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Abstract
A central question in the study of the mind is how cognitive functions are shaped by a complex
interplay of genetic and experiential processes. Recent evidence from cultural neuroscience
indicates that cultural values, practices, and beliefs influence brain function across a variety of
cognitive processes from vision to social cognition. This evidence extends to low-level perceptual
systems comprised of domain-specific mechanisms, suggesting the importance of ecological and
cultural variation in the evolutionary and developmental processes that give rise to the human
mind and brain. In this article, we argue that investigating the architecture of the human mind will
require understanding how the human mind and brain shape and are shaped by culture–gene
coevolutionary processes.
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Introduction
Nearly three decades ago, Fodor (1983) introduced the theory of modularity of mind to
cognitive science. A couple of years later, Boyd and Richerson (1985) introduced culture–
gene coevolutionary theory, proposing for the first time that cultural and genetic selection
processes may interact as forces shaping the human mind. Together, these disparate
accounts launched a decades-long exploration and debate for psychologists and
neuroscientists eager to understand the mind’s core architecture.

Over the years, behavioral and brain scientists alike have made much progress in
understanding the mind’s architecture. However, much less empirical and theoretical
attention have been paid to understanding the role of cultural and genetic processes in
psychological and neural architecture, especially as the vast majority of research in this area
has been conducted with Western participants living in the industrialized world (Chiao &
Cheon, 2010; Henrich, Heine, & Norenzayan, 2010). Most recently, advances in cultural
neuroscience have begun to provide evidence of cultural variation in the neural correlates of
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mental processing, amounting to greater evidence for culture–gene coevolution and
launching a new approach to understanding how mental processes are organized by the
interaction of cultural and biological factors across situational, developmental, and
evolutionary timescales. Our goal in this article is to examine how the emerging field of
cultural neuroscience can contribute to advancing cognitive theory by investigating how
cultural and genetic factors shape the neural processes underlying mental functioning. Even
at this early stage, we argue that findings in cultural neuroscience are already informing
cognitive theory in visual and social cognition.

Cultural neuroscience is an emerging field that examines how cultural values, practices, and
beliefs shape and are shaped by neurobiological processes across multiple time scales
(Chiao & Ambady, 2007; Chiao, Hariri, et al., 2010; Chiao, Cheon, Pornpattananangkul,
Mrazek, Blizinsky, in press). Cultural neuroscientists typically use noninvasive neuroscience
methodologies, such as functional neuroimaging (fMRI) or event-related potentials (ERPs),
to test hypotheses regarding cultural influences on brain functioning and relations to
behavior (Chiao & Ambady, 2007; Han & Northoff, 2008; Kitayama & Uskul, 2011; Park &
Gutchess, 2006). Over the past 40 years, elegant behavioral research by cultural
psychologists has revealed cultural differences in how people think, feel, and behave
(Kitayama & Cohen, 2007); however, in the absence of evidence that these often subtle
differences reflect influences of social experience on neural functioning, rather than
evolutionary factors, cultural psychological evidence could not easily be brought to bear on
questions of modularity of mind. In addition, behavioral research often requires large sample
sizes given the distal nature of observing effects of culture on behavior. By contrast, cultural
neuroscience research has revealed cultural differences in brain structure and function with
comparatively small samples and often in the absence of culture-related differences in
observable behavior (Chiao et al., 2010). Together, the findings hold promise that cultural
neuroscientists are in a unique position to infer cultural effects on cognitive processes from
behavioral, neural, and genetic measures (Fig. 1).

