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1 Introduction

What underlies or makes up the human mind has always been central to the

nature–nurture debate. Despite historical philosophical arguments insisting

that humans are substantially nature-determined (Plato and Hobbes) or, con-

versely, that humans are largely socially determined (Aristotle and Locke),

today there is scientific consensus that both nature and nurture contribute to

shaping the mind. The way in which nature and nurture work together, how-

ever, has yet to be settled, and integrative frameworks have emerged to address

this gap in knowledge. This requires a broader perspective that includes both

genes and culture, combining two seemingly disparate fields of research.

The study of individuals in connection to the cultural environment and to

biology, separately, is not new. On the one hand, cultural psychology exam-

ines the impact of culturally shared social and environmental factors on the

mind and behaviors (Markus & Kitayama, 1991; Segall, Lonner, & Berry,

1998; Shweder, 1991; Triandis, 2001; see also Kitayama & Cohen, 2010).

As social beings, people are influenced by external factors – including diverse

physical environments, social interactions, structures, institutions, values, and

beliefs (Kim & Markus, 1999; Markus & Kitayama, 1991; Miyamoto,

Nisbett, & Masuda, 2006) – the meaning of which is shared in a culture

(Bruner, 1990). These factors jointly make up a culture and, in turn, can be

considered the core of “nurture.” Cultural psychology has historically studied

these nurture-focused explanations for differences in actions, traits, and

thinking across cultures, drawing a clear link between nurture and psycholo-

gical processes. On the other hand, biology has aimed to understand human

behavior as well, but by focusing on the physical mechanisms that connect

humans to, and also distinguish us from, other organisms. The field experi-

enced a rather rapid leap with the completion of the Human Genome Project in

2003. By uncovering the sequences of DNA and unfolding processes that lead

to phenotype expressions (Meaney, 2017), combined with various neural and

physiological processes that predict human behavior (Eccles, 1964; Morrell,

1961), the fields of biology and neuroscience have enriched scientific under-

standings of how nature shapes individuals. Although through different

routes, both cultural psychology and biology have aimed to understand why

humans think and behave the way they do.

Yet despite great progress in understanding human behavior within each

perspective, it is possible that unexplained variance considered “noise” in one

field could be explained by looking to the other field. Therefore, with two

distinct pathways illuminating the underlying mechanisms of the human mind

and behavior, it is perhaps a logical next step to understand how these paths
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may cross. Studying how cultural and biological factors interact may further

our understanding of humans beyond what is possible in each field separately.

Multidisciplinary work presents exciting new directions, but at the same time,

it also introduces challenges that arise from combining different research

methods and integrating disparate theoretical frameworks. Nonetheless,

overcoming these challenges will ultimately enable us to understand the

human mind to a fuller extent.

In this Element, we aim to provide a more nuanced understanding of human

thought and behavior by using an integrated perspective of genes and culture.

To do so, we first provide a review of gene–culture interaction research,

covering key theories and empirical evidence that characterize this new

area. Second, we discuss current issues in gene–culture interaction research,

describing unique challenges that arise from integrating across fields. Finally,

we conclude by highlighting future research directions, or opportunities for

moving this new area forward.

2 Gene–Culture Interaction Review

This section reviews recent research within the framework of gene–culture

interactions, including earlier frameworks and theories that led to its current

form. First, we discuss preceding frameworks, such as the gene–environment

interaction and gene–culture coevolutionary theory, and how the gene–culture

interaction framework is related but also distinct. Then, we present empirical

evidence demonstrating how cultural influences on various psychological

processes, including cognitive processes, socioemotional behaviors, and well-

being, can be moderated by genetic factors. After reviewing empirical work,

we discuss key theories that lay an explanatory groundwork for gene–culture

studies and provide new predictions for future research.

2.1 Overview of Frameworks

2.1.1 Gene–Environment Interaction (G x E) Framework

Contrary to the lay belief that genes wholly decide phenotypes, evidence from

various fields, including biology, development, and cultural neuroscience,

shows that genes do not solely determine characteristics. The environment

can substantially influence genetic expression, with some genes never being

expressed throughout an entire lifetime due to certain environmental conditions

(Meaney, 2017; Rutherford, 2000). Given that both the environment and genes

contribute to various phenotypic expressions or psychological outcomes, the

gene–environment interaction (G x E) framework offers a useful and integrated

perspective. More specifically, the G x E framework shifted the belief that

2 Elements in Psychology and Culture
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a map of genes would directly link to behavioral and clinical outcomes to the

understanding that the environment interacts at various levels of DNA expres-

sion (Meyer-Lindenberg & Weinberger, 2006), and thus the importance of

studying both genes and environments as well as their interactions has become

apparent.

