants’ or observers’ comments about the confederates’ exaggerated
behavior (Davydenko et al., 2020). This might cause participants to engage in atypi-
cal behavior or make them guess the goal of the study or the fact that they interact
with confederates. Moreover, confederates cannot be blinded to the key experimen-
tal manipulation (mimic/do not mimic), and they might have prior expectations
about the study outcome which could influence the results. When confederates
know about the study hypothesis, they might unconsciously change their verbal
backchannels or nonverbal cues such as facial micro expressions, tone of voice,
pauses, or eye gaze in a way that biases participants (Doyen et al., 2012; Gilder &
Heerey, 2018). Researchers can limit such cases by providing to the confederates as
little information about the hypothesis and the study design as possible. Ideally, they
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should be blind to the study hypothesis, purpose, design, and if possible, how their
behavior is related to the variables (Kuhlen & Brennan, 2013).

A further challenge is that the cognitive demands experienced by confederates
focused on mimicking cause changes in some aspects of social interaction dynamics
(Hale & Hamilton, 2016). A confederate who is explicitly copying actions may not
act in the same way as people in a real spontaneous interaction where mimicry is
related to establishing affiliative bonds (Chartrand & Bargh, 1999), ameliorating a
negative social situation—to make peace with someone (Rauchbauer et al., 2016) or
to deal with rejection (Lakin et al., 2008). This might have influence on the interac-
tion dynamic and BeMim response.

It is also difficult to determine if participants were (not) aware of the manipula-
tion since study debriefing (asking participants what is the study goal after the
experiment) is based on their declaration which could be influenced by social bias,
how the question was phrased, and the assumed expectations. Some researchers
offer financial incentives to the participants after the study if they correctly guessed
if their interlocutor was a confederate or just a participant (Keysar et al., 1998,
2000). However, this could make participants feel they have been treated unfairly if
they do not guess the answer, which can discourage them from participating in
future studies.

Finally, there is also a lack of consistency in terms of the non-mimicry condition.
Most of BeMim research includes a control condition that assumes a neutral posi-
tion throughout the task or/and a lack of copying behavior (e.g., Chartrand & Bargh,
1999; Sanchez-Burks et al., 2009). For example, in Kiihn et al.’s (2010) study when
participants crossed their legs the confederates folded their hands or touched their
hair. The design which includes an increased mimicry in a BeMim condition and a
decreased mimicry in a control condition might give confusing results. There is a
possibility it doesn’t feel natural, and as a result, this might be the main driving fac-
tor for the results. However, there are also studies that define non-mimicry as anti-
mimicry when confederate does opposite movements to the ones performed by the
participant (e.g., Hasler et al., 2014; Neufeld & Chakrabarti, 2016). For example,
when a participant leans forward, the confederate reacts by leaning backward. These
different non-mimicry conditions might have different effects; for example, people
spend significantly more money, wanted to revisit the store, and gave higher cus-
tomer service ratings when they interacted with the non-mimicking salesperson in
comparison to the anti-mimicking one (Kulesza et al., 2014). However, there are
limited number of studies on the anti-mimicry effects which could be a new direc-
tion for the future research. For example, the question whether anti-mimicry drives
any negative feelings towards the interlocutor (to our knowledge) remains
unanswered.

Overall, studies of BeMim effects which use live face-to-face interactions are the
closest to real world conditions and can provide an ecologically valid test of whether
and how BeMim might impact on social evaluations and social interactions.
However, it is hard to implement appropriate controls and results may be rather
inconsistent (Hale & Hamilton, 2016). Thus, some researchers turn to virtual reality
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or to more tightly controlled experimental designs to understand the cognitive
mechanisms of BeMim.

Studying BeMim Using Virtual Reality

Virtual reality is an increasingly popular tool for gaming, real world jobs, and psy-
chological research. Within this domain, the creation and manipulation of virtual
humans (who may or may not be presented in an immersive virtual world) is also a
growing area. Virtual humans are computer generated characters who look, move,
and interact like real people. The creation and manipulation of virtual humans has
massive potential for the study of social perception and affiliation, because the
experimenter has absolute control of every aspect of the behavior and appearance of
the virtual human. In particular, virtual humans’ studies allow the experimenter to
define what type of actions are copied and what precise delay is present between the
actions of the participant and the mimicry by the virtual human, which can be very
useful for building and testing theories. However, there are several important chal-
lenges to researchers in this domain (Pan & Hamilton, 2018).

One of the most important is how the virtual human is controlled. Some virtual
humans are avatars, which means they are controlled in real time by a real person
and simply provide a virtual representation of that person’s actions. Others are
agents, which means they are fully controlled by a computer with no human inter-
vention. In the game PacMan, the ghost are agents, while PacMan is the avatar of
the player. Some virtual humans can be partially controlled by a person and partially
by a computer or may be controlled by a human but without the other interaction
partner realizing this. This is called a Wizard of Oz setup (abbreviated to WoZ),
because the participant believes they are speaking to or interacting with an autono-
mous virtual human (an agent) when in fact parts of the agent’s behavior are con-
trolled by another person (e.g., a PhD student) pressing buttons behind the scenes.
WoZ setups are typically used when it is too complex to program naturalistic behav-
ior into the virtual human, e.g., in conversations. These different control modes are
important to the experimental design of BeMim studies and also have implications
for how we interpret the studies.

The first study to create a virtual human who mimics a participant and use that
virtual human to test for the impact of BeMim on social interaction was from
Bailenson and Yee (2005). Their participants entered an immersive VR and saw a
virtual human who gave a (prerecorded) persuasive message about campus safety
and also mimicked (or did not mimic) the head movements of the participant with a
4 second delay. Participants who were not mimicked saw the virtual human make
pre-recorded normal head movements. The group who experienced the BeMim con-
dition rated the agent as more effective and had a more positive impression of the
agent. Note that the 4 second delay was chosen based on a prior small study sug-
gesting this was optimal to reduce detection of BeMim, but that 8 of 69 participants
detected that the virtual human was mimicking (and were excluded).
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Several other papers have examined whether BeMim from virtual humans leads
to increased liking or affiliation. Hasler et al. (2021) created a detailed scenario
where Israeli participants engaged in conversation with a virtual human who
appeared to be Palestinian (i.e., outgroup member). The virtual human spoke in pre-
recorded segments leaving time for the participant to reply, and also mimicked (or
did not mimic) the posture of the participant (e.g., legs crossed/uncrossed). Both
posture and speech timing were controlled by WoZ. After the interaction, partici-
pants who were mimicked reported more empathy, sympathy, and liking for the
Palestinian character. This shows positive effects of BeMim even during interac-
tions with outgroup members. Positive effects were also seen in a study from
Aburumman et al. (2022) in which a virtual human performed head movement dur-
ing a picture description task. Mimicry parameters were closely modelled on Hale
et al. (2020) with a 600 msec delay between the participant’s head movement and
mimicry by the virtual human, and additional nodding from the virtual human when
the participant was speaking. Participants interacted with two virtual humans and
gave more positive ratings to the one who showed mimicry. These studies show that
it is possible for well controlled mimicry of head movements by a virtual human to
lead to increases in liking in a context where all other social parameters are held
constant.

However, not all studies in this area have positive results. In one study, research-
ers created a virtual human who mimicked a participant’s head movements while
explaining the rules of an investment game. Participants who interacted with the
mimicking agent did not show more trust in that agent during the investment game,
unlike previous studies. However, they did like and trust the mimicking agent more
in a second route-planning task (Verberne et al., 2013). Null results were found in a
study from Hale and Hamilton (2016) which created a virtual human who could
perform a “picture description task” with a participant, that is, the participant and
the virtual human took turns to describe a picture to each other. During the task, the
virtual human mimicked the participant’s head movements (excluding large move-
ments to look down at the picture) with a 1 or 3 second delay. Experiment one found
marginal positive effects of BeMim on rapport ratings, and that 30% of participants
detected the mimicry when the delay was set to 1 second, while only 4% detected it
at 3 seconds. Experiment two was a pre-registered replication of this with an addi-
tional ingroup/outgroup manipulation which found null results. In a study from
Choi et al. (2017), participants interacted with a telepresence robot who showed no
mimicry or head movement mimicry (500 msec delay) among other conditions, but
no positive effects of mimicry were found either. Ghazali et al. (2019) used an inter-
active robot who completed several tasks with a participant. During the tasks, the
robot could show no mimicry, head movement mimicry, or head movement mimicry
plus verbal praise. They found that participants had positive responses to the robot
in the BeMim verbal praise condition but there was no clear difference between no
mimicry and mimicry alone. The authors interpreted this in terms of increasingly
rich social cues leading to increased liking.

To summarize, of seven published papers which directly examine BeMim effects
using virtual humans, three report positive effects, two report mixed effects, and two
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report null effects. This suggests that BeMim effects in virtual humans are fragile
and hard to study. One possible explanation could be that our ability to create believ-
able virtual humans and have them interactively engage with participants is too
limited, and that as we gain a better understanding of real-world mimicry and better
generative models for human social behavior, we will be able to build virtual humans
that show high quality mimicry behavior and observe the positive impacts on par-
ticipants. Another explanation could be that BeMim alone is not enough to cause
positive effects, and that many of the effects reported in real-life confederate studies
might be false positives. Stronger pre-registered replications of the most robust
BeMim paradigms would be very valuable.

Studying Motor BeMim with Controlled Movement Paradigms

Traditional cognitive psychology studies in which participants experience many
similar trials of a computer-controlled paradigm provide an alternative approach to
the study of BeMim. Here, in the learning phase, the participants perform an action
(typically following the computers instructions) and then see an image or video of
another person perform the same (or a different) action. A test phase involving ques-
tionnaires, or a more complex evaluation task, is then used to determine how the
learning affected the participant’s attitudes towards the images or social cognition
in general. These tightly controlled studies allow experimenters to manipulate spe-
cific factors such as timing and contingency.

For example, Catmur and Heyes (2013) used computerized mimicry to study
pro-social effects of BeMim and the role of similarity and contingency in it. The
participant’s task was to lift their hand or foot while seeing a video of a lifting hand
or foot on the computer screen, and participants were placed in one of four groups
with high/low contingency and high/low similarity. Those in the similar groups saw
a hand movement on the screen being lifted when the participant lifted their hand;
while those in the dissimilar groups saw a hand movement on the screen being lifted
when the participant lifted their feet. Those in the contingent groups made a move-
ment which was followed by an action on the screen in 100% of trials, while for
those in the non-contingent groups, their own action was followed by an action on
the screen in 50% of trials. Participants’ attention was controlled by asking them to
say “yes” when they saw a hand or foot rotated by 45°. After the task was com-
pleted, participants in contingent groups (regardless of similarity) enjoyed the task
more, felt closer to a random other person, and were more willing to help the
researcher (measured by asking to sign up to a follow-up experiment). This implies
that the positive effects of BeMim arise because of a basic contingency between
self-movement and the other’s movement, regardless of whether that movement is
actually mimicry. Other studies also showed similar effects indicating that merely
responding to another person’s movement might be enough to induce the liking
effect, without the need to mimic the same movements (Sparenberg et al., 2012;
Kulesza et al., 2022).
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Controlled tasks can also be used to explore facial mimicry effects. In a series of
studies from Neufeld and Chakrabarti (2016), participants were asked to perform
happy or sad facial expressions followed by short clips of faces mimicking them or
anti-mimicking (showing an opposite facial expression). EMG data recording was
used to check if participants performed the correct facial expressions. Here, an
implicit preferential looking task was used as an outcome measure of the social
learning, rather than the more common questionnaire measures. First, participants
were eye-tracked (baseline), and afterwards while seeing static faces of the two
actors, one who previously mimicked their facial expressions and the other one who
did not. Evidence for a learning effect was found because the gaze was biased
towards mimicking faces and was also associated with positive evaluation through
ratings of attractiveness and likeability. Moreover, after the conditioning task, par-
ticipants with higher trait empathy showed greater gaze bias to the mimicking faces
versus the anti-mimicking ones. The results reported here suggest that BeMim influ-
ences mimickee’s gaze patterns and the effect is even stronger for people with high
empathy traits.

The role of contingency was also tested in a study by Dignath and colleagues
(2018). Here, participants saw a cue to action, performed an action, and then saw a
video clip of another person performing the same (or a different) action, thus creat-
ing BeMim conditions. Different video confederates were present in different
blocks and produced mostly matching actions or mostly mismatching actions.
Results showed higher affiliation ratings towards video confederates who mim-
icked. A second experiment manipulated the delay between participant’s actions
and the video starting, ranging from O to 3 seconds and found higher affiliation rat-
ings for short delays. These studies suggest that both contingency and temporal
proximity are important for BeMim effects.

A similar experiment was conducted by De Coster (2014). It started with a rest-
ing phase, where the participant placed their right hand on a custom-made response
box while watching a resting right hand on a video clip. Then, the action phase
started, where a participant was asked to move one of their fingers which resulted in
showing the video of a confederate doing the same movement in the mimicry block
or a different movement in the non-mimicry blocks with no time delay. After each
condition, a video clip showing a pain scenario was presented followed by empathy
related questions. The results showed that participants felt more empathy for pain in
the mimicry condition than in the non-mimicry block.

The studies of effects of BeMim in highly controlled environments allow
researchers to focus on specific factors such as contingency or spatial features.
Well-controlled BeMim designs allow researchers to eliminate numerous chal-
lenges that come with performing mimicking actions by confederates such as action
quality and their number, their knowledge about the mimicry mechanism or the
study, as described in detail earlier in this chapter. Many motor BeMim studies use
within-subjects designs which can reduce individual differences and provide greater
statistical power. Here, the study’s success does not depend on human factors, but
on upon the design of the experimental paradigm. Moreover, using video stimuli
offers an opportunity to test numerous participants in an online setting (Kulesza
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et al., 2022). Getting a high-powered sample is challenging for live interactions,
thus, using video paradigm online with large samples in highly controlled lab set-
tings seems very promising for future BeMim research.

However, the spontaneity element is removed from these tasks which changes
the social interaction dynamics. Often participants are instructed to perform a cho-
sen action which could be mimicked, rather than having a free choice of many pos-
sible actions as in a conversation. This is especially challenging since BeMim is a
spontaneous social mechanism. The question is whether researchers still study the
same mechanisms if they remove participants from the social context and try to
control behavior as much as possible with timings, number of repetitions, computer
generated instructions, pictures, and videos. For example, in many of the studies
reviewed above, the time delay between the participant’s action and the BeMim
action is very short and unlike natural social mimicry which has a much longer time
course. As a result, these very fast events might tap into different cognitive mecha-
nisms. For example, the studies using the Imitation-Inhibition task which is a poten-
tial controlled paradigm of BeMim showed that the automatic imitation and BeMim
might tackle different cognitive processes (Rauchbauer et al., 2020). Another chal-
lenge with highly controlled environments is a risk of participants being aware of
the manipulation. The tasks are performed outside of the social context (contrary to
live interactions) which means it could be easier to guess the BeMim study design
and the goal of the study.

Mimicry of Abstract Preferences

So far in this paper we have concentrated on forms of being mimicked that involve
the direct copying of the motoric actions of others. In this section we discuss
research into the cognitive mechanisms that underly the recognition of, and reaction
to, imitation in this wider sense. In the rest of this section, we will focus on the lit-
erature around the more abstract cases of BeMim, particularly the imitation of pref-
erences and values.

The issue of how we learn and are influenced by the similarity of others’ prefer-
ences to our own is a key one for researchers in fields as diverse as psychology (Lee
& Chung, 2022), evolutionary theory (Jones & DuVal, 2019), sociology (McPherson
etal., 2001), and consumer marketing (Dholakia et al., 2004; Chloe Ki et al., 2022).
In all these disciplines, there has been great interest in the question of social influ-
ence, how discovering the preferences of others can lead to a change in one’s own,
with a vast proliferation of research on the structure of social influence and the fac-
tors that increase influence (Izuma, 2013; Chloe Ki et al., 2022; Lee & Chung,
2022; Schnuerch & Gibbons, 2014). However, as with research around motor imita-
tion, there has been much less interest in the effects of being the target of preference
mimicry.