One of the key challenges at the frontier of cultural neuroscience is understanding the role of
culture in shaping variation in functionally specialized neural mechanisms. To the extent
that social transmission of cultural values, practices, and beliefs leads to cultural adaptations
in low-level sensory systems, and to the extent that genetic propensities facilitate the
transmission of cultural values, practices, and beliefs, the architecture of the mind may be
shaped by both genetic and cultural selection in a manner akin to culture–gene
coevolutionary theory (Boyd & Richerson, 1985; Chiao & Blizinsky, 2010; Chudek &
Henrich, 2011). Culture–gene coevolutionary theory posits that cultural and genetic
selection both affect how the mind and brain give rise to behavior. For example, recent
evidence indicates culture–gene coevolution of individualism–collectivism and the serotonin
transporter gene (5-HTTLR) such that cultural collectivism may have emerged in tandem
with the genetic selection of the S allele of the serotonin transporter gene (5-HTTLPR) in
response to environmental pressures, such as pathogen prevalence (Chiao & Blizinsky,
2010; Fig. 2). The serotonin transporter gene may also have played an important role in the
emergence of cultural tightness–looseness, such as sensitivity to social norms or deviance, in
response to other kinds of ecological pressures across geographic regions (Gelfand et al.,
2011; Mrazek, Chiao, Blizinsky, Lun, & Gelfand, 2012). However, little is known about
how cultural values of individualism–collectivism or of tightness–looseness interact with
genes such as the serotonin transporter gene (5-HTTLPR) to shape psychological and neural
processes that give rise to human behavior. Given the known role of the serotonin
transporter gene in shaping the neural response within brain regions associated with emotion
(Munafo, Brown, & Hariri, 2008) and social cognition (Canli & Lesch, 2007), investigating
culture–gene coevolution of human behavior is an essential frontier in the field of cultural
neuroscience (Chiao, 2011; Chiao, Hariri, et al., 2010).
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Contributions of cultural neuroscience to the study of visual cognition
As envisioned by early philosophers of mind, such as Fodor (1983), the mind consists of
multiple cognitive domains or modules, each self-contained and responsible for specific
cognitive operations. In this view, domain-specific psychological mechanisms are
identifiable based on a set of characteristic features including automaticity, information
encapsulation, innateness, and fixed neural architecture (among others). In pursuit of
evidence for Fodor’s modularity of mind thesis (1983), cognitive scientists have searched
for convergent evidence of domain-specific mechanisms with a variety of experimental
paradigms, from looking-time studies in infants and nonhuman primates to
neuropsychological and neuroimaging studies with adults. In this work, modules are
specialized psychological components that perform specific cognitive processes consistently
across situational, lifespan, and evolutionary timescales.

One of the major foci in this research is domain specificity in perceptual systems, such as
vision. For example, within the ventral visual pathway, patches of cells within the fusiform
gyrus preferentially respond to faces over other types of complex visual stimuli including
objects, scenes and scrambled images (Kanwisher, McDermott, & Chun, 1997). This
preferential response to faces occurs not only within fusiform regions of humans (Kanwisher
et al., 1997), but also in macaques (Tsao, Freiwald, Tootell, & Livingstone, 2006),
suggesting a phylogenetically shared cortical space dedicated to the processing of faces.
Cortical specialization has also been observed for a variety of nonface complex visual
processes, including the processing of places (Epstein, 2008) and objects (Grill-Spector,
Kourtzi, & Kanwisher, 2001). The apparent robustness of specialized neural machinery for
processing of specific categories of visual information in human and nonhuman primates
and prosopagnosic patients who have specific deficits in face processing subsequent to
damage to their fusiform region, as well as the presence of face recognition ability in early
infancy (Kanwisher, 2010; Tzourio-Mazoyer et al., 2002), is thought to reflect genetic
selection for psychological and neural mechanisms dedicated to face recognition.

However, despite the apparent robustness of the organization of visual processing in the
brain, culture appears to shape neural processing by influencing the process by which a
visual stimulus is perceived, encoded and recognized, even within domain-specific neural
regions along the ventral visual pathway. One of the hallmark findings from cultural
psychology is the distinction between analytic and holistic processing. When compared
across various levels of visual processing (e.g., from perceiving to perspective-taking to
remembering images), researchers have found that East Asians tend to process visual
information in a more holistic manner, attending to the surround and the central object,
whereas Westerners tend to process visual information in an analytic manner, paying
attention to the central object over the surround (Nisbett & Miyamoto, 2005; Nisbett, Peng,
Choi, & Norenzayan, 2001). Recently, cultural neuroscientists have found that this analytic–
holistic processing distinction affects neural responses even in domain-specific visual brain
regions. Goh and colleagues (2007) compared elderly Westerners and elderly East Asians
and found differences in visual processing in object-specific areas of the lateral occipital
cortex (LOC), which they interpreted as reflecting life-long cultural entrainment of analytic
and holistic styles of perceiving the world. In addition, Goh and colleagues (2010) found
that Westerners showed greater neural selectivity during face processing in the left fusiform
gyrus face-processing area (FFA), whereas East Asians showed greater selectivity within
this neural area on the right. This cultural difference in visual neural processing may reflect
cultural differences in analytic–holistic processing style, as the right hemisphere is thought
to process more holistically, whereas the left is thought to process more analytically and
sequentially. This neural finding is consistent with psychological findings in which
Caucasians engage in more sequential processing of facial features such as the eyebrow and
mouth, whereas East Asians devote relatively more attention to processing the eye region, a
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central facial feature that may allow for more holistic, simultaneous processing of peripheral
facial features (Jack, Caldara, & Schyns, 2011).