Caspi and colleagues (2002, 2003) set a milestone for the gene–environment

interaction framework, which triggered an array of subsequent studies reveal-

ing that, even if exposed to similar adverse experiences or environments, only

individuals with certain genes were more likely to develop antisocial behaviors

or depression. For instance, those with the homozygous short allele of serotonin

transporter polymorphism (5-HTTLPR) were much more likely to experience

depression when they went through a greater number of stressful events, while

those with the long allele showed a much weaker or no association between the

number of stressful events and depression (Caspi et al., 2003). This line of

research showed how genes and environment can jointly shape psychological

outcomes. In other words, people with certain genotypes may be predisposed to

react more strongly to environmental factors than people with other genotypes,

and at the same time, people with the same genotype might react differently

when exposed to different environmental factors.

As was the case in some of Caspi’s research (2002), many G x E studies

considered early childhood experiences related to parenting style as

a prominent environmental factor. One reason for this focus on parenting

might be the abundant research on child temperament and parenting style

interactions in developmental psychology (Rothbart, Posner, & Hershey,

2006). Past research suggests that children with difficult temperament

show more internalizing or externalizing behaviors when they experience

negative parenting or caregiving (Blackson, Tarter, Martin, & Moss, 1994;

Bradley & Corwyn, 2008; Rothbart & Ahadi, 1994), while those who

receive positive and sensitive parental care exhibit higher social

competence (Pluess & Belsky, 2009) and social skills (Pluess & Belsky,

2010; Stright, Gallagher, & Kelley, 2008) in later childhood or adolescence.

Based on this previous research, more recent studies focused on the geno-

type of the children instead of their temperament (Stein, Schork, &

Gelernter, 2008), but parenting style remained as one of the most studied

environmental factors. The importance of parenting is also supported by

other genetic studies. For example, rodent maternal behaviors, such as

licking and grooming, are known to influence the DNA methylation process

in the early life of offspring (Weaver et al., 2004). For humans, the

perception of parental rejection was shown to be associated with differ-

ences in DNA methylation patterns (Naumova et al., 2016).
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While the environment may influence how genes are transcribed (DNA to

RNA) or translated (RNA to proteins), including the unfolding process of

DNA to phenotypic variations such as histone modification and DNA

methylation (Meaney, 2017), the detailed process of transcription or transla-

tion is beyond the scope of this Element. Nonetheless, it is important to note

that not all genotypes are directly expressed to phenotypes, and the influence

of the environment can work at many levels. Reflecting the bulk of existing

G x E studies in the current literature, most of the research discussed in this

Element will involve single nucleotide polymorphisms (SNPs) and repeat

polymorphisms, common types of DNA sequence variations that occur

naturally in populations, and how they interact with different environmental

factors.

2.1.2 Gene–Culture Interaction (G x C) Framework

Although much research based on the G x E framework has focused on

parenting style and adverse home life as part of the early childhood environ-

ment, the “environment” is not limited to what a family provides in the home;

environmental influences can also be seen later in life. The gene–culture

interaction (G x C) framework builds upon and extends the G x E framework

by incorporating culture as a relevant environmental factor across the lifespan.

Culture is a set of values, institutions, and social structures that are loosely

connected and shared among people (Kitayama, 2002) and thus is

a comprehensive meaning system guiding thoughts and actions. In other

words, cultural contexts embedded in the environment can influence every

aspect of daily life, from experiences in childhood to those in adulthood.

Culture, therefore, provides specific context-dependent challenges and motiva-

tions to people, and without understanding these particular characteristics in

different cultures, researchers may only achieve partial knowledge of the way

genes and the environment interact. The G x C framework lays a foundation for

understanding how people with one genotype would be more responsive

to certain cultural values or structures compared to others with a different

genotype, and how those with the same genotype might exhibit different

patterns of thoughts and behaviors as well as mental health outcomes depend-

ing on their culture.

