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ABSTRACT OF THE DISSERTATION

Exploring the Neural Architecture of Cultural Imitative Learning

By

Elizabeth Reynolds Losin
Doctor of Philosophy in Neuroscience
University of California, Los Angeles, 2012

Professor Mirella Dapretto, Chair

Imitation is a key mechanism by which people learn from others and is a fundamental
component of cultural acquisition. Importantly, people do not imitate everyone in their social
environment to the same degree. Instead, people preferentially imitate certain individuals
including those who are similar to them or have high social status. These imitative biases are
thought to automatically direct attention to individuals most likely to exhibit self-relevant or high
quality behaviors, thus increasing the efficiency of cultural learning. Though much is known
about the neural mechanisms underlying imitation, the neural mechanisms underlying imitative
biases are largely unknown. In this dissertation, | began to address this knowledge gap by using
fMRI to measure neural activity while people imitated individuals differing in self-similarity and
social status. | focus on gender and race, two factors that can index a person’s self-similarity

and social status and that are known to influence the likelihood of imitation.

In chapter 1, | proposed a tentative model of the neural mechanisms underlying imitative

cultural learning. In chapter 2, | tested this model in relation to gender imitative biases. | found



that the brain’s reward system was more active during imitation of own-gender compared to
other-gender models, suggesting a neural mechanism underlying the preferential imitation of
own-gender models. In chapters 3 and 4, | tested this model in terms of imitative biases related
to race. | found that both European Americans and African Americans exhibited more activity in
visual regions and lateral fronto-parietal regions when imitating African American models
compared to either European American or Chinese American models. Regardless of their own
race, participants also rated African Americans as having lower social status than either
European or Chinese Americans, suggesting that social status rather than self-similarity drives

neural responses to race during imitation.

Taken together, these studies demonstrate that the neural systems that support imitation
are modulated by the gender and race of the person being imitated. These data also suggest
that both self-similarity and social status influence neural responses to race during imitation,
highlighting neural mechanisms that may underlie similarity and status biases in cultural

imitative learning.
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CHAPTER 1

Introduction to the dissertation



Imitation is one of the primary ways by which humans acquire culture (Tomasello,
Kruger, & Ratner, 1993). Imitation enables efficient learning through copying a model as
opposed to costly individual learning strategies such as trial and error (Zentall, 2006). The
presence of imitative biases is thought to increase the efficiency of cultural learning via imitation
(Henrich & McElreath, 2003). Theoretical models and empirical data from anthropology and
psychology suggest that people preferentially imitate certain types of information and certain
individuals including those who are perceived to be self-similar (Bandura, 1977; Henrich &
McElreath, 2003) or high in status (prestigious or successful) (Chudek, Heller, Birch, & Henrich,
2012; Henrich & Gil-White, 2001). Two factors that can suggest a person’s self-similarity and
status are gender (Blau & Kahn, 2000; Eagly, 1983; Rudman & Goodwin, 2004) and race
(Freeman, Penner, Saperstein, Scheutz, & Ambady, 2011; Karunanayake & Nauta, 2004,
Penner & Saperstein, 2008) and both factors have been found to influence imitation. Despite
this behavioral evidence, prior to the current studies, investigations of the neural underpinnings
of imitation had not considered the influence of the gender or race of the person being imitated
(for a review see Caspers, Zilles, Laird, & Eickhoff, 2010). Likewise, studies of neural responses
to a person’s gender or race had not investigated these processes during active social
behaviors such as imitation (for a review see Ito & Bartholow, 2009). In this dissertation, | used
functional MRI (fMRI) to investigate how the gender and race of a model influence neural
activity during imitation and action observation to provide insight into the neural mechanisms
underlying cultural acquisition. These studies also address critical gaps in the current
understanding of neural mechanisms underlying imitation as well as gender and race

processing.

Cultural learning

Cultural learning is a form of social learning characterized by high fidelity information

transfer — both within and between generations — that results in cumulative cultural evolution



(Tomasello, 1999; Tomasello et al., 1993). Cultural knowledge, beliefs, norms, behaviors and
practices are all acquired and transmitted in this manner. Imitation is the most prevalent and
ontogenetically early means of cultural learning (Tomasello et al., 1993), and was therefore

chosen as the focus of this dissertation.

Imitative Biases

Cultural learning theories suggest that humans have several cognitive mechanisms that
enhance the efficiency of cultural learning by facilitating the acquisition of the most useful
behaviors, beliefs and knowledge from the social environment (Henrich & McElreath, 2003).
One of these mechanisms is the existence of imitative biases. People preferentially imitate
certain behaviors (content biases), the most common behaviors (frequency-based context
biases), and certain individuals (model-based context biases) (Boyd & Richerson, 1985; Henrich
& McElreath, 2003). Such imitative biases are thought to have evolved because they
automatically direct attention to the highest quality and most self-relevant behaviors and the
individuals most likely to exhibit those behaviors, thus increasing the efficiency with which those
behaviors are learned and ultimately increasing the fitness of the imitator. In this dissertation, |
focused on model-based imitative biases. Cultural learning theories posit that people
preferentially imitate self-similar (Bandura, 1977; Henrich & McElreath, 2003) and high status
(Chudek et al., 2012; Henrich & Gil-White, 2001) models and there is ample behavioral

evidence that both self-similarity and social status influence real-world imitative behavior.

Early evidence for preferential imitation of self-similar models came from a series of
laboratory studies conducted by Alfred Bandura and his colleagues (Bandura, 1965; Bandura,
Ross, & Ross, 1961; Bandura, Ross, & Ross, 1963). In these studies, children observed
different models performing behaviors such as interacting with a life-size doll (Bobo doll) or
selecting from an array of toys. Children were then given the opportunity to interact with these

objects themselves while the similarity of their behaviors to those of the different models was
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measured. Based on these studies, Bandura proposed his Social Learning Theory (SLT), which
emphasizes the importance of model self-similarity in biasing social learning (Bandura, 1977).
Bandura suggested that model self-similarity influences social learning because observers
identify more with self-similar models, thus making it easier for them to relate modeled actions
to their own (Bandura, 1977). More recent studies have continued to demonstrate a preference
for self-similar models. For instance, Stack (1987) found that the rate of imitative suicide
following the suicide of a celebrity was higher than expected by chance among those matched
to the celebrity in age, gender and nationality. Similarly, Vescio and colleagues (2005) found
that middle school children most often reported having role models of their own gender, their

own national heritage and who played the same sports as they did.

Evidence of preferential imitation of high status individuals (both in terms of prestige and
success) has also been found through controlled laboratory experiments. For example, in
iterative betting (Rosenbaum & Tucker, 1962) and investment experiments (Kroll & Levy, 1992),
participants were found to imitate the investment choices of the most successful players even
when this strategy was not optimal for winning the game. Similar instances of success-biased
imitation have been documented in a number of other studies (Chalmers, Horne, & Rosenbaum,
1963; Greenfeld & Kuznicki, 1975; Mausner, 1954; Mausner & Bloch, 1957). Preferential
imitation of prestigious models has also been demonstrated. For example, Bauer and
colleagues (1983) found that college undergraduates more readily imitated the strategy used by
a professionally dressed model who held a Ph.D. than an immature-looking model who did not
yet have a bachelor’s degree. Similar prestige-biased imitation has been repeatedly
demonstrated (Bandura & Kupers, 1964; Harvey & Rutherford, 1960; Lefkowitz, Blake, &

Mouton, 1955).



Gender and race as proxies for self-similarity and social status

In contrast to the laboratory setting, during real-world imitative learning, detailed
knowledge about self-similarity (e.g., shared beliefs and goals) and social status (e.g., financial
success or job prestige) is often not available to learners. For this reason, phenotypic
characteristics such as gender and race are sometimes used as proxies for this information
(Boyd & Richerson, 1987; Henrich & Gil-White, 2001). This is because tight psychological
associations exist between gender and race and both self-similarity (Blau & Kahn, 2000; Eagly,
1983; Rudman & Goodwin, 2004) and social status (Freeman et al., 2011; Karunanayake &
Nauta, 2004; Penner & Saperstein, 2008). Accordingly, both gender and race have been found
to influence the likelihood of imitation. Therefore, in the present studies we focused on the

influence of gender and race on neural mechanisms of imitation.

Imitative preferences related to gender have been found primarily for own-gender
models. In a series of foundational studies, Bandura and colleagues found that a diverse set of
behaviors, ranging from aggression to color preference, were more readily transmitted via
imitation of own-gender than other-gender models (Bandura et al., 1961; Bussey & Bandura,
1984). Following Bandura’s findings, preferences for own-gender models have been
documented for models such as parents (Basow & Howe, 1980), teachers (Gilbert, Gallessich,
& Evans, 1983), peers (Perloff, 1982; Slaby & Frey, 1975) and even strangers, like musicians
(Killian, 1990) and celebrities (Stack, 1987), thus suggesting that own-gender imitative biases
are pervasive during development and continue to guide imitation in adulthood. Bandura’s early
studies and others also demonstrated that a preference for own-gender imitation is present in
children before gender identity is fully formed, suggesting that own-gender imitation is not only

an effect, but also a cause of gender identity development (Bussey & Bandura, 1984).

In contrast to gender biases which appear to primarily relate to self-similarity, imitative

biases related to race have been found both for own-race (self-similar) models and models from
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racial groups perceived to be higher in social status. These preferences have been found for a
variety of social behaviors and at many different ages. Soon after birth, infants have been found
to prefer own-race faces and to respond more receptively to own-race strangers (Feinman,
1980; Kelly et al., 2005). Children have been found to prefer toys and household objects chosen
by or representing higher-status-race (European American) individuals (Clark and Clark, 1947;
Liebert, Sobol & Copermann, 1972; Neely, Hechel & Leichtman, 1973). Adults have also been
found to exhibit such race-biased preferences. For instance, adults practice health-promoting
behaviors such as self-screenings more often when someone of their own race models the
behaviors (Haas & Sullivan, 1991). Adults have also been found to model their educational and
career choices after own-race role models (Karunanayake & Nauta, 2004; King & Multon, 1996;
Zirkel, 2002). Thus, like imitative biases related to gender, imitative biases related to race are

pervasive and appear to guide learning into adulthood.

Neural mechanisms of imitation

Although no prior studies had investigated the influence of the gender and race of a
model on the neural underpinnings of imitation, much is already known about the neural
mechanisms subserving imitation. The ideomotor framework of imitation suggests that there is a
common neural substrate for action perception and action execution (Prinz, 2005). Mirror
neurons, first discovered in macaque monkeys using depth electrode recordings, display these
perception-action coupling properties (Gallese, Fadiga, Fogassi, & Rizzolatti, 1996). A subset of
neurons in the monkey’s premotor cortex (area F5) (Gallese et al., 1996) and inferior parietal
lobe (area PF) (Fogassi et al., 2005) fire both when the monkey performs a goal-directed action
and when it sees a human or conspecific perform the same or a related action (Gallese et al.,
1996). Convergent evidence from a variety of imaging modalities, including fMRI (e.g., lacoboni
et al., 1999), EEG (e.g., Muthukumaraswamy, Johnson, & McNair, 2004), positron emission

tomography (PET) (e.g., Grafton, Arbib, Fadiga, & Rizzolatti, 1996), transcranial magnetic



stimulation (TMS) (e.g., Patuzzo, Fiaschi, & Manganotti, 2003), and most recently, single unit
recordings (Mukamel, Ekstrom, Kaplan, lacoboni, & Fried, 2010) suggests that a mirror neuron
system (MNS) with similar properties exists in the human brain. The putative human MNS
consists of the posterior inferior frontal gyrus (piFG), neighboring ventral premotor cortex (the
human homologue of monkey F5), and the rostral inferior parietal lobule (riPL) (Rizzolatti &
Craighero, 2004). Indeed, a recent meta-analyses of 35 human imitation studies (Caspers et al.,
2010) identified an extended bilateral network important for imitation that includes the canonical
MNS (the pars opercularis in the inferior frontal gyrus, premotor cortex and adjacent superior
frontal gyrus, and inferior parietal lobule) and additional sensorimotor and visual regions

including the supplementary motor area, primary somatosensory cortex, and visual area V5.

Neural mechanisms of imitation: Self-similarity

There is also some evidence that MNS may be sensitive to model self-similarity during
action observation (though this question had not previously been addressed during imitation).
Several studies have demonstrated that the human MNS responds more intensely to the
observation of human conspecifics compared to other animals (Buccino et al., 2004) or robots
(Gazzola, Rizzolatti, Wicker, & Keysers, 2007; Tai, Scherfler, Brooks, Sawamoto, & Castiello,
2004). There is also evidence that the MNS is modulated by model characteristics relevant to
the present study — ethnicity and gender. For example, two studies (Liew, Han, & Aziz-Zadeh,
2010; Molnar-Szakacs, Wu, Robles, & lacoboni, 2007) found evidence of greater MNS activity
while participants observed an ethnic in-group member versus an ethnic out-group member
performing hand gestures. However, two other studies found more activity in the MNS when
individuals viewed ethnic outgroup members (Désy & Théoret, 2007) or gender outgroup
members (Cheng, Tzeng, Decety, Imada, & Hsieh, 2006). These discrepant findings suggest

that while the MNS may be sensitive to the gender and ethnicity of a model, the direction of the



effect remains to be further clarified. Uddin, Kaplan, Molnar-Szakacs, Zaidel, & lacoboni (2005)
more directly tested the influence of self-similarity on the MNS by morphing the faces of
subjects with the faces of familiar others and demonstrated that both the right frontal and
parietal components of the MNS are activated more when viewing morphs containing a greater
proportion of the self-face than familiar-other-face. Furthermore, Uddin, Molnar-Szakacs,
Zaidel, & lacoboni (2006) later found that disruption of this area using TMS impaired self-face

from other-face discrimination.

Neural encoding of race and gender

Though no prior research has measured the influence of the gender and race of a model
during imitation, a number of studies have investigated differential neural responses to men and
women as well as to individuals from different racial groups. The findings of this work are
informative with regard to the neural systems that may also encode a model’s race and gender
during imitation. The majority of the existing literature on the neural correlates of race employs
face-viewing tasks (Eberhardt, 2005; Ito & Bartholow, 2009). By varying the way in which faces
are presented and the task participants are asked to perform, these studies have addressed a
number of cognitive processes related to race including face processing, racial categorization,
stereotyping and prejudice. Based on this body of work, Ito & Bartholow (2009) have highlighted
a number of brain areas involved in race perception. These include the fusiform gyri (typically
showing greater activity when processing own-race faces; e.g., Golby, Gabrieli, Chiao, &
Eberhardt, 2001), the posterior cingulate (usually more strongly activated during retrieval of
information about own-race individuals; e.g., lidaka, Nogawa, Kansaku, & Sadato, 2008), the
amygdala (showing greater activity during arousal of affect and evaluation for other-race
individuals, e.g., Lieberman, Hariri, Jarcho, Eisenberger, & Bookheimer, 2005, as well as own-

race individuals, e.g., Chiao et al., 2008) and the anterior cingulate, dorsolateral prefrontal



cortex, and ventrolateral prefrontal cortex (all typically more active when inhibiting stereotypes
or prejudice against other-race individuals; e.g., Cunningham et al., 2004). Neural responses to
gender have been less well characterized but studies addressing this question have used
similar face-viewing paradigms. Overall, this work suggests that gender is encoded in similar
visual regions to those showing race effects, including the fusiform gyrus and inferior occipital

cortex (Kranz & Ishai, 2006; Wiese, Kloth, Gullmar, Reichenbach, & Schweinberger, 2011).

To summarize, cultural learning theories suggest that the cognitive mechanisms that result in
preferential imitation of self-similar and high status models are an important component of
efficient cultural learning (Boyd & Richerson, 1985; Henrich & McElreath, 2003). Behavioral data
suggest that one way in which these imitative biases manifest themselves is in preferential
imitation based on gender (Bandura et al., 1961; Basow & Howe, 1980; Bussey & Bandura,
1984; Gilbert et al., 1983; Killian, 1990; Mesoudi, 2009; Perloff, 1982; Slaby & Frey, 1975) and
race (Clark & Clark, 1947; Feinman, 1980; Haas & Sullivan, 1991; Karunanayake & Nauta,
2004; Kelly et al., 2005; King & Multon, 1996; Liebert, Sobol, & Copemann, 1972; Neely,
Hechel, & Leichtman, 1973; Zirkel, 2002). The goal of the suite of studies comprising this
dissertation was therefore to use fMRI to examine neural responses to the gender and race of a
model during imitation in order to gain insight into the neural mechanisms that may underlie

imitative biases important for cultural learning.

As a first step in addressing these questions, in Chapter 2 | reviewed the relevant
behavioral and cognitive neuroscience literature and, on this basis, formulated a model of the
neural systems that may interact to support imitative biases in cultural learning. | next created a
novel fMRI paradigm in which participants imitated and observed male and female models from
three different racial groups (European American, African American and Chinese American)
performing novel meaningless hand gestures. In Chapter 3, | used this paradigm with a sample

of European American participants to explore which neural systems are modulated by the

9



gender of the person being imitated. In Chapter 4, | relied upon the same paradigm to explore
which neural systems are modulated by the race of the model during imitation in European
Americans. Finally, in Chapter 5, | compared race-related results observed in the European
American sample to those obtained in a sample of African American participants in order to

disentangle race effects related to self-similarity from those related to social status.

10
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CHAPTER 2

Culture in the mind’s mirror: how anthropology and neuroscience can inform a model of the

neural substrate for cultural imitative learning
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Abstract: Cultural neuroscience, the study of how cultural experience shapes the brain, is an emerging
subdiscipline in the neurosciences. Yet, a foundational question to the study of culture and the brain
remains neglected by neuroscientific inquiry: “How does cultural information get into the brain in the first
place?” Fortunately, the tools needed to explore the neural architecture of cultural learning —
anthropological theories and cognitive neuroscience methodologies — already exist; they are merely
separated by disciplinary boundaries. Here we review anthropological theories of cultural learning
derived from fieldwork and modeling; since cultural learning theory suggests that sophisticated imitation
abilities are at the core of human cultural learning, we focus our review on cultural imitative learning.
Accordingly we proceed to discuss the neural underpinnings of imitation and other mechanisms important
for cultural learning: learning biases, mental state attribution, and reinforcement learning. Using cultural
neuroscience theory and cognitive neuroscience research as our guides, we then propose a preliminary
model of the neural architecture of cultural learning. Finally, we discuss future studies needed to test this
model and fully explore and explain the neural underpinnings of cultural imitative learning.

Keywords: cultural learning; imitative learning; imitation; neuroimaging; mirror neuron system; cultural
neuroscience
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understanding of the neurocognitive mechanisms
of cultural learning. Fortunately, the conceptual
and methodological tools needed to conduct
effective neuroscientific investigations of cultural
learning already exist; anthropology provides a
number of complementary theories of cultural
learning, while cognitive neuroscience provides
the methods and technologies needed to discover
the neural architecture that likely underlies
cultural learning. Boundaries between these dis-
ciplines, however, have until recently prevented
their union.

Anthropological theories of cultural learning
are based on fieldwork, computational modeling,
and laboratory experiments. These theories con-
verge on several cognitive mechanisms suggested
to be fundamental to human cultural learning.
The prevailing view is that the core of human
cultural learning 1is sophisticated imitative
learning (Higgs, 2000; Hurley and Chater, 2005;
Kannetzky, 2007; Meltzoff and Prinz, 2002;
Sommerville and Decety, 2006; Tomasello et al.,
1993b) which is augmented by forms of learning
biases (Henrich and McElreath, 2003), mental
state attribution (Tomasello et al., 1993a), and
reinforcement learning (Castro and Toro, 2004).

Fortunately, cognitive neuroscience studies have
already provided us a great deal of knowledge
about the neural architecture of imitation, learning
biases, mental state attribution, and reinforcement
learning in vivo through the use of neuroimaging
techniques such as functional magnetic resonance
imaging (fMRI) and electroencephalography
(EEG). Thus, by using anthropological cultural
learning theory to guide future neuroimaging
investigations of imitation, we can better under-
stand the neurocognitive architecture of cultural
learning. This can, in turn, inform our study of how
differing cultural experience shapes other neuro-
cognitive systems and of the neurocognitive
machinery of cultural learning itself.

This review is organized into three sections.
The first section treats theoretical and behavioral
accounts of cultural learning, with a focus on
imitative learning. The second section describes
neural systems that may underlie the cognitive
components of cultural imitative learning. In the
third section, we propose a preliminary model
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of the neural architecture of cultural imitative
learning and suggest future studies needed to test
this model.

Section I: cultural learning and imitation — theory
and behavior

Cultural learning

In the following discussion of cultural learning
theory we will briefly define cultural learning and
highlight aspects of human cultural learning that
differ from the cultural capacities of other animals.
We utilize this comparative perspective to focus
our discussion of cultural learning on aspects of
human cognition that may be most informative for
elucidating the neural underpinnings of the sophis-
tication of human cultural capacities.

The first step in discussing cultural learning is
defining culture itself. Bates and Plog (1990, p. 7)
define culture as ‘“‘the system of shared beliefs,
values, customs, behaviours, and artifacts that the
members of society use to cope with their world
and with one another, and that are transmitted
from generation to generation through learning”.
This definition highlights a critical point: culture is
not merely the sum of cultural products: beliefs,
behaviors, and artifacts; instead culture is created
through the transmission and modification of
these products within and between generations:
cultural learning. Thus, by studying -cultural
learning and its neural basis, we will not only be
studying the way in which culture is transmitted,
we will also be studying a critical component of
culture itself.

Tomasello et al. (1993a) describe cultural
learning as a form of social learning in which
perspective-taking plays a critical role in both the
transmission of information and the resulting
cognitive product. In other words, during cultural
learning, information in addition to modeled
behaviors, such as the inferred intentions and
emotional states of the model, are encoded and
retained along with the behavior in order to give
that behavior contextual meaning. Tomasello
et al. (1993a) propose that cultural learning
includes imitative learning, instructed learning,



and collaborative learning — these types of
learning emerge in successive stages of develop-
ment. Cultural learning is distinguished from
other forms of learning by its social nature and
the niche it occupies within the learning environ-
ment. Modeling work by McElreath (2004)
demonstrates that cultural learning is favored
when individual learning is costly and inaccurate.
Boyd and Richerson (1985) suggest that human
social learning abilities were evolutionarily
favored as a strategy for learning information
relevant to rapidly changing environmental con-
ditions.

Culture and cultural transmission are most fully
developed in humans; however, great apes, espe-
cially chimpanzees, also have basic cultural capa-
cities. A number of studies in both captive and wild
chimpanzees have documented rich behavioral
traditions specific to particular groups (Boesch,
2003; McGrew, 1992; Wrangham et al., 1994).
Additionally, several recent experimental studies
in groups of captive chimpanzees have demon-
strated faithful transmission of food retrieval
techniques (Whiten et al., 2007), as well as
arbitrary actions (Bonnie et al., 2007) taught to a
few group members throughout the group and,
in the case of Whiten et al. (2007), between groups
that had only visual contact. These experiments
demonstrate with a new level of empirical certainty
that chimpanzee groups can not only maintain
unique cultural repertories, but also that — as in
humans — a prominent means of chimpanzee
cultural transmission is imitative learning.

The notion of chimpanzee culture and chim-
panzee imitative cultural learning raises the
question, “What explains the formidable differ-
ences between human and chimpanzee culture?”
The answers may lie in the accuracy and complex-
ity of human imitation abilities, compared to
those of chimpanzees, and in the other cognitive
mechanisms that augment human imitation, such
as learning biases, mental state attribution, and
reinforcement learning. The unique combination,
and degree of sophistication, of these cognitive
abilities enable humans to encode inferred inten-
tions, emotions, and reward values along with
learned behaviors. This contextual information
allows individuals to modify culturally learned
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behaviors. In turn, the continual modification of
culturally learned behavior leads to the summing
of cognitive resources within and between
generations and the creation of distinct and rich
cultures that are constantly evolving (Henrich
and McElreath, 2003; Tomasello, 1999; Tomasello
et al,, 1993a). We will structure our discussion of
cultural learning around the suite of cognitive
mechanisms that distinguish human from nonhu-
man cultural capacities as the neural underpin-
nings of these abilities may be most informative in
revealing the neural architecture of human
cultural learning.

Imitation and imitative learning

Imitation learning is at the core of cultural
learning; therefore, cultural imitative learning
will be the focus of our review. In the following
section we will provide a broad overview of
imitative learning including its definition, theore-
tical accounts of the mechanisms of imitation, and
behavioral accounts of imitation learning at
different stages of development.

Although the meaning of the word ““imitation”
seems intuitive, the precise definition of imitation
and imitative learning has been the subject of
much debate (Chalmeau and Gallo, 1993). The
imitation controversy is due in part to the ques-
tion of whether there are any uniquely human
abilities (Mikldsi, 1999). Additionally, there are a
number of mimetic but nonimitative processes,
such as contagion and observational conditioning,
that can result in the appearance or behavior
of one individual resembling that of another
(Zentall, 2006). Two mimetic processes closely
related to but distinct from imitation are stimulus
enhancement, in which an individual’s attention is
drawn toward a particular object, and goal
emulation, where an individual learns the goal
of an action but may accomplish that goal by other
means (Whiten, 2000). True imitation is distin-
guished by the faithful copying of the means by
which a goal is achieved (Whiten, 2000; Zentall,
2006). Tomasello et al. (1993a) argues that true
Imitation requires recognizing the intentional
structure of the modeled behavior. Intention
recognition is especially important during a



special type of imitation termed opaque imitation
(Piaget, 1962) [also called blind or cross-modal
imitation (Moore, 2004)], which involves imitation
with a body part to which the imitator does not
have direct visual access, such as the face.

There is also some debate over the neurocog-
nitive mechanism of imitation. Iacoboni (2009)
states that the two psychological theories of
imitation mechanisms that best fit neurophysiolo-
gical data are the ideomotor framework and the
associated sequence-learning model. The ideomo-
tor framework postulates that imitation is achieved
through a shared neural representation system for
observation and execution (Prinz, 2005). In the
associative sequence-learning model, rather than a
single neural substrate linking observation and
execution, experience-based Hebbian learning
(the strengthening of neural connections due to
repeated coincident neural firing) links separate
neural systems for observation and execution
(Heyes, 2005).