Fodorian notions of modularity of mind were not meant to explain the possibility of cultural
diversity in core cognitive capacities like visual processing; nevertheless, culture–gene
coevolution provides a plausible explanation for cultural variation within domain-specific
regions of the ventral visual pathway (Boyd & Richerson, 1985) by suggesting that socially
transmitted cultural traits, in this case an emphasis on analytic versus holistic processing, are
selected for, and develop in tandem with, genetic traits that regulate face-recognition
abilities. Together, these complementary forces provide humans the necessary cognitive
capacities for social survival, while at the same time leading to cultural diversity of
processing within these cognitive capacities, possibly in response to global variation in
ecological demands (Chiao & Blizinsky, 2010; Fincher, Thronhill, Murray, & Schaller,
2008; Mrazek et al., 2012).

Contributions of cultural neuroscience to the study of social cognition
Another domain of cognition where cultural neuroscience may offer insights is self-
construal theory. In the 1970s, cultural psychologists began to question and document ways
in which people think about the “self.” Using the Twenty Statements Test, Cousins (1989)
found that people from Western cultures tend to describe themselves in an individualistic
fashion, using trait adjectives (e.g., “I am active”), whereas people from Eastern cultures
tended to describe themselves in a more collectivistic fashion, referring to situational roles
(e.g., “I am my sister’s friend”). Markus and Kitayama (1991) later introduced self-construal
theory to explain cultural differences in a range of psychological processes and behaviors
from emotion and cognition to motivation and decision making. Initial behavioral evidence
provided strong support for this distinction; however, subsequent behavioral studies also
revealed inconsistencies in empirical evidence concerning self-construal theory. For
example, meta-analytic evidence by Oyserman, Coon, and Kemmelmeier (2002) showed
that, among East Asians, only the Chinese were more likely to be collectivistic rather than
individualistic across a variety of tasks. In addition, Westerners were not found to be more
individualistic than Easterners in some studies. If indeed individualism–collectivism is a
valid cultural distinction, it was apparently not one that could be reliably described, nor
assumed as, a cultural difference between East and West.

Empirical advances in cultural neuroscience have resolved this debate, at least partially, by
demonstrating that cultural values, practices, and beliefs are represented neurally in the
individual within brain regions specialized for social processing, rather than as fixed neural
differences differentiating geographic or national groups. Cultural priming studies have
shown that even temporarily heightening awareness of culture affects psychological
processes and behavior (Hong, Morris, Chiu, & Benet-Martinez, 2000; Oyserman & Lee,
2008). Similar to prior cultural psychological studies of the self, Zhu, Zhang, Fan, and Han
(2007) found that Chinese participants showed similar neural responses within the medial
prefrontal cortex (MPFC), a brain region specialized for social cognition, when encoding
trait adjectives of self and mother compared with a familiar other, but Westerners living in
China did not. By contrast, in a comparison of Japanese and American participants, Chiao,
Harada, and colleagues (2009) showed that, irrespective of nationality, people with
individualist tendencies showed greater MPFC response when thinking of themselves in a
general manner, whereas people with collectivist tendencies show greater MPFC response
when thinking of themselves in a relational manner. Ray and colleagues (2010) further
showed that individual differences in cultural values for Caucasians living in the U.S.
predicted brain activity in cortical midline regions, the MPFC, and the posterior cingulate
cortex when judging trait adjectives of mother and self. Chiao and colleagues showed that
temporarily heightening awareness of cultural values in bicultural and monocultural
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individuals is sufficient to modulate this neural response during implicit (Harada, Li, &
Chiao, 2010) and explicit self-judgments (Chiao, Harada, et al., 2010). Taken together, these
results illustrate that neural responses within the MPFC are heightened when people think
about self and others in a culturally congruent manner. These studies further show that self-
reported cultural values, not nationality (e.g., Japanese vs. American) or cultural group (e.g.,
Eastern vs. Western) per se, predict neural responses during self-judgments, even in the
absence of measurable group differences in behavior. Hence, cultural styles of self-construal
are dynamically represented within cortical midline structures involved in self-knowledge,
whose activity likely reflects fluctuations related to internal awareness.