2.1.3 Dual Inheritance Theory/Gene–Culture Coevolutionary
Theory

Boyd and Richerson (1985) proposed a foundational theory regarding the

relation of genes and culture called dual inheritance theory, also known as
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gene–culture coevolutionary theory (Chiao & Blizinsky, 2010; Fincher &

Thornhill, 2012). The theory proposed that cultures have coevolved by

interacting with genetic evolution. In other words, cultural values and traits

are adaptive, and this adaptation influences and is influenced by genetic

selection (Boyd & Richerson, 1985). Therefore, according to this theory,

certain genotypes can lead people to attend to or show specific reactions to

the environment, thus steering cultural selection. Culture as a form of

environment may also influence genetic selection, for instance, if

a genotype prospers because it imparts culturally rewarded or culturally

valued traits (Odling-Smee, Laland, & Feldman, 2003).

Dual inheritance theory gained support from numerous empirical studies

showing how a specific feature of culture interacts with certain genes (Chiao

& Blizinsky, 2010; Mrazek, Chiao, Blizinsky, Lun, & Gelfand, 2013). For

instance, research on level of lactose tolerance across Europe showed

a positive association between dependence on milk products and lactose-

tolerant population (Beja-Pereira et al., 2003), suggesting a historical coe-

volutionary link between cultural practices in milk production and people’s

biological ability to digest milk efficiently in these regions. In other

research, Chiao and Blizinsky (2010) showed that countries with higher

historical pathogen prevalence tended to be more collectivistic.

The authors proposed that this positive association might be explained by

the high frequency of serotonin transporter polymorphism (5-HTTLPR)

short allele carriers. Furthermore, the frequency of short allele carriers in

the population is actually negatively correlated to the rate of anxiety and

depression, despite these carriers showing a higher tendency to express

depression and anxiety (Lesch et al., 1996). Fincher and colleagues (2008)

suggested that collectivistic values might have a buffering effect against not

only pathogens but also environmental stress, therefore leading to the high

frequency of people with short alleles in collectivistic cultures (Chiao &

Blizinsky, 2010).

One criticism of research on human evolution and its developmental

processes is that some older perspectives lacked explanation beyond simply

claiming that it was adaptive (Gould & Lewontin, 1979), when findings in this

area could be better explained by incorporating cultural factors (Andersson

et al., 2014; Bogin, Bragg, & Kuzawa, 2014). For example, human reproduc-

tion and caregiving practices are distinct from other primates in that allocare

and resources are transferred among not only those who are genetically related

but also to non-family members and those without a close genetic relationship

(Bogin et al., 2014). The authors suggest that this unique practice is a product of

human culture and genes, called biocultural reproduction. The products of
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gene–culture coevolution are not limited to reproduction and caregiving prac-

tices and may also extend to language and religion (Ferretti & Adornetti, 2014).

In other words, various practices in our lives may result from the coevolution of

genes and culture rather than solely one or the other.

Although both dual inheritance theory (gene–culture coevolutionary

theory) and gene–culture interaction acknowledge the importance of genes,

culture, and their interplay, gene–culture interaction framework differs from

dual inheritance theory in that it focuses on how the interplay manifests in

individuals’ daily lives. While dual inheritance theory provides a broad

framework of how cultural evolution and genetic evolution co-occur by

focusing on a macrolevel of analysis, the G x C framework attempts to

understand how genetic and sociocultural factors jointly shape psychologi-

cal processes and behaviors at the micro- or individual level (Kim & Sasaki,

2014). In other words, dual inheritance theory aims to understand the dis-

tribution of certain genes within specific cultural groups while the G x

C framework aims to explain various psychological tendencies and beha-

viors through the interaction between certain genes and cultures.

The findings we discuss in this Element have relevance for broader processes

of genes and culture, including gene–culture coevolutionary theory.

However, we focus primarily on the combined effect of gene and culture in

various psychological processes and behaviors at the level of the individual

via the G x C framework.

2.2 Empirical Evidence of Gene–Culture Interactions

In this section, we discuss empirical evidence that supports the gene–culture

interaction framework. Although not exhaustive of the research done in this

area, we review notable studies in various psychological domains, from early

cognitive processes to long-term mental health outcomes. Through these

studies, we can see how genes and culture jointly affect psychological

outcomes and the importance of considering their interactive effect rather

than trying to partition the proportions of nature versus nurture.