In addition to theoretical accounts of the
mechanisms of imitative behavior, extensive beha-
vioral studies of imitation have been conducted
from the neonatal period through adulthood.
There is considerable evidence that the basic
neurocognitive machinery of imitation is hard-
wired. For example, Meltzoff and Moore (1977,
1983, 1989) found imitation of facial and manual
gestures such as protruding the tongue in infants
only hours old; this finding has since been
replicated in 13 independent laboratories (Meltzoff
and Decety, 2003). In addition to innate imitation
mechanisms, which results in the basic forms of
imitation seen in infants, elements of the human
socio-cultural environment, such as joint attention
and turn-taking, promote the rapid development of
more sophisticated imitative abilities (Kumashiro
et al., 2003). The imitation-promoting effects of the
human socio-cultural environment are strikingly
illustrated by Tomasello et al.’s (1993b) finding
that children and enculturated chimpanzees per-
form similarly on an imitation task and outperform
non-enculturated chimpanzees.

Human imitative abilities reach a high level
very early in life. Infants as young as 12 months
are sensitive to the rationality of modeled actions
(Schwier et al., 2006), and at 18 months, they have
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been found to imitate object-directed real and
pretend actions (Rakoczy et al., 2005), as well as
imitate the goal of incomplete actions (Meltzoff,
1995). Because of the early emergence of imita-
tive abilities, imitation makes up a large portion
of social interaction during early development
(Masur, 2006) and is the likely means by which
many important types of cultural information,
such as language and behavioral norms, are
learned (Arbib, 2005).

An ongoing debate is whether the motor system
is engaged during action observation, as suggested
by the ideomotor framework, or whether connec-
tions between observation and action only happen
during reenactment of the behavior (Iacoboni,
2009; Vogt and Thomaschke, 2007). A number of
studies suggest that, in the domains of imitative
learning of sequences, timing, and task dynamics,
pure observation has an equivalent effect to
motor practice on later behavioral performance.
However, for configural postures and inter-limb
coordination the data are less clear and motor
practice may result in superior behavioral perfor-
mance (for a review see Vogt and Thomaschke,
2007). It is important to note that even in cases
when observational and motor practice appear
equivalent, nether strategy results in a carbon
copy of the imitated action. Rather, observational
practice results in elements of the imitator’s own
behavioral repertoire being activated and built
upon (Greer et al., 2006; Iacoboni, 2009; Vogt and
Thomaschke, 2007).

Reinforcement is another critical element of
imitation learning as it guides both the likelihood
and direction of learning. Both internal and
external reinforcement of the imitator influence
the likelihood and direction of imitative learning
(Greer et al., 2006). Reward and punishment of
the model (vicarious reinforcement) has also been
found to influence imitation (Bandura, 1971).
Finally, motivation at the time of observation
(e.g., whether the imitator is hungry or sated while
observing a food retrieval task) can also affect
the probability of later imitation (Dorrance and
Zentall, 2001).

Greer et al. (2006) distinguished between
performance of modeled behaviors already in
the imitator’s repertoire and imitative learning



of novel behaviors. In particular, they suggest that
learning of novel behaviors and performance of
previously learned behaviors can be differentially
affected by reinforcement. An imitation learning
study by Bandura (1965) illustrates these differ-
ential effects of reward on learning and perfor-
mance. Bandura showed subjects modeled
behavior that was either vicariously rewarded or
punished. Following behavioral modeling, sub-
jects were directly provided incentives for imita-
tion. These incentives resulted in the production
of learned but previously unimitated behaviors,
suggesting that vicarious reinforcement influenced
the imitation but not the learning of modeled
behaviors (Bandura, 1965).

In summary, imitative learning consists of many
components including imitation of timing, config-
ural postures, sequences, and reinforcement sensi-
tivity. Action observation likely activates the
motor system, which facilitates imitative learning.
Sophisticated imitation abilities are clearly key to
human cultural learning especially early in life, but
they are likely not the whole story. Comparative
studies of primate cognition, modeling studies, and
human ethnographic work have identified several
other cognitive mechanisms that augment our
imitative abilities during cultural learning and
have likely been instrumental in the dramatic
explosion of cultural capacities in Homo sapiens.
In the following section we will discuss three of
these hallmarks of human cultural learning: learn-
ing biases, mental state attribution, and flexible
reinforcement learning.

Learning biases

Cultural learning is not indiscriminate; rather it is
biased toward certain contexts and content, which
likely results in the more efficient acquisition of
knowledge, beliefs, and practices (Henrich and
McElreath, 2003). Context biases result in the
information held by certain individuals (model-
based bias) or the highest frequency information
(frequency-based bias) being favored (Henrich
and McElreath, 2003). Henrich and Boyd (1998)
argue that the cognitive mechanisms supporting
these learning biases were likely shaped by
natural selection.
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A number of empirical laboratory studies con-
ducted by Bandura and his colleagues (Bandura
et al, 1961, 1963) suggest that high model-
observer similarity favorably biases social learning.
Based on these studies, Bandura proposed his
Social Learning Theory (SLT) which describes the
conditions governing the occurrence of social
learning. SLT emphasizes the importance of
model-observer similarity in biasing social learning
because, Bandura suggested, model-observer simi-
larity increases the observer’s identification with
the model making it easier for the observer to
relate modeled actions to his or her own (Bandura,
1977). More recent studies in fields ranging from
sports psychology (Vescio et al., 2005) to health
behaviors (Larsen et al., 2009; Perry et al., 1979)
have continued to emphasize the importance of
the similarity bias in cultural learning.

Both empirical and theoretical studies have
suggested that another important model-based
bias exists for high prestige individuals (Henrich
and Gil-White, 2001). More broadly, Coussi-
Korbel and Fragaszy (1995) stress the general
importance of social dynamics such as egalitarian-
ism and social dominance hierarchies in shaping
model-biased cultural transmission. Laboratory
experiments using the closed group method, in
which information is circulated through a fixed
group of individuals, have also found similarity
and prestige biases and revealed an additional
model-based biases for learning from successful
individuals (Mesoudi and Whiten, 2008).

Content biases result in certain types of informa-
tion being learned preferentially. Laboratory
experiments using the transmission chain method,
in which information transfer fidelity is measured
among a group of people, have substantiated
theoretical accounts of content biases. These
studies have shown that counterintuitive informa-
tion, gender stereotypes, social situations, and
situations involving hierarchical relationships trans-
mit with high fidelity (Mesoudi and Whiten, 2008).

Mental state attribution (a.k.a. Theory of mind)
Many cultural learning theorists argue that a

unique human adaptation for culture is our
sophisticated mental state attribution abilities



(Boyd, 2008; Tomasello, 1999; Tomasello et al.,
1993a). During mental state attribution individuals
develop ideas about the mental states of others and
distinguish these mental states from their own. The
ability to infer and subsequently encode the mental
states of behavioral models during learning allows
humans to modify cultural objects with their
original purpose in mind. Iterative modification of
cultural objects in turn creates a “ratchet effect”
which allows for the summing of cognitive resources
within and between generations (Tomasello,
1999).

Basic mental state attribution abilities emerge
early in life and rapidly develop as the abilities
for coordinated perspective-taking (intersubjec-
tivity) and integrated perspective-taking (reflec-
tive intersubjectivity) come online (Tomasello
et al., 1993a). Around the first birthday, human
infants already recognize that other indivi-
duals have intentions as evidenced by their
gaze-following and attention-sharing abilities
(Tomasello et al., 1993a). Gergely et al. (2002)
convincingly illustrate the intention understanding
of 14-month olds by showing that they will only
imitate a novel behavioral strategy when that
strategy appears to be the most rational means to
achieve a goal. By around 4 years of age, children
recognize others as mental agents with thoughts
different from their own (Perner et al., 1987). The
ability of children to distinguish between their
own thoughts and the thoughts of others is often
explored using false belief tasks in which children
have to predict the behavior of another individual
based on that individual’s false belief (Frith and
Frith, 2003). The final developmental milestone of
mental state attribution abilities occurs by 5 or 6
years of age when children are able to think about
others reflecting on the beliefs of third parties
(Sullivan, 1994). Mental state attribution abilities
continue to improve into adulthood, with increas-
ing social experience, and continue to constitute
key elements of cultural learning.

Reward
Reward is another critical component of many

types of learning including imitative learning, as
described above, and cultural learning in general.
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Schultz (2006) defines the purpose of reward to be
threefold: (1) induction of learning, (2) approach
behavior for the reward itself, and (3) positive
feelings associated with the reward and rewarded
behavior. Rewards can be primary reinforcers
(unlearned and culturally invariant), such as food
and pleasant smells or secondary reinforcers
(classically or instrumentally conditioned and
culturally specific), such as money and attractive
cars (Walter et al., 2005). Social stimuli such as
smiling faces and cooperative behaviors are also
powerful primary reinforcers (Walter et al., 2005).
Tomasello et al. (2005) suggest that the social
situations inherent in cultural learning are power-
ful primary reinforcers and that the intrinsic
reward value of cultural learning is a keystone of
human cultural evolution. This means that the first
time an individual engages in cultural learning, the
experience is rewarding and thus the likelihood of
learning and future learning is increased. While
cultural learning in general may be rewarding,
Castro and Toro (2004) suggest that the prefer-
ential learning of particular cultural information is
dependent on the development of parental ability
to approve or disapprove of offspring behavior.
The child’s sensitivity to both reward and punish-
ment allows for preferential learning of correct,
rewarded, behaviors over incorrect, punished
ones. Castro and Toro (2004) suggest that this
reward- and punishment-guided learning is a
necessary addition to mental state attribution
abilities in order for the ratchet effect to occur.
These three characteristics of human culture:
learning biases, mental state attribution, and
flexible reinforcement learning, when combined
with humans’ sophisticated imitative learning
abilities, provide promising starting places for
investigations into the neural architecture of
human cultural transmission. The neural systems
that subserve these functions are likely to play
important roles in human cultural transmission.

Section II: candidate neural mechanisms of
imitative cultural learning

A number of cognitive neuroscience studies have
already identified neural systems underlying some



of the key components of cultural imitative
learning described above. In this section we review
primate and specifically human cognitive neu-
roscience studies that investigate neural mechan-
isms associated with imitation and imitative
learning, and model-based learning biases. We
also briefly discuss how these neural mechanisms
may implement mental state attribution and how
they can potentially interact with neural systems
processing reward.

The human mirror system, imitation, and
imitative learning

Imitation learning is at the core of cultural
learning and imitation learning processes have
been well characterized behaviorally. Major
cognitive neuroscience discoveries over the last
decade have also given us a great deal of informa-
tion about the neural mechanisms of imitation
behavior. Recall that the ideomotor framework of
imitation suggests that there is a common neural
substrate for perception and action (Prinz, 2005).
The mirror neuron system (MNS), first discovered
in macaque monkeys using depth -electrode
recordings, has these perception-action coupling
properties (Gallese et al., 1996). Neurons in the
monkey’s premotor cortex (area F5) (Gallese
et al., 1996) and inferior parietal lobe (area PF)
(Fogassi et al., 2005) fire both when the monkey
performs a goal-directed action and when it sees
a human or conspecific perform the same or a
related action (Gallese et al., 1996).

Convergent evidence from a variety of imaging
modalities, including fMRI, EEG, positron emis-
sion tomography (PET), transcranial magnetic
stimulation (TMS), and most recently, single unit
recordings (Mukamel et al., 2007) has suggested
the presence of an MNS in humans (for a review
see lacoboni and Mazziotta, 2007). Putative
human mirror neuron areas are present in the
frontal lobe [posterior inferior frontal gyrus
(piFG) and ventral premotor cortex (the human
homologue of monkey F5)], and in the parietal
lobe [rostral inferior parietal lobule (riPL)]
(Rizzolatti and Craighero, 2004). Human studies
have demonstrated brain responses compatible
with mirror neuron activity while viewing and
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imitating object-oriented hand and foot actions
(Buccino et al., 2001, 2004b), and hearing the
sounds associated with these actions (Gazzola
et al., 2006; Kaplan and Iacoboni, 2007). Addi-
tionally, the human MNS is also activated by
viewing and imitating intransitive actions such as
gestures (Iacoboni et al., 1999; Koski et al., 2003),
mouth actions (Buccino et al., 2001), and facial
expressions (Carr et al., 2003; Pfeifer et al., 2008).
Because mirror neurons provide a neural
mechanism for pairing action observation
and action execution, it has been hypothesized
that the MNS is a key component of the
neural substrate underlying imitation and imitative
learning (Iacoboni, 2005; Iacoboni et al., 1999;
Rizzolatti and Craighero, 2004). Iacoboni (2005)
suggests, based on human neuroimaging and TMS
data, that the core neural circuitry involved in
human imitation consists of frontal and parietal
MNS components as well as the superior temporal
sulcus (STS). In this model, the STS gives rise to a
higher-order visual description of the observed
action, which is then fed into the MNS where the
action’s goal (piFG) and the motor plan to achieve
the action (riPL) are coded. Finally, the predicted
motor plan is fed back into the STS, where a
comparison is made between the visual description
of the action and the predicted sensory conse-
quences of the imitative motor plan. It is at this
point in the action-observation neural circuitry —
when the observed and simulated motor plans are
compared — that imitation accuracy and model-
based cultural learning biases might be especially
important. Presumably, the motor plans of self and
other will be more similar in those cases where
imitation accuracy and model-observer physical
similarity is higher, though future studies will be
needed to empirically test this hypothesis.
Tacoboni (2005) also proposes a model of the
circuitry involved in imitative learning in which
the aforementioned core circuitry communicates
with the dorsolateral prefrontal cortex and motor
preparation areas including the mesial frontal,
dorsal premotor, and superior parietal regions.
Though few neuroimaging studies of imitative
learning have been conducted, the extant studies
support the involvement of the MNS in imitation
learning in general and support the imitative



learning model proposed by Iacoboni (2005) in
particular. In an fMRI study of observational
learning of guitar chords by non-guitarists,
Buccino et al. (2004b) found that the MNS and
the above motor preparation areas were active. In
a subsequent fMRI study, Frey and Gerry (2006)
found more MNS activity when subjects observed
complex hand action sequences with the intention
to learn them and reproduce them later than
when the same actions were viewed passively.
Thus, the MNS is likely a key player in imitative
learning of novel actions, a critical component of
cultural learning.

The MNS and experience — could culture shape
the MNS?

In addition to connecting executed and observed
action, several studies discussed below indicate
that activity of the MNS and interconnected
regions is influenced by motor practice both in
the short term (hours) and in the long term
(years). Thus, the MNS may not only play a role in
the acquisition of culturally mediated behaviors,
but the MNS itself may be shaped by the presence
of culturally mediated behaviors in one’s motor
repertoire.

Behavioral studies have demonstrated that
action execution can be affected by previous
experience observing related actions. For instance,
Gillmeister et al. (2008) found that action imitation
was facilitated by previous observation of task-
irrelevant actions with the same effector; this
priming effect was decreased by incongruent
practice (observe foot and imitate with hand).
Research using TMS has demonstrated that the
behavioral effects of observational practice
described above are directly mediated by the
motor system. Stefan et al. (2008) had subjects
practice thumb movements in the opposite direc-
tion of their baseline TMS-evoked thumb move-
ments. The authors found that simultaneous
movement execution and observation altered the
direction of TMS-evoked thumb movements more
than physical practice alone. Most intriguingly,
Catmur et al. (2007) used an incongruent training
strategy similar to Gillmeister et al. (2008) to
create a ‘“‘counter mirror” effect. After incongruent
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practice, observing the movements of one finger
increased motor evoked potentials (MEPs) result-
ing from TMS in the finger paired during practice,
rather than the same finger.

fMRI studies demonstrate that the behavioral
and TMS-evoked practice effects described above
are likely related to changes in MNS activity. Vogt
et al. (2007) found increased activity in a number
of brain regions (including putative mirror neuron
areas) during observation of practiced versus
nonpracticed guitar chords. On a longer timescale,
Cross et al. (2006) demonstrate practice-related
increases in MNS activity over the course of
five fMRI scans at weekly intervals while
subjects learned a novel dance sequence. Finally,
Calvo-Merino et al. (2005) demonstrate that
practice-related changes in MNS activity extend
to real-world expertise built over many years.
The authors find greater MNS activity when
experienced dancers observe their own style of
dance rather than a comparable but unfamiliar
style. Collectively, these data suggest that daily
experiences and those that extend over a lifetime,
such as the practices of one’s culture, have the
potential to influence MNS function.

The MNS and model-based biases

In addition to playing a key role in human
imitation, the MNS may represent the neural
substrate of the similarity cultural learning bias,
at least for the visuomotor aspects of similarity.
Several studies have demonstrated that the MNS
responds more intensely to the observation of
conspecifics. For example, Buccino et al. (2004a)
found that activity in the putative human MNS is
modulated by model-observer similarity for the
observation of biting actions of humans (greatest
activity), monkeys (intermediate activity), and
dogs (least activity). These species-dependent
differences in MNS responses were even more
pronounced for communicative actions (no
measurable response for the dog barking action).
This finding suggests that differences in physical
appearance alone cannot explain these differential
responses.

The MNS is also preferentially responsive to
human biological motion. For example, Press et al.



(2006) compared subjects simultaneously obser-
ving and imitating human hands, human hands
disguised to look like robotic hands, and actual
robotic hands. The authors found that human hand
observation, regardless of the hand’s appearance,
had a greater facilitatory effect on action perfor-
mance than did robotic hand observation, even
when the robotic and human hand were matched
on size, color, and brightness (Press et al., 2006).
Thus, human-like motion preferentially activates
the MNS even when the effector is robotic.
Gazzola et al. (2007) found MNS activity while
subjects observed a robotic hand performing in a
human-like fashion (by performing a variety of
actions); however, neither Gazzola et al. (2007)
nor Tai et al. (2004) found MNS activity when
subjects viewed a robotic hand that was perform-
ing the same action repeatedly, which is less typical
of human behavior. Intriguingly, Press et al. (2007)
found that practice simultaneously observing and
imitating a robotic hand abolished the human-
biased action facilitation found pre-training, sug-
gesting that human-biased activity in the MNS is,
at least in part, the result of experience. Biological-
motion related activity in the MNS extends to
motion of the entire body. Ulloa and Pineda (2007)
and Saygin et al. (2004) both found that the MNS
responds to human actions represented by point-
light walkers (moving groups of white dots
representing the joints of a human) but not to the
same stimuli when other dots were added to
obscure motion the human form.

Current data suggest that the human MNS is
also sensitive to more subtle aspects of model-
observer physical similarity, such as ethnicity
and gender, which may be more relevant cultural
learning. For example, Molnar-Szakacs et al.
(2007) found greater corticospinal excitability
(a proxy for MNS activity, measured with TMS)
in European American observers while they
observed an ethnic in-group member versus an
ethnic out-group member performing hand ges-
tures, suggesting a positive relationship between
MNS activity and model-observer similarity. In
contrast, two other studies found more activity in
the MNS when individuals viewed ethnic
(Désy and Théoret, 2007) or gender (Cheng
et al, 2006) out-group members, suggesting a
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negative relationship between MNS activity and
model-observer similarity. Taken together, these
data suggest that the MNS is sensitive to the visual
similarity between model and observer at the
level of species-typical appearance and biological
motion, and in more culturally relevant domains
such as gender and ethnicity. However, because
of the variety of conclusions reached by these
studies, and the potential role of experience in
shaping MNS activity, the relationship between the
degree of model-observer similarity and MNS
activity remains unclear.

Neural mechanisms for mental state attribution

The cultural learning theories previously dis-
cussed (Tomasello et al., 1993a, 1999; Henrich
and McElreath, 2003) propose that the ability to
think about the intentions and mental states of
others is critical for understanding the goal of
observed actions. Intention understanding is thus
vital for efficient and flexible imitative learning.
After the discovery of mirror neurons, Gallese
and Goldman (1998) proposed that the properties
of these cells supported a simulation model of
mental state attribution (simulation theory).
Simulation theory assumes that we understand
the intentions of others via a process of simula-
tion, as if we were the other person. During
simulation, the observation of another individual
activates a similar suite of neural areas to when
the observer performed the behavior himself
“creat[ing] in the observer a state that resembles
the target” (Gallese and Goldman, 1998). Indeed,
subsequent studies in both monkeys (Fogassi
et al., 2005) and humans (Iacoboni et al., 2005)
suggested that mirror neurons are able to code the
intention of an action, not simply the action itself.
In Tacoboni et al. (2005) subjects were shown a
hand picking up a cup, in one of two different
contexts, a table set for tea, or the same table at
the end of the meal. Despite the hand action being
identical in both conditions, putative MNS regions
demonstrated different levels of activity when the
actions were viewed in the two different contexts.
Thus, mirror neurons may implement not only
imitation but also the function of mental state
attribution in cultural learning.



Another model of mental state attribution
assumes that we understand others’ mental states
by using an inferential process (Gopnik and
Schulz, 2004). We observe the behavior of other
people and then relate it to a set of folk psycho-
logy laws. By doing so, we can make theories
about the mental states of other people as
scientists make theories about the natural phe-
nomena they study. From a functional standpoint,
this inferential route to intention understanding
does not map well onto the properties of mirror
neurons. Indeed, a set of tasks typically used to
study mental state attribution (the false belief
task, the comparison of social interaction story
listening to physical interaction story listening,
and the comparison of viewing moving geometric
shapes that depict social interactions to viewing
randomly moving geometric shapes), consistently
activate a set of neural regions that are not
typically considered part of MNS: the dorsomedial
prefrontal cortex (dmPFC), the posterior STS
(pSTS), and the temporal pole (see Gallagher and
Frith, 2003; Frith and Frith, 2003 for reviews).
Activity in the pSTS area, however, is largely
indistinguishable from the STS activations
observed in imitation tasks (Iacoboni, 2005).

A number of individuals have proposed that the
MNS and the above suite of brain areas (dmPFC,
pSTS, and temporal poles) represent complemen-
tary neural systems underlying mental state
attribution (Keysers and Gazzola, 2006, 2007,
Pineda and Hecht, 2008; Uddin et al., 2007). For
example, Keysers and Gazzola (2007) suggest
the MNS provides a “pre-reflective” description
of intention based on the visual description of
a model’s actions while cortical midline structures
such as the dmFPC provide a ‘“reflective”
description of intentions based social introspec-
tion. Keysers and Gazzola (2007) suggest the
inferential route to intention understanding may
be especially important under -circumstances
when model-observer similarity is low or modeled
behaviors were not previously present in the
observer’s repertoire, as is commonly the case
during cultural learning. However, the interpreta-
tion of the activity in dmPFC in mentalizing tasks
is rather difficult, due to the peculiar activation
profile of this brain region (i.e., cognitive tasks
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result in signal decreases, rather than the typical
signal increases, as compared to baseline activity;
Tacoboni et al., 2004). Thus, it is at present unclear
whether there is a distinct network for mental
state attribution that relies on inferential mechan-
isms and that is anatomically located outside
the MNS.

The reward system, sharing intentions, and
imitation accuracy

The neural mechanisms of reward learning have
been well mapped in animals ranging in complex-
ity from Aplysia slugs (Hawkins et al., 1983) to rats
(for a review see Schultz, 2006). Neural systems
related to reward have been investigated in
humans through the use of neuroimaging (for a
review see O’Doherty, 2004). As is the case for the
MNS, the current belief is that there is a putative
reward system in the human brain encompassing
brain systems homologues to the neural systems
processing reward in animals. Three neural
structures that are believed important in human
reward processing are the ventral striatum, the
nucleus accumbens, and the orbitofrontal cortex
(OfC) (Hollerman et al., 2000; McClure et al.,
2004; O’Doherty, 2004; Walter et al., 2005).

Reinforcement learning theory suggests reward
is used to bias action selection and accordingly
reward circuitry is often active during motor task
performance (McClure et al., 2004). Significantly
for the study of cultural learning, components of
the reward network are also active during imita-
tion. Activity in the lateral OfC was one of the
main effects observed in the Chaminade et al.
(2002) study of deferred imitation of Lego®™
assembly and a study by Williams et al. (2007)
involving finger movement imitation. The lateral
OfC activity in both of these studies was
interpreted to reflect the uncertainty involved in
producing the appropriate action as well as error
monitoring between executed and observed
actions, both functions suggested by Elliott,
Dolan, and Frith (2000) to be reward-related.
Lee et al. (2006) also found OfC activity during
facial mimicry, perhaps related to the intrinsic
reward value of viewing human faces (Walter
et al., 2005).



In addition to the previous studies of generalized
imitation, OfC activity has also been reported in
studies comparing imitation or observation of
actions with differing levels of familiarity to the
subject. Jackson et al. (2006) report more OfC
activity when subjects imitate models from a first
person perspective than from a third person
perspective. The authors attribute this activity to
the increased similarity between imitation
and observation in the first person perspective.
Similarly, Calvo-Merino et al. (2005) find more OfC
activity when dancers watch their own compared to
an unfamiliar style. Elliott et al. (2000) suggest that
the selection of stimuli on the basis of familiarity is
related to the reward-related value of these stimuli.
A more parsimonious explanation of these findings
may simply invoke the role of OfC in inhibitory
control (Elliott et al., 2000; Roberts and Wallis,
2000). For instance, dancers may have a stronger
tendency to imitate, and therefore stronger need
for motor inhibition, while watching the style of
dance they typically practice. Future studies will
have to disentangle the alternative hypotheses of
reward processing and inhibitory control regarding
the involvement of OfC in imitation.

Reward is also a central component of robotic
models of human imitation, further highlighting
the importance of reward in imitative learning.
Mataric (1994) incorporate both vicarious reward
and direct reward for conformity into their
imitative learning algorithms used to drive social
learning robots. Similarly, Atkeson and Schaal
(1997) develop a robotic control strategy for
single trial learning in which a reward function is
learned from a demonstration and the behavior
itself is acquired through trial and error learning.

Taken together, the neuroimaging studies dis-
cussed in this section highlight neural systems
that play important roles in the cognitive mechan-
isms suggested by both theoretical and empirical
work to be hallmarks of human cultural learning.

Section III: a model of the neural architecture of
cultural imitative learning and future directions

We propose a tentative neural architecture of
cultural imitative learning that has the MNS and
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associated imitative learning areas as its core.
In our model, the reward network may support
the motivation to imitate and reinforcement
sensitivity important for cultural learning. MNS
regions likely support mental state attribution
through motor simulation (Koski et al., 2003).
Under certain circumstances, medial prefrontal
areas, typically considered ‘“‘mentalizing” areas
in the imaging literature (Frith and Frith, 2003;
Gallagher and Frith, 2003), may also contribute
to mental state attribution through an inferential
route. Though tentative, the proposed cultural
imitative learning circuitry generates testable
hypotheses that future studies of cultural imitative
learning can explore.

Future neuroscientific studies of imitative learn-
ing embedded in ecologically valid cultural con-
texts are needed to truly elucidate how the
previously described neural systems (including
those sub serving mental state attribution and
reward processes) may function during real-world
cultural imitative learning. In the remaining
sections, we will discuss some future studies that
will be required to further characterize the neural
architecture of cultural imitative learning.