Unlike in the case of motor imitation, where it is usually possible to ascertain the
direction of imitation due to the imitation being closely related in time, research on
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BeMim in preference imitation is complicated by the fact that, it can often be hard
to separate out the effects of direct social influence from that of homophily or “love
for similar others.” The presence of homophily complicates our understanding of
how BeMim for preferences modulates social affiliation as it can be difficult to
know whether any specific example of shared preferences is due to one partner in a
dyad actively copying the other or whether the partners have affiliated together
because they shared a pre-existing preference.

Controlled Studies of Abstract Preference Mimicry

To date relatively few studies have directly examined the effect of BeMim for pref-
erences. However, several studies have sought to examine the effects of learning
that others share our preferences via controlled studies that manipulate the degree of
similarity between self and other. To the extent that such participants perceive the
choices of others as being dependent on their own choices, these might be perceived
as instances of BeMim.

Farmer et al. (2019) had participants learn the aesthetic preferences of two target
others: one of who shared their own preferences 75% of the time and the other of
whom differed from them 75% of the time during an fMRI scan. The authors then
applied a reinforcement learning model to show that information about accumulated
similarity was stored in an area of the dMPFC a region commonly linked to process-
ing the relationship between self and other (Flagan & Beer, 2013). In line with find-
ings of the positive effects of similarity, the similar target was also rated as more
likeable and trustworthy than the different one.

While Farmer and colleagues examined how shared preference learning affects
dyadic relationships between individuals, Gershman and colleagues (2017) used
latent structure learning models to show that the effects of shared preferences on
social bonds extend beyond dyadic interactions and plays a role in defining group
boundaries. Gershman et al. demonstrated this in a series of studies in which partici-
pants first learnt about the film preference of two targets, one of whom shared 75%
of their preferences (e.g., Alice) and the other of whom shared 25% (e.g., Bob).
Participants then learnt about the preferences of a third person (e.g., Carl) who
shared 50% of their preferences with the participant but 75% with one of the targets.
They found that if this third person shared preferences with the similar target (e.g.,
Carl and Alice) then the participant treated them as an ingroup member while if they
shared preferences with the target who had a different preference to the participant
(e.g., Carl and Bob), they were treated as an outgroup member. Further studies have
replicated this result for political views (Lau et al., 2018) and identified the right
anterior insula as encoding the latent structure revealed by these different groups
(Lau et al., 2020). Overall, these studies show that learning others share our prefer-
ences plays a role in the formation of social bonds at both the interpersonal and
group level.



288 P. Wicher et al.

Other studies have examined factors that modulate the effect of shared prefer-
ences on affiliation. Several studies have found that learning that one’s preferences
are shared by disliked or dissimilar others can motivate a change in preferences
either to as a means of signalling a distinct social identity (Berger & Heath, 2007;
Berger & Heath, 2008) or to avoid being associated with an undesired reference
group (Izuma & Adolphs, 2013; White & Dahl, 2006). For example, Izuma and
Adolphs (2013) found that participants increased their preference for a t-shirt image
when they learned that image was also liked by a liked group, i.e., students at the
same university but reduced their preference when they learned the images was also
liked by a disliked group, i.e., sex offenders. In addition, the degree of cognitive
imbalance on different trials correlated with activations in a region of the dorsome-
dial prefrontal cortex (dmPFC) commonly linked with self-processing. The authors
interpreted this finding in line with the theory of cognitive balance (Heider, 1946,
1958) which argues that our attitudes towards objects, other agents, and those
agents’ preferences towards the objects must be consistent.

In addition to the identity of the people or groups who share our preferences, our
response to discovering shared preferences can also be modulated by the nature of
the preference shared. Lab based studies manipulating the nature of shared prefer-
ences have found that people show greater affiliation to those who share rare, as
opposed to commonly held preferences (Alves, 2018; Vélez et al., 2019). There is
also evidence that the valence of the shared preference is relevant, with people
reporting more positive attitudes towards those who liked the same things they liked
than they did towards those who disliked the same things they disliked (Zorn et al.,
2022). Finally, the basis for the effects of shared preferences in domains such as
music on affiliation is driven by participants’ assumption that shared preferences are
an indicator of shared values more widely (Boer et al., 2011).

Studies of shared preferences using controlled designs typically involve a com-
puterized task in which participants learn the preferences of target people who they
do not directly interact with. This design allows researchers to have full control of
the target’s behavior and choices and to remove confounds such as past social inter-
actions, knowledge of the target’s wider preferences, and other aspects of their
social identity. It also allows participants to precisely manipulate the number of
shared preferences so as to explore different similarity levels. It is also easy to have
alarge number of different targets who are encountered and compare them. However,
to date such learning have not directly manipulated cases where participants per-
ceive the targets as simply happen to share their preferences from cases where tar-
gets are perceived as mimicking the participants responses. Future research that
explicitly compares these two situations is needed to allow us to disentangle the
effects of BeMim from those of homophily.

In contrast to body movements, cognitive abstract choices seem easier to control.
One challenge is to quantify the similarity—for example, how much preference
mimicry means “being highly similar”—70% or 90%? At the same time the greater
the overlap in preference, the more likely it is that the participant will guess either
the goal of the study or the manipulation, which might change the results, although
at present, no study has directly measured this. Thus, there is a challenge to induce
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a feeling of similarity between the participant and the agent, but still not make the
manipulation obvious to the participant. Moreover, similar to motor BeMim studies,
itis difficult to study preference mimicry outside of a specific social context. Finally,
these controlled studies could be criticized for being not social enough—partici-
pants do not see or interact with any real people and so might be more likely to use
non-social mechanisms to make decisions.

Studying BeMim for Preferences “In the Wild”

As well as lab-based studies, other researchers have used observational data from
real social groups to examine factors influencing the similarity-affiliation link. For
example, Bahns et al. (2017) collected data on a range of personality traits, atti-
tudes, and behaviors from over 1500 pre-existing interacting pairs. The authors
found that the perceived importance of an attitude was a key moderator of the
amount of dyadic similarity, i.e., how much similarity there was between that atti-
tude for the individuals in each pair. This indicates that people are more likely to
affiliate with others based on preferences they judge to be important. Indeed, an
additional analysis showed that ratings of attitude importance were just as strong a
predictor of dyadic similarity as were the actual attitudes themselves. Cullum and
Harton (2007) found similar results when surveying college students living in halls
of residence. They found that, across the semester, cohabiting participants increased
their attitudinal similarity and that the greatest increase in similarity occurred for
attitudes the participants considered the most important.

Finally, the growth of social media and large-scale communication networks
since the turn of the millennium have given researchers access to a rich new source
of data which can be used to study the links between shared preferences and affilia-
tion. Ma et al. (2015) examined the purchasing and call data on caller ring-back
tones (CBRT), a form of personalized dial tones heard by those calling the pur-
chaser which are commonly used across Asia. So if Alice purchases a specific CBRT
that plays a piece of music, then when Bob calls Alice, he will hear that music until
she picks up. Ma et al. used the combination of purchase data, i.e., who paid to
apply a particular CBRT, and caller data, i.e., which CBRTSs people had heard when
they called others, to model the role of both latent homophily and mimicry, in
explaining similarity between consumers in their choice of CBRT purchase and
found a considerable role for each. Other studies have used social media networks
to similarly quantify levels of homophily and mimicry in social media use (Noe
et al., 2016; Séepanovi¢ et al., 2017).

This short review shows that there is correlational evidence for both homophily
and social influence “in the wild.” People tend to affiliate more with those who are
similar and become more similar to those they affiliate with, but there is no specific
evidence that preference BeMim alone causes liking. Indeed as we lay out in here,
there might be various cofounding factors influencing these results making it diffi-
cult to specify cause and effect. Future studies in this area should aim to create
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realistic social situations in which a participant makes a choice and then is mim-
icked (or not) by another person and then measure the effects of that abstract mim-
icry on feelings of affiliation between the participant and this other person

(Table 14.1).

Table 14.1 Summary of methods to study BeMim

Method

Picture
Description
Task

Virtual
humans

Video clips

Preference
Indication

Description

A conversation
about pictures with a
confederate who is
believed to be a
participant. The
confederate mimics
(or not) the
movements/posture
of the participant

Tasks that involve
combining live
tracking of
participant’s
movements with
virtually generated
characters to allow
those characters to
imitate participant’s
actions

The participant
performs an action
(typically following
the computer’s
instructions) and
then sees an image
or video of another
person copying (or
not) the same action

A computerized task
where the participant
makes a choice (e.g.,
about pictures)
followed by a
target’s choice. The
experimenter has
control of the
target’s behavior and
choices

Pros

Ecological settings:
participants can act
spontaneously

High experimental
control—e.g.,
defining the type of
actions copied and
what precise delay
is present between
the participant’s
actions and the
mimicry by the
virtual human
High experimental
control—all
challenges

connected to human
factors are removed;

Opportunity to test
numerous
participants in an
online setting
High experimental
control—precise
control over the
amount of
similarity; Easy to
implement

Cons

Low experimental
control, e.g.,
confederate’s
knowledge and
acting skills

Challenging to
create believable
virtual humans and
have them
interactively engage
with participants;
the results might
differ from studies
on humans

The settings aren’t
social—participants
cannot act
spontaneously; The
goal of the study
might be more
visible to the
participants

The settings aren’t
social—participants
cannot act
spontaneously;
Hard to distinguish
the effects of
homophily from the
BeMim effects

Example
research
questions

Does the
BeMim effect
arise in live
interactions
and why?

Does the
strength of
BeMim effects
depend on the
time delay in
copied actions?

What is the
role of specific
factors such as
timing and
contingency in
BeMim
effects?

Does the
strength of
BeMim effects
depend on the
number of
shared
preferences?

(continued)



14 Cognitive Mechanisms of Being Imitated 291

Table 14.1 (continued)

Example
research
Method Description Pros Cons questions
Large-scale | Observational data | Large samples of Many confounding | What are the
social (e.g. purchasing real-life data, strong | factors make it links between
networks in | information, social | ecological validity | difficult to specify | shared
the wild media connections) cause and effect preferences
from real social and affiliation?

groups to examine
factors influencing

the choice
similarity-affiliation
link

Creative The participant Naturalistic and It can be hard to Does the

task performs a task with | ecologically valid identify exactly BeMim effect
some creative task. Allows for which aspect of arise in
element e.g., object | variation in the imitation produces | creative tasks?
customization or extent of imitation | the result

colouring in a shape
and compares their
work with that of
confederates who
complete the task
after them

Potential Neurocognitive Mechanisms of BeMim Effects

The review above describes a range of studies of BeMim effects which use a wide
variety of methods. The range from naturalistic tasks such as conversation to tightly
controlled tasks such as a single foot movement, and vary from copying of motor
actions to copying of more abstract choices of art. While all of these can be described
under the overarching concept of “being imitated,” it is not clear if they all engage
the same cognitive mechanisms, nor what those mechanisms might be. In this sec-
ond half of the chapter, we lay out three distinct models of BeMim which vary in
their amount of generality. Model 1 posits as specialized neurocognitive system
attuned to motoric forms of BeMim while Model 2 considers the effects of both
motor and abstract BeMim to be subcases of a wider form of social learning, Finally
Model 3 takes the most domain general approach viewing the consequences of
BeMim to depend upon universal mechanisms relating to stimuli predictability. We
then consider empirical evidence that could distinguish between these models
focusing on the how awareness of BeMim and timing and the cases where BeMim
might have a negative impact on social interactions.
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Model 1: A Specialized Mechanism for Motor Mimicry
and BeMim

Implicit in many discussions of the link between motor mimicry and affiliation is
that there must be a specialized cognitive mechanism that underlies this, a social
glue that is specific to motor mimicry (Chartrand & Lakin, 2013). In terms of neural
systems, the most plausible candidate would be the mirror neuron system (Rizzolatti
et al., 2001; Rizzolatti & Craighero, 2004), which responds when a person sees an
action and performs the same action (imitation). Given the properties of mirror neu-
rons themselves, it seems sensible to suggest that this brain system might also be
engaged if participants perform an action and later see the same action (BeMim),
though this has rarely been directly tested. Indirect evidence comes from Kilner
et al. (2009) who had participants see and do actions in different sequences and
found overlapping engagement of inferior frontal gyrus in both.

One study (Hogeveen et al., 2015) used EEG recordings of the mu-rhythm,
which is considered to be a marker of mirror neuron system (MNS) function, to
examine BeMim effects (later studies showed that using mu-suppression to examine
MNS is unreliable; Hobson & Bishop, 2016). Participants were asked to do a
“music-rating” task in a dyad or alone on the computer. Specifically, they were
assigned to one of the three conditions: interaction with a mimicking confederate,
an anti-mimicking confederate, or no social interaction at all (doing the task on the
computer). They recorded participants’ brain activity before and after the task while
they were watching a simple video showing action execution. Mu-rhythm suppres-
sion was taken as an indirect index of MNS activity. They found an increase in mu-
suppression after the task in the mimicry condition in comparison to the no-interaction
one; the anti-mimicry manipulation did not lead to a change in mu-suppression.
This data suggests that BeMim during social interaction results in enhanced MNS
activation afterwards, during subsequent action watching.

However, there is also evidence that brain regions outside the MNS are important
in BeMim contexts. In a study from Brass and colleagues (2009), participants per-
formed index finger or middle finger movements during fMRI and saw an image of
a hand doing a congruent or incongruent finger movement after a short delay.
Results showed engagement of temporoparietal junction and mPFC for delayed
BeMim conditions, which the authors linked to self-other differentiation. In a neu-
roimaging study of BeMim in autistic and neurotypical participants, Okamoto and
colleagues (2014) found engagement of extrastriate body area (EBA) when being
imitated, with less activation in the autism group. EBA is localized within the
occipito-temporal region and is activated when looking at the human body and its
movements (Downing et al., 2001; Astafiev et al., 2004). Overall, there is not enough
evidence to specifically localize BeMim effects to one particular brain system, and
it might be more helpful to consider them as part of a wider network of regions
engaged in social cognition and social interaction.
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Model 2: BeMim as a Form of Social Learning

A second category of models suggests that there are general “like-me” mechanisms
that apply only to other humans (not to cell-phones or cars or trees) and that people
use to learn about others and to prefer other people who are more “like-me.” Such
systems are not restricted to motor mimicry but are part of a more general social
learning system for acquiring knowledge about other people and other groups. In
these models, detection of similarity between self and other would employ some
shared systems across motor and non-motor domains and link into other neural
systems involved in both domain general learning and social cognition. On this
account, all studies of BeMim effects could be characterized as social learning stud-
ies, whereby participants experience particular actions of behaviors from a confed-
erate or partner, and thereby learn to update their estimation of the character or
self-similarity of the confederate.

An expansive version of this type of model is given by Haun and Over (2015),
who survey a wide literature to argue that a general preference towards similar oth-
ers, i.e., homophily, is an evolved innate trait that drives the development of key
drivers of human cultural transmission including motor imitation, conformity, and
the formation of psychological norms. In support of their position, they note evi-
dence for the existence of homophily in non-human primates (Paukner et al., 2009)
and for the early development of homophily in children with evidence that young
children not only prefer similar others (Gerson et al., 2017; Mahajan & Wynn, 2012)
but also expect others to show that same preference (Bian & Baillargeon, 2022;
Liberman et al., 2021).