2.2.1 Perception and Attention

The earlier steps of cognitive processes include the perception of, and selective

attention to, stimuli in the environment. A good deal of research in cultural

psychology has shown how culture can influence people’s perception and

attention. For example, Masuda and Nisbett (2001) showed that East Asians

and North Americans differ in their locus of attention such that East Asians

tend to focus more on background information, while North Americans tend to
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attend more to focal objects. Within each culture, individual differences repre-

sent natural variation between individuals (Na et al., 2010), and according to

the G x C framework, at least some individual differences may be explained by

certain genotypes that are more or less susceptible to cultural influence.

Therefore, numerous studies prompted by the G x C framework started to

address these individual variances within a culture by focusing on genes that

should theoretically link to certain individual differences.

A gene–culture interaction study on perception was done by Ishii and

colleagues (2014), examining how people recognize the disappearance of

facial expressions. Past studies have shown that East Asians are more

sensitive to the disappearance of others’ smiles due to the interconnected

nature of collectivistic cultures and attention to social approval, compared to

North Americans, whose individualistic culture emphasizes self-approval

and satisfaction more (Ishii, Miyamoto, Mayama, & Niedenthal, 2011).

While this general tendency differs across cultures, the authors propose

that the sensitivity to those stimuli might differ depending on serotonin

transporter (5-HTT), more specifically, 5-HTT gene-linked polymorphic

region (5-HTTLPR). 5-HTT is known to play an important role in seroto-

nergic neurotransmission regulation, which is deeply involved in cognition

and emotional states. There are two types of alleles – short (s) and long (l) –

of 5-HTTLPR, and short allele carriers show reduced binding of 5-HTT to

the brain (Heinz et al., 2000). Short allele carriers are also known to show

heightened attention to fear-relevant stimuli, higher sensitivity to emotional

stimuli, as well as greater susceptibility to environmental stimuli in general

(Beevers, Wells, Ellis, & McGeary, 2009; Caspi et al., 2003; Osinsky et al.,

2008). Combining the expected effects of culture and genetic predisposition,

the researchers predicted that among Japanese, those with the short allele

of 5-HTTLPR would be more sensitive to the disappearance of a smile

compared to 5-HTTLPR long allele carriers due to a greater sensitivity to

relationship-threatening cues. However, among North Americans, there

would be little to no difference between the short allele group and long

allele group since the disapproval of others is less of a threatening cue.

The results were in line with their hypothesis, thus providing support for the

gene–culture interaction in perception of facial expressions, a relatively

early stage in cognitive processes.

Another study that taps into gene–culture interactions on cognition was done

by Kim and her colleagues (2010b) on how locus of attention differs by culture

and could be moderated by genotype. Awell-documented phenomenon is that

there tend to be cultural differences between Eastern and Western cultures in

locus of attention, whether people pay more attention to focal or contextual
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information in the environment. Due to the tendency to adopt a holistic style of

reasoning, East Asians are prone to attend to the entire field, including back-

ground information, while North Americans who typically adopt an analytic

style of reasoning, are prone to attend to focal objects more than background

information (Nisbett, Peng, Choi, & Norenzayan, 2001). In addition to this

cultural difference, research on cognitive flexibility found that 5-HT activity

level influences the ability to attend to relevant stimuli while ignoring irrelevant

information (Schmitt et al., 2000). Therefore, taking into account the role of

5-HTR1A, an autoinhibitor of 5-HT release, Kim and her colleagues examined

whether the effects of 5-HTR1A interact with culture on locus of attention.

They speculated that people homozygous for the guanine (G) allele, compared

to those with cytosine (C) alleles, of 5-HTR1A would adhere more to the

culturally dominant attentional locus – Westerners attending more to focal

objects and East Asians attending more to background information. Indeed,

the researchers found a linear trend among European Americans in the degree

of attending to non-focal information such that people homozygous for the

G allele paid the least attention to contextual, background information and

those homozygous for the C allele paid the most attention, such that those with

the heterozygous genotype were in between them. On the other hand, Koreans

showed the opposite trend such that those homozygous for the G allele paid the

most attention to contextual, non-focal information, and those homozygous for

the C allele paid the least. In sum, cognitive processes, including the perception

of and attention to stimuli, show different patterns depending on the genotype

and the culture of people. By incorporating two seemingly distant fields, we are

stepping forward in understanding how and why people think differently or

similarly when faced with the same stimulus or situation.