Future directions: the human mirror system
and imitation

Though many neuroimaging studies of action
execution, observation, and imitation have been
conducted, relatively few studies of imitative
learning of novel actions or action combinations
exist to date (Buccino et al.,, 2004b; Frey and
Gerry, 2006). Additionally, stimuli in existing
imitation studies typically consist of photographs
or videos of an isolated effector of a single
individual performing simple movements against
a blank backdrop. Though this type of reduction
makes interpretation more straightforward,
future studies investigating the role of imitation
in cultural learning will need to employ more
ecologically valid stimuli. By including the face, in
addition to the acting effector, in action stimuli,
important social information portrayed by
the face can be utilized in action understanding.
Facial information may change the way in which
the action itself is processed and/or interpreted.



Action stimuli with increased complexity, such as
action sequences rather than single actions, and
increased social relevance, such as communicative
actions directed toward others will more
closely approximate the natural conditions in
which cultural learning occurs. Finally, embedding
imitation paradigms in a social context, such as
imitative learning of the communicative gestures
will also be useful in engaging neurocogni-
tive mechanisms involved in cultural imitative
learning.

Future directions: the MNS and
model-based biases

The sensitivity of the MNS to aspects of model-
observer similarity, such as ethnicity and gender,
suggested by several studies (Cheng et al., 2006;
Désy and Théoret, 2007; Molnar-Szakacs et al.,
2007), may underlie the well-documented
cultural learning biases for self-similar individuals
(Bandura, 1977; Henrich and McElreath, 2003;
Mesoudi and Whiten, 2008). These studies have
examined model-observer similarity only in the
context of action observation. No studies to date
have addressed model-observer similarity during
imitation or imitative learning. Furthermore,
whether there is a positive or negative correlation
between model-observer similarity and MNS
activity in terms of ethnicity and gender remains
unclear from present studies.

Other socially salient physical characteristics
such as age, socioeconomic status (as reflected
in physical appearance), as well as action quality
and model-observer familiarity should also be
considered in the context of neurobehavioral
investigations of cultural learning. A final point
concerns the relationship between the physical
and nonphysical elements of social characteristics
such as gender, ethnicity, and age. In order to
determine which aspects of similarity — physical/
bottom-up or social/top-down — influence brain
activity during imitation, it will be necessary to
design studies in which the physical appearance
of observed models and social information can be
disassociated.
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Future directions: the MNS, mental state
attributions, and the reward system

It is clear that mental state attribution abilities
are of central importance for cultural imitative
learning. However, the question of whether
mental state attribution is achieved via simulation
mechanisms supported by the MNS, “mentaliz-
ing” mechanisms supported by neural regions
including the dmPFC, or some integration of these
two remains unanswered. The use of tasks that
differentiate between simulative and inferential
mechanisms during imitation will be useful in
identifying the neural substrates of mental state
attribution during cultural imitative learning.

The human reward system is critical for
learning and is some times active during action
observation and imitation. Cultural learning the-
ory suggests that reward is important for the
motivation to learn imitatively, for sharing inten-
tions, as well as for learning behaviors accurately.
A next step in elucidating the role of reward
circuitry in human imitative learning will be to
investigate the neural basis of imitation and
imitative learning of directly and vicariously
rewarded actions. Comparison of tasks when
motivation to imitate differs, such as virtual food
retrieval tasks in hungry and sated subjects as in
Dorrance and Zentall (2001), will be useful for
determining the role of motivation in the neural
basis of cultural imitative learning.

Conclusion

Cultural learning theory suggests that imitation,
mental state attribution, and reinforcement learn-
ing are key cognitive mechanisms underlying
human cultural learning. Cognitive neuroscience
studies provide insight into the neural systems
associated with these functions. Thus, anthropol-
ogy and cognitive neuroscience provide the
neuroscientific study of cultural learning a head
start. However, many studies of imitation learning
in cultural contexts that will engage mental state
attribution and reinforcement learning will be



needed to fully explore and explain the neural
architecture of cultural imitative learning.

Acknowledgments

For generous support we thank the National
Science Foundation Graduate Research Fellow-
ship and the FPR-UCLA Center for Culture,
Brain, and Development.

References

Arbib, M. A. (2005). From monkey-like action recognition
to human language: An evolutionary framework for
neurolinguistics. The Behavioral and Brain Sciences, 28(2),
105-167.

Atkeson, C. G., & Schaal, S. (1997). Learning tasks from a
single demonstration. Proceedings of the 1997 IEEE Interna-
tional Conference on Robotics and Automation, 1706-1712.

Bandura, A. (1965). Influence of models’ reinforcement
contingencies on the acquisition of imitative responses.
Journal of Personality and Social Psychology, 1(6), 589-595.

Bandura, A. (1971). Vicarious and self-reinforcement pro-
cesses. In R. Glaser (Ed.), The nature of reinforcement
(pp. 228-278). New York: Academic Press.

Bandura, A. (1977). Social learning theory. NJ: Prentice-Hall.

Bandura, A., Ross, D., & Ross, S. A. (1961). Transmission of
aggression through imitation of aggressive models. Journal
of Abnormal and Social Psychology, 63(3), 575-582.

Bandura, A., Ross, D., & Ross, S. A. (1963). Imitation of film-
mediated aggressive models. Journal of Abnormal and Social
Psychology, 66(1), 3-11.

Bates, D. G., & Plog, F. (1990). Cultural anthropology.
New York, NY: McGraw-Hill.

Boesch, C. (2003). Is culture a golden barrier between human
and chimpanzee? Evolutionary Anthropology, 12(2), 82-91.

Bonnie, K. E., Horner, V., Whiten, A., & de Waal, F. B. M.
(2007). Spread of arbitrary conventions among chimpanzees:
A controlled experiment. Proceedings of the Royal Society B:
Biological Sciences, 274(1608), 367-372.

Boyd, J. H. (2008). Have we found the Holy Grail? Theory of
mind as a unifying construct. Journal of Religion and Health,
47(3), 366-385.

Boyd, R., & Richerson, P. J. (1985). Culture and the
evolutionary process. University of Chicago Press.

Buccino, G., Binkofski, F., Fink, G. R., Fadiga, L., Fogassi, L.,
Gallese, V., et al. (2001). Action observation activates pre-
motor and parietal areas in a somatotopic manner: An fMRI
study. European Journal of Neuroscience, 13(2), 400-404.

Buccino, G., Lui, F., Canessa, N., Patteri, 1., Lagravinese, G.,
Benuzzi, F., et al. (2004a). Neural circuits involved in the
recognition of actions performed by nonconspecifics:

32

An fMRI study. Journal of Cognitive Neuroscience, 16(1),
114-126.

Buccino, G., Vogt, S., Ritzl, A., Fink, G. R., Zilles, K., Freund,
H. J., et al. (2004b). Neural circuits underlying imitation
learning of hand actions an event-related fMRI study.
Neuron, 42(2), 323-334.

Calvo-Merino, B., Glaser, D. E., Grezes, J., Passingham, R. E.,
& Haggard, P. (2005). Action observation and acquired
motor skills: An fMRI study with expert dancers. Cerebral
Cortex, 15(8), 1243-1249.

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

Castro, L., & Toro, M. A. (2004). The evolution of culture:
From primate social learning to human culture. Proceedings
of the National Academy of Sciences, 101(27), 10235-10240.

Catmur, C., Walsh, V., & Heyes, C. (2007). Sensorimotor
learning configures the human mirror system. Current
Biology, 17(17), 1527-1531.

Chalmeau, R., & Gallo, A. (1993). Social transmission among
nonhuman-primates. Annals of Psychology, 93(3), 427-439.

Chaminade, T., Meltzoff, A. N., & Decety, J. (2002). Does the
end justify the means? A PET exploration of the mechan-
isms involved in human imitation. Neurolmage, 15, 318-328.

Cheng, Y. W., Tzeng, O. J., Decety, J., Imada, T., & Hsieh,
J. C. (2006). Gender differences in the human mirror system:
A magnetoencephalography study. Neuroreport, 17(11),
1115-1119.

Coussi-Korbel, S., & Fragaszy, D. M. (1995). On the relation
between social dynamics and social learning. Animal
Behaviour, 50, 1441-1453.

Cross, E. S., Hamilton, A. F. C., & Grafton, S. T. (2006).
Building a motor simulation de novo: Observation of dance
by dancers. Neurolmage, 31(3), 1257-1267.

Désy, M. C., & Théoret, H. (2007). Modulation of motor
cortex excitability by physical similarity with an observed
hand action. PLos ONE, 2(10).

Dorrance, B. R., & Zentall, T. R. (2001). Imitative learning in
Japanese quail (Coturnix japonica) depends on the motiva-
tional state of the observer quail at the time of observation.
Journal of Comparative Psychology (Washington, DC: 1983),
115(1), 62-67.

Elliott, R., Dolan, R. J., & Frith, C. D. (2000). Dissociable
functions in the medial and lateral orbitofrontal cortex:
Evidence from human neuroimaging studies. Cerebral
Cortex, 10(3), 308-317.

Fogassi, L., Ferrari, P. F., Gesierich, B., Rozzi, S., Chersi, F., &
Rizzolatti, G. (2005). Parietal lobe: From action organization
to intention understanding. Science, 308(5722), 662-667.

Frey, S. H., & Gerry, V. E. (2006). Modulation of neural activity
during observational learning of actions and their sequential
orders. Journal of Neuroscience, 26(51), 13194-13201.

Frith, U., & Frith, C. D. (2003). Development and neurophy-
siology of mentalizing. Philosophical Transactions of the



Royal Society of London. Series B, Biological Sciences,
358(1431), 459-473.

Gallagher, H. L., & Frith, C. D. (2003). Functional imaging of
‘theory of mind’. Trends in Cognitive Sciences, 7(2), 77-83.
Gallese, V., & Goldman, A. (1998). Mirror neurons and the
simulation theory of mind-reading. Trends in Cognitive

Sciences, 2(12), 493-501.

Gallese, V., Fadiga, L., Fogassi, L., & Rizzolatti, G. (1996).
Action recognition in the premotor cortex. Brain: A Journal
of Neurology, 119(2), 593.

Gazzola, V., Aziz-Zadeh, L., & Keysers, C. (2006). Empathy
and the somatotopic auditory mirror system in humans.
Current Biology, 16(18), 1824-1829.

Gazzola, V., Rizzolatti, G., Wicker, B., & Keysers, C. (2007).
The anthropomorphic brain: The mirror neuron system
responds to human and robotic actions. Neurolmage, 35(4),
1674-1684.

Gergely, G., Bekkering, H., & Kirély, I. (2002). Develop-
mental psychology: Rational imitation in preverbal infants.
Nature, 415, 755-755.

Gillmeister, H., Catmur, C., Liepelt, R., Brass, M., & Heyes, C.
(2008). Experience-based priming of body parts: A study of
action imitation. Brain Research, 1217, 157-170.

Gopnik, A., & Schulz, L. (2004). Mechanisms of theory
formation in young children. Trends in Cognitive Sciences,
8(8), 371-377.

Greer, R. D., Dudek-Singer, J., & Gautreaux, G. (2006).
Observational learning. International Journal of Psychology,
41(6), 486—499.

Hawkins, R. D., Abrams, T. W., Carew, T. J., & Kandel, E. R.
(1983). A cellular mechanism of classical conditioning in
aplysia: Activity-dependent amplification of presynaptic
facilitation. Science, 219(4583), 400-405.

Henrich, J., & Boyd, R. (1998). The evolution of conformist
transmission and the emergence of between-group differ-
ences. Evolution and Human Behavior, 19(4), 215-241.

Henrich, J., & Gil-White, F. J. (2001). The evolution of
prestige-freely conferred deference as a mechanism for
enhancing the benefits of cultural transmission. Evolution
and Human Behavior, 22(3), 165-196.

Henrich, J., & McElreath, R. (2003). The evolution of cultural
evolution. Evolutionary Anthropology, 12(3), 123-135.

Heyes, C. (2005). Imitation by association. In S. Hurley &
N. Chater (Eds.), Perspectives on imitation: From neuroscience
to social science (pp. 157-176). Cambridge, MA: MIT Press.

Higgs, P. G. (2000). The mimetic transition: A simulation study
of the evolution of learning by imitation. Proceedings of the
Royal Society B: Biological Sciences, 267(1450), 1355-1361.

Hollerman, J. R., Tremblay, L., & Schultz, W. (2000).
Involvement of basal ganglia and orbitofrontal cortex in
goal-directed behavior. Progress in Brain Research, 126,
193-215.

Hurley, S., & Chater, N. (2005). Perspectives on imitation:
From cognitive neuroscience to social science. Cambridge:
Cambridge University Press.

Tacoboni, M. (2005). Neural mechanisms of imitation. Current
Opinion in Neurobiology, 15(6), 632-637.

33

Tacoboni, M. (2009). Imitation, empathy, and mirror neurons.
Annual Review of Psychology, 60, 653-670.

Tacoboni, M., Lieberman, M. D., Knowlton, B. J., Molnar-
Szakacs, 1., Moritz, M., Throop, C. J., et al. (2004). Watching
social interactions produces dorsomedial prefrontal and
medial parietal BOLD fMRI signal increases compared to
a resting baseline. Neurolmage, 21(3), 1167-1173.

Tacoboni, M., & Mazziotta, J. C. (2007). Mirror neuron system:
Basic findings and clinical applications. Annals of Neurology,
62(3), 213-218.

Tacoboni, M., Molnar-Szakacs, I., Gallese, V., Buccino, G.,
Mazziotta, J. C., & Rizzolatti, G. (2005). Grasping the
intentions of others with one’s own mirror neuron system.
PLos Biology, 3(3), €79.

Tacoboni, M., Woods, R. P., Brass, M., Bekkering, H.,
Mazziotta, J. C., & Rizzolatti, G. (1999). Cortical mechan-
isms of human imitation. Science, 286(5449), 2526-2528.

Jackson, P. L., Meltzoff, A. N., & Decety, J. (2006). Neural
circuits involved in imitation and perspective-taking. Neuro-
Image, 31(1), 429-439.

Kannetzky, F. (2007). What makes cultural heredity unique?
On action-types, intentionality and cooperation in imitation.
Mind & Language, 22(5), 592-623.

Kaplan, J. T., & Iacoboni, M. (2007). Multimodal action
representation in human left ventral premotor cortex.
Cognitive Processing, 8(2), 103-113.

Keysers, C., & Gazzola, V. (2006). Towards a unifying neural
theory of social cognition. Understanding Emotions, 379.
Keysers, C., & Gazzola, V. (2007). Integrating simulation
and theory of mind: From self to social cognition. Trends in

Cognitive Sciences, 11(5), 194-196.

Koski, L., Tacoboni, M., Dubeau, M. C., Woods, R. P., &
Mazziotta, J. C. (2003). Modulation of cortical activity during
different imitative behaviors. Journal of Neurophysiology,
89(1), 460-471.

Kumashiro, M., Ishibashi, H., Uchiyama, Y., Itakura, S.,
Murata, A., & Iriki, A. (2003). Natural imitation induced
by joint attention in Japanese monkeys. International
Journal of Psychophysiology, 50(1-2), 81-99.

Larsen, H., Engels, R. C., Granic, 1., & Overbeek, G. (2009).
An experimental study on imitation of alcohol consump-
tion in same-sex dyads. Alcohol and Alcoholism, 44(3),
250-255.

Lee, T. W., Josephs, O., Dolan, R. J., & Critchley, H. D.
(2006). Imitating expressions: Emotion-specific neural sub-
strates in facial mimicry. Social Cognitive and Affective
Neuroscience, 1(2), 122-135.

Masur, E. F. (2006). Vocal and action imitation by infants and
toddlers during dyadic interactions. In S. J. Rogers & J. H. G.
Williams (Eds.), Imitation and the social mind: Autism and
typical development. New York: The Guilford Press.

Mataric, M. J. (1994). Learning motor skills by imitation. In
Proceedings of the AAAI Spring Symposium Toward
Physical Interaction and Manipulation, Stanford University.

McClure, S. M., York, M. K., & Montague, P. R. (2004). The
neural substrates of reward processing in humans: The
modern role of fMRI. The Neuroscientist, 10(3), 260-268.



McElreath, R. (2004). Social learning and the maintenance of
cultural variation: An evolutionary model and data from east
Africa. American Anthropologist, 106(2), 308-321.

McGrew, W. C. (1992). Chimpanzee material culture: Implica-
tions for human evolution. Cambridge: Cambridge Univer-
sity Press.

Meltzoff, A. N. (1995). Understanding the intentions of others:
Re-enactment of intended acts by 18-month-old children.
Developmental Psychology, 31, 5.

Meltzoff, A. N., & Decety, J. (2003). What imitation tells us
about social cognition: A rapprochement between develop-
mental psychology and cognitive neuroscience. Philosophi-
cal Transactions of the Royal Society of London. Series B,
Biological Sciences, 358(1431), 491-500.

Meltzoff, A. N., & Moore, M. K. (1977). Imitation of facial
and manual gestures by human neonates. Science, 198(4312),
75-78.

Meltzoff, A. N., & Moore, M. K. (1983). Newborn infants
imitate adult facial gestures. Child Development, 54(3),
702-709.

Meltzoff, A. N., & Moore, M. K. (1989). Imitation in newborn
infants: Exploring the range of gestures imitated and the
underlying mechanisms. Developmental Psychology, 25(6),
954-962.

Meltzoff, A. N., & Prinz, W. (2002). The imitative mind: Deve-
lopment, evolution and brain bases. Cambridge: Cambridge
University Press.

Mesoudi, A., & Whiten, A. (2008). The multiple roles of
cultural transmission experiments in understanding human
cultural evolution. Philosophical Transactions of the Royal
Society B: Biological Sciences, 363(1509), 3489-3501.

Miklési, A. (1999). The ethological analysis of imitation.
Biological Reviews of the Cambridge Philosophical Society,
74(3), 347-374.

Molnar-Szakacs, 1., Wu, A. D., Robles, F. J., & Iacoboni, M.
(2007). Do you see what I mean? Corticospinal excitability
during observation of culture-specific gestures. PLos ONE,
2(7), €626.

Moore, B. R. (2004). The evolution of learning. Biological
Reviews of the Cambridge Philosophical Society, 79(2), 301-335.

Mukamel, R., Ekstrom, E., Kaplan, J.T., Iacoboni, M., & Fried,
I. (2007). Mirror properties of single cells in human medial
frontal cortex. Program No. 127.4 2007 Abstract Viewer/
Itinerary Planner. San Diego, CA: Society for Neuroscience.
Online.

O’Doherty, J. P. (2004). Reward representations and reward-
related learning in the human brain: Insights from neuroi-
maging. Current Opinion in Neurobiology, 14(6), 769-776.

Perner, J., Leekam, S. R., & Wimmer, H. (1987). Three-year-olds’
difficulty with false belief: The case for a conceptual deficit.
British Journal of Developmental Psychology, 5(2), 125-137.

Perry, R. P., LeBow, M. D., & Buser, M. M. (1979). An
exploration of obese observational learning in modifying
selected eating responses of obese children. International
Journal of Obesity, 3(3), 193-199.

Pfeifer, J. H., Iacoboni, M., Mazziotta, J. C., & Dapretto, M.
(2008). Mirroring others’ emotions relates to empathy and

34

interpersonal competence in children. Neurolmage, 39(4),
2076-2085.

Piaget, J. (1962). Play, dreams and imitation in childhood. New
York: Norton.

Pineda, J. A., & Hecht, E. (2008). Mirroring and mu rhythm
involvement in social cognition: Are there dissociable
subcomponents of theory of mind? Biological Psychology,
80(3), 306-314.

Press, C., Gillmeister, H., & Heyes, C. (2006). Bottom-up,
not top-down, modulation of imitation by human and
robotic models. The European Journal of Neuroscience,
24(8), 2415-2419.

Press, C., Gillmeister, H., & Heyes, C. (2007). Sensorimotor
experience enhances automatic imitation of robotic action.
Proceedings. Biological Sciences/the Royal Society, 274
(1625), 2509-2514.

Prinz, W. (2005). An ideomotor approach to imitation. In
S. Hurley & N. Chater (Eds.), Perspectives on imitation:
From neuroscience to social science (pp. 141-156). Cambridge,
MA: MIT Press.

Rakoczy, H., Tomasello, M., & Striano, T. (2005). On tools and
toys: How children learn to act on and pretend with ‘virgin
objects’. Developmental Science, 8(1), 57-73.

Rizzolatti, G., & Craighero, L. (2004). The mirror-neuron
system. Annual Review of Neuroscience, 27, 169-192.

Roberts, A. C., & Wallis, J. D. (2000). Inhibitory control and
affective processing in the prefrontal cortex: Neuropsycho-
logical studies in the common marmoset. Cerebral Cortex,
10(3), 252-262.

Saygin, A. P., Wilson, S. M., Hagler, D. J., Bates, E., & Sereno,
M. I. (2004). Point-light biological motion perception
activates human premotor cortex. Journal of Neuroscience,
24(27), 6181-6188.

Schultz, W. (2006). Behavioral theories and the neurophysiol-
ogy of reward. Annual Review of Psychology, 57, 87-115.
Schwier, C., van Maanen, C., Carpenter, M., & Tomasello, M.
(2006). Rational imitation in 12-month-old infants. Infancy,

10(3), 303-311.

Sommerville, J. A., & Decety, J. (2006). Weaving the fabric of
social interaction: Articulating developmental psychology
and cognitive neuroscience in the domain of motor cogni-
tion. Psychonomic Bulletin & Review, 13(2), 179-200.

Stefan, K., Classen, J., Celnik, P., & Cohen, L. G. (2008).
Concurrent action observation modulates practice-induced
motor memory formation. The European Journal of
Neuroscience, 27(3), 730-738.

Sullivan, K. (1994). Preschoolers can attribute second-order
beliefs. Developmental Psychology, 30(3), 395-402.

Tai, Y. F., Scherfler, C., Brooks, D. J., Sawamoto, N., &
Castiello, U. (2004). The human premotor cortex is ‘mirror’
only for biological actions. Current Biology, 14(2), 117-120.

Tomasello, M. (1999). The human adaptation for culture.
Annual Review of Anthropology, 28, 509-529.

Tomasello, M., Carpenter, M., Call, J., Behne, T., & Moll, H.
(2005). Understanding and sharing intentions: The origins of
cultural cognition. The Behavioral and Brain Sciences, 28(5),
675-691.



Tomasello, M., Kruger, A. C., & Ratner, H. H. (1993a).
Cultural learning. The Behavioral and Brain Sciences, 16(3),
495-511.

Tomasello, M., Savagerumbaugh, S., & Kruger, A. C. (1993b).
Imitative learning of actions on objects by children,
chimpanzees, and enculturated chimpanzees. Child Devel-
opment, 64(6), 1688-1705.

Uddin, L. Q., Iacoboni, M., Lange, C., & Keenan, J. P. (2007).
The self and social cognition: The role of cortical midline
structures and mirror neurons. Trends in Cognitive Sciences,
11(4), 153-157.

Ulloa, E. R., & Pineda, J. A. (2007). Recognition of point-light
biological motion: Mu rhythms and mirror neuron activity.
Behavioural Brain Research, 183(2), 188-194.

Vescio, J., Wilde, K., & Crosswhite, J. J. (2005). Profiling sport
role models to enhance initiatives for adolescent girls in
physical education and sport. European Physical Education
Review, 11(2), 153.

Vogt, S., Buccino, G., Wohlschldger, A. M., Canessa, N., Shah,
N. J.,, Zilles, K., et al. (2007). Prefrontal involvement in
imitation learning of hand actions: Effects of practice and
expertise. Neurolmage, 37(4), 1371-1383.

35

Vogt, S., & Thomaschke, R. (2007). From visuo-
motor interactions to imitation learning: Behavioural
and brain imaging studies. Journal of Sports Sciences,
25(5), 497-517.

Walter, H., Abler, B., Ciaramidaro, A., & Erk, S. (2005).
Motivating forces of human actions. Neuroimaging reward
and social interaction. Brain Research Bulletin, 67(5),
368-381.

Whiten, A. (2000). Primate culture and social learning.
Cognitive Science, 24(3), 477-508.

Whiten, A., Spiteri, A., Horner, V., Bonnie, K. E., Lambeth,
S. P., Schapiro, S. J., et al. (2007). Transmission of multiple
traditions within and between chimpanzee groups. Current
Biology, 17(12), 1038-1043.

Williams, J. H., Whiten, A., Waiter, G. D., Pechey, S., &
Perrett, D. 1. (2007). Cortical and subcortical mechanisms at
the core of imitation. Social Neuroscience, 2(1), 66-78.

Wrangham, R. W., McGrew, W. C., de Waal, F. B. M., &
Heltne, P. G. (1994). Chimpanzee cultures. Cambridge, MA:
Harvard University Press.

Zentall, T. R. (2006). Imitation: Definitions, evidence, and
mechanisms. Animal Cognition, 9(4), 335-353.



CHAPTER 3

Own-gender imitation activates the brain’s reward circuitry

36



doi:10.1093/scan/nsr055 SCAN (2012)
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Imitation is an important component of human social learning throughout life. Theoretical models and empirical data from
anthropology and psychology suggest that people tend to imitate self-similar individuals, and that such imitation biases increase
the adaptive value (e.g., self-relevance) of learned information. It is unclear, however, what neural mechanisms underlie people's
tendency to imitate those similar to themselves. We focused on the own-gender imitation bias, a pervasive bias thought to be
important for gender identity development. While undergoing fMRI, participants imitated own- and other-gender actors perform-
ing novel, meaningless hand signs; as control conditions, they also simply observed such actions and viewed still portraits of the
same actors. Only the ventral and dorsal striatum, orbitofrontal cortex and amygdala were more active when imitating own-
compared to other-gender individuals. A Bayesian analysis of the BrainMap neuroimaging database demonstrated that the
striatal region preferentially activated by own-gender imitation is selectively activated by classical reward tasks in the literature.
Taken together, these findings reveal a neurobiological mechanism associated with the own-gender imitation bias and demon-

strate a novel role of reward-processing neural structures in social behavior.

Keywords: imitation; neuroimaging; reward; gender; cultural learning

INTRODUCTION

Imitation is widespread in humans, emerges early in devel-
opment and is the means by which many critical skills are
learned throughout life (Tomasello et al., 1993). Theoretical
models and behavioral data from psychology and anthropol-
ogy indicate that people tend to imitate certain individuals,
including those who are self-similar (Bandura, 1977;
Henrich and McElreath, 2003). These ‘similarity biases’ are
thought to increase the adaptive value of learned informa-
tion by increasing its self-relevance.