Additional evidence in support of this model can be found in studies that exam-
ine BeMim in relation to in learning and reward. Following on from the behavioral
studies described above, Hsu and colleagues (2018) used their facial mimicry task
to explore differences between participants with autism and neurotypical partici-
pants. They used a mimicry conditioning task, where participants were asked to
perform happy or sad facial expressions followed by short clips of faces mimicking
them or anti-mimicking (showing an opposite expression). In the test phase, partici-
pants saw static images of the same people with neutral faces in the MRI scanner.
The neurotypical group showed higher likeability ratings and a higher ventral stria-
tum response to mimicking faces in comparison to anti-mimicking faces. The autis-
tic individuals had an opposite pattern: a reduced ventral striatum response to
mimicking faces in comparison to the anti-mimicking ones. This study confirmed
the link between BeMim and the reward system and showed how it is affected by
autistic traits.

Studies investigating more abstract versions of similarity have also found evi-
dence linking similarity learning to brain regions involved domain general reward
processing and regions specialized for social cognition. Farmer et al. (2019) used
fMRI to track brain activity in a context where participants could choose which
painting, they prefer from a pair and then subsequently saw the art preferences of
two agents, one of whom mostly had similar preferences and the other most
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dissimilar preferences. Brain activity patterns were modelled in terms of prediction
errors for choices on each trial, that is, how well each agent conformed to the pattern
of their previous preference similarity. Results showed that areas of the caudate
linked to domain general reward learning were activated by positive prediction
errors, i.e., when the agent made a choice that conformed to their overall pattern of
preference similarity (either similar or different). By contrast when an agent made a
choice that elicited a negative prediction error, i.e., that was more inconsistent with
the agents’ overall preference similarity to the self than predicted, this led to activa-
tions in a range of brain regions linked to social cognition including dmPFC and
temporal-parietal junction (TPJ). Lau and colleagues (2020) also used computa-
tional modelling to map brain areas involved in similarity learning and linked simi-
larity between self and other to the anterior cingulate cortex, a brain region that has
been implicated in the learning of reward for both self and others (Apps et al., 2016).

To summarize, the social learning models of BeMim suggest that detecting and
processing the similarity between self and others is a general feature of learning
about people. Such mechanisms apply across a range of different types of mimicry
(both motor mimicry and abstract choices) but are specific to learning about humans
and could not be expected to apply to learning about objects or other physical events
in the world.

Model 3: Universal Predictability

A third possible model for BeMim effects looks towards more general brain and
cognitive mechanisms that apply across all domains, not just social interactions.
Several lines of research suggest that events which are fluent or predictable are
easier to process and potentially more rewarding than events which are disfluent or
unpredictable (Oppenheimer, 2008; Reber et al., 1998). This applies to perceptual
tasks (Reber et al., 1998) but also to motor tasks. For example, priming actions
increases fluency and the sense of agency (Chambon & Haggard, 2012), and can
even influence purchasing decisions (Chen & Lin, 2021). Even very young infants
show a preference for performing actions which lead to a contingent predictable
effect (Watson, 1972). It has been proposed that even young infants have a “contin-
gency detection system” (Gergely & Watson, 1999) which allows them to determine
which events in the world (both social and non-social) are caused by their own
movements, and thus to learn to interact with and control the world. In adults, sense
of agency over motor actions decays with delays of just 200 msec (Farrer et al.,
2008), while if the participant performs an action and then an effect (a visual image)
is delayed by more than 4 seconds, participants do not judge that they have caused
the effect. This implies that predictability/fluency works best at very short timescales.

Under this type of model, people enjoy and find reward in actions which result in
predictable effects, so if A’s hand action causes B to move his hand, A will find B’s
action predictable (on a neural level) and thus more rewarding than if B were to do
a different action. Crucially, the same mechanism would apply if A’s finger action
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caused a predictable non-social effect (e.g., open an app on a touchscreen phone),
which would be more rewarding than if the same action caused an unpredictable
effect or no effect. The central claim here is that any predictable action-effects, both
social and nonsocial, are linked to reward, and that BeMim effects can be subsumed
within the much larger category of predictable effects. Evidence in favor of this
comes from the study by Catmur et al., in which participants preferred contingent
responses to their own movements to non-contingent responses regardless of the
motor matching (Catmur & Heyes, 2013). Note that in this study, there was almost
no delay between the action of the participant and the action-effect seen on the
screen, whereas real-life mimicry effects typically have delays from 600 msec to 6
seconds. A strong version of the universal predictability model should suggest that
shorter delays are always more predictable and thus are “better,” but, as we will lay
out below, it is not clear that this is the case for mimicry effects.

Predictability accounts of mimicry can also be extended to the case of shared
preferences. Several models of social decision making have argued that the drive to
affiliate with similar others can be linked to more fluent cognitive processing. For
example, the anchoring and adjustment account of social inference argues that we
use the self as a basis for inferences about the preferences of others leading it to take
longer to process discrepancies between our own preferences and those of similar
others (Tamir & Mitchell, 2013). Srivastava and Schrater (2011) designed a compu-
tational model of decision making in which cognitive agents naturally tend to affili-
ate and interact with other agents who share their “beliefs” due to the fact these
agents are the easiest to predict the actions of and therefore cooperate with.
Behavioral economic research has found that dyads whose members shared prefer-
ences ended up producing more optimal outcomes when playing economic games,
even when the game required the dyad members to make different decisions. This
provides evidence that participants have a real-world advantage when coordinating
with others who they perceive as similar to them (Chierchia & Coricelli, 2015).
These results show the potential for domain general processes based in cognitive
fluency to result in an increased drive to affiliate with others who share one’s
preferences.

Distinguishing Between Models—Awareness and Timing

To potentially distinguish between these models and move the field of BeMim
research forward, we suggest it is important to consider two subtle factors that could
impact on people’s experiences of being mimicked and their response to this. These
factors interact and have rarely been studied systematically but have the potential to
substantially affect our understanding of where BeMim effects come from and what
they mean. First, we consider the case of awareness of being mimicked, and how
that may rapidly reverse the positive, prosocial effects of BeMim. Second, we con-
sider the impact of different time delays between the actions of a participant and the
mimicker, and how this could link to both awareness and fluency effects. Third, we
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consider a few additional mediators such as the design of the control condition and
the form of the agent’s response to the mimicked person.

Awareness of Being Mimicked

In classic studies of BeMim effects in live interaction, there is an assumption (not
always tested) that mimicry is an implicit effect. That is, the participants in the study
are not aware that mimicry is the topic of investigation and are not aware that a
confederate was mimicking their actions. In many studies, this is confirmed with a
funnel-debrief interview after the main experimental task (Lakin & Chartrand,
2003; van Baaren et al., 2003), and it is common to exclude participants who
guessed the goal of the study and/or realized that they were imitated. This choice by
the experimenters is based on the intuition that participants would find being explic-
itly imitated to be a negative experience. Mimicry of (for example) political figures
is a common form of mockery in popular entertainment (Filani, 2016), while in
horror movies, excessive copying of a character’s actions or choices is provided as
evidence of ill intent (e.g., Single White Female movie (Schroeder, 1992)). However,
we are aware of only one study which specifically tested the negative effects of
awareness of motor BeMim.

Kulesza’s team ran a study exploring the link between mimicry, awareness, and
liking (Kulesza et al., 2016). University students were invited to the lab where they
talked to a confederate who was introduced as an intern interviewer. The mimicry
awareness was manipulated by the course description which students were sup-
posed to read before the interview. There were four different conditions: partici-
pants did not get the module description (no awareness), they read general
information about the mimicry (saying only that people mimic each other) or more
developed information including either true (mimicking causes affiliation) or false
(mimicking causes dislike) information about social consequences of being imi-
tated. Then, participants were asked to share their thoughts about current university
modules and the “potential new course” (the course information provided before the
interview was the awareness manipulation). During the interview, the confederate
mimicked or not the posture and gestures of the participant. The researchers found
out that when participants were not aware of mimicry or were told general informa-
tion without mentioning its consequences, they liked their mimicking interlocutor
more in the mimicry condition. However, when they were informed about the social
consequences of being imitated (either true or false), mimicry did not influence rap-
port. In addition, in the non-mimicry condition, being aware of the true or false
effects of being imitated increased liking.

These examples of negative feelings and changes in liking with awareness of
BeMim, suggest that being mimicked and knowing about it might make participants
feel they have been deceived in their social interaction. According to deception the-
ories, advantages are lost when the deception is detected (Zuckerman et al., 1981).
When a mimicked participant knows about the imitation, they can interpret it as a
manipulation by the mimicker who might be trying to take advantage of them. An



14 Cognitive Mechanisms of Being Imitated 297

alternative explanation of why mimicry awareness reduces the liking effect of
BeMim was introduced by Kulesza’s and colleagues (2016). They suggest that it
might be explained by a boomerang effect or reactance—participants’ freedom was
threatened by the expectation that they would like their interlocutor more, so they
prevented this and did not pay attention to the copying behavior. However, none of
the participants reported being aware of the manipulation. It seems mimicry knowl-
edge might not be the same as mimicry awareness. Would it change results if par-
ticipants were aware of being imitated instead of having information about the
manipulation in general? This is still unknown, and more research is needed.

As is the case with motor mimicry, very few studies have sought to directly
examine the effect of awareness of BeMim for preferences. However, the limited
studies suggest that people perceive deliberate copying as a negative act. We found
two studies that directly investigated this question. The first study investigated the
developmental trajectory of this dislike of being copied and found that adults and
children as young as 5-6 years old disliked those who deliberately copied them
when drawing, but that this was not the case for 3—4-year-olds (Olson & Shaw, 2011).

The second study by White and Argo (2011) examined how preferences for prod-
ucts were affected by deliberate copying. They found that participants were likely to
want to dispose of or exchange a product, e.g., perfume if someone they knew delib-
erately copied them in using it. This was particularly the case if the mimicker was
similar to the participant, if the product had high symbolic value, or if the partici-
pant had a high need for uniqueness or had been given an independent self-construal.
Interestingly a recent study from D’Angelo et al. (2019) suggests that people are
also aware of this dislike of obvious BeMim when they are in the role of potential
mimicker. In D’Angelo’s study, participants were shown examples of customized
products created by individuals in their social circle and then asked to make their
own custom version of the product. They found that participants tended to design
their own version of the product to be less similar to that of others, particularly when
that other was a close friend.

The role of social closeness in motivating both the negative reaction from targets
of BeMim (White & Argo, 2011) and the avoidance of copying in potential mimick-
ers (D’ Angelo et al., 2019) suggests that these responses are, at least to some extent,
driven by a need to distinguish oneself from similar others. Such an account fits in
with the claims of optimal distinctiveness theory (Brewer, 1991; Leonardelli et al.,
2010), which posits that we seek to balance a need to be included with the need for
distinctiveness. This theory can thus explain why people are particularly averse to
BeMim from close others where distinctiveness is already low. This optimal distinc-
tiveness account may also explain the negative response to others we see as infring-
ing on our uniqueness via deliberate motor or preference mimicry. While there are
not many studies which have explored the impact of awareness on BeMim effects,
the fact that some impact can be found argues for models which can incorporate
awareness effects. That is, social learning models and dedicated BeMim models
could both include awareness effects without changing the core model. For exam-
ple, if social learning mechanisms lead people to like those who mimic them but
also to dislike those who are too close, this is compatible with data on awareness of
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BeMim. However, a domain-general predictability model might struggle to account
for the impact of awareness on BeMim, because there is no obvious reason why
awareness would change the impact of predictability across all domains.

Timing of Being Mimicked

The factor of timing in BeMim interactions is critically important for several rea-
sons, and this can best be illustrated by considering some examples (illustrated in
Fig. 14.3). First, we can consider the classic real-world motor mimicry situation
where a participant performs an action, and this is imitated by a confederate after a
suitable delay. This condition is likely to lead to the strongest affiliative effects
(Fig. 14.3B). However, if the delay were substantially longer, for example the con-
federate imitated after 5 min, it seems unlikely that this action would impact much
on the participant and it might not even register as mimicry. In contrast, if the con-
federate imitated very rapidly, the participant is more likely to explicitly detect “he
is copying me” and the negative effects of being imitated might arise. A small num-
ber of studies have manipulated the timing of BeMim effects in different ways and
can help us clarify when the positive and negative consequences arise.

In a set of pilot studies which explored different mimicry delay options, Bailenson
et al. (2004) had participants sit in a virtual room with two agents: a human one
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whose movements were controlled by a person in another room and a computer-
generated agent who was mimicking participants’ head movements either at 1, 2, 4,
or 8 seconds’ delay. Participants were told that one agent is a computer and is mim-
icking their head moves and their task was to identify a human agent. On average,
only 60% of participants correctly guessed which avatar is a real person. Moreover,
it was easy for them to identify the mimicker when the delay lasted 1 second, and
then the longer the delay, the more difficult it was for them to identify the mimicker.
These results suggest that the shorter the mimicry delay, the easier it would be for
people to detect the imitation.

A few years later, the same authors carried out a similar study where (among
other goals) they examined the effect of mimicry detection on social influence
(Bailenson et al., 2008). Eleven percent of the sample detected head mimicry. In
general, they found out that the mimicking agent was seen as more effective when
participants did not realize that they were mimicked. When they detected mimicry,
the agent was still evaluated well on the informativeness and agreement scale (more
objective measures) but got a worse rating in terms of trustworthiness and warmth
factors. The authors argue that the mimicking agent is seen as a liar by people
detecting mimicry. As a result, participants give low ratings for warmth and
credibility.

Using a similar method, Hale and Hamilton (2016) created a virtual human who
carried out a picture-description task with a naive participant. The virtual human
imitated the participant’s head movements with either a 1 second delay or a 3 sec-
ond delay (between subjects). Thirty percent of participants from the 1-second
delay group detected the mimicry manipulation but only 4% of participants from the
3-second delay group detected it (Hale & Hamilton, 2016). In a follow-up, Hale and
Ward captured head nodding motion from natural conversation and suggested that
delays of only 600 msec are most common in real interactions (Hale et al., 2020).
This is substantially shorter than used in most studies with artificial agents. A study
with artificial agents used the natural BeMim delay of 600 msec in a picture descrip-
tion task and found that agents who showed this behavior were rated more posi-
tively than those who did not (Aburumman et al., 2022). An important new study
examined the effects of timing in detail for facial expressions (Kroczek &
Miihlberger, 2023). Participants were instructed to produce a smile or frown and
then saw a smile or frown from a virtual agent and were asked to rate if the agent
“was responding to me.” Critically, facial EMG recordings from the participants
were used to precisely calculate the delay between the participant’s action and the
agent’s action on each trial. Results showed a clear non-monotonic effect, with peak
ratings of “responsiveness” around 600-700 msec for both smiles and frowns;
actions that occurred faster or slower than this time were rated as much less respon-
sive. While this is not a direct measure of BeMim effects, the study does provide
striking evidence that the timing of social behavior matters and that 600—700 msec
may be an optimal time delay for perceiving interactivity.

Based on the results summarized above, the optimal timing for BeMim effects is
still unclear. While some studies suggest delays should be as long as 3 to 7 seconds,
others have found positive effects with delays as short as 600 msec. It is clear that



300 P. Wicher et al.

short delays can also lead to more detection of BeMim, leading to the negative
effects described above. This is hard to reconcile with a fluency/predictability model
of BeMim, because under that model, movements with short delays should always
be easier to predict and thus be more positive. In contrast, the conjunction of the
timing and awareness studies suggest that predictability is not the only thing that
matters for BeMim effects. Instead, BeMim may work best in a “sweet spot” that is
similar but not too similar, in a pattern reminiscent of optimal distinctiveness effects.