2.2.2 Self-processes

Going beyond cognitive processes, studies from various fields support the

interaction effect of genes and culture on how people construe the self.

It would not be an exaggeration to say that one of cultural psychology’s

main areas of study has been the difference in the concept of self between the

Eastern and the Western world. Building on cross-national research by

Hofstede (1984), Markus and Kitayama (1991) showed there are striking

differences in how people from different cultures conceptualize the self as

relatively more independent, or distinct from others, versus more interde-

pendent, or connected to close others. As was the case with cognitive

processes, researchers soon investigated how genetic factors could moderate

these processes.
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One of the most widely observed cultural differences is in self-construal

(Markus & Kitayama, 1991), with many Western societies showing indepen-

dent social orientations and Eastern societies, especially East Asian countries,

showing stronger interdependent social orientations (Singelis, 1994). Despite

these broad cultural differences, individuals can also show important variation

within the same culture (Na et al., 2010). Kitayama and his colleagues (2014)

examined whether these individual differences could be due to one of the

hypothesized plasticity genes – the dopamine D4 receptor gene (DRD4).

DRD4, which is a repeat number polymorphism rather than a SNP, plays

a role in regulating the dopamine pathway, which is related to the reward-

processing areas of the brain (Delgado, 2007; Dreher, Kohn, Kolachana,

Weinberger, & Beramn, 2009). Although previously known as the risk-

seeking gene, DRD4 is now more widely understood to be related to reward

sensitivity in general (e.g., Stice, Yokum, Burger, Epstein, & Smolen, 2012).

Variation in the DRD4 polymorphism may thus be associated with sensitivity

to reward, which, in turn, could influence how much people adhere to cultural

norms, where adherence is usually associated with social rewards. More

specifically, Kitayama and colleagues (2014) hypothesized that those with the

plasticity DRD4 genotype, with 2- or 7-repeat alleles (2R or 7R), would

endorse the culture-dominant social orientation more compared to those with

the non-plasticity DRD4 genotype, with 4-repeat alleles (4R). The results

showed that among 2R or 7R DRD4 carriers, there was a significant difference

in the extent of independence endorsement between European Americans and

Asian Americans, but no such difference was found among the 4R DRD4

carriers. These findings suggest that cultural norms about how to construe the

self may be more meaningful to people with certain genetic tendencies.

Although a cultural way of being may be widespread in a particular place,

individuals can vary in the extent to which they internalize it.

Self-processes are not just confined to the concept of self alone but can be

extended to how the self is viewed in relation with others (Markus &

Kitayama, 1991). Attachment style is one of the foundational processes

through which we develop relations between the self and close others

and may have interesting implications in gene–culture research. LeClair

and colleagues (2016) uncovered individual differences in attachment style

depending on culture and genotype. Past literature showed that East Asians,

especially Japanese, tend to have higher attachment anxiety and avoidance,

while Americans show more secure attachment styles (Ishii et al., 2011;

Rothbaum, Weisz, Pott, Miyake, & Morelli, 2000). Previous research has

also shown that people with certain genes, including the oxytocin receptor

polymorphism (OXTR), can be more or less susceptible to certain
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environmental influences (Kim et al., 2010a; Luo et al., 2015). OXTR

rs53576 consists of G and/or A alleles, therefore one can carry one of the

three genotypes – GG, AG, or AA – with the homozygous G allele carriers

known to be more susceptible to particular features of cultural environments

(Kim et al., 2010a). Taking these past findings into account, LeClair and

colleagues (2016) predicted that those with the G allele would tend to have

a more culturally common attachment style, and indeed they found that

G-allele Japanese showed more avoidant attachment styles, while G-allele

Americans showed a more secure attachment style. Overall, this study

demonstrated that those with more socially sensitive genotypes tended

to have an attachment style that is more common in their culture. Self-

processes, including the concept of self or social orientations and attachment

styles, are the basis of how people view the world and form relationships.

Therefore, understanding the factors that influence self-processes may

further our knowledge of psychological processes with implications much

beyond the self.