One of the best-documented similarity biases is the
own-gender bias, which is thought to play a critical role in
the acquisition of gender roles and continues to guide learn-
ing in adulthood (Bussey and Bandura, 1984). In a series of
foundational studies, Bandura and colleagues found that a
diverse set of behaviors, ranging from aggression to color
preference, were more readily transmitted via imitation of
own-gender than other-gender models (Bandura et al., 1961;
Bussey and Bandura, 1984). These studies also demonstrated
that a preference for own-gender imitation is present in
children before gender identity is fully formed, suggesting
that own-gender imitation is not only an effect, but also a
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cause of gender identity development (Bussey and Bandura,
1984).

Following Bandura’s findings, preference for own-gender
models has been documented for models such as parents
(Basow and Howe, 1980), teachers (Gilbert et al, 1983),
peers (Slaby and Frey, 1975; Perloff, 1982) and even stran-
gers, like musicians (Killian, 1990) and celebrities (Mesoudi,
2009). Own-gender imitation biases are thus pervasive,
yet neuroimaging studies of human imitation have
provided little insight into the neural underpinnings of
such model-based imitative learning biases, as they have typ-
ically utilized stimuli depicting an isolated, gender-neutral
effector (e.g. a hand or foot) performing simple actions
(e.g. Tacoboni et al., 1999; Buccino et al, 2004; Frey and
Gerry, 2006).

Here, we used fMRI to investigate the neural circuitry
underlying the own-gender imitation bias. We addressed
two main questions. First, which neural systems encode
gender during imitation? Second, are these neural mechan-
isms imitation-specific and thus more likely related to
the own-gender imitative bias? We have previously pro-
posed that neural systems related to imitation, mental state
attribution and reinforcement learning might underlie
human cultural imitative learning (Losin et al, 2009).
Given that imitative biases such as the own-gender bias are
a key component of cultural learning, we predicted that
one or more of these neural systems would differentially
encode own- and other-gender individuals during imita-
tion and do so to a greater degree or exclusively during
imitation.

© The Author (2012). Published by Oxford University Press. For Permissions, please email: journals.permissions@oup.com
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METHODS
Participants

Participants were 20 (10 males), right-handed, European
American individuals, 18 to 26 years old (mean=22.92,
s.d.=2.09). Seventeen participants reported being hetero-
sexual, and three participants reported being homosexual
(two males, one female). Participants were recruited through
the volunteers section on Craigslist (8/20 were students).
Participants had no history of medication or drug use
other than oral contraceptives, no heavy use of alcohol and
no prior or concurrent diagnosis of any neurological,
psychiatric, or developmental disorders according to self-
report. The study was approved by the UCLA Institutional
Review Board. Written informed consent was obtained from
all participants.

fMRI task

Stimuli were color, waist-up videos of 12 actors (six males),
of three different ethnicities (European American, African
American and Chinese American), performing 16 bimanual,
symmetrical hand signs derived from New Zealand Sign
Language and described as meaningless to both actors and
participants. Actor and stimulus appearance was standar-
dized (e.g. neutral expression, white t-shirt, consistent light-
ing, position and background). Stimuli were either outlined
with a red border, indicating that the participant should
observe passively (observe gesture condition), or a green
border, indicating that the participant should imitate the
signs during the video presentation (imitate gesture condi-
tion). Two control conditions were utilized: (i) portraits of
each actor to control for viewing vs imitating actors (view
portrait condition, also outlined with a red border) and (ii) a
fixation cross (baseline) (Figure 1).

Four stimuli from the same condition and portraying the
same actor were presented in a block. For example, during a
block of the imitate gesture condition, a participant would
imitate the same actor performing four different hand signs.
Each stimulus within a block was presented for 2.5s and
separated from the next stimulus by a 0.5-s fixation cross.
All blocks were preceded by an instruction screen that was
either green with the word, ‘imitate’ or red with the word,
‘observe’. Stimulus blocks were divided into four balanced
runs such that each actor, each hand sign and each condition
were seen an equal number of times in each run. The order

Imitate gesture
(dynamic)

Observe gesture
(dynamic)
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of blocks was pseudorandomized within a run, ensuring less
than two of same gender in a row, no two of same ethnicity
in a row, and no two of same hand sign in a row. Five 22.5-s
rest blocks were evenly spaced throughout each run. This
run configuration resulted in one block of each condition
(imitate gesture, observe gesture and view portrait) per
actor, per run for a total run time of 13:45. Over the
course of the experiment, gestures were each seen an equal
number of times as each gesture was performed by each
actor once in each condition. Also over the course of the
experiment, each participant saw 96 stimuli (24 blocks)
portraying own-gender actors and 96 stimuli (24 blocks)
portraying other-gender actors in each of the conditions.
The stimulus order for each participant was unique. These
functional data were acquired over a total of 55 min of scan
time. The fMRI task was created and presented in the scan-
ner using Presentation® software (Neurobehavioral Systems,
Inc., Albany, CA, USA) and viewed in the scanner on
magnet-compatible goggles (Resonance Technologies, Inc.).

Prior to scanning, each subject completed two training
tasks: a hand-sign familiarization task during which partici-
pants imitated each sign in slow motion and then at full
speed, and a task structure familiarization during which
participants performed one block of each task condition
(task structure familiarization hand signs and actor were
not later seen in scanner). During training tasks, participants
performed the imitation condition with their hands in their
laps and under a table to mimic scanner conditions.

fMRI data acquisition

Data were collected using a 3 Tesla Siemens Trio whole-body
MRI scanner at the UCLA Ahmanson-Lovelace Brain
Mapping Center. The following scans were performed on
each participant: (i) four functional echo-planar imaging
(EPI) scans (3 x 3 x 4mm voxels, TR: 2250 ms, TE: 28 ms,
slices: 34, flip angle: 90°, FoV read: 192 mm, echo spacing:
47 ms, bandwidth: 2442 Hz/Px, time: 13:45); (ii) co-planar
high-resolution T2-weighted structural scan (1.5 x 1.5 x
4mm voxels, TR: 5000ms, TE: 34ms, slices: 34, flip
angle: 90°, FOV Read: 192mm, echo spacing: 0.89 ms,
bandwidth: 1302 Hz/Px, time: 1:30); (iii) high-resolution
T1-weighted magnetization-prepared rapid gradient
echo (MPRAGE) structural scan (1 x 1 x 1 mm voxels,
TR: 1900ms, TE: 2.26 ms, Flip angle: 90°, T1: 900 ms,

View portrait Baseline
(static) (fixation)
+

Fig. 1 Example stimuli from four experimental conditions (Imitate gesture stimuli have a green border = participants imitate and observe gesture and view portrait stimuli have

red borders = participants observe).
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FoV Read: 250 mm, echo spacing 6.9 ms, bandwidth: 200 hz/
px, time: 6:50).

Behavioral measures

To quantify participants’ task compliance and imitation ac-
curacy, participants were visually monitored during scan-
ning to ensure that no movement occurred during
observation-only blocks. Additionally, for 16 of 19 partici-
pants, hand-sign imitation accuracy was assessed by watch-
ing participants’ hands through the control-room window.
Each sign was assigned a rating of 2 (performed sign cor-
rectly); 1 (performed sign but with errors); or 0 (did not
perform sign). Imitation accuracy was high with an average
of 94.8% (subject range = 82.6%-99.7%) of signs receiving
the highest accuracy rating, suggesting participants were able
to perform the hand-sign imitation task accurately.

fMRI data analysis

One male participant was not included in the analysis due to
a failure of the stimulus randomization script. Additionally,
the fourth run was dropped from two participants due to
failure of the stimulus presentation computer, and two runs
were dropped from each of two participants due to head
motion. This resulted in a total of 19 (10 females) partici-
pants and 70 runs being utilized in the statistical analyses.
Head motion in the remaining data was low, with an average
mean relative head motion per run of 0.077 mm, s.d.=
0.004mm and a an average maximum relative head
motion per run of .648 mm, s.d. =0.074 mm.

Structural and functional MRI data analyses were per-
formed using FSL (FMRIB’s Software Library:http://www
fmrib.ox.ac.uk/fsl/), AFNI (Cox, 1996) and ART (Ardekani
et al., 1995). Preprocessing included skull-stripping (AFNI),
realignment (mean image, FSL), highpass filtering (100 ms,
FSL) and spatial smoothing (6 mm, FSL). Functional data
were registered to the in-plane high-resolution scan (3-para-
meter affine) and in turn to the TI MPRAGE (7-parameter
affine). Finally, registration of the MPRAGE to MNI space
(FSL’s MNI Avg152, T1 2x2x2mm) was carried out with FSL
(12-parameter affine) and refined using ART (non-linear
transformation). First-level analyses included voxel pre-
whitening, double-gamma hemodynamic response function
(HRF) convolution, temporal filtering, and temporal deriva-
tive inclusion.

The following contrasts were entered in the first-level ana-
lysis: (own gender>other gender), (other gender>own
gender), (own gender > baseline), (other gender > baseline),
for each of the imitate gesture, observe gesture and view
portrait conditions. Interaction contrasts were also entered,
subtracting the above contrasts for the observe gesture or
view portrait condition from the equivalent contrasts in
the imitate gesture condition {e.g., [(imitate gesture own
gender >other gender) > (observe gesture own gender
>other gender)]}. Interaction contrasts were intended to
reveal whether results found in the imitate gesture condition
reflected processes unique to imitation. For each participant,
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the four runs were averaged using a fixed-effects analysis. A
mixed-effects analysis (i.e. random and fixed effects) was
then used to average across all participants (FLAME 1+ 2).
All data were thresholded at Z> 2.3 and whole-brain cluster
corrected for multiple comparisons (P<0.05).

Additional analyses were conducted to explore the robust-
ness of the significant effect observed in the (imitate gesture
own gender > other gender) contrast. The consistency of this
effect across participants was evaluated by examining
whether significant activity for this contrast was present in
each individual (fixed effect 4-run average, P<0.05, uncor-
rected) within the region where significant activity was
observed at the group level. An additional group analysis
excluding the three homosexual participants was also con-
ducted. Finally, in order to further test whether differential
activity for own- and other-gender models was specific to the
imitate gesture condition, parameter estimates of activity
were extracted for all conditions from an anatomical
region of interest (ROI) of the bilateral nucleus accumbens
from the Harvard—Oxford probabilistic atlas (Desikan et al.,
2006), thresholded at P=0.25 (at least 25% of people have
nucleus accumbens tissue in every voxel) and entered into a
two gender (own and other) x three condition (imitate ges-
ture, observe gesture and view portrait) repeated measures
ANOVA in SPSS.

Bayesian analysis of the BrainMap database

To assess how selectively the region more active for own-
than other-gender imitation is activated by reward tasks in
the literature, we performed a Bayesian analysis of the
BrainMap neuroimaging database, following the methods
outlined by Poldrack (2006). We used a 10-mm cuboid
ROI around the peak voxel of the cluster more active for
own- than other-gender imitation [(14, 14, —8), converted
from MNI to Talairach using the BrainMap search tool].
This ROI was fully contained within the active cluster. We
searched for all experiments containing activity within this
region that did and did not employ reward tasks (denoted by
the Paradigm Class code in the database) and also for all
experiments without activity in this region that did and
did not employ reward tasks (Table 1). We used these fre-
quencies along with a neutral prior estimate of a reward task
being used (P=0.5) to calculate a posterior probability and
corresponding Bayes factor (P/1 —P) for the likelihood a
reward task was employed based on the presence of activity
within our nucleus accumbens-centered functional ROIL. We
also calculated the conditional probability of a reward
task being used given the activity within the ROI (Table 1,
first row).

RESULTS

Comparing imitation of one’s own gender to the other
gender (imitate gesture own gender >other gender) pro-
duced a single cluster of significant activity, centered in
bilateral nucleus accumbens and extending into the dorsal
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Table 1 Frequency table for searches conducted in BrainMap database
reflecting number of experimental comparisons found for each search

Reward task Not reward task

Activated 47 37
Not activated 460 8666

Note. Search location was (14, 14, —8) MNI converted to Talairach (12, 13, —3) using
icom2tal through the BrainMap search tool Sleuth v1.2, extending 5mm in each
direction.

Table 2 Peaks of activity for own > other gender during imitation and the
interaction between imitation and the other conditions

Anatomical region X y z z

Imitate gesture own gender > other gender

R putamen/nucleus accumbens 14 14 -8 3.83
R orbitofrontal cortex/putamen 18 18 —12 3.76
L nucleus accumbens -8 14 -8 343
R caudate 18 18 2 3.38
R putamen 20 18 -2 3.38

(Imitate gesture own gender > other gender) > (observe gesture own gender >
other gender)

R putamen/nucleus accumbens 16 14 —10 3.96
R orbitofrontal cortex/putamen 18 18 —12 3.78
R caudate 20 16 6 3.26
R pallidum/putamen 16 4 —16 3.19

(Imitate gesture own gender > other gender) > (view portrait own gender >
other gender)

R putamen/caudate 18 18 —10 3.61
R orbitofrontal cortex/insula 28 20 -8 3.59
R insula/orbitofrontal cortex 32 20 —6 3.55
R nucleus accumbens/putamen 14 16 —10 3.54

Note. All clusters present at statistical threshold of Z> 2.3, whole-brain corrected for
multiple comparions (P < 0.05) (n=19). Anatomical regions of peak voxel within
cluster assigned using Harvard—Oxford Cortical and Subcortical Probabilistic Structural
Atlases. First cluster within each anatomical region listed. Interaction contrasts
masked by significant clusters in imitate condition. L and R refer to left and right
hemispheres; x, y and z refer to the MNI coordinates corresponding to the left—right,
anterior—posterior and inferior—superior axes, respectively; Z refers to the highest
Z score within a cluster.

striatum, orbitofrontal cortex (OFC) and left amygdala
(Table 2 and Figure 2a-b). This result held when the three
homosexual participants were removed from the analysis
and in both males and females when the sexes were analyzed
separately. Additionally, 16 of 19 study participants had sig-
nificant activity within this cluster when imitating own-
compared to other-gender individuals, confirming the ro-
bustness of the own-gender effect even at the single subject
level (two-tailed sign test, P=.004). No significant activity
was found for the reverse contrast (imitate gesture other
gender >own gender). Furthermore, no significant differ-
ences were found for the (own gender > other gender) con-
trast in either the observe gesture or view portrait
conditions.

To determine whether own-gender enhanced activity
within reward-related regions was unique to imitation, we
next compared the (own gender > other gender) contrast in
the imitate gesture condition to both the observe gesture and
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view portrait conditions [(imitate gesture own gen-
der > other gender) > (observe gesture own gender > other
gender)] and [(imitate gesture own gender >other gen-
der) > (view portrait own gender >other gender)]. Since
the purpose of these analyses was to determine what activity
from the (imitate gesture own gender > other gender) con-
trast was unique to imitation, interaction contrasts were
post-threshold masked by the result of the (imitate gesture
own gender >other gender) contrast. There was reliably
higher activity in the nucleus accumbens, dorsal striatum,
OFC and amygdala for imitating own- compared to
other-gender actors, even after activity associated with pas-
sively observing the gestures (Figure 2c, red activity) or por-
traits (Figure 2c, blue activity) of own- compared to
other-gender actors was removed. Furthermore, there was
considerable overlap between these two analyses (Figure 2c,
green activity), suggesting that much of the enhanced activ-
ity in response to own- compared to other-gender individ-
uals during imitation was unique to imitation.

We also conducted a more targeted inquiry into whether
the own-gender effect seen in the imitate condition was also
seen during gesture observation or portrait viewing, by re-
stricting our search to an anatomical nucleus accumbens
ROIL We extracted parameter estimates of activity from
this cluster for all six conditions (as compared to baseline)
and entered these into a two-gender (own and other) x
three-condition (imitate gesture, observe gesture and view
portrait) repeated measures ANOVA. We found a significant
gender x condition interaction [F (2,17) =4.26, P=0.02],
whereby significantly greater activity for own than other
gender was observed in the imitate gesture condition
[t(18)=3.3, P=0.004] but not in the observe gesture
[t(18)=—0.9, P=0.378] or view portrait [¢(18)=—0.7,
P=0.518] condition. Furthermore, the (own gender > other
gender) contrast in the imitate gesture condition was signifi-
cantly different from both the observe gesture
[F(1,18)=7.26, P=0.015] and view portrait condition
[F(1,18) =6.69, P=0.019], but the non-imitative conditions
did not differ from one another (Figure 2d). This ROI ana-
lysis suggests that the increased activity in the nucleus
accumbens when participants imitated individuals of their
own gender is indeed specific to the process of imitation, as
no effect was found during gesture observation or portrait
viewing, even when the search was restricted to an anatom-
ical region where this difference was seen during imitation.

To assess the likelihood that the enhanced activity in the
nucleus accumbens and other regions indicated the engage-
ment of reward-related cognitive processes, as opposed to
other cognitive functions related to these structures, we con-
ducted a Bayesian analysis of the BrainMap neuroimaging
database (Laird et al, 2005). We estimated the degree to
which the region found to be more active for own-
compared to other-gender imitation is selectively activated
by reward tasks within the BrainMap database (Poldrack,
2006). We found that activity within this nucleus accumbens
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Fig. 2 Results. Functional activity is thresholded at Z > 2.3 with whole-brain correction for multiple comparisons at the cluster level (P <.05), and overlaid on a group average
(n=19) T1-weighted structural scan. (a-b) Whole-brain analysis. (a) During imitation of own gender compared to other gender models, significantly more activity was seen in
reward-related neural regions, including the bilateral ventral striatum [MNI coordinates: R (14,14,—8), L (—8, 14, —8)], dorsal striatum and left amygdala. Cluster is 1148 voxels,
cluster P=0.0023, peak Z = 3.83. (b) Percent fMRI signal change from baseline averaged across entire cluster of significant activity shown in (a). Error bars are s.e. (c-d) Gender
x condition interaction. (c) Whole-brain interaction effects in regions exhibiting greater activity for own- than other-gender in the imitate gesture condition as compared to the
observe gesture condition (red) and the view portrait condition (blue). The overlap between these interaction effects (green) can be interpreted as activity that is unique to
imitation. All contrasts are post-threshold masked by significant activity within the (imitate gesture own gender > other gender) contrast; (d) mean differences for (own gender -
other gender) parameter estimates averaged across a bilateral nucleus accumbens anatomical ROI. Results displayed are from two gender (own and other) x three condition
(imitate gesture, observe gesture and view portrait) repeated measures ANOVA. *P < 0.05, **P < 0.01.

region was associated with a substantial increase in the prob-
ability that a reward task was used (i.e. from a neutral prior
probability of 0.5-0.96, corresponding to a Bayes factor of
21.8). A Bayes factor of >10 is thought to reflect strong in-
creases in confidence over the prior probability (Jeffreys,
1998). We also calculated the conditional probability of a
reward task being used, given the presence of activity
within this nucleus accumbens region. This measure pro-
vides a different metric of the likelihood that activity
within this region is related to reward processing, which
unlike the Bayesian calculation does not depend on a specific
comparison set. We found that 56% of contrasts elliciting
activity within this region involved reward tasks, indicating
that activity within this area is more likely to be related to
reward than to any other cognitive function. Notably, this
metric likely underestimates the conditional probability be-
cause a number of contrasts among the 44% not explicitly
labeled as reward tasks involved comparison between condi-
tions that may differ in their reward value (e.g. amphet-
amine > saline; erotic pictures >neutral pictures). Taken
together, these analyses suggest that own-gender imitation
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is most likely associated with cognitive processes similar to
those associated with more traditional reward tasks, such as
reward and reinforcement.

DISCUSSION

While preferential imitation of own-gender models has been
well documented behaviorally, until now no proximate
neural mechanism underlying own-gender imitation was
known. Consistent with our prediction, we found that
reward-related structures, including the ventral striatum,
OFC, dorsal striatum and left amygdala, were more active
during own- compared to other-gender imitation. The spe-
cificity of the own-gender effect to the imitation condition
suggests that this effect is not merely due to low-level
perceptual features of the stimuli (e.g. simply looking at
own- compared to other-gender individuals) but rather is
related to the process of imitation of own-gender models
in particular. Furthermore, using a Bayesian analysis,
we demonstrated that the region more active for own-
than other-gender imitation is most often activated by
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reward tasks in the BrainMap database. Taken together,
these findings provide a plausible neural mechanism for
the pervasive gender similarity bias in imitative learning.

The neural regions observed to be preferentially active
during own-gender imitation are part of a dopaminergic
neural system that has been associated with processing
reward and reinforcement learning in both humans and ani-
mals (Haber and Knutson, 2010). Specifically, the OFC, ven-
tral striatum and amygdala have each been implicated in
coding the value of current and future rewards. The ventral
striatum and amygdala are also sensitive to reward salience.
These structures are thought to work in concert with the
dorsal striatum (caudate and putamen; also structures pref-
erentially active for own-gender imitation) to guide subse-
quent action selection (O’Doherty, 2004; Haber and
Knutson, 2010). Thus, activity in reward-related circuitry
during own-gender imitation may be providing a reinforce-
ment signal that facilitates learning from own-gender
models. It has previously been demonstrated that activation
of reward-related neural structures including the ventral stri-
atum may be contingent on the interaction between antici-
pated reward and the need to perform an instrumental
response (Bjork and Hommer, 2007). Accordingly, the re-
inforcement signal in the present study may result from the
act of own-gender imitation itself or the interaction between
neural activity directly related to imitation with activity
related to the salience and self-similarity of own-gender
models.

Importantly, these data reveal a similarity between the
neural underpinnings of own-gender imitation and those
of classical reward tasks, which would not have been appar-
ent from behavior alone. Bayesian analysis of the BrainMap
database using the peak of the region found to be more
active for own- vs other-gender imitation, located in the
nucleus accumbens, confirmed that this region is most
often activated by reward tasks in the literature. Ariely and
Berns (2010) found a similar level of selective activation of
the nucleus accumbens by reward tasks in the BrainMap
database using an anatomical nucleus accumbens ROI.
Such Bayesian calculations are heavily influenced by the
nature of the comparison set, but even when we only con-
sidered studies that had activation within the nucleus
accumbens, reward tasks still constitute the majority. Thus,
although inferring cognition from brain activity in many
areas of the brain may be complicated due to the large
number of functions these brain areas may perform, the
ventral striatum appears to be most often active during
reward-related tasks, thereby increasing our confidence
that own-gender imitation is an intrinsically rewarding
process.

Previous theoretical and empirical work on gender iden-
tity development suggests why own-gender imitation may be
rewarding. Social learning theory proposes that acting like
own-gender individuals is encouraged by parents, teachers
and peers from an early age, thus facilitating gender identity
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formation (Bandura, 1977). Social-cognitive theory posits
that once gender identity has begun to form, own-gender
imitation is perpetuated by the confidence derived from
perceiving one’s self to be similar to a group of same-sex
individuals (Kohlberg, 1966). Indeed, both the reception of
praise from others (Izuma et al, 2008) and the act of con-
forming to a group (Klucharev et al., 2009) have been asso-
ciated with increases in activity within reward-related neural
circuitry including the ventral striatum. Future studies are
needed to determine how the positive relationship found
between own-gender imitation and reward in the present
study is related to gender identity development.

The present study represents the first step toward eluci-
dating the neural mechanisms of model-observer similarity
biases during imitation, a key element of real-world imitative
learning. Our findings provide strong support for the hy-
pothesis that imitation of own-gender models is indeed
accompanied by intrinsic reinforcement and may thus facili-
tate the acquisition of gender norms and gender role behav-
iors. This finding is in keeping with our recently proposed
model of the neural architecture of cultural imitative learn-
ing, which posits that reward-related responses play a critical
role in reinforcing the learning of culturally transmitted
behavior (Losin et al, 2009). Future developmental and
cross-cultural studies may help determine the extent to
which increased responsiveness in the reward system when
imitating individuals of one’s own gender may be driven by
experiential vs biologically determined factors.
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Imitation plays a central role in the acquisition of culture. People preferentially imitate others who are self-
similar, prestigious or successful. Because race can indicate a person's self-similarity or status, race influences
whom people imitate. Prior studies of the neural underpinnings of imitation have not considered the effects
of race. Here we measured neural activity with fMRI while European American participants imitated mean-
ingless gestures performed by actors of their own race, and two racial outgroups, African American, and
Chinese American. Participants also passively observed the actions of these actors and their portraits. Frontal,
parietal and occipital areas were differentially activated while participants imitated actors of different races.
More activity was present when imitating African Americans than the other racial groups, perhaps reflecting
participants' reported lack of experience with and negative attitudes towards this group, or the group's lower
perceived social status. This pattern of neural activity was not found when participants passively observed
the gestures of the actors or simply looked at their faces. Instead, during face-viewing neural responses
were overall greater for own-race individuals, consistent with prior race perception studies not involving im-
itation. Our findings represent a first step in elucidating neural mechanisms involved in cultural learning, a
process that influences almost every aspect of our lives but has thus far received little neuroscientific study.

© 2011 Elsevier Inc. All rights reserved.

Introduction

One important way people acquire culture is through imitation of
others who are self-similar, or whom they perceive to be prestigious
or successful (Boyd and Richerson, 1987). Because another person's
race can indicate their self-similarity or status, race can influence
whom people imitate (Van den Berghe, 1987). Preferences for own-
race and higher-status-race models have been found for a variety of
social behaviors and at many different ages. Soon after birth, infants
have been found to prefer own-race faces and respond more recep-
tively to own-race strangers (Feinman, 1980; Kelly et al., 2005). Chil-
dren have been found to prefer toys and household objects chosen by
or representing higher-status-race (European American) individuals
(Clark and Clark, 1947; Liebert et al., 1972; Neely et al., 1973). Adults
have also been found to exhibit such race-biased preferences. For
instance, adults practice health-promoting behaviors such as self-
screenings more when someone of their own race models the behav-
iors (Haas and Sullivan, 1991). Adults have also been found to model
their educational and career choices after own-race role models
(Karunanayake and Nauta, 2004; King and Multon, 1996; Zirkel,
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Ahmanson-Lovelace Brain Mapping Center, Room 237, 660 Charles E. Young Drive
South, Los Angeles, CA 90095-7085, USA. Fax: +1 310 794 7406.
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1053-8119/$ - see front matter © 2011 Elsevier Inc. All rights reserved.
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2002). Here we investigate the neural mechanisms of race-biased im-
itation in order to provide insight into the neural mechanisms of cul-
tural acquisition (Losin et al., 2009), a process that shapes almost
every aspect of our lives (Losin et al., 2010).