However, the results described above for timing apply primarily to motor mim-
icry where each action is a distinct event that occurs at one time. In contrast, a
preference normally lasts over a longer time (the painting I prefer on Monday will
still be preferred on Tuesday), so it may not make sense to study mimicry timing in
the context of shared preferences. It remains to be seen if there are other factors
which behave in the same fashion as timing in the context of abstract mimicry—per-
haps just the intensity of the mimicry matters. For example, copying one element of
a complex item might be positive but copying all elements might be negative.

These results showing that both awareness and timing of BeMim can modulate
its social effects help to give us some means of evaluating the three different models
that we discussed above. As previously mentioned, studies showing that there is an
optimal time frame for motor BeMim that is not directly linked to the predictability
or fluency of response is a point against our Model 3 account which attributes the
positive effects of BeMim purely to domain general fluency effects (Bailenson
et al., 2004; Hale & Hamilton, 2016). In addition, findings suggesting a similar
negative response to the detection of BeMim in both the motor and preference
domains give some support to the Model 2 accounts that relate BeMims effects to a
social but not motor specific, set of neurocognitive processes such as the desire for
optimal distinctiveness or the detection of attempts to deceive or manipulate
(Brewer, 1991; Bailenson et al., 2008).

Summary

To sum up, in the first part of this chapter, we presented an overview of BeMim
methods. There are numerous approaches to study BeMim effects—researchers can
choose from a spectrum of real-world (ecological, but not controlling cofounds) and
controlled in the lab (less interactive but removing cofounds) paradigms. In general,
using a wide range of methods is useful—it allows researchers to combine benefits
of various approaches (e.g., adding more control to a live study paradigm using VR
agents designed to perform with specific timing instead of human confederates).
The choice is also to be made between motor movement and abstract preferences
mimicry. However, it is still unknown whether various BeMim paradigms tap the
same cognitive mechanisms. More carefully designed studies that bridge across
methods will be needed to determine this, possibly including real-world neuroimag-
ing methods.
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The second part of this chapter covered cognitive mechanisms for processing
BeMim. There are three possible main neurocognitive models which try to explain
how BeMim could work: a specialized mechanism for BeMim, universal predict-
ability, and social learning model. The first one labels mirror neuron systems (MNS)
as a specialized cognitive mechanism that responds to performing an action and
then seeing others doing the same action. The universal predictability is about more
general, non-social mechanisms responding to BeMim: fluent or predictable events
are easier to process and potentially more enjoyable than disfluent or unpredictable
events. The social learning model claims that there is a general human social learn-
ing mechanism responsible for learning about others and having a preference for
people similar to them, which applies to both motor mimicry and abstract prefer-
ence sharing but not to non-human objects. In the last part of the chapter, we dis-
cussed awareness and timing of BeMim. The impacts of BeMim on social judgement
and social affiliation are probably non-monotonic. That is, more mimicry is not
always better. Both the awareness studies and the timing studies suggest that mim-
icry which is too close in time and space and form to the participant’s action is
judged negatively rather than positively.

Based on these ideas about awareness and timing, we suggest that the social
learning model seems to be the strongest one. This is because data suggest that
people prefer to be optimally distinctive to others, both in their abstract choices and
their motor patterns, and this fits best with the social learning approach. Gaining a
greater understanding of the links and parallels between BeMim for motor tasks and
BeMim for abstract tasks will be useful to advance our theories in this area.
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Chapter 15 )
Mimicry in Psychological Disorders e
and Psychotherapy

Maike Salazar Kidmpf and Cornelia Exner

The human is indissolubly linked with imitation: a human being only becomes human at all
by imitating other human beings.

—Theodo r W. Adorno

Imitation is an important part of human life. We learn by imitating others, but we also
connect or distance ourselves through it: Imitation can signal group membership, for
example by wearing similar clothes or a uniform, and it can also signal distance from
others by exaggerating the imitation and parodying others (Arnold & Winkielman,
2020). Maybe you have noticed that in some conversations you unconsciously start
to use certain verbal expressions that are typical for the region your friend is from, or
that when observing people that are on a date, they start to sit in the same postures,
leaning forward at the same time or scratching their noses almost simultaneously.
This form of subtle imitation, which is linked to connecting with others, has been
termed social mimicry (Chartrand & Bargh, 1999). Even though it can be easily
observed, this unconscious imitation of an interaction partner is generally neither
actively perceived by the ones who are imitated, nor by the ones who imitate.
Mimicry can occur in different ways. It can occur verbally, such as using similar
words, accent echoing, intonation, or speech rate (for a review, see Chap. 4; this
volume), and/or non-verbally like mirroring facial expressions, postures, or gestures
(Chartrand & Lakin, 2013; see also Chaps. 2 and 3; this volume). Studies have
shown that mimicry fosters the initiation (Salazar Kdmpf et al., 2018) and mainte-
nance of relationships (Lakin & Chartrand, 2003). Moreover, it increases closeness
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(Stel & Vonk, 2010) is connected to affective empathy (Sonnby-Borgstrom, 2002)
and part of our everyday social communication (Hess & Fischer, 2022). When mim-
icry is hindered or disturbed, it can impair emotion recognition (Oberman et al.,
2007) and a lack of mimicry has been linked to elevated stress reactions, as indicated
by an enhanced need to belong by the counterpart (Kouzakova et al., 2010), and the
crying of babies in the so called still face paradigm (Weinberg & Tronick, 1996).

Different theoretical approaches claim that mimicry plays an important role in
social interactions. Problems in social interactions are both diagnostic criteria as
well as risk factors of psychological disorders (De Silva et al., 2005; Eklund &
Hansson, 2007). Mimicry behavior of people with psychological disorders might be
different compared to people who are not suffering from a psychological disorder,
and this may contribute to their problems in social interactions which in turn might
worsen symptomatology (Geerts et al., 2006) and may have consequences for the
therapeutic process (see also Chap. 12; this volume). Astonishingly, there are almost
no studies on spontaneous mimicry and clinical populations (Salazar Kimpf et al.,
2021). The fact that mimicry has not yet been studied extensively in clinical settings
is surprising given the long recognition of the importance of imitation in psycho-
therapy (Charny, 1966; Scheflen, 1964; Tickle-Degnen & Rosenthal, 1990). As
there have not been many studies on the subject matter, mimicry is still not part of
treatment manuals, even though mimicry can be easily detected in ongoing therapy
sessions and might have an important impact on improving the patients’ social lives
(Salazar Kampf et al., 2021).

In this chapter we will first summarize existing studies on mimicry and akin
phenomena in psychotherapy and related contexts (like counseling). As the evi-
dence is sparse, we will present four theoretical approaches to mimicry, from which
we will derive ideas on how mimicry might affect different psychological disorders
and the therapeutic process. Afterwards, we will shortly recapitulate the evidence
on mimicry in clinical populations. Finally, at the end of this chapter, we will sug-
gest possible future research on mimicry in psychotherapy.

Existing Evidence for Mimicry in Psychotherapy

Mimicry has been described as a correlate of rapport and therefore important for
therapy and counseling (Tickle-Degnen & Rosenthal, 1990). Existing evidence on
imitation, which is related to mimicry, points towards the potentially important role
of mimicry in psychotherapy. For example, consciously mirroring postures and
mannerisms of clients has been investigated as a technique in therapy (Caldwell,
2006) and in counseling situations (Geerts et al., 2006; Maurer & Tindall, 1983;
Sharpley et al., 2001).

Imitation has been used as therapeutic technique to create a connection with
patients suffering from “communicative difficulties” (p. 275), like patients with
severe autism (Caldwell, 2006). Caldwell found that the imitation performed by the
therapist not only calmed the patients, but by copying the behavior of her patients,
the therapist learned their language, which in turn shifted the patient’s attention
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towards the interaction and reduced their distressed behavior. People with autism
therefore seem to profit from imitation in therapy. Interestingly, Caldwell further
suggests to enrich imitation with surprising elements. For example, instead of
directly copying a repetitive hand movement, she sometimes switched the rhythm or
sound of the hand movement. These elements of surprise captured the attention of
her patients and shifted them from themselves towards the other person, in this case
towards her, the therapist.

Mimicry also seems to play a role in people with former depression: The nonver-
bal behavior of formerly depressed patients while talking to an interviewer was
assessed during a clinical interview (Geerts et al., 2006). The patients and inter-
viewers were filmed while being seated approximately 1 m apart. The participants’
gaze, gesticulations, and head movements were rated in terms of mimicry (body
postures or speech was not part of the mimicry ratings, which would also have been
interesting). The more the patients and interviewers mimicked each other, the more
satisfied patients were with the interview and the lower was the risk of a new depres-
sive episode during a 2-year follow-up period.

Another study found that career counselors who mirrored participants postures
were perceived as more empathic (Maurer & Tindall, 1983). Fifteen-minute conver-
sations between counselors and participants were videotaped. Depending on the
experimental condition, the counselor either maintained congruent or noncongruent
positions of arms and legs of the participant. The counselor changed position each
time the participant changed position after 30 s but did not imitate shorter move-
ments like scratching or gesturing. When the counselor’s arm and leg positions were
congruent compared to noncongruent, the participants rated the counselor’s level of
empathy higher. The authors highlight the importance of naturalistic settings to
investigate the reciprocal nonverbal processes between clients and counselors and
reference Scheflens idea (1964) that the congruence of body parts between two
individuals is an indication of empathy, rapport, and mutual interest.

However, people affected by an eating disorder seem to react differently to being
mimicked (Erwin et al., 2022). Eating disorders involve abnormal eating, and exag-
gerated preoccupation with food, body weight, or shape, which cannot be explained
by other health conditions or the cultural context. Erwin et al. (2022) suggested that
patients with eating disorders feel “triggered” when being mimicked. Since mim-
icry is linked to physical and emotional closeness, which as stated by the authors is
feared by individuals with eating disorders, and that furthermore comparison and
imitation is part of “learning” disordered eating, they argue that mimicry causes
stress. To test their hypothesis, the authors compared patients with eating disorder
to a non-clinical group. A confederate mimicked vs. did not mimic the mannerisms
of each participant. Afterwards participants rated the confederate’s likability and the
smoothness of interaction. Interestingly, the authors hypothesis was confirmed and
participants with an eating disorder who were not mimicked rated the confederate
as slightly more likable and the interaction smoother than participants who were
mimicked. A longer duration of the eating disorder was associated with lower liking
of the mimicking confederate. This is fascinating, as it shows that the type of disor-
der might play a role in how mimicry affects social relationships and therapy.
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Thus, for the most part, conscious imitation of patients by therapists seems to be
a promising technique to create mutual understanding (Geerts et al., 2006), rapport
(Sharpley et al., 2001) and empathy (Maurer & Tindall, 1983), thereby supporting
the well-established idea that congruent body movements are important for psycho-
therapy (Charny, 1966; Scheflen, 1964)—but only for some disorders. The type of
disorder might play a crucial role in how being mimicked by the therapist is per-
ceived. Now we will take a closer look at the evidence of what effects it might have
if patients are trained to imitate others.

Imitation as Intervention in Clinical Populations

If being able to imitate affects our social relationships, what about the effects of
patients being trained to imitate others? We found two studies that investigated the
effect of “practicing mimicry” with clinical populations. Koehne et al. (2016) did
this through a dance/movement intervention for people with autism spectrum disor-
der and Pancotti et al. (2021) through a facial muscle training for participants with
schizophrenia. Both studies report a positive effect on emotion recognition perfor-
mance of patients through the training.

Koehne et al. (2016) compared a 10-week imitation- and synchronization-based
dance/movement intervention to a control movement intervention in participants
with high-functioning autism spectrum disorder. The 90-minute intervention, which
was administered ten times over the course of 3 months, aimed at enhancing socio-
cognitive and socio-affective processes. The intervention consisted of exercises
which were either executed within dyads or within a bigger group of participants,
focusing on movement imitation and synchronization with and without music (such
as arm swings initiated by the other participant or dancing in circles in choreo-
graphed movement). Participants treated with the imitation- and synchronization-
based dance/movement intervention showed a significantly larger improvement in
emotion inference, but not empathic feelings, both measured with the Multifaceted
Empathy Test, than those treated with the control intervention. Furthermore, the
imitation- and synchronization-based dance/movement intervention increased the
tendency to mimic others compared to the control condition. The authors suggest
that the dance/movement intervention increases mimicry behavior, which fosters
the increase in emotion inference.

In the second study, a facial muscle training (similar to a rehabilitation approach
after facial paralysis) was tested for people with schizophrenia (Pancotti et al.,
2021). People with schizophrenia often show impairments in expressing and per-
ceiving social emotions, which as the authors suggest consequently leads to prob-
lems in their social lives. The authors hypothesized that the training would improve
their ability to mimic and consequently improve facial expression recognition.
Twelve participants with schizophrenia were assigned to an experimental group and
12 to a control group. The experimental group trained the mobilization of lip mus-
cles, and the muscles around the eyes three times a week for 45 min over the period
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of 5 weeks. The participants in the control group meanwhile took part in activities
instructed by the nursing home (which are not further specified in study). Before
and after the training, both groups completed a facial expression categorization test.
Results showed a positive impact in the recognition of others’ facial emotions for
those who had done the facial muscle training, specifically for the responses of
“fear.” The authors believe in the great potential of such interventions and advocate
for incorporating therapeutic “approaches based on the body and its interaction with
the environment” (p. 10) to treat psychological disorders. The evidence we pre-
sented so far focused on the effects of being mimicked, which involved a confeder-
ate, and on practicing mimicry. We will continue with presenting the evidence on
spontaneous mimicry between therapists and patients.

Spontaneous Mimicry in Psychotherapy

We are only aware of three studies investigating spontaneous mimicry in psycho-
therapy. Avdi and Seikkula (2019) examined mimicry in a single case study of a
psychoanalytic therapy session, focusing on both postural congruence or mimicry
and the heart rate of therapist and patient. During their in-session research, they
found that mimicry and heart rate synchrony were highest during alliance ruptures.
This means that more mimicry was shown when verbal disjunction and tension
threatened the therapeutic alliance. Hence, the authors suggest that the therapeutic
dyad uses mimicry to regulate the tension. Patient and therapist mimic each other
until this tension is resolved. Mimicry is therefore seen by the authors as a form of
mutual regulation (Benecke et al., 2005).

Reinecke et al. (2021) examined the hand movements of 28 patient-therapist
dyads at the beginning and end of a psychodynamic therapy (56 videos). Two inde-
pendent raters analyzed the hand movements using the neuroges analysis system for
nonverbal behavior (Lausberg, 2013). This system consists of an algorithm grouped
into three modules. The authors used the first module “activation category,” which
measures four activation values (one for each hand of both therapist and patient).
Subsequently, overlapping and simultaneous hand movements can be measured
with the neuroges analysis system (Lausberg, 2013). Simultaneous hand move-
ments correlated negatively with social anxiety symptoms and patients’ right- hand
movement with the therapeutic alliance. The authors suggest that mimicry is a
process-sensitive parameter to measure therapeutic alliance and outcomes of
psychotherapy.

We also conducted a study on mimicry, focusing on 64 patients with obsessive
compulsive disorder and their therapists during a short-term cognitive-behavioral
therapy (Salazar Kampf et al., 2021). Two raters gave a global mimicry value to
both the therapist and the patient during the first, middle, and last therapy session of
a short-term therapy of twelve sessions. Our results suggest that the patients’ mim-
icry behavior remains relatively stable over time and that mimicry at the beginning
of therapy predicts the perceived working alliance by patients at the end of therapy.
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Therapists adapted their mimicry levels to the patients. However, the therapists’
mimicry did not influence the perceived working alliance by patients.