2.2.3 Socioemotional Behaviors

Cognitive processes are an important part of psychology, but the emotional

processes linked to cognitions, as well as the actual behaviors that result from

them, are also crucial for a more complete picture of the mind. Socioemotional

behaviors, including empathy and emotion regulation strategies, take a unique

place in the intersection of genes and culture. Past literature has shown cultural

differences in emotion processes (Mesquita & Walker, 2003), patterns of

emotional experience and expression (Cohen & Nisbett, 1994; Fischer,

1999), as well as dominant emotions (Butler, Lee, & Gross, 2007; Kitayama,

Markus, & Matsumoto, 1995). Considering the tight relation between physio-

logical processes and emotions (Cannon, 1927), it is easy to see how genes, in

interaction with sociocultural factors, may influence these processes and

behaviors.

Empathy is understanding others’ emotions and sharing their emotional

states, and therefore, it taps into how much people can “feel” others. Due to

the central component of connectedness with others, empathy has been inves-

tigated in relation to interdependent self-construal. Indeed, studies have shown

that there is a positive correlation between interdependence and empathy

(Joireman, Needham, & Cummings, 2002), and priming self-construal mod-

ulates empathic neural responses to the suffering of others (Jiang, Varnum,

Hou, & Han, 2014). From a biological perspective, empathy is known to be

linked with oxytocin, with past studies showing that administration of oxytocin

increases emotional empathy (Abu-Akel, Fischer-Shofty, Levkovitz, Decety, &
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Shamay-Tsoory, 2014; Sheng, Liu, Zhou, Zhou, & Han, 2013) as well as

compassion (Kosfeld, Heinrichs, Zak, Fischbacher, & Fehr, 2005; however,

see also Bartz, Zaki, Bolger, &Ochsner, 2011; Miller, 2013;Walum,Waldman,

& Young, 2016 for review on the possible moderators of the effects of

oxytocin administration). Taking these lines of research into account, Luo

and colleagues (2015) examined the moderating effect of OXTR rs53576 in

the relation between interdependence and empathy. In line with this past

research, Luo and colleagues found that G (vs. A) allele carriers in a Chinese

sample showed a stronger positive relation between interdependent self-

construal and trait empathy, as well as empathic neural response activities.

This study was done within a single culture, demonstrating that individual

differences in a specific cultural orientation can interact with genes to predict

empathic responses.

In addition to some cultural differences in empathy (Luo et al., 2015),

there are clear cultural differences in when and what emotion regulation

strategies to use. Emotion regulation strategies are present in every society,

but the frequency and emphasis vary across cultures (Matsumoto, Yoo, &

Nakagawa, 2008). For example, emotion suppression, or active suppression

of one’s emotion, is encouraged in East Asian countries since maintaining

harmony is greatly valued. However, in America, emotion suppression

is discouraged, while candid expression of emotions is valued (Matsumoto,

Takeuchi, Andayani, Kouznetsova, & Krupp, 1998; Matsumoto, Yoo,

Hirayama, & Petrova, 2005). The difference between East Asians and

Americans in their encouragement of emotion suppression was well documen-

ted in cultural psychology; meanwhile, the field of emotion found evidence

supporting that OXTR rs53576 is related to socioemotional sensitivity.

In particular, the homozygous G allele carriers show greater parental sensitivity

and empathic accuracy (Bakermans-Kranenburg & van IJzendoorn, 2008;

Rodrigues, Saslow, Garcia, John, & Keltner, 2009). Therefore, Kim and her

colleagues (2010) predicted that since emotion suppression is normative in East

Asia, Koreans with a genetic predisposition for socioemotional sensitivity (GG

genotype) would suppress their emotions more. Americans with the same

genetic predisposition, however, would suppress their emotions less since the

norm in their culture is to express their emotions. The study results confirmed

their prediction and additionally showed that Asian Americans showed similar

tendencies with Americans, likely due to their experience in a shared cultural

context with Americans.

Not only do people have different tendencies to suppress naturally occurring

emotions, but they also differ in which strategy to use when they are in need of

emotional support. The cultural norm of seeking emotional support shows stark
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differences between Asian and American cultures. When exposed to stres-

sors, Asians are less likely to seek emotional support from others compared

to Americans because Asians are more concerned with the possible negative

relational consequences from the act of support seeking (Taylor et al., 2004).

Considering the cultural difference in emotional support seeking and

the role of OXTR rs53576 in socioemotional strategy choices, Kim and

her colleagues (2010a) examined whether people differed in seeking

emotional support from others when they encounter stressful situations.