We had three main aims. First, we aimed to investigate whether ac-
tivity within neural systems previously associated with imitation is
modulated by the race of the person being imitated. Second, we set
out to determine whether imitation-related neural activity only differs
between racial ingroup and outgroup members or instead exhibits
race-specific effects. Third, we sought to ascertain whether race-
related neural activity during imitation differs from race-related neural
activity during perceptual tasks not requiring imitation.

With regard to the first aim, previous neuroimaging studies of im-
itation have not considered the influence of the model's race (Buccino
et al., 2004; Frey and Gerry, 2006; Grézes et al., 2003; lacoboni et al.,
1999; Koski et al., 2002; Tanaka et al., 2001; Vogt et al., 2007). A re-
cent meta-analyses of 35 of these imitation studies (Caspers et al.,
2010) identified an extended bilateral network important for imita-
tion including the inferior frontal gyrus (pars opercularis), premotor
cortex and adjacent superior frontal gyrus, supplementary motor
area, primary somatosensory cortex, inferior parietal lobule, and visu-
al area V5 (henceforth referred to collectively). In order to directly
study the influence of race on the neural underpinnings of imitation,
we have included an imitation condition that depicts actors of differ-
ent races from the waist up (unlike prior studies, which typically
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depicted an isolated effector, such as a hand). Given the role of race in
guiding imitative behavior, we expected that neural systems previ-
ously associated with imitation (Caspers et al., 2010), would show
race effects in the imitation condition of our study.

With regard to the second aim, previous cognitive neuroscience
studies on race have focused on comparing members of the partici-
pant's own race (most often white) to one other race (most often
black) (Eberhardt, 2005; Ito and Bartholow, 2009). Such studies
have drawn distinctions between ingroup and outgroup to frame
the interpretation of the empirical data. When only two races are
compared, however, it is unclear whether race effects are similar
across all racial outgroups or are instead related to factors specific
to individual racial groups. Here, we included models of three differ-
ent races, the participant's own race (European American) and two
racial outgroups (African American and Chinese American). We
chose these two outgroups both because they represent the two
most populous racial minorities in the United States (Humes et al.,
2011) and because they differ in a number of other factors for
which race is a proxy (e.g., perceived social status). White Americans
typically report more positive attitudes about Asians than African
Americans both in general (Link and Oldendick, 1996) and as social
partners including neighbors (Bobo and Zubrinsky, 1996; Weaver,
2008) and spouses (Weaver, 2008). African Americans are also consis-
tently viewed as having a lower social status than East Asians among
U.S. minority groups (Fiske et al., 1999, 2002). Given these differences
between the racial outgroups, we expected that neural systems previ-
ously associated with imitation (Caspers et al., 2010) would differenti-
ate between all three races and that neural responses to African
Americans might differ more from responses to European Americans
than would neural responses to Chinese American individuals.

With regard to the third aim, previous studies have investigated
race effects in the brain mainly using two types of tasks: action obser-
vation without imitation or simply looking at the faces of own-race
and other-race individuals. Action observation studies have included
observing the hand actions (Désy and Théoret, 2007) and hand ges-
tures of own-race and other-race individuals (Liew et al., 2010;
Molnar-Szakacs et al., 2007). Overall, studies of action observation
have demonstrated that regions including the primary motor cortex,
inferior parietal lobule and insula differentiate between actors of dif-
ferent races, although both increased (Molnar-Szakacs et al., 2007;
Liew et al., 2010) and decreased (Désy and Théoret, 2007) responses
have been reported for own-race compared to other-race actors.

Studies employing face-viewing tasks make up the majority of the
existing literature on the neural correlates of race (Eberhardt, 2005;
Ito and Bartholow, 2009). By varying the way in which faces were pre-
sented and the task participants performed, these studies have
addressed a number of cognitive processes related to race including
face processing, racial categorization, stereotyping and prejudice.
Based on this body of work, Ito and Bartholow (2009) have highlighted
a number of brain areas involved in race perception. These include the
fusiform gyrus (typically showing greater activity when processing
own-race faces, e.g. Golby et al., 2001), the posterior cingulate (usually
more strongly activated during retrieval of information about own-race
individuals, e.g., lidaka et al., 2008), the amygdala (showing greater
activity for other-race, e.g., Lieberman et al.,, 2005, as well as own-
race, e.g., Chiao et al,, 2008, individuals during arousal of affect and
evaluation) and the anterior cingulate, dorsolateral prefrontal, and
ventrolateral prefrontal cortex (all typically more active when inhibit-
ing stereotypes or prejudice against other-race individuals, e.g.,
Cunningham et al., 2004).

Here we have included both an action observation and a face-
viewing task to determine whether race effects during imitation dif-
fer from race effects during these previously studied perceptual
tasks. Given that people tend to imitate others of their own race or
those from a racial group perceived to be high in social status, we
expected lower levels of activation when participants imitated own-
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race models within imitation-related regions (Caspers et al., 2010),
since familiarity is often associated with reduced brain activity during
imitation (Buccino et al., 2004; Vogt et al., 2007). Previous perceptual
tasks, on the other hand, have often reported greater levels of activa-
tion associated with own-race individuals (fusiform gyrus, posterior
cingulate, Ito and Bartholow, 2009; inferior parietal lobule and insula,
Liew et al., 2010; motor cortex, Molnar-Szakacs et al., 2007). Thus, we
expected that imitation would modulate race effects previously ob-
served in perceptual tasks.

In summary, our overarching goal was to begin to shed light on
the neural processes that may underlie race-biased imitative learning
during cultural acquisition. To do so, in the present study we exam-
ined neural activity with fMRI while European American participants
imitated, as well as observed, actors of three different races perform-
ing novel meaningless hand gestures (participants also viewed por-
traits of these same actors).

Methods
Participants

Participants were 20 (10 male), right-handed, European American
individuals, age 18-26 years old (M =22.92, SD=2.09). They were
recruited through the Volunteers section on Craigslist (8/20 were
students). Participants reported using no medication or drugs (other
than oral contraceptives), as well as no heavy use of alcohol, and no
prior or concurrent diagnosis of any neurological, psychiatric, or de-
velopmental disorder. The study was approved by the UCLA Institu-
tional Review Board. Written informed consent was obtained from
all participants.

Actor hand sign imitation fMRI paradigm

Stimuli were color, waist-up videos of 12 actors (6 male), of 3 dif-
ferent ethnicities [European American (EA), African American (AA)
and Han Chinese American (CH)]. Though actors were recruited
from these specific ethnic groups in order to minimize phenotypic
variation, group differences will be discussed in terms of ‘race’ be-
cause this is the construct most likely perceived by participants
based on visual information alone. Actors performed 16 bimanual,
symmetrical hand signs derived from New Zealand Sign Language
and described as meaningless to both actors and participants. Actor
and stimulus appearance was standardized (e.g. neutral expression,
white t-shirt, consistent lighting, position and background). Stimuli
were presented in the following four conditions: 1) imitate gesture
in which participants imitated the actors performing the hand signs
during the video presentation, indicated by a green border, 2) observe
gesture in which participants passively observed the actors perform-
ing hand signs, indicated by a red border, 3) view portrait, in which
participants passively viewed still portraits of each actor, also indicat-
ed by a red border, and 4) baseline, in which participants fixated on a
black cross in the center of a white screen (Fig. 1a).

Four stimuli of the same condition and portraying the same actor
were presented in a block (Fig. 1b). For example, during a block of
the imitate gesture condition, a participant would imitate the same
actor performing four different hand signs. Each stimulus within a
block was presented for 2.5 s and separated from the next stimulus by
a 0.5-second fixation cross. All blocks were preceded by an instruction
screen that was either green with the word “imitate” or red with the
word “observe.” Stimulus blocks were divided into four balanced runs
such that each actor, each hand sign, and each condition were seen an
equal number of times in each run. The order of blocks was pseudoran-
domized within a run, ensuring less than two actors of the same gender
in arow, no two actors of the same race in a row, and no two of the same
hand sign in a row. Five 22.5-second rest blocks were evenly spaced
throughout each run. This run configuration resulted in one block
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Fig. 1. Experimental stimuli and task design. (a) Example stimuli from 4 experimental conditions (green border = imitation, red border = observation). (b) Examples of block

structure from the imitate gesture (first row) and view portrait (second row) conditions.

(4 stimuli) of each condition (imitate gesture, observe gesture and view
portrait) per actor, per run for a total run time of 13:45. Over the course
of the experiment, each participant saw 64 stimuli (16 blocks) portray-
ing actors from each of the three racial groups in each of the three con-
ditions. A different pseudorandomized stimulus order was created for
each participant. Total task time was 55 min. The fMRI task was imple-
mented and presented in the scanner using Presentation® software
(Neurobehavioral Systems, Inc., Albany, CA) and viewed in the scanner
on magnet-compatible goggles (Resonance Technologies, Inc.).

Prior to scanning, each participant completed two training tasks: a
hand sign familiarization task during which participants imitated
each sign in slow motion and then at full speed, and a task structure
familiarization during which participants performed one block of
each task condition (the actors and hand signs used during the task
structure familiarization were different from those seen in scanner).
During these training tasks, participants performed the imitation con-
dition with their hands in their laps and under a table to mimic scan-
ner conditions.

fMRI data acquisition

Data were collected using a 3T Siemens Trio whole-body MRI
scanner at the UCLA Ahmanson-Lovelace Brain Mapping Center. The
following scans were performed on each participant: 1) Four func-
tional echo-planar imaging (EPI) scans (3x3x4 mm voxels, TR:
2250 ms, TE: 28 ms, slices: 34, flip angle: 90°, FoV read: 192 mm,
echo spacing: 47 ms, bandwidth: 2442 Hz/Px, time: 13:45); 2) a co-
planar high resolution T2-weighted structural scan (1.5x 1.5x4 mm
voxels, TR: 5000 ms, TE: 34 ms, slices: 34, flip angle: 90°, FOV Read:
192 mm, echo spacing: .89 ms, bandwidth: 1302 Hz/Px, time: 1:30);
3) a high resolution T1-weighted magnetization-prepared rapid gra-
dient echo (MPRAGE) structural scan (1x1x1mm voxels, TR:

1900 ms, TE: 2.26 ms, Flip angle: 90°, TI: 900 ms, FoV Read:
250 mm, echo spacing 6.9 ms, bandwidth: 200 hz/px, time: 6:50).

Behavioral measures

Behavioral measures of the participants' explicit and implicit racial
attitudes and racial experience were collected post-scan and used to
facilitate the interpretation of the fMRI data. Participants' explicit at-
titudes about the three racial groups were measured using a feeling
thermometer (Judd et al., 1995) from 0° (very cold feelings) to 100°
(very warm feelings,). Feeling thermometers have been demonstrated
to be reliable measures of people’s attitudes with an analysis of 17 feel-
ing thermometer measures yielding an average reliability of p=.8,
SD=.1 (Alwin, 1997).

Participant's implicit racial attitudes were measured using an Im-
plicit Association Test (IAT; Greenwald et al., 1998). During the IAT,
positive and negative words (e.g., love and hate) were associated
with EA and AA or EA and CH faces. The difference between the
average matching speed for the (positive/white + negative/black)
pairings and the (positive/black 4+ negative/white) pairings results
in the IAT score, which was used as a measure of implicit racial bias.
IAT scores are reported as D scores (difference between pairing
response latencies divided by combined standard deviation) using
the improved scoring algorithm described in Greenwald et al.
(2003). Positive values reflect a pro-white bias and negative values
reflect a pro-other-race bias (either AA or CH). The IAT has also
been found to be a reliable measure, especially among implicit mea-
sures, with internal consistency estimates (split-half correlations or
alphas) for IAT measures ranging from .7 to .9 (Greenwald and
Nosek, 2001; Schmukle and Egloff, 2004).

Participants' experience with members of the three racial groups
was measured using an in-house questionnaire based on Intergroup
Contact Theory (Pettigrew, 1998). In the racial experience measure,
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participants reported the races of their 5 closest friends. Participants
also indicated how many people (none, a few, many, most, or all) of
the three racial groups are or have been part of different social groups
in their lives (e.g., romantic partners, neighbors, classmates and co-
workers). Numerical values were assigned to participant responses
and summed across friends and social groups to create a composite
score of experience with each racial group. We calculated reliability
measures (Cornbach's alpha) for this measure of racial experience
with each of the stimuli racial groups: European Americans (.64),
Chinese American (.63) and African Americans (.58). To explore
whether the somewhat low reliability of this measure related to its
potential multidimensionality, we created subscales for close relation-
ships (friends and romantic partners) and more distant relationships
(neighbors, classmates, teachers, coworkers, and other activities) for
each racial group. We found that reliability was not consistently better
for these subscales compared to the total measure (higher for some of
the subscales than for the total measure but lower for others). Addition-
ally, use of the subscales instead of the total experience measure did not
alter the significance of the relationship between racial experience and
the fMRI data, therefore we do not discuss these racial experience sub-
scales further. Explicit racial attitudes and experience measures were
compared between the three racial groups using a repeated measures
ANOVA in SPSS with post-hoc pairwise comparisons using Sidak correc-
tion for multiple comparisons.

To quantify participants' task compliance and imitation accuracy,
participants were visually monitored through the control room win-
dow during scanning to ensure no movement occurred during the
observation-only blocks. Additionally, for 16/19 participants, hand
sign imitation accuracy was assessed by watching the participants'
hands through the control room window. Each sign was assigned a
rating of 2, performed sign correctly; 1, performed sign but with
errors; or 0, did not perform sign. Imitation accuracy was high. An
average of 94.8% (SD=6.83) of signs received the highest accuracy
rating (the range for individual subjects was 82.6%-99.7%), suggest-
ing participants were able to accurately perform the hand sign imita-
tion task.

MRI data analysis

Structural and functional MRI data analyses were performed using
FSL (FMRIB's Software Library:http://www.fmrib.ox.ac.uk/fsl/), AFNI
(Cox, 1996) and ART (Ardekani et al., 1995). We have used several
software packages in order to optimize our data processing stream
to perform as accurately and reliably as possible. Preprocessing in-
cluded skull-stripping (AFNI), realignment (mean image, FSL), high-
pass filtering (100 ms, FSL) and spatial smoothing (6 mm, FSL).
Functional data were registered to the in-plane high resolution scan
(3-parameter affine) and, in turn, to the T1 MPRAGE (7-parameter
affine). Finally, registration of the MPRAGE to MNI space (FSL's MNI
Avg152, T1 2x2x2 mm) was carried out with FSL (12-parameter
affine) and refined using ART (non-linear transformation). Statistical
analyses were performed in FSL. First-level analyses included voxel
pre-whitening, double-gamma hemodynamic response function
(HRF) convolution, temporal filtering, and temporal derivative inclu-
sion. For each subject, the four runs were averaged using a fixed-
effects analysis. A mixed-effects analysis (i.e. random and fixed
effects) was then used to average across all subjects (FLAME 1+ 2).
All group results were thresholded at z>2.3 corrected for multiple
comparisons using cluster-based Gaussian random field theory con-
trolling familywise error across the whole-brain at p=0.05.

To examine differences in neural activity for actors belonging to
distinct racial groups, regressors for each racial group (EA, AA, CH),
in each condition (imitate gesture, observe gesture, view portrait),
were entered into a general linear model at the first-level of analysis
(single subject, single run). Block instructions (“observe” or “imitate”)
were also entered into the model as nuisance regressors. All possible
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pairwise racial contrasts were estimated (e.g., imitate gesture EA> imi-
tate gesture AA) and each racial group was also compared to the fixa-
tion baseline for each condition. In order to determine whether any
race effects found in the imitate gesture condition reflected processes
unique to imitation, interaction contrasts were also estimated by sub-
tracting each pairwise racial contrast for the observe gesture or view
portrait condition from the same contrast for the imitate gesture condi-
tion (e.g., imitate gesture pa~ o> 0bserve gesture pa~ga)-

Several data quality control measures were implemented prior to
data analysis. In addition to standard realignment for motion correc-
tion, we also removed the effects of volumes exhibiting an unusual
amount of residual intensity change, i.e. artifacts due to sudden
movements during volume acquisition. We did so by using a modified
version of the fsl_motion_outliers script which calculated the root
mean square error of each voxel's time-series and created nuisance
regressors for volumes where the volume-average root mean square
error was greater than 0.2 SD (which approximated the threshold
for visually identifying motion artifacts). We excluded any runs
from which more than 25 volumes were removed (4 runs out of
80). We also removed one male participant and the fourth (last)
run from two other participants due to hardware failures during
data collection. These quality control measures resulted in a total of
19 participants (10 female) and 70 runs being utilized in the statisti-
cal analyses. Within these runs, an average of 5.3 volumes (SD =6.4)
out of 362 (approximately 1.5%) were removed due to motion arti-
facts per run.

Results and discussion
Race effects during imitation

In order to determine which neural systems are modulated by the
model's race during imitation, we first compared imitation of own-
race actors to imitation of actors from the two racial outgroups
(EA>CH, CH>EA, EA>AA, AA>EA). Two of these comparisons
yielded significant results. First, we found increased activity during
imitation of EA actors compared to CH actors (EA> CH) within the vi-
sual system including the primary and extrastriate cortices (V1-V5)
and the occipital fusiform gyrus (Fig. 2a, Table 1). This result is consis-
tent with previous studies that have found enhanced activity in the
fusiform gyrus and other extrastriate regions during own-race face
viewing (Golby et al., 2001; lidaka et al., 2008; Lee et al., 2008;
Lieberman et al., 2005). Second, we found increased activity during
imitation of AA actors compared to EA actors (AA>EA) within extra-
striate regions, the fusiform gyrus and fronto-parietal imitation-
related regions including the inferior frontal gyrus, premotor and
primary motor cortices, primary somatosensory cortex, inferior and su-
perior parietal lobules and the pre-supplementary motor area (Fig. 2b,
Table 1). This finding suggests that activity within neural systems
found to underlie imitation in studies where race was not a factor is
modulated by the race of the actor being imitated. Notably, this finding
of more activity during imitation of African Americans, a racial out-
group, is the opposite of what was found in the previous comparison
with the CH group, and previous action observation (Liew et al., 2010;
Molnar-Szakacs et al, 2007) and face viewing studies (Ito and
Bartholow, 2009), all of which found more activity associated with ra-
cial ingroup members in visual and fronto-parietal regions.

Specificity of race effects (ingroup vs. outgroup or individual racial groups?)

Based on these comparisons between the imitation of own-race
and other-race individuals, it is already clear that neural regions pre-
viously found to exhibit different levels of activity based on the mod-
el's race during face viewing (fusiform) and action observation
(primary motor cortex, inferior parietal lobule) are also modulated
by the model's race during imitation. These comparisons also suggest
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EA>CH

AA>EA

AA>CH

23 6.2 -16 14 38

62 0 52

Fig. 2. Neural regions differentiating between imitation of individuals from three different racial groups, European American (EA; own-race) and two racial outgroups: Chinese
American (CH) and African American (AA). (a-c) Whole-brain racial comparisons yielding significant differences from all possible pairwise racial comparisons. Functional activity
is thresholded at Z> 2.3 with whole-brain correction for multiple comparisons applied at the cluster level (p<.05), and overlaid on a group average (n =19) T1 weighted structural
scan. Values under brains represent the MNI coordinate of the axial (z) or sagittal slice (x). L= left and R=right sides of the brain.

that race-related neural modulation during imitation cannot be
explained by the ingroup/outgroup distinction and may instead be re-
lated to factors specific to each racial group because comparisons be-
tween own-race imitation and imitation of each of the two racial
outgroups yielded different results. To test for race-specificity direct-
ly, we next compared imitation of the two outgroup races (AA> CH,
CH>AA). One of these contrasts yielded significant results. We
found increased activity during imitation of AA actors compared to
CH actors in extrastriate visual regions including the fusiform gyrus
and fronto-parietal regions related to imitation including premotor
and primary motor cortices, primary somatosensory cortex and infe-
rior and superior parietal lobules (Fig. 2c, Table 1). Thus, activity
within visual and imitation-related regions differs between racial
outgroups. This result suggests that activity within these neural sys-
tems is modulated by race-specific information during imitation rath-
er than merely whether the model is a member of the imitator's racial
ingroup or not.

Task-dependency of race effects (similar to perceptual studies or unique
to imitation?)

We next sought to determine whether neural race effects during im-
itation were different from those observed in prior studies using action
observation and face-viewing tasks as suggested by the increased activ-
ity found for imitation of members of a racial outgroup (AA) compared
to imitation of individuals from the participants' ingroup (EA). To do
so, we examined several Race x Task interaction contrasts to identify re-
gions in which racial modulation of neural activity during imitation may
differ from racial modulation of activity during gesture observation and

portrait viewing (e.g., imitate gesture aa-ga>0bserve gesture aa-ga
and imitate gesture aa-pa>View portrait aa-ga). Similar contrasts
were performed for each pairwise race combination, yielding two inter-
action analyses for each combination of races: Race x Task (imitate ges-
ture, observe gesture) and Race x Task (imitate gesture, view portrait).
Results from these interaction contrasts indicate regions in which racial
modulation was different for imitation compared to either gesture ob-
servation or portrait viewing. To determine which neural regions differ-
entiated between races in a way that was unique to imitation (where
gesture imitation was different from both gesture observation and por-
trait viewing) we investigated the overlap of the two interaction ana-
lyses for each racial pair. Because interaction contrasts between
imitation and the other two tasks were intended to provide further in-
formation about neural activity during imitation, we only considered in-
teractions falling within a post-threshold mask from the imitation
condition for a given racial comparison. Out of all possible pairwise com-
parisons involving race, significant interactions were only found for the
three racial comparisons exhibiting main effects during imitation
(EA>CH, AA>EA, AA>CH). In order to visualize the source of these in-
teractions, we plotted average parameter estimates from the conditions
contributing to each interaction compared to baseline.

For the (AA>EA) racial comparison, we found a significant
Race x Task interaction when imitation was compared to gesture ob-
servation as well as when imitation was compared to portrait view-
ing. There was considerable overlap between these two interactions
within visual regions including the fusiform gyrus and imitation-
related regions including the primary motor cortex, primary somato-
sensory cortex, and inferior and superior parietal lobules (Fig. 3b,
Table 2). This overlap suggests that neural regions differentiating
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Table 1
Anatomical regions differentiating between races during gesture imitation.

Anatomical regions X y z Z

Imitate gesture EA>CH

L postcentral gyrus —22 —34 48 396
R precuneus 14 —58 26 321
R posterior temporal fusiform cortex 30 —34 —22 333
L cuneal cortex -2 —86 32 444
R lingual gyrus 18 =72 —2 404
L lingual gyrus —-18 —62 —6 363
L inferior lateral occipital cortex —48 —74 —12 343
R superior lateral occipital cortex 34 —86 30 329
L thalamus —18 24 0 330
R cerebellum 14 —-80 —42 352
L cerebellum —36 —48 —42 349

Imitate gesture AA>EA

L paracingulate gyrus (Pre-sma) —6 18 46  4.20
R frontal pole 42 42 14 4.02
L precentral gyrus —40 2 32 385
R superior frontal gyrus 22 2 70 354
R precentral gyrus 52 10 26 340
L middle frontal gyrus —46 32 22 339
R superior frontal gyrus —26 4 66  3.00
R superior parietal lobule 28 —56 50  4.09
R postcentral gyrus 54 20 44 399
L postcentral gyrus —48 34 54 3.70
R middle temporal gyrus, temporooccipital part 56 —56 -4 331
L inferior temporal gyrus, temporooccipital part —44 —46 —14 3.23
L occipital fusiform gyrus —-28 —-72 —10 529
R occipital fusiform gyrus 30 —-72 —8 5.10
L superior lateral occipital cortex —-30 —78 20 420
R superior lateral occipital cortex 36 —72 24 372
L cerebellum —-16 —52 —46 324
Imitate gesture AA>CH

L precentral gyrus —44 2 34 417
R precentral gyrus/superior frontal gyrus 24 —4 44 3388
L superior frontal gyrus —-20 14 56  3.67
L middle frontal gyrus —48 36 20 342
L frontal pole —28 52 0 327
R middle frontal gyrus 38 24 46  3.23
R Insula 42 0 2 339
R postcentral gyrus 54 —-20 44 443
L superior parietal lobule —24 54 52 427
R superior parietal lobule 38 —50 42 343
R precuneus 10 —62 22 274
L hippocampus —18 —-34 —6 392
R temporal occipital fusiform cortex 42 —40 —22 369
L inferior temporal gyrus, temporooccipital part —44 —46 —16 3.25
L middle temporal gyrus, temporooccipital part —58 —56 10 266
L occipital fusiform gyrus —-30 —-74 —10 6.26
R occipital fusiform gyrus 32 —66 —10 5.68
L superior lateral occipital cortex —32 —-74 20 5.02
L occipital pole -2 -9 34 447
R superior lateral occipital cortex 36 —82 16 434
L caudate —16 16 6 357
R thalamus 20 —30 8 332
L cerebellum —-16 —52 —46 3.99
R cerebellum 2 —80 —26 367

Note: Local maxima were the highest Z values within activated regions falling at least
15 mm apart. Anatomical regions for each maximum were assigned using the Harvard-
Oxford Cortical and Subcortical probabilistic atlases. Only the first maximum within
each anatomical region on each side of the brain is listed. Maxima are grouped by lobe
in the following order: frontal, parietal, temporal, occipital, subcortical, cerebellum.

between AA and EA individuals during imitation do so in a way that is
unique to imitation and not driven by observing gestures or looking
at faces of AA compared to EA individuals. Parameter estimates
from the overlapping region reveal that more activity was present
in visual and imitation-related regions during imitation of AA actors
than during imitation of EA actors. In contrast, a similar amount of
activity was present in these regions during observation of gestures
performed by actors of both races. Strikingly, more activity was
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actually present for viewing the portraits of EA actors compared to
AA actors, the opposite of what was found during imitation. In fact,
a number of neural regions including visual (fusiform gyrus, inferior
lateral occipital cortex) and fronto-parietal regions (inferior frontal
gyrus, premotor and primary motor cortices, parietal operculum)
also exhibited more activity in response to EA compared to AA actors
in contrasts examining racial effects only during the portrait viewing
condition (view portrait EA> view Portrait AA; Figure S1b). Thus, the
previously reported effect of enhanced activity when participants
view the faces of own-race individuals compared to those of another
race is also present in our data. The act of imitation, however, appears
to reverse the relative activity levels for EA and AA individuals, result-
ing in more activity during imitation of AA actors.