These three studies suggest that mimicry might take on the function of mutual
regulation during conflicts (Avdi & Seikkula, 2019), is correlated with symptom
decrease, and is an indicator of the therapeutic alliance (Reinecke et al., 2021). In
addition, therapist and patient influence each other in their mimicry, which possibly
influences their therapeutic alliance (Salazar Kampf et al., 2021). Interestingly, even
though the importance of imitation and mimicry in psychotherapy has been a topic
for quite some time, (a) clear theoretical frameworks are missing on why this might
be the case. Furthermore, as research on mimicry in psychotherapy is sparse, we do
not know if (b) different clinical populations show distinct mimicry behavior.

What is known however is that people with psychological disorders often show
rigid patterns in how they regulate their affects and relationships and show “a spe-
cific structure and form of their internal representations” (p. 83, Benecke et al.,
2005). These repeated patterns of behavior have a powerful impact on a person’s
experience. We therefore suggest that mimicry behavior might be associated with
specific patterns for each psychological disorder. Hence, we will now continue this
chapter by presenting four possible theoretical approaches for mimicry in psycho-
therapy (a), which are borrowed from research in other areas of psychology, like
social, developmental and personality psychology. Afterwards, we will present
research on mimicry in clinical populations (b).

Theoretical Approaches to Mimicry

Different theoretical approaches, which we will now describe in more detail, give
possible explanations why mimicry plays such an important role in our social life
and might help to develop a theoretical background on mimicry in psychotherapy.
We will present (1) the theory on perception-action-coupling, (2) the embodiment
theory, (3) the social glue approach, and (4) the social regulator theory. Even though
some of these theories overlap in their claims, the differences lead to divergent
assumptions on what the role of mimicry might be in psychotherapy, for therapists
and patients with different disorders.

Perception-Action-Coupling One approach to explain why humans mimic each
other is the theory on perception-action-coupling (Vicaria & Dickens, 2016).
According to this theory, unconscious mimicry, through simulating the observed
behavior of others, leads to an inner representation of that behavior. This so-called
perception-action-link has three theoretical claims on why social mimicry might
have developed through human evolution:

The first claim is that perception-action-coupling increases chances of survival.
It states that, for example, seeing one person run away from a dangerous situation
automatically facilitates fleeing behavior in others. Imagine someone running away
from a tiger. Instead of having to think it through (“Oh, why is this person running?
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Oh, I can see a tiger. This might be dangerous. Maybe I should also run.”) the per-
ception-action-link is said to automatically activate “running” in our brains so we
can react faster in potentially dangerous situations.

The second claim is that embodied representations facilitate emotional under-
standing and empathy (Varcin et al., 2010). If we listen to a friend who tells us a sad
story, maybe cries, and has a sad expression on his or her face, we automatically
imitate this sad expression. Maybe our eyes get teary or the corners of our mouth
point down. This mirrored facial expression is said to facilitate feelings of sadness
in oneself, thus to have a similar experience as the person we are observing. The
perception-action-link suggests that even the mere observing of emotional expres-
sions in others activates the same neural pathways that are activated when experi-
encing this emotion oneself. This activation is theorized to explain emotional
contagion and thereby affective empathy (Sonnby-Borgstrom, 2002).

The third claim suggests, that mimicry creates social bonds. By resonating the
others’ behavior, we increase mutual resemblance, as if we would wear similar
clothes. These similar movements seem to foster rapport (Lakin et al., 2003; Stel &
Vonk, 2010) and mutual liking (Salazar Kampf et al., 2018)."!

Assuming the theory of perception-action-coupling was valid, we could derive
different theoretical consequences for psychological disorders and psychotherapy.
The fist claim refers to fight-or-flight situations, meaning that we can react faster
through mimicry in dangerous situations. This is a claim which might be especially
relevant for people who are under the impression that they might possibly be in a
dangerous situation. If we think of psychological disorders as maladaptive behav-
ioral patterns, this could mean that some mimic fear-relevant expressions in an
exaggerated manner. In terms of psychological disorders, this should be true for all
fear-related anxiety disorders, such as general anxiety disorder, social phobia, and
specific phobia. According to the perception-action-coupling-theory, patients should
mimic fear-relevant stimuli more and therefore process and react faster in fear-
relevant situations. In line with this assumption, Derryberry and Tucker (1994)
could show that fearful states direct attention away from the self and to the environ-
ment. Consequently, for example people with anxiety disorders should mimic, per-
ceive, and process facial expressions that indicate danger faster than non-clinical
populations.

The second claim on the relationship between empathy and mimicry goes beyond
Scheflens’ (1964) idea that mimicry is an indication of empathy and mutual interest.
If mimicry as suggested creates empathy, it should be relevant for both therapists
and patients, as therapists might use mimicry to put themselves in the patients’
shoes and patients might be more or less empathic, depending on whether their type
of disorder might be associated with more or less mimicry behavior. If the second
claim is confirmed then mimicry might be a tool to regulate empathic responses (for

!'Similarity is of course highly depended on context factors and can be represented on different
levels, such as visual similarity, similarity because of gender, race and class etc.
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patients and therapists alike), that is to enhance or reduce empathy depending on the
context.

The third claim about mimicry creating social bonds is important for the patient-
therapist-dyad during the therapeutic process and for the patients’ social lives. As
people with psychological disorders often have problems in their interpersonal rela-
tionships, it might be interesting to study whether low or inappropriate levels of
social mimicry contribute to the problems in their interpersonal relationships and if
so, if they can be improved through mimicry. Moreover, therapists might also be
able to better the therapeutic relationship if trained to use mimicry. This would be in
line with Caldwell’s (2006) suggestion that a social bond is fostered by creating a
mutual language through imitation.

Embodiment Theory The embodiment theory (Arnold & Winkielman, 2020) pro-
poses that cognition is grounded in perceptual, somatosensory, and motor experi-
ences. To support this claim, Arnold and Winkielman (2020) refer to studies on
emotion recognition, where participants are asked to inhibit their own facial expres-
sion, which have shown to sometimes impair for example the distinction between
true and false smiles. Supporting this assumption, lesions and temporary inactiva-
tion of sensory-motor areas can impair emotion recognition (e.g., Adolphs et al.,
2000). Arnold and Winkielman (2020) claim that this type of motor activation is
especially useful in subtler recognition of emotions—for example if the facial
expression is ambiguous, complex, or brief. This is in line with Zwick and
Wolkenstein’s (2017) claim that facial mimicry is associated with an acceleration of
the facial emotion recognition process. In sum, this theoretical approach suggests
that mimicry helps us to perceive the world faster and more accurately by creating
representations of the same experiences observed in others. However, some studies
contradict this assumption (Blairy et al., 1999; Hess & Blairy, 2001). For example,
some studies show that people suffering from facial paralysis perform normally on
emotion recognition tasks (e.g., Rives Bogart & Matsumoto, 2010).

Theoretical consequences of the embodiment approach for psychological disor-
ders and psychotherapy could be that disturbed cognitive processes are connected to
disturbances in mimicry and vice versa. Specifically, the interpretation of social
signals should generally be slower and ambiguous facial expressions harder to iden-
tify for people with psychological disorders. This theory would make it plausible
that mimicry might be connected to attentional processes and that differences in
mimicry should also be found whether the attention is more self-referential or
focused on outward stimuli. Mimicry might further be a way for therapists to
decrypt ambiguous facial expressions of patients in ambivalent situations.

Social Glue Approach This approach focuses on mimicry as a “powerful medium
of affective communication” and key to create “feelings of rapport” (p. 288, Tickle-
Degnen & Rosenthal, 1990): Lakin and Chartrand (2003) assume that the desire to
affiliate may cause people to pay more attention to what occurs in their social envi-
ronments and therefore to activate mimicry of any behavior (it doesn’t matter if it is
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foot shaking or a facial expression), which in turn creates social bonds. Consequently,
the desire to affiliate should influence the amount of mimicry shown and the more
mimicry is shown the more the mutual liking should increase (Lakin et al., 2003;
Seibt et al., 2015). This bidirectional link (liking increasing mimicry behavior and
mimicry increasing linking) has been shown in one of our own studies, where peo-
ple did not know each other before and talked to each other in a “speed-friending”
setting (non-romantic speed-dating for friendships; Salazar Kimpf et al., 2018).

According to this approach, mimicry should be especially relevant for therapists
at the beginning of therapy to create a bond with the patient. Improving the mimicry
of patients during therapy should furthermore be a means to improve their social
relationships. In terms of specific psychological disorders, disorders where people
have a heightened desire to affiliate might show elevated levels of mimicry behav-
ior, like histrionic personality disorder or people experiencing a manic episode. In
the same vein, people suffering from psychological disorders associated with lower
levels of desire to affiliate, like depression (known to be associated with social with-
drawal), should show lower levels of mimicry. More research has to be done to
know if this could be part of diagnostics or could serve as a process-sensitive param-
eter, as suggested by Reinecke et al. (2021), and what therapist can learn in terms of
the therapeutic relationship if they monitor the patient’s and their own mimicry
behavior. Furthermore, according to this theory, it would be beneficial to include
mimicry training as a part of the social skills training during therapy for those who
show exaggerated or very low levels of mimicry.

Social Regulator Theory Hess and Fischer (2013, 2022) suggest that mimicry
functions as social regulator. According to this theory, mimicry signals emotions
back to the observer, which fosters affiliation by communicating to others that we
feel with them (for a review, see Chap. 3; this volume). This view is embedding
mimicry in a social context and differentiates emotional mimicry from imitating
behaviors that do not carry any emotional signal (contrary to the social glue approach
by Lakin and Chartrand). Hess and Fischer have three key assumptions: a) the inten-
tion to affiliate is key for mimicry behavior, b) behaviors that carry affiliation sig-
nals such as smiling are more likely to be imitated, and c¢) mimicry is
context-dependent—smiling in socially inappropriate contexts might reduce mim-
icry, e.g., when something disgusting happens. According to the authors, this
explains mixed results regarding the mimicking of sad faces. Furthermore, emotions
that are too intense will also not be mimicked. Central to their theoretical suggestion
is also the implication for measuring mimicry, as the focus lays on the communica-
tion of inner states, “that is, people mimic what they understand an emotion signal
to mean — and not necessarily specific muscle movements.” (p. 4). This implies that
the valence (positive vs. negative emotion) and fit (is the emotion context appropri-
ate) are key components of mimicking behavior. If the emotion that is mimicked
does not fit the context, Hess and Fischer (2022) argue that this is not mimicry but
rather a mere reaction to an emotional expression.



318 M. Salazar Kdmpf and C. Exner

The social regulator theory could explain why mimicry might have an effect on
the interpersonal life of patients: if they show abnormal mimicry behavior, they
send unusual social signals to others which in turn might lead to misunderstandings
in interpersonal contexts. For example, people with depression, as they show very
little or sad facial expression, should be mimicked less and as they often withdraw
socially, they should also mimic others less, according to the social regulator theory.
Furthermore, if a person has less desire for social connection with others, or thinks
that the other person might not be a valuable social contact, they should be less
likely to mimic them.

Therapists could make this a target of psychotherapy, for example by analyzing
videos of the sessions together with the patient or talking about the signals patients
send versus what signal they actually want to send in the ongoing session. According
to this theory, mainly context-appropriate positive emotions should be mimicked by
the therapists to support patients. It is unclear if imitating sad expressions should
therefore have contrary effects on affiliation and rapport in psychotherapy accord-
ing to the social regulator approach or if imitating sad expressions is a way of sig-
naling understanding what the other person is going through.

Now that we have gained an overview about the existing theories and their poten-
tial consequences for therapists, patients, and psychotherapy in general, we will
summarize the existing evidence on mimicry and psychological disorders. Given
the paucity of direct evidence of the impact of mimicry in psychotherapy, these
results might help to develop specific hypotheses and ideas for future research.

Mimicry and Psychological Disorders

People with psychological disorders might show specific patterns of atypical mim-
icry behavior, which may in turn influence their social relationships. For example,
some research shows that depressive states and anxiety decrease mimicry (Duffy &
Chartrand, 2015; Likowski et al., 2011; van Baaren et al., 2006; Vrijsen et al., 2010)
and some people with mental illnesses show lower levels of non-verbal output
(Riehle & Lincoln, 2018), lower levels of mimicry than therapists (Salazar Kampf
et al., 2021), and atypical non-verbal reactions (Varcin et al., 2010). One could
hypothesize that the specific type of disorder affects non-verbal behavior in differ-
ent ways. For example, a disorder which is characterized by social isolation and an
inward-focus, like depression, might lead to less mimicry behavior, whereas people
experiencing a manic phase, which is often characterized by heightened mood and
sociability, might show more mimicry behavior (Salazar Kampf & Kanske, 2023).
We will therefore shortly summarize the evidence clustered by each psychological
disorder.
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Depression

Studies have shown that sadness increases self-focused attention. Hence, one could
assume people affected by psychological disorders accompanied by increased sad-
ness or numbness, like depression, might have greater difficulties to direct their
attention towards external social stimuli (Likowski et al., 2011). Consequently, they
should show less mimicry behavior and be less receptive to mimicry behavior. This
might contribute to a further understanding of the fact that people suffering from
psychological disorders often have smaller social networks (e.g., for depression,
Segrin, 2000). Indeed, people with depression (Wexler et al., 1994; Zwick &
Wolkenstein, 2017), which is accompanied by lowering of mood and often a reduc-
tion of interest, energy, activity and concentration, mimic emotional stimuli less
(pictures or videos) compared to non-clinical control groups. Even sub-clinical dys-
phoric participants react less to happy faces than non-dysphoric participants (Sloan
et al., 2002). However, people with depression only mimic less during their depres-
sive episodes and not during remission (Zwick & Wolkenstein, 2017). Reduced
mimicry might be interpreted by others as a lack of affiliative tendencies, and thus
lead to reduced liking (Chartrand & Bargh, 1999; Likowski et al., 2011; Salazar
Kampf et al., 2018), leading to avoidance of people with depression by others. This
would point towards a vicious cycle with negative mood lowering mimicry behavior
and thus enhancing social exclusion which in turn worsens symptomatology
(Likowski et al., 2011).

Alexithymia

People with alexithymia (Franz et al., 2021), which is characterized by difficulties
identifying feelings and emotions, were compared to a control group. All partici-
pants viewed video sequences of faces displaying fear, sadness, disgust, anger, and
joy. The participants’ facial mimicry responses were recorded via electromyogra-
phy. The results suggest that people affected by alexithymia mimic emotional stim-
uli less than non-clinical participants.

Autism

There is a lively debate on autism, a neurodevelopmental disorder characterized by
interactional difficulties and repetitive interests and behaviors, and mimicry. Some
studies have found that people with autism hyperimitate (Spengler et al., 2010) and,
as described above, it has been reported that they can be trained to mimic (Koehne
et al., 2016). In contrast, other studies show mixed results (Hermans et al., 2009) or
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no differences between participants with autism and non-clinical participants
(Sowden et al., 2015). Finally, some studies even found that people with autism
mimic less (Forbes et al., 2016; Yoshimura et al., 2015) or more slowly and less
precise (Drimalla et al., 2021). Although most studies on autism use rather small
samples, they apply a wide range of methods to study mimicry, like virtual reality
(Forbes et al., 2016). This methodological richness makes the studies difficult to
compare but compelling for theoretical development.

Schizophrenia

Schizophrenia is defined by disturbances in thought, perception, volition, and affect,
and is often accompanied by bizarre behavior. Similar to autism, mimicry behavior
of people with schizophrenia has been studied with a wide range of methods, yield-
ing mixed results. Some studies found no differences between non-clinical controls
and participants with schizophrenia (Raffard et al., 2018; Riehle & Lincoln, 2018;
Torregrossa et al., 2019). Other studies found that people with schizophrenia show
less mimicry (Sestito et al., 2013; Walther et al., 2015) and atypical facial reactions
towards emotional stimuli (Falkenberg et al., 2008; Varcin et al., 2010). Social func-
tioning deficits in schizophrenia and schizoaffective disorder might partly be
explained by these atypical facial reactions to emotional stimuli (Varcin et al.,
2010). As described above, it might be possible to train people with schizophrenia
to enhance mimicry behavior (Pancotti et al., 2021).