Although the initial observations discussed above pertain to the effects of culture on neural
processes during self/other judgments, several studies have now shown cultural influences
on the functioning of brain regions involved in other kinds of social cognitive tasks
involving theory of mind (Adams et al., 2010; Kobayashi, Glover, & Temple, 2006),
interpersonal perception (Freeman, Rule, Adams, & Ambady, 2009), empathy (Cheon et al.,
2011; Chiao, Mathur, et al., 2009; Mathur, Harada, & Chiao, 2011; Mathur, Harada, Lipke,
& Chiao, 2010; Xu, Zuo, Wang, & Han, 2009) and emotion (Chiao et al., 2008; Chiao et al.,
2012; Derntl et al., 2009; Moriguchi et al., 2005). For instance, work in progress by
Immordino-Yang and colleagues reveals individual and cultural differences in
somatosensory activation during the processing of social emotion and that the
correspondence between neural activation and subjective emotion awareness relates to
individual and cultural differences in emotional expressivity (Immordino-Yang, Yang, &
Damasio, 2012; Saxbe, Yang, Borofsy, & Immordino-Yang, 2012). In one experimental
paradigm, participants in an open-ended interview reacted to a series of documentary-style
narratives about emotion- provoking social situations and then viewed short versions of the
same narratives as emotion induction stimuli in the fMRI scanner (Immordino-Yang, 2010;
Immordino-Yang, McColl, Damasio, & Damasio, 2009). To test the hypothesis that
individuals’ verbal descriptions of emotional feelings are associated with neural processing
biases during a nonlinguistic emotion task, the ratio of cognitive to affective words used by
the participants in the interview was correlated with somatosensory activation when
participants subsequently reported experiencing strong emotion to the same narratives in the
fMRI scanner. The results suggest that individual differences among Americans (of mixed
ethnic backgrounds, including first-generation East Asian) in naturalistic word use when
describing feelings correspond to differences in reliance on somatosensory neural regions
during emotion experience—“feeling” in the literal, embodied sense (Saxbe et al., 2012). In
a cross-cultural version of the experiment conducted with participants in Los Angeles and
Beijing, there were additional cultural differences in the correspondence between visceral
somatosensory neural activations and the timing and magnitude of participants’ reported
real-time emotion experiences (Immordino-Yang et al., 2012). These findings further
highlight that spontaneously invoked cultural strategies for emotion processing influence
low-level sensory systems in the brain during emotion processing, a surprising discovery
given that low-level sensory systems are often thought to serve as evidence for an
evolutionarily honed, rather than variable, neural architecture (Kanwisher, 2010). Cultural
values have also been shown to modulate neural responses to emotional scenes within the
human amygdala (Chiao et al., 2012), an evolutionarily ancient brain region necessary for
fear perception and learning (e.g., “fear module”; Adolphs, 2010; Ohman & Mineka, 2001).
In sum, it is important for future cultural neuroscience research to better understand the role
of cultural and individual variation in adaptive low-level sensory systems and how the
architecture of the mind may be shaped by the interplay of genetic and cultural selection,
possibly due in response to environmental or ecological pressures (Boyd & Richerson, 1985;
Chiao & Blizinsky, 2010).
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Future directions in cultural neuroscience: Contributions to understanding cognition and
beyond

Much theoretical and empirical neuroimaging research shows that the mind is constructed, at
least partially, from domain-specific mechanisms for processing our social and perceptual
worlds. Yet, neuroimaging has recently added a new layer of complexity with the discovery
that many of the psychological biases associated with developmental and genetically
selected cultural influences extend to differences in neural processing, even in brain regions
that are thought to support genetically determined, domain-specific mechanisms. Moving
forward, behavioral and brain scientists should delve further into the mechanisms by which
cultural and genetic factors shape the structure of the mind and brain and finally unite
parallel strands of cultural psychological and neurobiological inquiry in pursuit of a richer
scientific reality.
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Fig. 1.
Cultural neuroscience model of human behavior. Each factor in the cultural neuroscience
model may be composed of a set of variables of each type (e.g., A1, A2 refers to distinct
environmental variables; B1, B2 refers to distinct cultural variables).
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Fig. 2.
Culture–gene coevolution of individualism–collectivism and the serotonin transporter gene
(adapted from Chiao & Blizinsky, 2010).
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