For the (AA> CH) racial comparison we again found a Race xTask
interaction when imitation was compared to gesture observation as
well as when imitation was compared to portrait viewing. This effect
is similar to the comparison of AA and EA actors, and again there was
considerable overlap between these interactions within visual re-
gions including the fusiform gyrus and lateral occipital cortex and
imitation-related regions including inferior frontal gyrus, premotor
and primary motor cortices, primary somatosensory cortex and supe-
rior parietal lobule (Fig. 3c, Table 2). This overlap suggests that neural
regions differentiating between AA and CH individuals do so in a way
that is unique to imitation. Parameter estimates also revealed similar
effects to those described for the comparisons between EA and AA
actors: activity was higher for imitation of AA actors compared to
CH actors, similar for observation of AA and CH actors, and lower for
viewing portraits of AA compared to CH actors. Once again, several
neural regions (medial prefrontal cortex, caudate) also exhibited
more neural activity in response to CH compared to AA actors when
only the portrait viewing condition was examined (view portrait
CH>view portrait AA; Fig. S1c, Table S1).

Finally, for the (EA>CH) racial comparison, we found a Racex
Task interaction when imitation was compared to gesture observa-
tion but not when imitation was compared to portrait viewing
(Fig. 3a, Table 2). Parameter estimates revealed that more activity
was present within primary and early extrastriate visual regions for
EA compared to CH actors during imitation, whereas a similar amount
of activity was present for these two groups during passive gesture
observation. Although there was no RacexTask interaction when
imitation was compared to portrait viewing for this racial compari-
son, for completeness we have plotted parameter estimates for por-
trait viewing from the regions exhibiting the RacexTask (gesture
imitation > gesture observation) interaction. During portrait viewing,
as during gesture imitation and observation, there was more activity
for EA actors than for CH actors. Again, similar to the previous two ra-
cial comparisons, the difference between activity for EA and CH actors
reflected in the parameter estimates from the portrait viewing condi-
tion, was also significant within visual (fusiform gyrus and lateral oc-
cipital cortex) and frontal regions (inferior frontal gyrus) in a contrast
examining racial effects only during the portrait viewing condition
(view portrait EA>view portrait CH; Fig. S1a, Table S1). This is con-
sistent with our finding of more activity during EA compared to AA
portrait viewing and prior reports of more activity in visual regions
during own-race compared to other-race face viewing (e.g., (Golby
et al,, 2001; Lieberman et al., 2005)). In contrast to the previous two
comparisons with the AA group, the Race x Task interaction results
for the comparison between EA and CH actors suggest that similar ra-
cial modulation of neural activity may be occurring during imitation
as during the previously investigated perceptual tasks of face viewing
and action observation for this racial comparison.

Overall, these Race x Task interactions reveal two important fea-
tures of the data. First, for contrasts between AA actors and the
other two racial groups, there is a great deal of overlap (Fig. 3,
green areas) between both Race x Task interactions (comparing imi-
tation to gesture observation and to portrait viewing). This suggests
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Fig. 3. Neural regions exhibiting Race x Task interactions. (a-c) All pairwsie racial comparisons between European American (EA), Chinese American(CH), African American (AA)
actors exhibiting differences between imitation and non-imitation conditions. (Left) Whole-brain Race x Task interaction effects are displayed for the (imitate gesture>observe
gesture; blue) and (imitate gesture>view portrait; red) comparisons and their overlap (green) which can be interpreted as activity that is unique to imitation. Results are thre-
sholded at Z> 2.3 with whole-brain correction for multiple comparisons applied at the cluster level (p<.05). Values under brains represent the MNI coordinate of the axial (z)
slice. (Right) Bar graphs of average parameter estimates from the conditions contributing to each interaction compared to baseline. Parameter estimates were averaged across
the entire region of overlap for (AA>EA) and (AA>CH) comparisons (green) and the (imitate gesture >observe gesture) cluster for the (EA>CH) comparison (no other effects
were significant). Parameter estimates for comparisons with the AA group reveal larger racial differences during gesture imitation than during gesture observation and a reversal

of racial differences during imitation, during portrait viewing.

that many of the neural regions underlying imitation including the
premotor and primary motor cortices, and inferior and superior pari-
etal lobules differentiate between these racial groups in a way that is
unique to imitation rather than being driven by other aspects of the
imitation condition that are shared by one or both of the other condi-
tions such as observing individuals of different races performing ges-
tures or simply looking at their faces. Second, parameter estimates
revealed that while more activity is present within visual and
imitation-related regions during imitation of AA individuals com-
pared to EA and CH individuals, more activity was present in the
same regions while viewing portraits of EA and CH individuals com-
pared to AA individuals. Parameter estimates also reveal more activity
during EA portrait viewing than during CH portrait viewing within vi-
sual regions including the fusiform gyrus. Thus, although we replicate
previously reported higher activity in response to own-race individ-
uals within the fusiform gyrus during portrait viewing, during imita-
tion the race of the model modulates neural activity in a substantially
different way.

Participants’ racial attitudes and experiences
Participants' self-reported racial attitudes and experience levels

may help to explain the enhanced neural activity during imitation
of AA actors, and the differences in neural activity in response to

the two racial outgroups (AA & CH). Participants reported having sig-
nificantly less experience with African Americans (M=4.32,
SD=2.08) than either Chinese Americans (M=7.42, SD=2.85,
p=.005), or European Americans (M=19.32, SD=2.85, p<.001).
Participants also reported having less experience with Chinese Amer-
icans than European Americans (p<.001). Additionally, participants
reported significantly less explicitly positive attitudes towards Afri-
can Americans (M=73.42, SD=13.13) than European Americans
(M=83.42,SD=9.58, p=.001) and had lower implicit positive asso-
ciations with African Americans than European Americans (mean
D=.43).

In contrast, there was only a trend of lower explicit positive atti-
tudes towards Chinese Americans (M =73.42, SD =20.55) compared
to European American individuals (p =.097). Similarly, while partic-
ipants also had lower implicit positive associations with Chinese
Americans than European Americans (mean D=.19), this difference
in implicit attitude was less than half of that observed between Afri-
can Americans and European Americans. Due to the large variance
in explicit attitudes towards the AA group, there was no difference
between attitudes towards African Americans and Chinese. Because
there was no IAT directly comparing between African Americans
and Chinese Americans, no direct implicit attitude comparison is avail-
able between the two outgroups; however, comparisons between these
groups and participants' ingroup (European Americans) suggest that
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Table 2
Anatomical regions exhibiting Race x Task interactions.

Anatomical regions X y z z

(Imitate gesturegy - ci;) > (observe gesturega - )
L cuneal cortex -6 —78 24 338

(Imitate gestureaa - ga) > (0bserve gestureaa - ga)

R frontal pole 42 46 14 397
R precentral gyrus 40 4 32 332
R postcentral gyrus 48 24 56  3.69
R superior parietal lobule 36 —52 60 3.03
L temporal occipital fusiform cortex —30 —-60 —14 359
R inferior lateral occipital cortex 34 -84 0 389
L superior lateral occipital cortex —30 —80 20 358
R superior lateral occipital cortex 4  —62 20 341
L cerebellum —34 —-76 —42 325

(Imitate gestureaa - ga) > (view portraitaa - ga)

Precentral gyrus 46 10 32 441
Paracingulate gyrus (Pre-sma) 0 20 46 415
L inferior frontal gyrus, pars opercularis —42 11 18 411
R frontal pole 40 40 16 4.00
L middle frontal gyrus —50 6 44 356
R superior frontal gyrus 18 0 68 336
R superior parietal lobule 30 —56 54 413
R postcentral gyrus 56  —20 48 392
L superior parietal lobule —28 —54 52 357
L postcentral gyrus —50 —26 48 342
R temporal occipital fusiform cortex 36 —42 —22 410
R posterior superior temporal gyrus 66 —16 0 339
R middle temporal gyrus, temporooccipital part 60 —54 10 325
L hippocampus —22  —38 —6 321
L occipital fusiform gyrus —32 —68 —10 532
R occipital fusiform gyrus 36 —72 —10 4380
L superior lateral occipital cortex —26 —78 26 423
R superior lateral occipital cortex 30 —76 30 4.09
R lingual gyrus 12 —54 -8 321
L occipital pole —14 -9 —6  3.18
L thalamus —-10 —12 4 324
L cerebellum -6 —=74 —36 370

(Imitate gestureaa - cy) > (0bserve gestureaa - cy)

L inferior frontal gyrus, pars triangularis —48 30 16 3.56
L superior frontal gyrus —12 0 72 3.00
L paracingulate gyrus —6 24 46 337
L superior parietal lobule —30 —42 38 358
R postcentral gyrus 52 —20 40 342
L postcentral gyrus —-60 —22 34 319
L hippocampus —18 —36 —4 344
L amygdala —30 0 —20 297
L occipital fusiform gyrus -3 —70 —10 3.73
L superior lateral occipital cortex —-30 —78 20 347
L cerebellum —26 —70 —44 345
R cerebellum 30 —64 —38 312

(Imitate gestureaa - cy) > (view portraitas - cy)

L precentral gyrus —48 6 38 381
L superior frontal gyrus —22 24 52 3.70
R paracingulate gyrus 2 46 —8 338
L inferior frontal gyrus, pars triangularis —56 22 8 303
L lateral occipital cortex —36 —88 30 4.06
L precuneus, posterior cingulate —2 —48 38 3.89
R postcentral gyrus 40 —38 62 349
L superior parietal lobule —24 —54 66 334
L supramarginal gyrus —50 —48 52 333
L angular gyrus —50 —52 14 322
R temporal occipital fusiform cortex 30 —50 -8 449
L posterior parahippocampal gyrus —32 —-30 —18 383
R hippocampus 26 —22 —20 335
L posterior middle temporal gyrus —66 —26 —12 325
R middle temporal gyrus, temporooccipital part 64 —48 —8 289
L occipital fusiform gyrus —28 —-70 —10 528
R cuneal cortex 6 —86 26 3.65
R superior lateral occipital cortex 28 —70 56 3.05
L cerebellum —4 —72 —36 368
R cerebellum 34 —72 —48 341

Note: See Table 1 for notes concerning table organization an assignment of anatomical
labels.
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implicit positive associations with African Americans are likely lower
than those with Chinese Americans. Finally, there was a marginally sig-
nificant correlation between participants' explicit attitudes about and
experience with Chinese Americans (r=.45, p=.06), but no significant
correlations between experience and attitude measures for the other
two racial groups.

These self-report and behavioral measures of participants' racial
attitudes and experience levels were not significantly correlated
with parameter estimates extracted from neural regions differentiat-
ing between racial groups during imitation. These measures were also
not significantly related to neural activity during imitation when used
in whole-brain regression analyses after significant outliers (>2 stan-
dard deviations from mean) were removed. The similarity of the out-
comes of these measures to the fMRI results (with larger differences
between the AA group and either the EA or CH group than between
the EA and CH groups) suggests, however, that racial familiarity and
attitudes might in part contribute to the observed fMRI findings, albe-
it indirectly. Future investigations are needed to identify which indi-
vidual difference factors may directly influence brain activity when
imitating other-race individuals.

Conclusions

Race can influence imitative behaviors that are important for cul-
tural acquisition. Although much is already known about neural
mechanisms underlying imitation and how the brain responds to
looking at people of different races, to our knowledge no studies to
date have investigated how the race of a model influences neural ac-
tivity during imitation. Our study provides data that are relevant to
answering this question thereby giving insight into the neural under-
pinnings of cultural learning processes.

With regard to the first aim of our study, we found that neural sys-
tems previously reported to be important for imitation (Caspers et al.,
2010), such as fronto-parietal and motor planning systems, are mod-
ulated by the race of the person being imitated. Our data cannot speak
directly to the origin of this modulation. One possibility is that all of
the neural regions modulated by race are actively processing and dif-
ferentiating models on the basis of race. Alternatively, a single (or
several) “race processing” region(s) may modulate activity within
the rest of the imitation system. The latter possibility seems more
likely because all of the regions modulated by race during imitation
are modulated in a similar way (i.e., for each significant racial com-
parison, all of the regions were more active for one of the two
races). What is clear from our findings is that a wide range of neural
regions is modulated by model race during imitation, rather than
this modulation being confined to the early visual regions in which
the perceptual information indicative of race originates.

This is an especially significant finding because the neural systems
modulated by race, which include the putative mirror neuron system,
have been hypothesized to underlie many complex social processes
(Tacoboni, 2009; Ramachandran, 2000; Rizzolatti and Craighero,
2004), but many of the studies published thus far have focused on
their basic visuomotor properties (Caspers et al., 2010). Evidence
that these neural regions are also modulated by key social variables
such as race provides empirical support for their hypothesized role
in complex social processes such as cultural learning (Losin et al.,
2009). More specifically, the current data suggest that characteristics
of the actor, and not just the action itself, modulate activity within the
putative mirror neuron system and other neural systems supporting
imitation thereby suggesting a role for them in shaping race-biased
imitative learning.

With regard to the second aim of our study, we found that neural
systems underlying imitation are modulated by the race of the model
in a race-specific manner. In other words, these neural systems are
not only differentially activated by racial ingroup and outgroup
members but also by distinct racial outgroups. This is not only a
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novel finding regarding neural systems underlying imitation, but also
in terms of how neural systems are modulated by target race in gen-
eral because the designs of most previous studies, which compared
actors of only two racial groups (Désy and Théoret, 2007; Ito and
Bartholow, 2009; Liew et al., 2010; Molnar-Szakacs et al., 2007), pre-
vented them from making this distinction. This finding further impli-
cates imitation-related neural systems in supporting complex social
interactions as it suggests their activity is modulated by social infor-
mation such as race at a finer level of detail than simply ingroup ver-
sus outgroup.

In terms of race-specific neural activity, we found that neural re-
gions important for imitation primarily distinguished between Afri-
can Americans and the other two racial groups, whereas activity
levels in visual regions differed between all three groups. This finding
suggests that factors differentiating African Americans from European
Americans and Chinese Americans may be driving neural activity in
imitation-related regions. Because we did not find a direct relation-
ship between participants' self-reported racial attitudes and experi-
ence levels and observed race-related neural activity differences
during imitation, we hypothesize that another factor that varies con-
siderably across these racial groups, perceived social status, may help
explain observed differences. European Americans are perceived to
have a high social status as the racial majority in the United States
(Dunham et al., 2008). Importantly, the racial outgroups in our
study also differed in perceived social status. Chinese American indi-
viduals and East Asians in general, often referred to as a model minor-
ity, are typically regarded as having a higher social status than African
Americans (Bobo and Zubrinsky, 1996; Fiske et al., 2007; Link and
Oldendick, 1996; Weaver, 2008), and by certain metrics have even
been regarded as having a similar or even higher status than Europe-
an Americans (Wong et al.,, 1998). Thus, it is possible that the greater
recruitment of imitation-related neural structures during imitation of
African Americans reflects a reduced propensity of participants to im-
itate these individuals in their daily lives due to the lower status at-
tributed to this minority group, similar to the prestige and success
related imitation biases described by Boyd and Richerson (1987).

With regard to the third aim of our study, we found that the mag-
nitude of neural activity associated with the different racial groups
within visual and imitation-related regions differed between imita-
tion and previously used perceptual tasks. Not only were neural dif-
ferences between racial groups heightened during imitation
compared to action observation, but neural activity in response to
the different racial groups during imitation was actually reversed
when compared to tasks in which participants simply looked at
faces (Golby et al, 2001; lidaka et al., 2008; Lee et al., 2008;
Lieberman et al., 2005; Molnar-Szakacs et al., 2007). Our replication
of the previously-reported enhancement of neural activity in re-
sponse to own-race individuals when people simply look at others'
faces supports the idea that the race-related neural activity we
found during imitation is indeed specific to the imitation process
rather than merely reflecting general methodological differences be-
tween the current study and previous ones. This finding indicates
that action may alter the perception of race and its underlying neural
processing.

It has been proposed that enhanced visual activity when partici-
pants look at the faces of own-race individuals is related to more in-
depth visual processing of faces that are more familiar (Golby et al.,
2001). In contrast, during imitation, race may function as an indicator
of the action's self-relevance given that race can signal the actor's
self-similarity or social status. Thus, enhanced activity during imita-
tion of actors from a low status racial outgroup could reflect a neural
“cost” associated with imitation of a potentially less self-relevant
action. Such a cost could relate to the greater processing resources
required to imitate an individual who is more unpredictable due
to their dissimilarity to the self or unfamiliarity as a model (due to
their lower status). If low perceived self-similarity is driving

increased neural activity when European Americans imitate African
Americans, one would predict that African Americans would not ex-
hibit this effect. One would also not expect this effect to diminish
with practice, as perceptions of self-similarity related to race presum-
ably remain constant over time. In contrast, if unfamiliarity with im-
itating those from groups perceived to be low in status is driving
increased activity when imitating African Americans, then African
and European Americans should exhibit similar neural activity during
imitation of African Americans, as individuals from both racial groups
have been found to rate African Americans as having lower status
(Bobo and Zubrinsky, 1996; Fiske et al., 2007; Link and Oldendick,
1996; Weaver, 2008). In this case, one would predict that enhanced
activity during imitation of African Americans would diminish with
practice in line with evidence that imitating familiar actions is associ-
ated with decreased neural activity compared to imitating more novel
actions (Buccino et al., 2004; Vogt et al., 2007).

In conclusion, our findings demonstrate that neural systems un-
derlying imitation show different responses based on the race of the
person being imitated. Furthermore, these systems are modulated
by the model's race in a way that is race-specific and unique to imita-
tion. Given that race is known to influence imitative learning, these
findings highlight some of the neural mechanisms relevant to cultural
acquisition, a process that affects nearly every aspect our lives but has
been largely unexplored in neuroscience. Future studies are called for
to further determine the extent to which the pattern of racial encod-
ing during imitation found in the present study relates to the race of
the actors as compared to the race of the participants. Furthermore,
future investigations should also examine the behavioral conse-
quences of the race-related neural differences observed here, such
as imitation accuracy and quality of learning, to help link these find-
ings to potential applications in educational, physical training, and re-
habilitation settings.

Supplementary materials related to this article can be found on-
line at doi:10.1016/j.neuroimage.2011.10.074.
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SUPPLEMENTARY FIGURES

Figure 4.4. Neural regions differentiating between viewing the portraits of individuals from three
different racial groups, European American (EA; own-race) and two racial outgroups: Chinese
American (CH) and African American (AA). (a—d) Whole-brain racial comparisons yielding
significant differences from all possible pairwise racial comparisons. Greater fusiform gyrus

activity was observed during own-race portrait viewing as compared to the two racial outgroups.
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(a—b). Functional activity is thresholded at Z > 2.3 with whole-brain correction for multiple
comparisons at the cluster level (p < .05), and overlaid on a group average (n = 19) T1 weighted
structural scan. Values under brains represent the MNI coordinate of the axial (z) or sagittal

slice (x). L = left and R = right sides of the brain.
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AA>CH
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Figure 4.5. Neural regions differentiating between observation of the gestures of individuals
from three different racial groups, European American (EA; own-race) and two racial outgroups:
Chinese (CH) and African American (AA). (a—b) Whole-brain racial comparisons yielding
significant differences from all possible pairwise racial comparisons. These contrasts (EA > CH,
AA > CH) are the same as those exhibiting racial differences during imitation, but racial
differences during gesture observation are confined to visual regions. The remaining racial
contrast exhibiting differences during imitation, (AA > EA) also resulted in significant differences
in visual regions during gesture observation at a lower statistical threshold (Z > 1.7, corrected,
data not shown). Functional activity is thresholded at Z > 2.3 with whole-brain correction for
multiple comparisons applied at the cluster level (p < .05) and overlaid on a group average

(n =19) T1 weighted structural scan. Values under brains represent the MNI coordinate of the

axial (z) or sagittal slice (x). L = left and R = right sides of the brain.
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SUPPLEMENTARY TABLES

Table 4.3. Anatomical regions differentiating between races during portrait viewing

Anatomical Regions X y z Z
View Portrait EA > CH

R Frontal pole 50 38 16 3.50
R Precentral gyrus 62 10 22 3.00
R Middle temporal gyrus, temporoccipital part 60 -42 -12 284
R Occipital fusiform gyrus 34 714 -12 457
L Occipital fusiform gyrus 26  -82 -20 3.63
L Occipital pole -8 -92 14 4.1
R Lateral occipital cortex 24 -82 28 3.69
L Superior lateral occipital cortex -20  -76 44 313
View Portrait EA > AA

R Inferior frontal gyrus, pars opercularis 52 14 26 3.75
R Frontal pole 54 38 8 3.64
L Frontal orbital cortex -28 26 -6 3.63
R Precentral gyrus 46 0 56 3.62
R Paracingulate gyrus 8 14 44 3.46
L Superior frontal gyrus -14 4 72 3.43
L Middle frontal gyrus -36 10 36 3.34
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L Posterior cingulate gyrus

R Parietal operculum cortex

R Temporal occipital fusiform cortex

R Temporal pole

L Occipital pole

R Cuneal cortex

L Superior lateral occipital cortex
R Inferior lateral occipital cortex

R Superior lateral occipital cortex

R Thalamus

L Putamen

L Cerebellum

View Portrait CH > AA

Paracingulate gyrus

L Precuneus

R Caudate
L Caudate

View Portrait AA > CH

R Occipital pole

-10
58

36
52

-10

10

-12

62
38

14

24

59

40

14

20

24

3.65
3.35

3.68
3.48

4.52

3.96

3.71

3.28

3.04

3.27
2.96

3.09

3.47

3.12

3.77
2.51

4.45



L Occipital pole -12 -98 26 4.15

Note: Local maxima were the highest Z values within activated regions falling at least 15 mm
apart. Anatomical regions for each maximum were assigned using the Harvard-Oxford Cortical
and Subcortical probabilistic atlases. Only the first maximum within each anatomical region on
each side of the brain is listed. Maxima are grouped by lobe in the following order: frontal,

parietal, temporal, occipital, subcortical, cerebellum.
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Table 4.4. Anatomical regions differentiating between races during gesture observation

Anatomical Regions X y z Z
Observe Gesture EA > CH

Temporal occipital fusiform cortex 32 -4 12 3.60
Occipital fusiform gyrus 24 -76 -6 4.22
Occipital pole -20 -98 -4 3.49
Superior lateral occipital cortex 42 64 20 3.36
Cerebellum -10 90 -32 3.25
Observe Gesture AA >CH

Occipital fusiform gyrus 28 714 12 4.32
Occiptial pole 26 -88 34 4.09
Occipital fusiform gyrus 28  -72 -6 3.98
Cuneal cortex -4 -84 42 3.49
Lingual gyrus 22 -4 10 3.24
Occipital pole 2 94 14 3.19
Inferior lateral occipital cortex 52 -74 12 2.80

Note: See Table S1 for notes concerning table organization and assignment of anatomical

labels.
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CHAPTER 5

Imitation alters the neural encoding of race: self-similarity versus social status
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ABSTRACT

People preferentially imitate others who are similar to them or have high social status.
Such imitative biases are thought to have evolved because they increase the efficiency of
cultural acquisition. Here we investigated whether self-similarity or social status drives neural
responses to a person’s race during imitation. We used fMRI to measure neural responses
when 20 African American (AA) and 20 European American (EA) young adults imitated AA, EA
and Chinese American (CA) models and also passively observed their gestures and faces. We
found that both AA and EA participants exhibited more activity in lateral fronto-parietal and
visual regions when imitating AAs compared to EAs or CAs. These results demonstrate that
racial self-similarity does not modulate neural responses to race during imitation, in contrast with
findings from previous neuroimaging studies of face perception and action observation.
Furthermore, AA and EA participants associated AAs with lower social status than EAs or CAs,
suggesting that race-associated status modulates neural activity during imitation. Finally, the
fusiform gyrus was differentially modulated by race during imitation (consistent with social
status) as compared to face and action observation (consistent with self-similarity), indicating
that neural responses to race in the fusiform gyrus are task-dependent. Taken together, these
findings suggest that neural responses to race during imitation are driven by socially-learned
associations rather than self-similarity. This may reflect the adaptive role of imitation in social
learning, where learning from higher-status models may be more beneficial. This study provides

neural evidence in support of evolutionary theories of cultural acquisition.

63



INTRODUCTION

People preferentially imitate others whom they perceive to be similar to themselves or
high in status. These imitative biases are thought to increase the efficiency of cultural learning
(Boyd and Richerson, 1987). A person’s race can indicate his or her self-similarity and social
status (Van den Berghe, 1987) and is known to influence whom people imitate. Preferences for
own-race models (Feinman, 1980; Karunanayake and Nauta, 2004; Kelly et al., 2005; King and
Multon, 1996; Zirkel, 2002) and higher-status-race models (Clark and Clark, 1947; Liebert et al.,
1972; Neely et al., 1973; Thelen, 1971) are well documented. Surprisingly, however, the vast
majority of studies on the neural mechanisms of imitation have not considered the race of the
person being imitated (the model) (Caspers et al., 2010). Most prior studies on neural
responses to race during face perception and action observation have drawn distinctions
between ingroup and outgroup to frame the interpretation of their findings (for reviews see
Eberhardt (2005) and Ito and Bartholow (2009)), suggesting that the neural encoding of another
person’s race may be based primarily on shared racial group membership. Here we investigated
whether neural responses to the model’s race during imitation are also modulated by shared
racial group membership (similarity hypothesis), or are instead modulated by the social status
associated with different racial groups (status hypothesis), as suggested by status biases in

imitative learning.

Previously (Losin et al., 2012), we used fMRI to measure neural activity while European
American (EA) participants imitated EA, African American (AA) and Chinese American (CA)
models. Participants exhibited more activity in lateral fronto-parietal and visual regions when
imitating AA compared to EA models. Activity did not follow the same pattern, however, when
participants imitated members of the other racial outgroup (CA) compared to their ingroup (EA).

Therefore, it was unclear whether more activity during imitation of AAs was due to their
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membership in a racial outgroup, consistent with the similarity hypothesis, or the fact that AAs
are typically perceived to be lower in social status than EAs or CAs (Fiske et al., 1999; Fiske et

al., 2002), consistent with the status hypothesis.

To disentangle these two possibilities, here we collected data in a sample of AA
participants performing the same tasks and directly compared the results to those previously
observed in our sample of EA participants. This comparison allowed us to clearly distinguish
between the similarity and status hypotheses. This is because although AAs are the racial group
in our stimuli typically perceived to be the lowest in status by both EAs and AAs, the AA models
were a racial ingroup to one group of participants (AAs) and a racial outgroup to the other (EAs).
Furthermore, we compared race effects during imitation to those during face perception and
action observation. This comparison allowed us to determine whether the same neural regions
previously found to exhibit racial similarity effects when people passively view the faces and
actions of others are instead modulated by race-associated status during imitation, or
alternatively whether racial similarity and race-associated status are simply encoded by different

neural regions.