Social Anxiety

To experience excessive fear in one or more social situations is called social anxiety.
Dimberg and Thunberg (2007) suggest that people with social anxiety show higher
levels of mimicry, whereas Dijk et al. (2017) and Vrana and Gross (2004) found
mixed results and Abbott et al. (2018) and Vrijsen et al. (2010) found that people
with social anxiety show less mimicry.

Post-traumatic Stress Disorder

Post-traumatic stress disorder is a disorder which develops over the course of sev-
eral weeks after a horrific event. The person afflicted re-experiences the traumatic
event (flashbacks), avoids “triggers” of these flashbacks, and has a persistent per-
ception of current threat. Participants with post-traumatic stress disorder showed no
differences compared to traumatized participants without post-traumatic stress
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disorder and non-traumatized non-clinical participants in facial reactions during a
facial emotion recognition task (Passardi et al., 2019).

Borderline Personality Disorder

Borderline personality disorder is characterized by being emotionally unstable and
impulsive. We found three studies on mimicry and borderline personality disorder,
all with different results. Pizarro-Campagna et al. (2020) found no group differ-
ences in mimicry between non-clinical participants and borderline participants.
Hauschild et al. (2018) found that patients showed more mimicry. Finally, Matzke
etal. (2013) found reduced mimicry behavior of positive social signals and increased
mimicry to negative social signals by patients compared to non-clinical
participants.

Psychopathic Traits

Psychopathic traits, characterized by dissociality and detachment, are said to be
linked to less empathy. Therefore Kiinecke et al. (2018) hypothesized that individu-
als high on psychopathic traits would also show less mimicry. However, they did not
find any group differences in mimicry of emotional stimuli between criminal offend-
ers and controls. Kyranides et al. (2022) found that participants with higher psycho-
pathic symptoms expressed more negative emotions and could be instructed to
imitate. Finally, Deming et al. (2022) found that the criminal offenders in their study
did not show any spontaneous mimicry of emotional video stimuli at all.

Disorder-Specific Mimicry Patterns

By summarizing these studies, we have gotten an overview over the existing research
on mimicry and different psychological disorders. Studies on psychological disor-
ders paint a complex picture. According to the existing data, it is difficult to describe
a pattern for each psychological disorder, as mixed results (more, less, and no dif-
ferences compared to non-clinical participants) can be found for participants with
autism (Drimalla et al., 2021; Forbes et al., 2016; Hermans et al., 2009; Spengler
etal., 2010; Sowden et al., 2015; Yoshimura et al., 2015), schizophrenia (Falkenberg
et al., 2008; Raffard et al., 2018; Riehle & Lincoln, 2018; Sestito et al., 2013;
Torregrossa et al., 2019; Varcin et al., 2010; Walther et al., 2015), social anxiety
(Abbott et al., 2018; Dijk et al., 2017; Dimberg & Thunberg, 2007; Vrana & Gross,
2004; Vrijsen et al., 2010), borderline disorder (Hauschild et al., 2018; Matzke
et al., 2013; Pizarro-Campagna et al., 2020), and psychopathic traits (Deming et al.,
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2022; Kiinecke et al., 2018; Kyranides et al., 2022). One explanation on why the
results might be mixed are the small sample sizes and the methodological approaches
that are used. To make sense of the results, we will now combine them with the
theoretical approaches we presented above.

Combining Theory and Disorder-Specific Results: Theoretical
Implications for Mimicry in Psychotherapy

There is great potential to incorporate mimicry into current theories, research, and
practice of psychotherapy. Until now, research on mimicry and psychotherapy has
not been defined by a clear theoretical background. This is why in this chapter we
presented four different mimicry theories (the theory on perception-action-coupling,
the embodiment theory, the social glue approach and the social regulator theory),
which have different claims on how and why mimicry is important for psychother-
apy and may differ between psychological disorders.

The theory of perception-action-coupling suggests that facial expressions should
be perceived and processed faster by people with anxiety disorders, especially when
they signal some kind of danger. In regard to social anxiety, the results are mixed,
but mostly do not support the claim that facial expressions are perceived and pro-
cessed faster. Although Dimberg and Thunberg (2007) results indicate that people
with higher social anxiety show higher levels of mimicry, Dijk et al. (2017) found
that they foremostly mimic polite smiles. Abbott et al. (2018) and Vrijsen et al.
(2010) found that people with social anxiety show less mimicry and explain this
with a heightened self-focused attention. This could also mean that other anxiety
related disorders, like generalized anxiety or specific phobias, show completely dif-
ferent results. However, there are no studies on the subject matter, yet.

The second (relationship between empathy and mimicry) and third claim (mim-
icry creates social bonds) cannot be evaluated in detail in regards to psychological
disorders as only few studies investigated mimicry in a dyadic setting. Results by
Spengler et al. (2010) point towards “hyperimitation” of participants with autism
being negatively linked to Theory of Mind. It might therefore be possible that mim-
icry is negatively linked to cognitive empathy, but positively to affective empathy.
However, considering the small sample size of this study, it is imperative that it is
first replicated before any conclusions are drawn.

Regarding social bonds, Riehle and Lincoln (2018) found that participants
reported to be less willing to interact with people with schizophrenia in the future,
than to interact with non-clinical participants, yet this was not related to mimicry of
smiles but maybe more to generally awkward non-verbal behavior. In terms of rap-
port in psychotherapy, Avdi and Seikkula (2019) suggested that mimicry might help
fix ruptures in the alliance; however, they did not test this assumption directly.
Further, Reinecke et al. (2021) found that simultaneous hand movements of thera-
pists and patients negatively correlated with the patients’ symptoms. We found only
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a small effect of mimicry levels of patients with obsessive-compulsive disorder and
the therapeutic alliance (Salazar Kdmpf et al., 2021). In sum, the evidence on mim-
icry in psychotherapy is not completely supportive of the claims on perception-
action-coupling, more studies have to be done regarding the processing of stimuli,
the focus of attention and in a dynamic setting.

According to the embodiment approach, disturbed cognitive processes should be
connected to disturbances in social mimicry and vice versa. However, studies inves-
tigating samples afflicted with psychological disorders and mimicry have not
focused on ambiguous facial or attentional processes yet. The only exception being
the study by Abbott et al. (2018), which assessed self-focused attention and found
that participants with increased self-focused attention mimicked the confederate
less. We do not have evidence on other cognitive disturbances, attentional processes
in therapists, or cognitive processes during psychotherapy. In people with psycho-
pathic symptoms (Deming et al., 2022) and borderline personality disorder (Matzke
etal., 2013), no link between emotion recognition accuracy and mimicry was found,
yet Kyranides et al. (2022) found that when people with psychopathic symptoms
were instructed to imitate facial expressions, they improved their emotion recogni-
tion performance, which is in line with the embodiment approach. In sum, there is
still too little evidence on the subject matter.

In line with the social glue approach, mimicry should be especially relevant for
creating rapport between patient and therapist, but also between patients and other
people in general. As there are almost no studies investigating the social effects of
mimicry in people with psychological disorders and the therapeutic context, we are
excited to see future research dedicating more time and effort towards this topic, as
for example examining if patients can improve their social relationships through
mimicry. We did not find any studies regarding psychological disorders with a
heightened desire to affiliate. In line with the core assumptions of the social glue
approach, Zwick and Wolkenstein (2017) found that people with acute depression
(known to be associated with social withdrawal) did show lower levels of mimicry.
Be that as it may, studies on depression only focused on mimicry towards static
pictures. Studying mimicry in social interactions will shed light on this phenome-
non. Further, negative effects of mimicry, like people with eating disorders being
“triggered” by imitative behavior, as suggested by Erwin et al. (2022), cannot be
explained by this theoretical approach and have not been investigated sufficiently.

The social regulator theory states that non-affiliative expressions like anger and
excessive sadness should be mimicked less. Most of the studies on psychological
disorders recorded facial reactions towards emotional pictures and video stimuli.
Interestingly, Sloan et al. (2002) and Zwick and Wolkenstein (2017) found that sub-
clinical depressed patients and acutely depressed patients did not show differences
in the mimicry of sad faces; however, they mimicked happy faces less. A similar but
slightly enhanced pattern was found by Matzke et al. (2013) in patients with border-
line personality disorder, which showed enhanced mimicry in reaction to angry, sad,
and disgusted facial expressions, and lower mimicry in reaction to happy and sur-
prised faces. According to the social regulator theory, this means that they do show
less affiliative signals and this might impact their social relationships. This
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assumption (the effect of these affiliative signals on social relationships) could be
fruitful for future research.

Moreover, people with alexithymia (Franz et al., 2021) and autism spectrum dis-
order (Drimalla et al., 2021; Yoshimura et al., 2015) showed lower, slower, or less
precise mimicry reactions regardless of the affect, whereas Dimberg and Thunberg
(2007) found that participants with high public speaking fear showed stronger mim-
icry of both happy and angry faces overall. This could indicate that there are appro-
priate levels of mimicry of affect depending on the context. Both too low or too high
levels of mimicry might thus affect social interactions.

Riehle and Lincoln (2018) found that participants with schizophrenia did not
differ in their mimicry of smiles, yet interaction partners still reported less willing-
ness to interact with people with schizophrenia in the future. Falkenberg et al.
(2008) found that patients with schizophrenia were more likely to display a smile as
a reaction to a sad face and Varcin et al. (2010) found that participants with schizo-
phrenia or schizoaffective disorder showed less mimicry regardless if happy or
angry faces were shown. Even though these results are somehow conflicting, all of
them could hint towards a mismatch between the mimicry reactions and the fit of the
situation. In line with the social regulator theory, people with schizophrenia might
show atypical facial reactions that do not fit the context and therefore cause irrita-
tion in their interaction partners.

It would be interesting to study how others react towards these patterns, as for
now most the results are only drawn from patients watching video or picture stimuli
and not from social interactions. Seibt et al. (2015) argue that social settings require
different behaviors, as social norms and scripts influence our behavior in a setting
and that most mimicry studies are impoverished compared to natural settings. For
example, in laboratory settings, stimulation is reduced compared to a real social
interaction: noises and visual stimulation are reduced to a minimum. Therefore,
results obtained by studies with participants passively watching photos, computer-
generated images, or short video sequences on a screen are not the same as a natu-
ralistic interaction.

Conclusion and Future Directions

In this chapter, we have recapitulated the evidence on mimicry in psychotherapy.
Mimicry is part of everyday social interactions and understanding and gives insight
into the function and dysfunction of social cognition and behavior (Arnold &
Winkielman, 2020), which might be helpful for the therapeutic process. Mimicry
helps us to bond with others, which in turn increases well-being, safety, and access
to resources. In his book “Atomic Habits” (2018), James Clear writes that one of the
deepest desires of humankind is to belong and that therefore our earliest habits are
the result of imitation and habits and form our identity. He writes “I find that I often
imitate the behavior of those around me without realizing it (...) As a general rule,
the closer we are to someone, the more likely we are to imitate some of their habits
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(...) We soak up the qualities and practices of those around us.” (p. 116, 117). If this
is true, mimicry is the mechanism through which we form our identity. This in turn
makes it an invaluable tool for the therapeutic practice.

Theoretical Approaches

We have taken a closer look on different theoretical approaches; however, an over-
arching theory is still missing and the evidence so far can neither confirm nor rule
out any of those approaches. It is likely that mimicry has various functions (e.g.,
increasing liking, sending social signals, maybe aiding emotion recognition) and
that it therefore has a special role during the therapeutic process. Generally speak-
ing, mutual mimicry during therapy should lead to positive effects, like a deeper
bond between therapist and patient (in line with the theory of perception-action-
coupling, the social glue approach and social regulator theory). Mimicry can also
help to explain why the environment we choose (e.g., friends) can have an important
impact on our identity, as we tend to imitate those we are close to, which has impli-
cations on how patients might be able to change dysfunctional habits, if we learn to
use it as a therapeutic tool.

But mimicry might not have positive effects during the therapeutic process at all
times. The imitation of heightened negative emotions, which often occur during a
therapeutic process, for example, might lead to irritation. According to the social
regulator theory (Hess & Fischer, 2022), during those parts of the therapeutic pro-
cess, the therapist has to find a way to signal understanding and compassion, but not
to join in the despair.

Methodological Approaches

Mostly, facial electromyography in reaction to different pictures or video stimuli
has been used to asses mimicry in psychological disorders. More specifically the
activity of the facial muscles zygomaticus major in response to happy faces and cor-
rugator supercilii in response to sad faces (e.g., Sloan et al., 2002; Wexler et al.,
1994; Zwick & Wolkenstein, 2017). Using stimuli in the laboratory makes the input
more comparable between subjects. However, those stimuli are often not represen-
tative of dynamic real-life situations. Studies that used a wider range of methods (as
for example the studies on schizophrenia and autism) show that mixed results
become more likely. This indicates that how one measures mimicry might be central
for the outcome of the results.

Apart from measurement differences, most studies take a passive observer per-
spective: how much do participants mimic picture or video stimuli? Only one study
by Erwin et al. (2022) focused on how being mimicked was perceived by people
with eating disorders. Contrary to results with non-clinical participants (Stel &
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Vonk, 2010), participants with an eating disorder who were not mimicked rated the
confederate as more likable and the interaction smoother than participants who
were mimicked. Reactions to video and picture stimuli are certainly very interesting
to study specific subprocesses of mimicry and just like we do not study zebra behav-
ior only in the zoo, we should study our own human behavior in real interpersonal
encounters.

Future Directions

We are excited to see how the future of mimicry research develops. There are many
interesting questions one could study. First and foremost, it seems crucial to study
real therapeutic interactions. How does the therapist patient dyad interact? How do
people interact in group therapy? What differences do we find between people with
different disorders in these interactive settings? What differences can we find
between therapists? Do we find differences between different therapeutic
approaches? Taking into account the different perspectives (i.e., the effect of mim-
icking, the effect of being mimicked, and dyadic effects) might be fruitful to inves-
tigate for future research to get a clearer picture on the role of mimicry in
psychotherapy.

Three main points become clear by summarizing the existing evidence on mim-
icry: (1) a common theoretical ground on mimicry in psychotherapy can still be devel-
oped. This is important, as it seems like mimicry could represent an important source
for diagnostic and intervention in psychotherapy. (2) Psychotherapy is a dynamic
interactional process between patient and therapist and it is unclear if the results of
studies focusing on video or picture stimuli are transferable. Therefore, evidence on
social mimicry needs to be broadened systematically in interactional psychotherapeu-
tic settings with different clinical samples. (3) Imitation, mimicry, and bodily pro-
cesses seem to be a promising area for psychotherapy research and practice.
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Chapter 16 )
Watching Others Mirror: Explaining e
the Range of Third-Party Inferences

from Imitation

Lindsey J. Powell and Piotr Winkielman

Imitation plays an important role in human social life. In this chapter, we focus on
a subset of imitation we refer to as socially-oriented imitation, or for short “social
imitation.” Social imitation necessarily occurs in the context of an interaction
between two or more actors. Contrary to learning-oriented imitation, or imitative
acquisition of skills or preferences that are useful to the learner, social imitation
often involves arbitrary behaviors only temporarily adopted by the imitator and/or
model. Common examples of social imitation include copying a social partner’s
posture, actions, speech, or choices in an ongoing social interaction (for comprehen-
sive reviews, see Chaps. 2, 3, and 4; this volume). In their own dyadic interactions,
people respond, usually positively, to being imitated in this way (e.g., Carpenter
et al., 2013; Chartrand & Bargh, 1999; Meltzoff, 1990; van Baaren et al., 2003; for
comprehensive reviews, see Chaps. 12 and 13, this review). People also imitate their
social partners in ways that suggest intended positive social effects: they increase
imitation toward likable social partners or after being ostracized, and they imitate
more when their social partners can see them (e.g., Bavelas et al., 1986; Lakin &
Chartrand, 2003; Lakin et al., 2008; Over & Carpenter, 2009; Sinclair et al., 2005;
Watson-Jones et al., 2016; for a review, see Chap. 11; this volume). There is a very
rich literature on effects and mechanisms of mimicry when it involves the first
party—direct participants in the interaction (for reviews, see Arnold & Winkielman,
2019; Chartrand & Lakin, 2013; Cracco et al., 2018; Duffy & Chartrand, 2015;
Hess & Fischer, 2013; Heyes, 2011; Stel et al., 2016; Wang & Hamilton, 2012).
Importantly, people also make inferences from social imitation as third-party
observers of interactions. Often these inferences seem uniformly positive, involving
the attribution of prosocial traits and relationships to the imitator or dyad. Some
studies, however, contradict this simple story, as observations of imitation lead par-
ticipants to make negative social inferences about the imitator. Though the
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empirical literature is not as rich, social as well as developmental psychology is in
need of a comprehensive explanation of how people extract social information from
the patterns of imitation they observe. This explanation can shed light not only on
inferences from third-party imitation, but also on first-party dyadic mimicry, and
also more generally on social inferences guiding our interpersonal interactions.