METHODS

Participants

Participants were 20 (10 male) right-handed, 18-30 year old African Americans (AAs).
We compare these participants to a prior sample of 20 (10 male) right-handed, 18-26 year old
European American (EA) participants whose data were previously reported in (Losin et al.,
2012). The two racial groups were matched in age, handedness (Edinburgh Handedness

Inventory, (Oldfield, 1971)) and socioeconomic status (participant’s self-reported jobs were
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converted to a numerical score using the nine job categories in the Barratt Simplified Measure
of Social Status (Barratt, 2005) and added to their years of education). See Table 5.1 for group
demographic means and between-group comparisons. Participants were recruited through free
online bulletins (e.g., Craigslist), university (UCLA) e-mail lists, and local newspapers.
Participants had normal or corrected-to-normal vision and reported using no medication or
drugs (other than oral contraceptives), no heavy use of alcohol, and no prior or concurrent
diagnosis of any neurological, psychiatric, or developmental disorder. The study was approved
by the UCLA Institutional Review Board. Participants were compensated for their participation

and written informed consent was obtained from all participants.

Hand Sign Imitation Paradigm

The same fMRI task used with EA participants in (Losin et al., 2012) was also used with
the AA participants in the present study. Stimuli in this task were waist-up color videos of 12
models (6 male), of 3 different ethnicities (EA, AA, and Chinese American (CA)). Group
differences will be discussed in terms of ‘race’ because this is the construct most likely
perceived by participants based on visual information alone. Models performed 16 bimanual,
symmetrical hand signs derived from New Zealand Sign Language that were described as
meaningless to both models and participants. Stimuli were presented in the following four
conditions: 1) imitate gesture, in which participants imitated the models performing the hand
signs during the video presentation; 2) observe gesture, in which participants passively
observed the models performing hand signs; 3) view portrait, in which participants passively
viewed still portraits of each model; and 4) baseline, in which participants fixated on a black

cross in the center of a white screen (Figure 5.1a). Participants were cued to either imitate or
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passively observe the stimuli by a colored border (green for imitation, red for passive

observation).

Four stimuli of the same condition and portraying the same model were presented in a
block (Figure 5.1b). An instruction screen that was either green with the word “imitate” or red
with the word “observe” preceded all blocks. Stimulus blocks were organized into four balanced
runs, such that each model, each hand sign, and each condition were seen an equal number of
times in each run. Five 22.5-second baseline blocks were evenly spaced throughout each run.
Over the course of the experiment, each participant saw 64 stimuli (16 blocks) portraying
models from each of the three racial groups in each of the three conditions. The presentation
order of these blocks was pseudorandomized within a run, ensuring fewer than two models of
the same gender in a row, no two models of the same race in a row, and no two of the same
hand sign in a row. A unique pseudorandomized stimulus order was created for each
participant. Total task time was 55 minutes (13:45 / run). Prior to scanning, each participant
completed two training tasks: a hand sign familiarization task during which participants imitated
each sign in slow motion and then at full speed, and a task structure familiarization during which

participants performed one block of each task condition.

Self-report and Behavioral Measures

In order to assess whether participants from both racial groups perceived the stimuli and
performed the imitation task in a similar way, we collected participants’ ratings of the
attractiveness of the models and also assessed the accuracy of their imitation while in the
scanner. Measures of model attractiveness were collected immediately following the scanning
session. Participants viewed the still portraits of each stimuli model on a laptop in the order they
first appeared in the scanner. They were asked to “rate how attractive each person is”. Ratings
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were made on a visual analogue scale depicted under each portrait that ranged from 1 “very
unattractive” to 9 “very attractive”, with “average” as the scale mid-point. An average of the
attractiveness ratings for the 4 models from each racial group for each participant was entered
into a linear mixed effects model (Ime) in R (R Development Core Team, 2010) in which

participant race and model race were fixed factors and participant was a random factor.

Task compliance and hand sign imitation accuracy was assessed during fMRI data
acquisition by watching the participants’ hands through the control room window. During the
gesture imitation blocks, hand sign imitation accuracy was assessed for 16/20 EA participants
and 20/20 AA participants (for the remaining four EA participants the performance of imitation
was still verified, just not rated). Each sign was assigned a rating of 2 if the sign was imitated
correctly, a rating of 1 if the sign was imitated but with errors, and a rating of 0 if the sign was
not imitated. Imitation accuracy was compared between groups for the percentage of hand
signs receiving each accuracy rating in each participant (averaged across four runs) using two-

tailed independent-samples T-tests.

We also collected self-report measures on the two behavioral factors of interest:
participant’s feelings of similarity to the models from each racial group and the social status they
associated with each racial group represented in the stimuli. We collected these measures in
order to verify whether both groups of participants felt more similar to own-race models
(Bandura, 1977; Tarr and Gauthier, 2000; Karunanayake and Nauta, 2004) but rated AAs as
lower status than EAs and CAs regardless of their own race (Dunham et al., 2006; Wong et al.,
1998), as predicted based on the literature. Participants’ feeling of similarity to the stimuli
models were assessed using the same procedure used to assess their perception of model
attractiveness. While viewing portraits of each model, each participant was asked to “rate how
similar you feel each person is to you” on a scale from 1 “very dissimilar to me” to 9 “very similar

to me”. The similarity scores for the 4 models from each racial group were then averaged to

68



create a similarity score for each racial group of models, which was used in subsequent

analyses.

Social status is a multi-dimensional construct including both subjective and objective
components (Adler et al., 2000; Henrich and Gil-White, 2001). We did not have an a priori
hypothesis as to whether objective or subjective social status would most closely relate to racial
modulation of neural activity during imitation. Therefore, we measured both the objective and
subjective social status that participants associated with the different racial groups in the fMRI
task. We used the Barratt Simplified Measure of Social Status (BSMSS) (Barratt, 2005) and the
MacArthur Scale of Subjective Social Status (MSSSS) (Adler et al., 2000), both of which we
modified to apply to the different racial groups represented in the stimuli (rather than to the self).
For both measures we used the terms White, Black and Asian rather than European American,
African American and Chinese American, as these broad racial categories were those most

likely perceived by participants during the fMRI task based on visual information alone.

The BSMSS (Barratt, 2005) is a version of the widely-used Hollingshead Four Factor
Index of Social Status (Hollingshead, 1975) with updated job categories. For this measure,
participants were asked to choose which level of education and which type of job they most
closely associated with the different United States racial groups represented in the stimuli.
Participants were given seven choices for education ranging from 1 “less than 7" grade” to 7
“graduate degree” and nine groups of occupations ranging from 1, a group that included day
laborers and house cleaners, to 9, a group that included physicians and attorneys. Participants’
choices on these two measures were multiplied by the factor weight of 3 for occupation and 5
for education and then summed to get a composite objective SES score that ranged from 8 to
66. The Hollingshead Four Factor Index of Social Status has been found to have substantial

inter-rater reliability with a Cohen’s kappa value of 0.68.
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In the MSSSS (Adler et al., 2000), participants were shown a picture of a ladder with ten
rungs and instructed to “think of the ladder as representing where different groups stand in the
United States.” They were told that “at the top of the ladder are the groups that are the best off -
those who have the most money, the most education and the most respected jobs” and that “at
the bottom are the groups that are the worst off - who have the least money, least education,
and the least respected jobs or no jobs.” They were asked to select the ladder with the red
arrow pointing to the rung where they thought each racial group represented in the study (AA,
EA and CA) stands relative to other racial groups in the United States. The MSSSS has been
found to predict outcomes such as psychosocial and health measures above and beyond
objective measures of SES (Cundiff et al., 2011). Thus, the MSSSS likely captures important
aspects of social status not accounted for by the BSMSS. The MSSSS has also been found to
have adequate test-retest reliability (Spearman’s rank correlation) p = 0.62 (p < 0.01) (Operario

et al., 2004).

Social status measures were collected from 15 EA and 14 AA participants through an
online survey subsequent to the fMRI data collection. In order to test for the predicted patterns
of racial self-similarity and status, we entered individual participant scores on these measures
as the dependant variables in separate linear mixed effects models (Ime) in R (R Development
Core Team, 2010). For these analyses, subject race and model race were fixed factors and
participant was a random factor. We performed post-hoc pair-wise comparisons to assess any

interactions using Tukey’s Honestly Significant Difference (HSD) test.

MRI Data Acquisition

Data were collected using a 3 Tesla Siemens Trio whole-body MRI scanner at the UCLA

Ahmanson-Lovelace Brain Mapping Center. The following scans were performed on each
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participant: 1) four functional echo-planar imaging (EPI) scans (3x3x4 mm voxels, TR: 2250 ms,
TE: 28 ms, slices: 34, flip angle: 90 degrees, FoV read: 192 mm, echo spacing: 47 ms,
bandwidth: 2442 Hz/Px, time: 13:45); 2) one co-planar high resolution T2-weighted structural
scan (1.5x1.5x4mm voxels, TR: 5000ms, TE: 34ms, slices: 34, flip angle: 90 degrees, FOV
Read: 192 mm, echo spacing: .89 ms, bandwidth: 1302 Hz/Px, time: 1:30); and 3) one high
resolution T1-weighted magnetization-prepared rapid gradient echo (MPRAGE) structural scan
(1x1x1 mm voxels, TR: 1900 ms, TE: 2.26 ms, Flip angle: 90 degrees, Tl: 900 ms, FoV Read:

250 mm, echo spacing 6.9 ms, bandwidth: 200 hz/px, time: 6:50).

MRI Data Analysis

Data analyses were performed using FSL version 4.1.6 (Centre for Functional Magnetic

Resonance Imaging of the Brain software library, www.fMRIb.ox.ac.uk/fsl) (Smith et al., 2004),

AFNI (Cox, 1996) and the Automatic Registration Toolbox (ART, (Ardekani et al., 1995)).
Functional data were preprocessed by skull-stripping (AFNI), realignment to the mean functional
image (FSL’s MCFLIRT), temporal filtering with a high-pass filter cutoff of 100s (FSL), and
spatial smoothing with a 6mm full width half maximum Gaussian kernel in three dimensions

(FSL).

Although head motion was low (~ 0.7 mm mean maximum relative displacement) and
did not differ between groups (See Table 5.2 for group means and between-group comparison),
several data quality control measures were implemented prior to statistical analysis. In addition
to standard realignment for motion correction, we also removed the effects of volumes exhibiting
an unusual amount of residual intensity change (i.e. artifacts due to sudden movements during
volume acquisition). We did so by using a modified version of the fs|_motion_outliers script that
calculated the root mean square error of each voxel's time-series and created nuisance
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regressors for volumes where the volume-average root mean square error was greater than 0.2
SD (which approximated the threshold for visually identifying motion artifacts). We excluded any
runs from which more than 25 volumes were removed (4 and 6 out of 80 runs for EA and AA
participants, respectively). From the EA group, we also previously removed one male participant
(all 4 runs) and the fourth (last) run from two other participants due to hardware failures during
data collection. These quality control measures resulted in a total of 70 runs from 19 EA
participants (10 female) and 74 runs from 20 AA participants being utilized in the present
statistical analyses. Within these runs, less than 1.5 percent of 362 volumes per run were
removed due to motion artifacts in each group and the groups did not differ in the number of

volumes removed (See Table 5.2 for group means and between-group comparisons).

Statistical analyses were performed at the single subject level using a general linear
model (GLM) with FSL’s fMRI Expert Analysis Tool (FEAT). We examined neural activity related
to the race of the model in the AA participants using the same statistical model previously
applied to the EA participants (Losin et al., 2012). The time courses of blocks containing each
racial group of models (EA, AA, CA), in each condition (imitate gesture, observe gesture, view
portrait), were convolved with a canonical double-gamma hemodynamic response function and
included as regressors in the GLM. The five 22.5-second rest blocks were used as the implicit

baseline.

In order to investigate race effects in each condition, all possible pairwise contrasts of
model racial groups were estimated for each condition (e.g., imitate gesture EA > imitate
gesture AA) and each racial group of models was also compared to the fixation baseline for
each condition (e.g. imitate gesture EA > baseline). Additionally, in order to determine whether
race effects during gesture imitation differed from those during the non-imitative conditions,

interaction contrasts were estimated by subtracting each pairwise racial contrast for the observe
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gesture or view portrait condition from the same contrast for the imitate gesture condition (e.g.,

imitate gesture aa>ea > Observe gesture aa > ga).

First level contrast estimates were computed for each run and contrast estimates for
each subject were computed by averaging over the four runs, treating each run as a fixed effect.
For group analysis, contrast estimates were registered to standard space (Montreal
Neurological Institute, MNI) in three stages. The mean volume of each run of individual EPI data
was registered to the in-plane high-resolution T2-weighted image (3-parameter affine) and, in
turn, to the T1-weighted MPRAGE (7-parameter affine) using FSL’s FLIRT. Finally, registration
of the MPRAGE to MNI space (FSL's MNI Avg152, T1 2x2x2mm) was carried out with FLIRT
(12-parameter affine) and refined using ART (non-linear transformation). Group level analyses
were then performed to calculate a group mean for each contrast for each racial group of
subjects and between-racial-group differences using using FSL’s FLAME stages 1 and 2. All
analyses were performed across the whole-brain. Group images were thresholded at Z > 2.3
corrected for multiple comparisons using cluster-based Gaussian random field theory controlling
familywise error across the whole-brain at p = 0.05. Peak activation coordinates were
determined using an automated search for relative maxima with a minimum separation of 15
mm. Coordinates with the highest Z value within an individual anatomical region (determined

using the FSL Harvard-Oxford probabilistic atlases) are reported in tables.

RESULTS

Behavioral and Self-Report Measures
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We first assessed whether any between-group differences existed in participants’
perceptions of actor attractiveness or imitation accuracy in order to rule out these possible
confounds to interpretation of the race effects of interest. Our analysis revealed that participants’
assessments of actor attractiveness did not vary based on the race of the model or their own
race, nor was there a significant interaction between these factors (all p > 0.05; Table 2). These
data suggest that both EA and AA participants perceived the attractiveness of models from the
three different racial groups as slightly above average (ratings ranging from 5-6 / 9). These data
additionally suggest that both EA and AA participants viewed the models they observed and
imitated in a similar way despite the participants’ own different racial group membership. Thus, it
is highly unlikely that differences in perceived model attractiveness account for any observed
race effects. We also found that imitation accuracy was high in both groups (> 94% of signs
receiving the highest accuracy rating), and did not differ between groups (See Table 5.2 for
group means and between-group comparisons). Equivalent imitative performance indicates that
participants in both groups were able to perform the hand sign imitation task accurately and that
task performance is unlikely to confound the interpretation of any observed between-group

differences.

We next investigated participants’ feelings of similarity to the different models and their
assessment of the social status typically associated with the different racial groups represented
in the stimuli. We did so in order to verify that participants’ self reports on these measures
matched those previously reported in the literature on which our neural predictions for the
similarity and status hypotheses were based. Specifically, based on prior literature (Bandura,
1977; Tarr and Gauthier, 2000; Karunanayake and Nauta, 2004) we predicted that participants
would report feeling more similar to the models from their own racial group. Consistent with this
prediction, we found that participants’ feelings of similarity to the models did vary based on

model race, F(2, 74) = 12.53, p < 0.0001, and that the effects of model race varied based on the
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participant’s own race (subject race x model race interaction) F(2, 74) = 39.77, p < 0.0001.
Pairwise comparisons (Tukey’s HSD) revealed that, as predicted, this interaction resulted from
participants feeling more similar to models from their own racial group than models from each of
their two respective racial outgroups (EA and CA models for AA participants, and AA and CA

models for EA participants) (Figure 5.2a).

We also made predictions about participants’ assessment of the social status associated
with the different racial groups of the models represented in the stimuli (White, Black and Asian)
based on prior studies (Dunham et al., 2006; Fiske et al., 1999; Fiske et al., 2002; Freeman et
al., 2011; Penner and Saperstein, 2008; Wong et al., 1998). We predicted that 1) participants
would rate the status associated with each of these racial groups similarly, regardless of their
own race (Dunham et al., 2006; Wong et al., 1998), and 2) participants would rate Blacks as
being associated with lower status than either Whites (Freeman et al., 2011; Penner and
Saperstein, 2008) or Asians (Fiske et al., 1999; Fiske et al., 2002) while the latter two groups
would be rated as being similar in status (Wong et al., 1998). Consistent with our first prediction,
we found no main effect of participants’ race on their assessment of the subjective social status
(SSS) or socioeconomic status (SES) associated with the different racial groups represented in
the stimuli (all p > 0.8). Consistent with our second prediction, we found a significant effect of
model race on perceived SSS F(2, 54) = 80.84, p < 0.0001, and SES F(2, 54) =94.01,p <
0.0001 such that both groups of participants rated Blacks as being associated with lower SSS

and SES than either Whites or Asians (Figure 5.2b-c).

Although status ratings for Whites and Asians were closer to one another than to those
for Blacks, some significant differences between White and Asian status ratings were found. For
the SSS measure, AA participants rated Whites as being associated with higher social status
than Asians while EA participants’ ratings of the status of Whites and Asians were not

significantly different. This difference resulted in participant race x racial group interaction that
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approached significance F(2, 54) = 2.89, p = 0.06. For the SES measure, AA participants rated
the SES of Whites and Asians as equivalent while EA participants rated Asian SES as higher
than White SES. This difference resulted in a participant race x racial group interaction for SES
F(2,54) = 4.6, p = 0.02. Despite these interactions due to inconsistencies in the assessment of
the relative status of Whites compared to Asians, data from both status measures largely fit the
predicted pattern of similar ratings of race-associated status regardless of the participant’s race
and higher status ratings for Whites and Asians than for Blacks. Taken together, these data
suggest that our participants self reports of racial similarity and race-associated status were
consistent with those reported in the literature supporting our neural predictions based on racial

self-similarity and status.

Effects of Model Race During Imitation in AA Participants

We first examined which neural systems were modulated by the model’s race during
imitation in our AA participants. To do so we compared imitation of actors from the three
different racial groups. Out of all possible pair-wise racial comparisons, significant differences
were found during imitation of AA > EA, AA > CA and EA > CA models, the same three racial
comparisons where differences were previously observed in our EA sample (Losin et al., 2012).
Also similar to what we previously found for the EA participants, we found increased activity
during imitation of AA models compared to either EA or CA models in an extended bilateral
network of regions previously shown to be important for imitation by a recent, large meta-
analysis (Caspers et al., 2010), including the inferior frontal gyrus and neighboring premotor
cortex, the inferior and superior parietal lobules and visual regions including the fusiform gyrus
and inferior and superior lateral occipital cortex (Figure 5.2a-b, blue and green activity). In
contrast, there was an absence of neural differences between imitation of EA and CA models in

lateral fronto-parietal regions. Instead, differences were observed mainly in primary and
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secondary visual regions (V1-V3) and the fusiform gyrus, with more activity present during

imitation of EA compared to CA models (Figure 5.2c, blue and green activity).

Effects of Model Race During Imitation in AA vs. EA Participants

In order to discriminate between the similarity and status hypotheses, we next
investigated whether the effects of the model’s race on neural activity during imitation varied
based on the race of the imitator. We did so by directly comparing model race effects during
imitation between the AA participants to those previously observed in the EA participants. The
status hypothesis predicts that the effect of the model’s race will be similar regardless of the
participants’ own race as assessments of race-associated status are typically invariant of the
race of the assessor (Dunham et al., 2006; Wong et al., 1998), largely consistent with the status
ratings of our own participants. In contrast, the similarity hypothesis predicts a model race x
subject race interaction such that AA participants would exhibit more activity in response to
imitating one or both of their racial outgroups (EA or CA), just as had been the case for the EA

participants (Losin et al., 2012).

In support of the status hypothesis, we found that the effect of the model’s race did not
differ between AA and EA participants for two out of the three racial comparisons exhibiting
these effects in each group (imitating AA vs CA models and imitating EA vs CA models).
Furthermore, we found only a single cluster exhibiting differential responses between AA and
EA participants for the third racial comparison, imitating AA vs EA models. This cluster was
located in the pre-supplementary motor area (pre-SMA) and extended into the anterior cingulate
cortex (ACC) (Figure 5.3d, Table 5.4). Plotting average parameter estimates extracted from this
cluster (for imitation of AA and EA models compared to baseline) revealed greater activity
during imitation of EA models for AA participants, and AA models for EA participants. In order to
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gain further insight into neural responses to race within this region, we also extracted parameter
estimates for imitation of CA models and compared them to those for the other two racial groups
using 2-tailed paired T-tests (Figure 5.3d). Both groups of participants exhibited no difference
between imitation of CA models and models form their own racial group and both groups also
exhibited less activity during imitation of CA models and their other racial outgroup (EA models
for AA participants and AA models for EA participants), suggesting effects of model race within

the pre-SMA and ACC were not simply related to shared group membership.

We observed a substantial degree of overlap between the neural regions modulated by
the race of the model during imitation in the AA and EA participants (green areas in Figure 5.3a-
¢), further strengthening support for the status hypothesis. For the imitate AA > EA and imitate
AA > CA contrasts these regions included the fusiform gyrus and inferior and superior lateral
occipital cortices, the inferior frontal gyrus and neighboring premotor cortex, and inferior and
superior parietal lobules. For the imitate EA > CA contrast, these regions included visual regions
V1-V2 and the fusiform gyrus. Taken together, these results revealed only a single between-
group difference in model race effects during imitation and a high degree of overlap between AA
and EA participants. Thus, the race of the model modulates neural activity during imitation
largely independently of the imitator’'s own race arguing against the similarity hypothesis in favor

of the status hypothesis.

Effects of Model Race During Imitation vs. the Non-imitative Conditions

We next sought to determine whether the same neural regions exhibiting effects
consistent with the status hypothesis during imitation were exhibiting previously reported racial
similarity effects when people passively view the faces and actions of others. Alternatively, it
was possible that race-associated status simply modulated activity within different neural

78



regions during imitation than racial similarity did during passive face and action viewing. To
address this question, we directly compared race effects across both groups during gesture
imitation to those in the observe gesture and view portrait conditions (3-way participant race x
model race x condition interactions). We confined our investigation to neural regions exhibiting
effects consistent with the status hypothesis (i.e. those exhibiting overlapping race effects in the
EA and AA participants during imitation) using a post-threshold mask (green regions in Figure

5.3a-c).

If the same neural regions exhibiting effects consistent with the status hypothesis during
imitation were instead modulated by racial similarity during the non-imitative conditions, we
predicted 3-way interactions in those regions. Specifically, we predicted that these 3-way
interactions would result from the same region exhibiting more activity when 1) imitating AA
compared to either EA or CA models and 2) when passively viewing the faces or actions of
own-race compared to other-race models, as previously found. If race-associated status and
racial similarity simply modulated neural activity in different neural regions during imitation and
the non-imitative conditions, we also predicted 3-way interactions. In this case, however, we
predicted interactions would result from those regions exhibiting status effects during imitation
instead not being modulated by the race of the model during passive action and face viewing

and vice versa.

In line with the first prediction, we found clusters of activity in the fusiform gyrus that
exhibited significantly different responses to the race of the model during gesture imitation than
during either gesture observation or portrait viewing for the AA vs EA contrast (Figure 5.3a-b).
Parameter estimates revealed that both AA and EA participants exhibited more activity within
the fusiform gyrus and lateral occipital cortex during imitation of AA vs EA models, consistent
with the status hypothesis. However, during gesture observation and portrait viewing, the same

region exhibited more activity in response to own-race compared to other-race models (Figure
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5.3a-b, red and blue bars, Table 5.4), consistent with prior studies on neural responses to race

during these tasks (Eberhardt, 2005; Ito and Bartholow, 2009).

To further test the status hypothesis during imitation and the similarity hypothesis during
the non-imitative conditions, we extracted parameters from the fusiform clusters exhibiting task-
related differences to AA vs EA models for the third group of models, CAs. CA individuals are
racial outgroup for both groups of participants and also a group considered to be higher in
perceived status than AAs. Therefore, if racial similarity were driving the effects of model race
on neural activity in the fusiform gyrus during passive action and face viewing, we expected to
see less activity associated with CA individuals than participants’ own racial group within these
conditions. If the race of the model were influencing fusiform activity during imitation instead
based on race-associated status we expected to see less activity associated with imitation of
CA than AA models for both groups of participants, as CAs are considered to be higher in
perceived status than AAs (Fiske et al., 1999; Fiske et al., 2002). Consistent with the status
hypothesis during imitation, we found less activity during imitation of CA models relative to AA
models in both groups of participants (Figure 4a-b green bars). Additionally, consistent with the
similarity hypothesis during the non-imitative conditions, we found less activity during either
observing the gestures or viewing the portraits of CA models than own-race models for both
groups of participants, though this difference was only a nonsignificant trend for EA vs CA
models in EA participants during portrait viewing. We also found a similar level of activity in
response to the CA models as the other racial outgroup for each group of participants (EA
models for AA participants and AA models for EA participants), in further support of the

similarity hypotheses during passive face and action viewing (Figure 3a-b green bars).

Taken together, results from the 3-way interactions demonstrate that one of the neural
regions exhibiting status effects during imitation, namely the fusiform gyrus, exhibits activity

consistent with the similarity hypothesis instead during the non-imitative conditions across both
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EA and AA participants and models from three racial groups. Thus, these data suggest that the

fusiform gyrus is differentially modulated by the race of the model depending on the task.

DISCUSSION

Our results suggest that social status, rather than racial similarity, drives racial
modulation of neural activity during imitation. In Losin (2011), we found that European American
(EA) participants exhibited more activity in lateral fronto-parietal and visual regions when
imitating African American (AA) compared to Chinese American (CA) or EA models. Because
people preferentially imitate those from groups perceived to be high in status (Boyd and
Richerson, 1987), and AAs are typically perceived to have lower social status than either EAs or
CAs (Fiske et al., 1999; Fiske et al., 2002), we hypothesized that imitation of models from racial
groups perceived to be lower in social status may require greater recruitment of imitation-related
neural regions as a result of less familiarity with imitating these individuals in daily life (the status
hypothesis) (Losin et al., 2012). This hypothesis was further supported by studies demonstrating
that imitating unfamiliar actions is associated with greater neural activity in some of the same
sensory-motor regions as were more active during imitation of AA models (Buccino et al., 2004;
Vogt et al., 2007). Importantly, because AAs were also a racial outgroup for the EA participants,
the alternative explanation of this effect relating to racial group membership (the similarity

hypothesis) could not be ruled out.

In the present study, we found that the race of the person being imitated influenced
neural activity in AAs in largely the same manner as it had in EAs. Both EAs and AAs exhibited
more activity when imitating AA compared to EA or CA models in visual and lateral fronto-
parietal regions. There was also a high degree of overlapping activity between AAs and EAs
and only a single region exhibiting different responses between AAs and EAs when compared
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directly. Importantly, as predicted, both AA and EA participants also rated AAs as being
associated with lower subjective social status and socioeconomic status than either EAs or CAs,
regardless of their own race. Thus, our data are consistent with the hypothesis that imitation-
related neural regions (Caspers et al., 2010) are recruited to a greater degree when people

imitate individuals from groups they perceive to be lower in social status.

That the perceived social status of the model influences neural activity during imitation
supports cultural learning theories from evolutionary psychology, which posit that people
preferentially imitate high status individuals, both in terms of prestige (similar to subjective social
status) and success (similar to objective social status) (Boyd and Richerson, 1987; Boyd and
Richerson, 1985; Henrich and Gil-White, 2001; Henrich and McElreath, 2003; Laland, 2004).
Such imitative biases are thought to have evolved because they automatically direct attention to
the individuals most likely to exhibit high quality behaviors, thus increasing the efficiency with
which these behaviors are learned and ultimately increasing the fitness of the imitator. Thus, our
study provides neural data to support predictions made by theories regarding the evolution of
human cultural capacities. Our findings are also consistent with 1) studies demonstrating that
individuals from lower status racial groups (mostly AAs) may preferentially imitate models from
higher status racial groups (usually EAs), rather than their own (Clark and Clark, 1947; Liebert
et al., 1972; Neely et al., 1973; Thelen, 1971), 2) evidence of a tight link between the
perceptions of race and perceptions of social status (Macrae and Bodenhausen, 2001; Tajfel,
1982; Penner and Saperstein, 2008; Freeman et al., 2011), and 3) studies demonstrating that
another person’s social status (not related to race) modulates neural activity in the lateral frontal
and parietal cortices and the fusiform gyrus (Zink et al., 2008; Ly et al., 2011; Chiao et al.,

2009).

Surprisingly, however, this is the first finding related to social status in either the

literature on neural mechanisms of action imitation/observation, or the literature on racial (face)
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perception. Although a few studies have investigated the effects of the race or ethnicity of the
model during action observation, all of these studies have suggested that such effects were
modulated by shared group membership (Désy and Théoret, 2007; Liew et al., 2010; Molnar-
Szakacs et al., 2007). Similarly, among studies investigating the neural responses to faces of
people from different racial groups, most studies drew distinctions between ingroup and
outgroup to frame the interpretation of their findings (Eberhardt, 2005; Ito and Bartholow, 2009).
One possible reason for the dearth of status-related findings in these literatures is the
infrequency with which such studies include participants from more than one racial group, or
models from more than two racial groups, both of which can help disambiguate group
membership effects from others (Losin et al., 2010). An exception is a study by Lieberman and
colleagues (2005), who found increased activity in the amygdala of both EA and AA participants
in response to AA compared to EA faces, which they interpret as relating to negative
associations with AAs. Though this interpretation has been debated (Phelps and LeDoux,
2005), we propose that inclusion of two racial groups of participants in studies on race-related
neural mechanisms will reveal more race effects related to status, as in the present study, as

well as other factors beside racial similarity.

The only neural region in our study that did not exhibit activity consistent with the status
hypothesis during imitation was the pre-supplementary motor area (pre-SMA). Here EA
participants showed heightened activity when imitating AA models whereas AA participants
showed increased activity when imitating EA models, suggesting that activity in this region may
be modulated by group membership (i.e., both EA and AA participants displaying higher
responses to outgroup members). However, data from the additional outgroup used in the
present study (CA) revealed that this interpretation is not accurate as both EA and AA
participants’ responses to CA models were similar to those observed for their respective

ingroup. These findings generally caution against interpreting race effects in terms of ingroup
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vs. outgroup biases in the absence of appropriate control conditions (i.e., more than one
outgroup) and suggest that neural responses to race within the pre-SMA are likely affected by

the interaction of several factors (e.g., self-similarity, social status, and majority/minority status).

We also found that the fusiform gyrus and neighboring lateral occipital cortex are
differentially modulated by another person’s race during imitation compared to passive viewing
of the actions or faces of others. While these regions exhibited a pattern consistent with the
status hypothesis during imitation, during passive viewing of faces and actions, the same
regions were more responsive to racial ingroup than outgroup members, as previous studies
reported (Eberhardt, 2005; Ito and Bartholow, 2009). Importantly, increased activity in response
to ingroup relative to outgroup members was found across two racial outgroups of models in two
racial groups of participants, providing more support than previous studies for increased activity
in the fusiform gyrus in response to ingroup members when people passively observe other's
faces and actions. More broadly, this finding demonstrates that neural regions encoding a
person’s race encode different racial associations based on the task performed, rather than
exclusively encoding racial similarity, as suggested by previous studies on neural mechanisms
of racial perception (Eberhardt, 2005; Ito and Bartholow, 2009). The exhibition of this contextual
modulation by the fusiform gyrus suggests fusiform gyrus activity related to race is not
exclusively related to this region’s sensitivity to familiarity and expertise (Tarr and Gauthier,
2000). Effects of socially learned associations have previously been demonstrated within the
fusiform gyrus (Singer et al., 2004), even in relation to social status (Chiao et al., 2009; Zink et
al., 2008), albeit less frequently. Prior to the present study, however, such socially learned

associations had not been demonstrated in the fusiform gyrus in relation to race.

An alternative explanation for the present findings during imitation is that different factors
are driving increased activity in response to AAs in AA and EA individuals. A similar explanation

was proposed by (Phelps and LeDoux, 2005), who suggested that the heightened amygdala
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responses to AAs observed in Lieberman (2005) were driven by the motivational salience of
AAs for the AA participants and negative associations with AAs for the EA participants. We think
this type of explanation of our findings is unlikely for two reasons: 1) effects were seen in
sensory-motor and association regions rather than exclusively in regions tied to motivational
salience (e.g., the amygdala and ventral striatum), and 2) both groups exhibited ingroup effects
during action observation and portrait viewing, making a two-factor account for the similar

activity observed during imitation less likely.

In conclusion, our findings demonstrate that the race of the person being imitated
modulates neural activity during imitation, independent of the imitator’'s own race. Furthermore,
they suggest that social status, rather than racial similarity, is responsible for this racial
modulation during imitation. In terms of the neural mechanisms underlying imitation, these
findings suggest that complex socially-learned associations beyond mere similarity can be
represented in lower- and higher-order sensory-motor systems. In terms of the neural
responses to race, these findings suggest that the neural encoding of another person’s race is
flexibly modulated by specific task demands, rather than being based primarily on shared racial
group membership. Finally, in terms of cultural learning, our findings provide the first neural
evidence supporting evolutionary theories of imitation biases as adaptive mechanisms of

cultural acquisition.
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FIGURES
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Figure 5.1. Experimental stimuli and task design. (a) Example stimuli from 4 experimental
conditions (green border = imitation, red border = observation). (b) Examples of block structure

from the imitate gesture (first row) and view portrait (second row) conditions.
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Figure 5.2. Results from self-report measures of racial self-similarity and race-associated social
status in both AA and EA participants. (a) Participants’ ratings of their feelings of similarity to
stimuli models from the different racial groups (made while looking at model portraits) on a scale
from 1 (very dissimilar to me) to 9 (very similar to me). (b) Participants’ ratings of the
socioeconomic status associated with each of the racial groups represented in the stimuli using
the MacArthur Scale of Subjective Social Status (MSSSS) (Adler et al., 2000). (c) Participants’
ratings of the socioeconomic status associated with each of the racial groups represented in the
stimuli obtained using a modified version of the Barratt Simplified Measure of Social Status
(BSMSS) (Barratt, 2005). Individual participant values for each measure were entered into a
linear mixed effects model (Ime) in R (Development Core Team, 2010) in which subject race
and model race or racial group were fixed factors and participant was a random factor. Upper
significance bar indicates a participant-race x model race or racial group interaction. Lower
significance markers are the result of post hoc pairwise comparisons made using Tukey’s

Honestly Significant Difference (HSD) test. Error bars are standard error of the mean.
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Model Race Effects During Imitation
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Figure 5.3. Comparison between neural regions differentiating between imitation of models from
three different racial groups: European American (EA), Chinese American (CA), and African

American (AA), in AA and EA participants. Functional activity is thresholded at Z > 2.3 with
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whole-brain correction for multiple comparisons applied at the cluster level (p < .05), and
overlaid on an average T1 weighted structural scan across both groups of participants (n = 39).
Values under brains represent the MNI coordinate of the axial (z) or sagittal slice (x). L=left and
R=right side of the brain. (a-c) Whole-brain racial comparisons yielding significant differences
from all possible pairwise racial comparisons in AA participants (dark blue activity), EA
participants (dark red activity) and their overlap (green activity). (d) Results from the only
between-group comparison (i.e. participant race x model race interaction) that yielded a
significant difference during imitation. Parameter estimates are averaged across the entire
significant cluster from the four conditions contributing to the interaction compared to baseline
(red bars= EA models and blue bars = AA models). For comparison, parameters are also
extracted from the same region for imitation of the CA group compared to baseline (green bars).
Error bars represent within subject standard error of the mean, calculated with Cousineau’s
adaptation of Loftus & Masson’s method with Morey’s correction (Cousineau, 2005; Loftus and

Masson, 1994; Morey, 2008).
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(a) Model Race Effects During Gesture Imitation vs Gesture Observation
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Figure 5.4. Regions exhibiting differential race effects (model race x participant race
interactions) in the imitation condition compared to the non-imitative conditions (3-way
interactions). Results are confined to those regions exhibiting effects consistent with the status
hypothesis during imitation using a post-threshold mask of overlapping activity between EA and
AA participants during imitation (green regions in Figure 5.3a). Bar graphs are of average

parameter estimates from each condition contributing to the interaction compared to baseline
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(red bars= EA models and blue bars = AA models). For comparison, parameters for the CA
models (green bars) are also extracted from the same regions. Error bars represent within
subject standard error of the mean, calculated with Cousineau’s adaptation of Loftus &
Masson’s method with Morey’s correction (Cousineau, 2005; Loftus and Masson, 1994; Morey,
2008). (a) Regions exhibiting differential race effects between gesture imitation and gesture
observation. (b) Regions exhibiting differential race effects between gesture imitation and

portrait viewing.
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TABLES

Table 5.1: Participant demographics by race

EA AA
Measure Mean SD Mean SD p
Age (years) 23.06 214 23.10 2.98 0.96
Handedness (1 = right, -1 = left) 0.69 0.18 0.69 0.26 0.98
Socioeconomic status 2211 2.85 20.53 2.93 0.10

Note: Handedness scores are from the (Edinburgh Handedness Inventory, (Oldfield, 1971)).
Socioeconomic status scores were calculated by converting participant’s self-reported jobs to a
numerical score using the nine job categories in the Barratt Simplified Measure of Social Status
(Barratt, 2005) and adding them to their self-reported years of education. P values are the result

of 2-tailed independent sample t-tests between the AA and EA participants.
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Table 5.2: Participant task-related self-report and behavioral measures

EA AA
Measure Mean SD Mean SD p
Attractiveness EA models 5.58 1.01 5.21 1.09 0.93
Attractiveness AA models 5.5 0.92 6.06 1.42 0.67
Attractiveness CA models 5.59 1.01 5.58 1.56 1
Signs imitated correctly (%) 94.08 5.07 95.61 4.22 0.33
Signs imitated with errors (%) 5.81 5.13 4.14 4.19 0.29
Signs not imitated (%) 0.1 0.21 0.25 0.68 0.41

Mean relative displacement (mm) 0.08 0.04 0.07 0.04 0.59
Max. relative displacement (mm) 0.65 0.62 0.70 0.71 0.64
Motion excluded volumes 5.26 6.39 4.45 5.42 0.41

Note: Model attractiveness scores are participants’ self-reported ratings of the attractiveness of
each model (made while looking at a portrait of that model) averaged across the 4 models from
each racial group. Attractiveness ratings were made on a scale from 1 (very unattractive to 9
(very attractive). Imitation accuracy scores are the percentage of hand signs receiving each
accuracy rating (sign imitated correctly = 2, sign imitated with error = 1, and sign not imitated =
0). P values for attractiveness ratings reflect between-group comparisons performed using
Tukey’s Honestly Significant Difference (HSD) test after all attractiveness scores were entered
into a linear mixed effects model (Ime) in R (R Development Core Team, 2010) in which subject
race and model race or racial group were fixed factors and participant was a random factor. All
other p values come from 2-tailed independent sample t-tests between the AA and EA

participants.
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Table 5.3. Anatomical regions differentiating between model races during imitation for AA
participants

Anatomical Region side X y z Z

Imitate AA Models > Imitate EA Models

Superior frontal gyrus L -2 54 40 4.03
Inferior Frontal Gyrus, po R 58 16 30 3.74
Frontal Pole R 54 44 8 3.18
Postcentral Gyrus R 48 -24 42 3.37
Supramarginal Gyrus, ad L -44 -38 42 3.35
Temporal Occipital Fusiform R 36 -42 -20 4.60
Temporal Pole L -42 24 -28 3.45
Middle Temporal Gyrus, pd R 68 -8 -16 3.43
Middle Temporal Gyrus,to R 64 -50 -8 3.06
Lateral Occipital Cortex, sd L 44 -80 18 4.69

R 28 -60 42 4.00
Lateral Occipital Cortex, id L -36 -66 -14 5.40

R 38 -74 -12 5.74
Occipital Pole L -34 -94 0 4.53

R 14 -88 34 3.46
Intracalcarine Cortex R 14 -76 6 3.20
Amygdala L -20 -4 -20 3.80

R 20 -6 -14 4.69
Parahippocampal Gyrus, pd L -16 -34 -4 3.17
Thalamus R 16 -28 10 2.89

Imitate AA Models > Imitate CA Models

Inferior Frontal Gyrus, po R 38 10 26 4.35
Frontal Pole L -2 64 24 3.76
Precentral Gyrus L -40 2 30 3.61
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Frontal Orbital Cortex

Paracingulate Gyrus
Middle Frontal Gyrus
Superior Frontal Gyrus
Superior Parietal Lobule
Supramarginal Gyrus, pd

Postcentral Gyrus

Angular Gyrus
Amygdala

Inferior Temporal Gyrus, to
Middle Temporal Gyrus, ad
Temporal Pole

Occipital Fusiform Gyrus

Temporal Occipital Fusiform

Lateral Occipital Cortex, sd

Occipital Pole
Supracalcarine Cortex
Lingual Gyrus

Cerebellum

Cingulate Gyrus, pd

Precuneus Cortex

Imitate EA Models > CA Models

r o —r— »x r - 2% - - X - Xx XX Xx - Xx A rr x rr - o r- 2

L

3.50
2.90
3.55
3.34
3.16
3.12
4.34
4.08
3.65
3.36
3.28
4.30
4.60
3.67
3.62
3.34
6.06
5.83
5.23
5.17
4.38
3.72
3.43
3.61
3.63
4.00
3.74



Superior Frontal Gyrus L -24 6 58 3.03

R 12 16 70 3.37
Paracingulate Gyrus 0 46 26 3.25
Postcentral Gyrus L -6 -48 68 3.44
Cingulate Gyrus, pd R 10 -38 42 3.19
Precuneus R 18 -68 42 2.51
Cuneal Cortex R 8 -84 18 3.94
Occipital Fusiform Gyrus L -28 -78 16 3.55
Lateral Occipital Cortex, sd L -22 -70 52 3.52
Temporal Occipital Fusiform L -32 -54 -16 3.24
Occipital Fusiform Gyrus L -18 -88 -14 3.09
Caudate R 10 6 10 3.30
Cerebellum 0 -62 -16 3.77

Note: Bolded regions are those where a corresponding local maximum in the EA group fell in
the same anatomical region. Local maxima were the highest Z values within activated regions
falling at least 15 mm apart. Anatomical regions for each maximum were assigned using the
Harvard-Oxford Cortical and Subcortical probabilistic atlases. Only the first maximum within
each anatomical region on each side of the brain is listed. Maxima are grouped by lobe in the
following order: frontal, parietal, temporal, occipital, subcortical, cerebellum. po = pars
opercularis, ad = anterior division, sd = superior division, id = inferior division, to =

temporooccipital part.
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Table 5.4. Between-group differences in anatomical regions differentiating between model races
during imitation (2-way interactions) and their differences with the non-imitative conditions (3-

way interactions)

Anatomical Region side X y z Y4

AA Participants vs EA Participants

2-way Interaction

Imitate AA Actors vs Imitate EA Actors

Superior Frontal Gyrus R 16 -8 60 3.62
Superior Frontal Gyrus L -24 6 62 3.22
Cingulate Gyrus, ad L -2 6 40 3.32

3-way Interactions
Imitate AA Actors vs Imitate EA Actors

Gesture Imitation > Gesture Observation

Temporal Occipital Fusiform R 34 -50 -10 3.54
Lateral Occipital Cortex, id R 52 -62 14 3.14
Occipital Pole R 30 -92 -4 3.11

Imitate AA Actors vs Imitate EA Actors

Gesture Imitation > Portrait Viewing

Occipital Fusiform Gyrus L -28 -74 -10 3.75
R 28 -70 -4 3.25
Occipital Pole L -28 -96 14 2.94

Note: Local maxima were the highest Z values within activated regions falling at least 15 mm
apart. Anatomical regions for each maximum were assigned using the Harvard-Oxford Cortical
and Subcortical probabilistic atlases. Only the first maximum within each anatomical region on
each side of the brain is listed. Maxima are grouped by lobe in the following order: frontal,

parietal, temporal, occipital, subcortical, cerebellum. id = inferior division.
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CHAPTER 6

Conclusions of the dissertation
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Preferential imitation of certain individuals over others, i.e., imitative bias, is a critical
component of cultural learning (Boyd & Richerson, 1985; Henrich & McElreath, 2003). Prior to
the present studies, however, how these imitative biases were instantiated in the brain was
unknown. In a first step towards answering this question, | used fMRI to measure neural
responses to the race and gender of the person being imitated (the model). | found that the
gender of the model was represented primarily in the reward system during imitation, with
greater activity during imitation of own-gender compared to other-gender models. In contrast, |
found that the race of the model modulated activity in a large bilateral network of neural regions
previously found to be important for imitation including the putative human mirror neuron
system, related sensorymotor regions, and primary and secondary visual cortices including the
fusiform gyrus. All of these regions were more active when people imitated African American
models compared to either European American or Chinese American models regardless of
whether the participant’s own race was African American or European American. Finally, | found
that both the gender and race of the model were represented differently in the brain during
imitation than when people passively observed others’ actions or faces. These data provide the

first insight into the neural mechanisms that underlie processes of cultural acquisition.

At the most basic level, these data demonstrate that who is being imitated rather than
just what actions they are performing is being encoded by neural systems underlying imitation.
Prior to the present studies, the vast majority of neuroimaging studies on imitation used stimuli
in which only an isolated effector (e.g. a hand or a foot) was shown. Therefore, it was unclear
whether the neural systems identified as playing a role in imitation (Caspers, Zilles, Laird, &
Eickhoff, 2010) were only those involved in the basic sensorymotor aspects of imitation or also
instantiated the more socially complex aspects of imitation, such as model-based imitative
biases. Data from this dissertation suggest the latter. Furthermore, the effects of model gender

and especially model race were large (of a high magnitude), and, in the case of model race,
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affected virtually every node of the imitation network (Caspers et al., 2010). Thus, these findings
suggest that imitative biases may be an integral part of imitative behavior at the neural level
rather than a separate process governed by a separate neural system primarily implicated in
social processing such as the default mode network (Schilbach, Eickhoff, Rotarska-Jagiela,
Fink, & Vogeley, 2008). Furthermore, these findings highlight the importance of employing more
ecologically valid stimuli in studies of imitation and either including or controlling for

characteristics of the model including gender and race.

A second important finding across all three empirical studies was that gender and race
modulate neural activity in a unique way during imitation, as compared to passive viewing of
others’ faces and actions. Imitation was the only condition in which the model’s gender
differentially influenced neural activity. Furthermore, the model’'s race was associated with
different patterns of neural activity during imitation as compared to when people passively
viewed the same models’ actions or faces. These differing patterns of neural activity along with
participants’ self-report measures suggested that self-similarity was driving neural responses to
race when people passively viewed faces and actions while social status was driving neural
responses to race during imitation. Taken together, these findings demonstrate that there is no
single mechanism through which the brain encodes another person’s gender or race; rather,
there is a range of neural systems that can respond flexibly to gender and race based on task

demands.

A third conclusion that can be drawn from this suite of studies is that the brain responds
differently to a model's gender compared to a model’s race during imitation. This difference was
manifested both in terms of the neural regions that encode gender versus race and the manner
in which they do so. These findings refute the hypothesis that gender and race are two
equivalent primary social dimensions by which people automatically and inflexibly categorize

others as suggested by prior work (Brewer, 1988; Hamilton, Stroessner, & Driscoll, 1994;
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Messick & Mackie, 1989). Instead, these findings are consistent with a more evolutionarily
motivated theory put forth by Kurzban and colleagues (Kurzban, Tooby, & Cosmides, 2001).
This theory suggests that gender and race are two fundamentally different types of social
categories likely processed by different cognitive mechanisms. Although humans have been
divided by gender throughout their evolutionary history, it is unlikely that ancestral hunter-
gatherers encountered populations genetically distant enough from themselves to be viewed as
different races (Kurzban et al., 2001). Therefore, Kurzban et al. (2001) suggest that it is
reasonable to expect gender encoding may be associated with an evolved cognitive
mechanism, and that because the reproductive implications of gender are constant, this
mechanism may be relatively inflexible. In contrast, they suggest that race encoding may be
subserved by cognitive mechanisms that evolved for another purpose — to flexibly associate
physical appearance with different types of social relationships (coalitions). In line with this
hypothesis, the reward circuitry that we found to encode gender during imitation is a relatively
evolutionarily ancient system, whereas the cortical regions associated with imitation that we
found to encode race are evolutionarily more recent. Furthermore, the neural encoding of
gender appeared to relate to a single association, self-similarity, whereas racial encoding
appeared to be flexibly modulated by different racial associations (self-similarity and social

status), based on task demands.

A final conclusion suggested by these data is that a person’s own gender and race
influence how his or her brain processes others’ gender and race during imitation. This notion is
best supported by the differences in race processing between African American and European
American participants during imitation. Both European American and African American
participants exhibited more activity in lateral fronto-parietal and visual regions during imitation of
African American models compared to either European American or Chinese American models.

We have proposed that this difference arises from social status associations with race that are
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held by both African American and European American participants. The fact remains, however,
that European Americans exhibited more activity in response to imitating models from a racial
out-group versus in-group whereas African American participants exhibited more activity in
response to imitating members of a racial in-group versus out-group. Thus, it is possible that the
observed difference arises in part due to the participants’ own cultural experience as members
of a racial majority or minority group. This hypothesis could be tested by comparing the present
results to those from individuals living in regions with a different demographic makeup (e.g.,

regions in which African Americans comprise the maijority).

The present studies represent the first steps into a vast new domain of neuroscientific
inquiry — the study of the neural mechanisms of cultural acquisition. Following are some of the
questions left unanswered by the present studies and some future directions for research to

address these questions.

First, although many behavioral measures thought to underlie differences in neural
responses to gender and race were collected, none were found to relate directly to the
neuroimaging findings. This lack of a relationship between behavioral and neuroimaging
measures could be explained by a number of factors. It is possible that the observed neural
differences are in fact not related to the behavioral constructs we linked them to (i.e., self-
similarity for gender and social status for race). It is more likely, however, that the lack of
significant relationships between neuroimaging and self-report measures may reflect the fact
that perceptions of self-similarity and social status associated with gender and race function on
a relatively implicit level, one that is not easily accessible through self-report. The potential for
inaccurate self-reports is also increased by the sensitive nature of stating one’s views about
gender and race and the related self-presentational biases. For example, several studies on the
neural correlates of racial processing have found brain-behavior correlations only with implicit

race-related measures (e.g., the Implicit Association Test) rather than with explicit measures
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such as self-reported racial preferences ( e.g., Cunningham et al., 2004). Thus, we hypothesize
that our fMRI results may to some degree reflect implicit gender and racial associations. This
hypothesis could be tested in future studies by including more implicit measures related to self-

similarity and social status.

A second limitation of the present studies is that it is unclear whether the differential
encoding of gender and race we observed during imitation truly reflects the imitative
preferences that are suggested by cultural learning theories and demonstrated in behavioral
studies. This is because in our study design, participants were asked to explicitly imitate
models, whereas much real world imitation and imitation learning occurs implicitly. Secondly,
participants were required to imitate all models an equal number of times. To address the
relationship between imitative biases and neural activity during imitation directly, future research
could utilize a design in which participants are required to choose between different models or
are presented with two models simultaneously with eyetracking being used to assess attentional
biases. These measures of imitative preference could then be related directly to neural activity
during imitation. Finding a relationship between the differential encoding of race and gender
during imitation and imitative preferences related to race and gender would allow us to more
directly link patterns of neural activity found in the present studies to the imitative biases

important for cultural learning.

A third question left unanswered by the present studies is how the race and gender of
the model impacts the learning and memory of imitated actions. Because in the current studies
all models performed the same set of actions, distinguishing between the learning of different
actions based on model gender and race was not possible. A difference in the degree of
learning from different models is not predicted by cultural learning theories (only a difference in
model preference). Whether model race and gender affects learning is, however, an obvious

and interesting question and one that may link the present findings to potential clinical
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applications. This question could be addressed by assigning a subset of modeled actions to
male and female models of different races and comparing the quality of imitation and memory
for actions performed by these models. Relating individual differences in learning or memory to
neural differences related to race and gender during imitation would provide a direct link
between the present findings and imitative learning. If such differences were found, they could
inform behavioral modeling strategies (e.g., using own-gender models) in clinical fields such as

stroke rehabilitation (Small, Buccino, & Solodkin, 2012).

In conclusion, the present studies have demonstrated that both the gender and the race
of the person being imitated modulate neural activity during imitation, providing a first step in
exploring the neural systems underlying imitative learning and, ultimately, cultural acquisition.
Although the field of cultural neuroscience is growing rapidly, the focus has been almost entirely
on how differential cultural experience shapes the brain. Understanding the mechanisms by
which cultural information is initially acquired is arguably an even more fundamental question to
be addressed. Thus, future studies of the kind contained in this dissertation will be necessary to

fully understand the complex and bidirectional interactions between culture and the brain.
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