We first review evidence for third-party inferences from imitation across the
lifespan, from infancy to adulthood. We then make a proposal regarding the social
cognitive processes that support inferences from observed imitation. We discuss
how a simple concept of social affiliation, embedded in an intuitive theory of psy-
chology, can account for basic, positive inferences from observations of imitation
beginning in human infancy. We then describe how similar processes can support a
wider range of nuanced inferences and evaluations in mature observers.

A Review of Third-Party Inferences from Imitation

Developmental Methods

In order to understand how perceivers think about imitation, it is useful to take a
lifespan perspective. After all, social thinking begins early, develops rapidly, and
shapes important early social interactions (Csibra & Gergely, 2009; Heyman &
Legare, 2013; Kuhl, 2007; Wellman & Gelman, 1992). Developmental psycholo-
gists use a range of methods to study social inferences and evaluations in infants and
young children. Obviously, infant research cannot use verbal measures, and thus
often relies on systematic differences in looking behavior that can be elicited via a
variety of experimental designs (Aslin, 2007). Some of such studies aim to test
infants’ expectations. The “violation-of-expectation” method typically involves
familiarizing or habituating infants to a set of similar events designed to evoke
expectations from infants about what else might happen in the same context. Test
trials then show events that either do or do not meet the target expectations, with the
hypothesis that infants will look longer if the “unexpected” event does trigger their
surprise (Stahl & Kibbe, 2022). Other studies on early expectations measure infants’
ability to anticipate where an event will occur, or bias in where they look for the
source of an ongoing stimulus, such as a speech pattern (e.g., Fawcett & Liszkowski,
2012; Kudrnova et al., 2024; Thomas et al., 2022).

Other infant study paradigms are designed to measure infants’ social evaluation.
These studies familiarize infants to the different ways in which two actors behave
(e.g., helping vs. hindering, speaking a native vs. foreign language, imitating or not
imitating), and then the two actors are displayed side-by-side, out of their action
context, and infants are given some period of time in which to look at, reach for, or
interact with them (Hamlin et al., 2007; Kinzler et al., 2007; Powell & Spelke,
2018Db). Biases to look to or engage with one individual over the other may be taken
as evidence of a social preference, though it is sometimes hard to rule out
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alternative, non-evaluative explanations for differential looking (see, e.g., Begus
et al., 2016).

In older, more verbal children, studies of social cognition also examine expecta-
tions and social evaluation, but do so by asking children what they think or who they
like or think is nice, rather than tracking their gaze (Flavell, 1999; Turiel, 2015).
Such measures, while using simpler questions, resemble methods in adult social
psychology and may also ask for other verbal inferences, such as which people are
friends or who possesses other traits (e.g., intelligence, leadership). Furthermore,
they may ask children to justify or explain their answers, sometimes providing
insight into the cognitive processes involved. We give more specific examples
shortly.

Early Positive Inferences

When put in the position of third-party observers, infants and young children already
use patterns of imitation in their social inferences and evaluations. In general, obser-
vations of imitation seem to elicit positive evaluations and inferences of affiliation.
In violation-of-expectation experiments, infants expect imitators to approach or
smile at the imitated model, rather than to turn away from the model or approach a
person the imitator chose not to model (Liberman et al., 2021; Powell & Spelke,
2018a). Two sets of studies find that infants expect imitators, relative to non-
imitators, to behave prosocially toward the target of their imitation in other ways, by
helping or comforting them (Kudrnova et al., 2024; Pepe & Powell, 2023). Infants
also prefer to look at and reach for imitators over non-imitators, suggesting they
judge them to be better potential social partners (Powell & Spelke, 2018b; Thomas
et al., 2020). When 5-year-old children see a person choose to imitate one potential
model rather than another, they explicitly report that the imitator likes the imitated
model more than the non-imitated one (Over & Carpenter, 2015). Interestingly,
younger children failed to make this explicit inference, though some data suggest
they do when provided with more scaffolding while observing interactions (Over &
Carpenter, 2015; Afshordi & Carey, 2019). Children across several cultures rate
those who conform during an instrumental task—making necklaces—as more intel-
ligent and more well-behaved than non-conformers (Wen et al., 2019).

One open question concerns how general early positive inferences from imita-
tion are. Do infants interpret social imitation as evidence of the imitator’s broadly
prosocial disposition, or a more selective positive relationship between the imitator
and model? Some evidence suggests the latter. In one study, infant participants saw
their parent imitate one puppet and respond non-imitatively to another, and then
heard a voice saying “Hi, [participant’s name]!”” while the two puppets were side-
by-side on screen. When they heard their own name, infants looked more to the
imitated puppet than the non-imitated puppet, indicating that they inferred the imi-
tated puppet was more likely to know their name (Thomas et al., 2022). This sug-
gests participants may have used their parents’ imitation to infer that the imitated
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puppet was part of their particular social network. Additionally, in the studies refer-
enced above, there was no evidence that infants’ expectations of imitator prosocial-
ity extended beyond the imitated model to additional social partners (Kudrnova
et al., 2024; Pepe & Powell, 2023). This possibility does raise the question of why
infants themselves reach for imitators over non-imitators (Powell & Spelke, 2018b),
if they view social imitation as reflecting the imitator’s specific relationship with the
model. This is a puzzle that ought to be addressed by future research; one possibility
is that infants look for social partners who seem good at forming relationships,
rather than those who are impartially nice to all.

Role of Imitation vs. Similarity in Inference

One alternative interpretation of the findings discussed above is that infants and
children respond to similarity rather than imitation. They could generally expect
individuals who are similar to be friends and positively evaluate individuals who are
part of a group (Afshordi & Liberman, 2021; Liberman et al., 2014; Liberman et al.,
2021; Shutts & Kalish, 2021). However, a number of findings suggest that infants
base their inferences and evaluations on imitation, specifically, rather than similar-
ity. First, infants track which individual is imitating the other, and expect this rela-
tion to remain stable (Bas et al., 2023). These roles shape infants’ looking to
approach actions in violation-of-expectation studies: though infants look longer
when an imitator approaches the social partner they did not imitate over the one they
did imitate, infants do not expect models to approach imitators over non-imitators
(Fawcett & Liszkowski, 2012; Powell & Spelke, 2018a). This suggests that their
inferences of affiliation from imitation are asymmetrical. Similarly, though infants
preferentially look at and reach for imitators over non-imitators, they do not prefer
imitated models to non-imitated individuals (Powell & Spelke, 2018b; Thomas
et al., 2020).

Knowledge and intention also impact infants’ inferences and evaluations in a
way that suggests they are concerned with intentional imitative alignment, rather
than mere similarity in independent choices. Six-month-old infants expect people
who display the same food preference to affiliate, looking longer if the people look
angry and turn away from one another instead. However, this violation-of-
expectation effect is only observed if the people were together when expressing
their matching preferences (Liberman et al., 2021). Preliminary evidence suggests
12-month-old infants only preferentially reach for imitators over non-imitators if
those agents could perceive the model action they did or did not match (Powell &
Spelke, 2017). These results are in line with experiments on infants’ evaluations of
puppets who do or do not match the infants’ own preferences: 11-month-old infants
only prefer a puppet with the same food or color preference vs. a different prefer-
ence when the puppets’ matching and mismatching are done intentionally, follow-
ing the infants’ own choice (Mahajan & Wynn, 2012). This indicates infants prefer
those who imitate or align with them, rather than those who are merely similar.
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Although infants seem to be attuned to social imitation, and not just the similar-
ity that arises from it, children do come to expect some kinds of non-imitative simi-
larity to predict social affiliation. By age 4, children expect others to have friends of
the same gender and race, though they did not expect shared activity preferences to
guide friendship (Shutts et al., 2013). In another study, 4-year-old children inter-
preted one person’s agreement with another’s preferences for food and toys as evi-
dence of friendship only if the two people were together when stating their opinions,
not if they stated them separately or another character described each one’s opinions
(King et al., 2023). However, older children thought people with matching opinions
were likely closer regardless of whether those opinions were stated together or sepa-
rately, in line with a number of other studies that children age 5 and older treat
shared preferences and other similarity as cues to affiliation (Afshordi, 2019; Jordan
& Dunham, 2021; King et al., 2023; Liberman & Shaw, 2019). Intriguingly, shared
but independent preferences for food, specifically, may be treated as a cue to social
affiliation somewhat earlier (Liberman et al., 2021). These findings underscore the
importance of carefully teasing apart imitation and similarity as sources of early
social inferences.

Negative Inferences

Another class of phenomena that suggest children continue attend to social imita-
tion and the roles of model versus imitator is the negative inferences about imitators
they begin to make in some circumstances. After observing imitation, children
judge the model to be of higher social status than the imitator (Over & Carpenter,
2015). In some circumstances, children infer that imitators are antisocial. One such
circumstance is when matching another’s preference creates competition over a lim-
ited resource. Pesowski and colleagues told children stories in which one character
had stated a preference for one kind of resource (food or art supply) over another. In
some stories, there were plenty of the preferred resource. In those “resource rich”
cases, children judged another character who echoed the first one’s preference as
nicer and more likely to be friends with the first character, compared to a third char-
acter that expressed a different preference. However, the judgments changed when
there was only one of the first character’s preferred resource. For those “resource
limited” stories, children instead said it was the character who made a different
choice that was nicer (Pesowski et al., 2023). A second circumstance in which chil-
dren disapprove of imitation is when it involves copying someone else’s ideas, or
plagiarism. In a series of studies, Olson and colleagues found that children across
several cultures disapproved of story characters who copied others’ drawings, rather
than drawing something different or making the same drawing by chance (Olson &
Shaw, 2011; Yang et al., 2014). This disapproval may stem from an intuitive sense
that copying ideas involves violating someone else’s “ownership,” or to use adults’
language, their intellectual property rights (Shaw et al., 2012).
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Adult Reasoning About Imitation

Outside of the developmental literature, a smaller body of research finds that adults
also make social inferences from third-party observations of imitation. These find-
ings are similar to research on children’s inferences, though they suggest that the
inferences from mimicry can more easily turn negative and, obviously, become
more nuanced. In one study, observing social mimicry did improve third-party
observers’ liking of outgroup members who mimicked each other (Bretter et al.,
2023). This finding matches the standard findings of generally positive effects of
simple mimicry in dyadic, first-party interactions (Duffy & Chartrand, 2015).
However, the research also revealed a variety of unfavorable inferences. In a finding
that echoes the developmental finding about children assigning higher social status
to models (initiators) over imitators (Over & Carpenter, 2015), adult participants
perceived imitators as more submissive than their interaction partner who initiated
the gestures (Genschow & Alves, 2020). Furthermore, not only are mimics rated as
more submissive in comparison to models (initiators), the mimics are also rated as
more submissive than those who respond with a non-mimicking gesture or who do
not respond at all. Overall, this line of research clearly suggests that, at least from
the perspective of third-parties, mimicry is not a universally good thing and invites
concerns about the mimic’s social status and independence (cf. derogatory terms for
mimics such as “lackey” or “toady” or even a more neutral “copycat”). From that
perspective, it is perhaps unsurprising that in some dyadic interactions, instead of
mimicry, there is a counter-mimicry, with the responder producing opposite ges-
tures, or opposite facial expressions from the model. Such counter-mimicry can
even occur spontaneously and is typically seen in situations that involve some form
of dominance contest or competition (Carr et al., 2014; Hofree et al., 2018; Weyers
et al., 2009). One account suggests that social perceivers quickly learn and automa-
tize inferences about situations in which regular mimicry does or does not pay
(Cook et al., 2012).

But it is not only inferences of submissiveness that mimics should worry about.
There are situations where mimicry can do reputational harm, at least from the per-
spective of third parties. One context where this occurs is when the model (initiator)
is treating the mimic badly (e.g., by being condescending to them). In this case,
third-party observers perceive imitators of the model’s neutral gestures as less com-
petent than non-imitators (Kavanagh et al., 2011). Importantly, control conditions
show that this effect is not simply due to observers noticing similarity between the
gestures of the unpleasant model and the mimic. This is because observing similar
neutral gestures, without evidence that they derive from mimicry, eliminates the
effect (Kavanagh et al., 2011). In fact, just like in the developmental literature, the
adult literature highlights a key role for perception of intention behind imitation (cf.,
Powell & Spelke, 2017). Preliminary evidence for sophisticated incorporation of
intention information was provided by a study in which third-party observers
watched someone mimic or not mimic a model with a “bad” or “good” (un/trust-
worthy) reputation (Kavanagh et al., 2013). In this study, the third-party observers
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always knew the model’s reputation (they heard favorable or unfavorable gossip
about the model). Critically, observers also knew that some mimics were unaware
of the model’s reputation (did not know the gossip), whereas other mimics were
aware of it (they also knew the gossip). The results showed that third-party observ-
ers only made negative (or positive) inferences about the mimics if they knew that
the mimics were aware of the model’s reputation. Notably, mimicry of a disreputa-
ble model did not negatively influence third-party observers’ judgment of the mimic,
if the observers knew that their mimicry was “innocent” (Kavanagh et al., 2013).

More broadly, U.S. adults rate children who closely conform to others as less
intelligent than low conformers, but this finding varies across context and cultures.
Adults from Vanuatu, a subsistence farming society in Melanesia largely discon-
nected from Western culture, rated high conformers as more intelligent (Clegg et al.,
2017). Sanchez-Burks and colleagues also found cultural differences in inferences
from observed imitation. When watching a video of a supposed job interview,
U.S. Latino participants rated performance of the interviewee higher when the inter-
viewer mimicked them compared to a no mimicry condition, while U.S. Anglo par-
ticipants rated interviewee performance similarly, regardless of interviewer mimicry
(Sanchez-Burks et al., 2009). Overall, there is less evidence that adults make posi-
tive social inferences on the basis of third-party observations of imitation, but this
may vary substantially across cultures.

Summary

In sum, social inferences from third-party observations of imitation begin in infancy
and persist throughout the lifespan. These inferences are shaped by developmental
trends. First, infants initially seem to focus on imitation, specifically, as a basis for
inferences about affiliation and prosociality: They resist inferences from indepen-
dently arising similarity, and expectations and evaluations of the imitator are dis-
tinct from those for the imitated model. This yields to rising attention to general
similarity, which may be the primary basis for inferences of affiliation in middle
childhood. Children and adults do continue to encode the dynamics of imitation,
and come to use it to infer status and submissiveness, though more attention should
be paid to the emergence of cross-cultural differences which are apparent in adults.
Children and adults may also use information about who acted first and who copied
to make nuanced inferences and evaluations in cases of conflicting goals. Finally,
they pay attention to intentions behind imitation, and to the knowledge that the imi-
tator has about the model. In short, any account of the social cognition involved
should be able to explain both positive and negative inferences from imitation and
the phenomenon of asymmetric inferences made about imitators and targets. The
account we discuss next does all that.
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Adopted Utility and Reasoning About Imitation

Social connection between humans often involves shared interests or goals
(Eisenberg, 2000; McCullough, 2020; Tomasello et al., 2005). This can involve one
person helping or caring for another, two people cooperating toward a jointly desired
outcome, or even just two people liking to listen to the same kind of music. We
propose that people reason about the affiliative meaning of social imitation using
the same kind of social cognitive inference mechanism they use to reason about this
broad class of shared goals. This reasoning is, in turn, built on processes used to
make simpler inferences about individual behavior.

Reasoning About Others Using a Naive Utility Calculus

People approach reasoning about an individual actor’s behavior using a “naive util-
ity calculus” (Gergely & Csibra, 2003; Jara-Ettinger et al., 2016). Observers assume
an actor will choose the actions, or inaction, that will maximize the actor’s expected
utility, calculated as the difference between expected rewards and expected costs.
These beliefs can be instantiated as a causal model of others’ behavior, in which the
actor’s desires and affordances (i.e., what the actor can do in a situation, given some
amount of effort or other cost) feed into a planning process that selects a behavior.
Such a causal model allows observers to make both forward and reverse inferences
about other people (Baker et al., 2017; Liu et al., 2017; Woodward, 1998). If you
know what another person prefers and also how much cost or effort the available
choices require of them, then you can make a confident prediction about their likely
behavior. Conversely, if you see the cost someone puts into obtaining a particular
outcome (e.g., how much they pay for concert tickets, or how early they wake up to
go fishing), then you can infer something about how rewarding that outcome is to
that actor, specifically. This calculus is a piece of a broader “intuitive psychology”
that can also integrate reasoning about the actor’s beliefs, emotions, and personality
(Flavell, 1999; Wellman & Gelman, 1992).

Some actions, however, do not seem oriented toward the actor’s own rewards.
Consider one person, Anne, who helps another, Bianca, move apartments, first car-
rying heavy, packed boxes from the old apartment to a truck, and then carrying the
boxes from the truck into the new apartment. Anne expends a lot of effort on this
task, but she receives no direct reward. Instead, it is Bianca who experiences the
reward of having all of her belongings transported where they need to be. An
observer relying on a naive utility calculus framework can reason about actions like
Anne’s by inferring that Anne has incorporated Bianca’s rewards into the utility
calculations Anne uses to select which actions to pursue (Hamlin et al., 2013b; Jara-
Ettinger et al., 2016; Powell, 2022; Quillien et al., 2023; Ullman et al., 2009).
Adopting such an interest in Bianca’s rewards could be considered evidence that
Anne cares about Bianca. This does not demand assuming that Anne cares as much
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about Bianca’s rewards as Bianca does, or as much as Anne cares about her own
rewards; the value of others’ rewards is often discounted to some degree relative to
the actor’s own (Jones & Rachlin, 2006; Murphy et al., 2011; Tooby et al., 2008).

Understanding that people sometimes consider others’ rewards in their own util-
ity calculations can provide a basis for reasoning about prosociality in the form of
both dispositions and relationships. People who consistently incorporate others’
rewards into their utility calculations would be perceived as “nice,” and observers
can infer friendship and other prosocial relationships from one person’s consistent
consideration of a specific social partner’s rewards when making choices (Jara-
Ettinger et al., 2016; Kahane et al., 2018; Powell, 2022; Tooby et al., 2008). In
contrast, when an actor refuses to help another person or even causes them harm, an
observer may conclude that the actor places either no weight or a negative weight
on the other person’s reward in their utility calculations. The observer may use this
information to infer a negative disposition or relationship. These inferences may
impact the observer’s judgements about the actor’s moral character or potential to
be a good social partner for the observer themselves, though there are other factors
that inform these judgments as well.

Utility-based inferences about others’ pro- or anti-social relationships and dispo-
sitions can be the basis for observers’ social evaluations, beginning in infancy. From
around 6 months of age, infants preferentially reach for a helpful actor over a neu-
tral or hindering one (Hamlin et al., 2007; Margoni & Surian, 2018; Woo & Spelke,
2023a). The preferred actor’s helpfulness is typically demonstrated by the effort
they put toward helping a social partner achieve a simple instrumental goal, such as
going up a hill or opening a box. Importantly, this helpful effort does not need to be
successful. Infants prefer those whose actions reflect a desire to help even if the
helpee’s goals ultimately remain unfulfilled (Hamlin, 2013; Woo et al., 2017).
Similarly, infants’ helper preferences depend on the perception that helpful actions
were knowingly selected. If an actor does not know what another individual wants,
then infants do not positively evaluate the actor for engaging in an action that helps
the other person achieve their goal (Hamlin et al., 2013b). Conversely, if an actor
has a false belief about another’s goal (e.g., that the object the other wants is in Box
A when it is really in Box B), then older infants will positively evaluate the actor for
taking an action the actor would believe is helpful, even though it fails to promote
the helpee’s goal (Woo & Spelke, 2023b). This pattern of preferences is consistent
with the hypothesis that infants use a naive utility calculus to figure out when actors
value others’ rewards, and that this caring—rather than the positive effect of an
action—is the foundation of their social evaluations.

Adopted Utility and Imitation

Many social interactions do not involve situations in which an actor has the oppor-
tunity to help or reward their social partner(s). For example, if two friends meet in
the hallway and have a conversation, there may not be a clear way in which either
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can act to materially benefit the other. However, an observer may still see evidence
that each friend adopts the value the other places on actions and choices, through
their use of social imitation or mimicry. Choosing the same postures, actions, words,
facial expressions, and so on is relatively unlikely unless the imitator is noticing the
choices the model made in these domains and upweighting their own value on those
options as a result. For this reason, social imitation can reflect the imitator’s habitual
tendency to adopt concern for the things that others value. This can be a disposi-
tional habit extended to all of the imitator’s social partners or a feature of the spe-
cific relationship the imitator has to the model they align with. Thus, we propose
that the same type of utility-based inference that people use to evaluate helpful
actions forms the basis of inferences and evaluations from observed social imitation
as well.

As noted at the outset, we use the term “social imitation” to refer to the variety
of ways in which social partners may temporarily align with one another during an
interaction. This includes adopting the same posture, engaging in similar move-
ments, making matching word choices, or expressing similar opinions or prefer-
ences (Chartrand & Lakin, 2013). Social imitation of this sort reflects and enhances
liking between social partners and increases when imitators are motivated to seek
social affiliation (Lakin et al., 2008; Lakin & Chartrand, 2003; Over, 2020; Watson-
Jones et al., 2016). Social imitation can be distinguished from imitation aimed at
learning novel information or skills from others (Over & Carpenter, 2012). The lat-
ter is likely to take the form of a long-term adoption of behaviors or preferences
associated with successful outcomes or individuals, and it continues in the absence
of the person being imitated. In contrast, social imitation of the type we discuss here
typically involves transient changes in behavior enacted in the presence of the social
partner who is being modeled or other observers. Learning-oriented imitation does
not need to involve any care for the goals or rewards of the model; it is motivated
instead by the imitator’s desire to achieve a better outcome for themselves. Social
imitation typically does not result in any direct rewards for the imitator from the
imitated actions themselves, however. Instead, we argue that observers perceive the
motivation of social imitation to be based in adoption of the model’s value function.

Adopted Utility Inferences from Imitation in First-Party vs.
Third-Party Settings

Notice that this framework suggests that in dyadic interactions, one should usually
observe positive effects of imitation on the model. After all, from the perspective of
adopted utility, imitation suggests to the model that the mimic notices their action,
understands the value function that led to it, and seeks social affiliation and even
coalition by placing a similar value on those actions. From the perspective of the
model, these are all usually good things and thus dyadic mimicry usually pays off—
results in more favorable judgments. This is, of course, unless copying the model
actually results in competition between the mimic and model, as when choosing the
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same limited resource or shadowing someone’s movements to block their path
(Naber et al., 2013; Pesowski et al., 2023). Or, it may be very clear that the intention
behind mimicry is ingratiation, parroting, or parodying (Jones & Pittman, 1982;
Kavanagh & Winkielman, 2016; Over & Carpenter, 2009, 2012). In fact, it has been
argued that spontaneous imitation may be particularly valued and considered infor-
mative by models in dyadic interactions, and also by third-party observers. This is
because spontaneous mimicry is harder to “fake” and thus provides stronger evi-
dence that the mimic genuinely shares values with the model, and either is, or truly
wants to be a part of the model’s social group (Kavanagh & Winkielman, 2016).

However, from the perspective of the third-party observers, all these inferences
are qualified by the fact that the observer does not directly benefit from the signal of
affiliation. After all, the mimicry is not directed at the observer, but at the model.
Thus, in evaluating the mimic, the observers ask additional questions and consider
the character of the model and the mimic’s knowledge about the model. The adopted
utility framework thus easily explains negative inferences about the mimic (as
opposed to non-mimic) of untrustworthy, or incompetent models. After all, the
mimic “decided” to adopt (or spontaneously felt compelled to adopt) the model’s
utility, suggesting the mimic would like to affiliate with the model and is willing to
share goals and values the observer may not approve of. Observers may also notice
that a model is not responding positively to an imitator’s alignment with them (e.g.,
in Kavanagh et al., 2011, the model continued to be condescending to the mimick-
ing responder), and this could raise questions for the observer. Does the model have
other reasons to dislike the imitator or question their motives?

Despite these opportunities for negative inferences, the prosocial, affiliative
nature of imitation will often lead third-party observers to infer that imitators have
positive traits that would make them good social partners. All else being equal,
people would rather have social partners who are socially perceptive and interested
in friendly, well-coordinated interactions or relationships. Loyalty is also a valued
trait, which may help explain why children acting as third-party observers nega-
tively evaluate individuals who do not conform to their in-group, even though the
children themselves don’t belong to that group (Misch et al., 2014; Roberts et al.,
2017). Disapproval of non-conformity is strongest for individuals who choose not
to conform due to their own diverging preferences, supporting the conclusion that
children negatively evaluate individuals who are unwilling to support their group’s
values (Van Wye et al., 2021).

The adopted utility framework thus explains why imitation is sometimes but not
always viewed positively by observers. Notice that this is a feature shared with
evaluation of other typically prosocial behaviors, including helping. For example,
the authors of helpful actions are generally liked, even if those actions are directed
at others. However, they can be disliked from the third-party perspective, if their
helping is directed at an actor trying to achieve an anti-social goal or known to be
anti-social. This might be obvious when considering an example of adults nega-
tively evaluating a person who has generously helped a fugitive murderer, but even
infants prefer those who punish or hinder an actor who has previously acted antiso-
cially, relative to those who ignore or help antisocial actors (e.g., Geraci, 2020;
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Hamlin et al., 2011), and if a character has indicated their difference from an infant
by expressing a contrasting food preference to the infant’s own, then infants prefer
an actor who hinders rather than helps the disagreeing character (Hamlin
etal., 2013a).

Finally, this framework may be able to explain third-party inferences from
another type of interpersonal alignment: empathizing. Empathy involves under-
standing another person’s situation and feeling emotions congruent with their well-
being and emotional state (Batson, 2010; Eisenberg et al., 2006). Recipients of
empathy feel close to and supported by their social partners (Cramer & Jowett,
2010; Gable et al., 2018), but third-party observers can also make social inferences
from observing empathy, or counter-empathy. One proposal is that observers do this
by reasoning that empathizers experience shared or congruent emotions with the
target of empathy because they care about the target’s goals and welfare and thus
appraise the target’s outcomes similarly (Smith-Flores & Powell, 2023). New evi-
dence supports this hypothesis. Infants and children expect others to empathize with
their friends’ or group members’ outcomes, and children also infer social relation-
ships from observed empathy or counter-empathy (Smith-Flores et al., 2023, 2024;
Tompkins et al., in press). Children and adults both also typically positively evaluate
those who comfort or empathize with others (Geraci et al., 2021; Wang & Todd,
2021). However, adults’ evaluations of empathizers depend on what they know
about the target of empathy: perhaps unsurprisingly, data show that adults don’t
positively evaluate someone who empathizes with a neo-Nazi struggling to achieve
their goals (Wang & Todd, 2021). Thus, it seems that people may use observations
of both social imitation and empathy to infer when a social actor has concern for the
goals of their social partner, and that people judge these actors based not just on the
affiliative or prosocial nature of that concern but also on their evaluations of the
moral worth of targeted social partners (Kavanagh et al., 2013; Wang & Todd, 2021).

Automatic vs. Conscious Processing of Observed Imitation

Finally, how conscious are the underlying processes? Before we tackle this question
about the observers, let us consider it in the context of dyadic interactions. After all,
what makes dyadic imitation fascinating is its spontaneous, unbidden nature. We
think the answer about automaticity depends on multiple factors. It is clear that
some mechanisms of imitation relate to ideomotor processes (Chartrand & Bargh,
1999), fluency of embodiment (Carr & Winkielman, 2014), and perception-behavior
action learning—the associative pairing of frequently observed action with fre-
quently performed behavior (Heyes, 2011), but it is also clear that even automatic
imitation is flexible and can, to some extent, incorporate goals and social variables
(Cracco et al., 2018). Clearly, this depends on the nature of behavior. For example,
automatic finger imitation can be insensitive to social variables, like power and
status (Farmer et al., 2016), whereas facial imitation is sensitive to such variables
(Carr et al., 2014). Presumably, the more novel, complex, slow, and controllable the
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behavior, the more higher-order inferences play a role. But even spontaneous and
quick imitation can incorporate well-practiced goals, such as social affiliation,
since, as mentioned, social perceivers quickly learn and automatize inferences about
situations in which mimicry does or does not pay (Cook et al., 2012).

All this puts a young or old observer of imitation in a quandary. How much does
the observed imitation reflect the imitator’s social goals and beliefs versus other less
intentional processes? Anecdotally, before we blame someone for spontaneously
returning a dictator’s smile or spontaneously meeting his outstretched hand, we may
pause to consider whether the imitator was “tricked into it,” did it out of politeness
habits, etc. On the other hand, highly automatized behaviors are sometimes (but not
always) deeply reflective of personal values, social preferences, and prejudices
(Uhlmann et al., 2012).

One interesting, though yet unexplored challenge, also relates to the asymmetric
knowledge of the imitator and the observer. Usually, the model’s action is directly
aimed at the imitator and may be more visible to them (e.g., leg crossing, hair touch-
ing) and thus is more likely to trigger an automatic process. The observer thus may
underestimate the role of these constraints, as well as other constraints that contrib-
ute to the known asymmetries in actor-observer accounts of social behavior (Malle,
2014). Future research could explore these fascinating issues with both young and
old observers, with an eye on systematic differences in how sophistication in under-
standing social relationships, as well as basic human psychology, changes the pat-
tern of inferences from observed imitation (or lack thereof).

Conclusion

In this chapter, we reviewed evidence about third-party inferences from imitation
across the lifespan, from infancy to adulthood. We then proposed that a simple con-
cept of social affiliation, embedded in an intuitive theory of psychology, can account
for basic, positive inferences from observations of imitation. We argued that as
observers mature and acquire richer social knowledge, they can draw progressively
more nuanced inference from observed imitation, incorporating the role of inten-
tion, mutual knowledge, social skills, theory of mind, as well as social strategies.
They may even consider the extent imitation they observe is due to processes that
are automatic and perhaps less under control of goals and beliefs. All this results in
the rich tapestry of social judgments we see in our daily life.
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