The researchers examined Americans and Koreans and tested whether they

would differ in their emotional support seeking tendency depending on their

OXTR genotype. They found that among highly distressed individuals,

American G allele carriers (GG/GA) were much more likely to seek

emotional support compared to homozygous A allele carriers. However,

highly distressed Koreans did not show a difference in their seeking

tendency depending on their genotype, although G allele carriers showed

a somewhat lower tendency to seek support. On the other hand, this

gene–culture interaction was not present among low-distress individuals.

In sum, these studies show that emotional processes and socioemotional beha-

viors in response to environmental factors (such as stress) are shaped by both

genetic and cultural factors. More importantly, the latter two studies reveal that

the expression of these characteristics might not always be present but unfolds in

specific situations, showing that detecting gene–culture interactions requires

careful attention to the cultural and social context.

2.2.4 Moral Behaviors

Although thought processes and behaviors all depend on multiple neural

systems and interactions among them, perhaps one of the most complex

cognitive processes is moral judgment and behaviors. Scholars consider

morality to involve both sociocognitive skills and emotion-related processes

(Chudek & Henrich, 2011). Because moral standards are known to differ

greatly across cultures (Haidt, Koller, & Dias, 1993), taking a cultural approach

may help predict how different sociocognitive skills are used and when differ-

ent emotions are elicited in connection to moral behaviors. Further complicat-

ing matters, behavioral genetics studies show that certain genes, such as OXTR

or DRD4, are related to moral judgments, ethnocentrism, and prosocial

behaviors (Bachner-Melman et al., 2005; Bakermans-Kranenburg & van

IJzendoorn, 2011; Bernhard et al., 2016; De Dreu, Greer, Van Kleef, Shalvi,

& Handgraaf, 2011), and thus the gene–culture framework may be useful for

examining an array of moral behaviors.
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A study by Sasaki and her colleagues (2011) examined a gene–culture

interaction on prosocial behaviors, which can be defined as acts that benefit

others and can be seen as acts of “goodness” that tap into the concept

of morality (Baron, 1997; Cialdini, 1991; Staub, 1978). Moreover, while

there are various moral standards across the world, most religions emphasize

prosociality as a virtue (Batson, Floyd, Meyer, & Winner, 1999). Supporting

this, past behavioral research showed that inducing implicit thoughts of God

increased prosocial behaviors (Shariff & Norenzayan, 2007; White, Kelly,

Shariff, & Norenzayan, 2018; for a meta-analysis see also Shariff, Willard,

Andersen, & Norenzayan, 2016). In regard to the relation between genes and

prosocial behaviors, gene studies revealed an association between DRD4

susceptibility variants and prosocial behaviors (Bakermans-Kranenburg &

van IJzendoorn, 2011). Therefore, considering religion as a form of culture,

Sasaki and her colleagues (2011) examined how the effect of religion-

priming on prosocial behaviors can be influenced by people’s DRD4 geno-

type. The researchers found that religious priming was effective in increas-

ing how much people were willing to volunteer, but only among DRD4 2R

or 7R allele carriers, who are known to be environmentally susceptible,

while the priming effect was not found among those without 2R or 7R

alleles. This research raises the interesting possibility that religion may

encourage people to behave more “morally” in some cases, but only for

people with certain genetic predispositions. It seems that people with differ-

ent genotypes of DRD4 may be behaving prosocially for different reasons.

For people with an environmentally susceptible genotype, they may volun-

teer because religion compels them to do so, but for people without an

environmentally susceptible genotype, they may not need pressures from

religion to volunteer.

Further evidence in support of the gene–culture interaction model in

moral behaviors comes from a study investigating altruism within the

dictator game (Jiang et al., 2015). Altruism, an act of benefiting others at

a cost for the actor (Bykov, 2017), is another form of prosociality and has

been a popular subject among both economists and psychologists (Feldman,

Cavalli-Sforza, & Peck, 1985; Forsythe, Horowitz, Savin, & Sefton, 1994;

Henrich et al., 2005). Altruistic behaviors have been extensively studied

using dictator games where two players are randomly paired, and the

“dictator” decides to divide a certain amount of money or “good” while

the other remains passive to the decision. Therefore, Jiang and colleagues

(2015) used the dictator game paradigm to measure altruism and examined

how religious affiliation and the previously used DRD4 genotype are

associated with altruism. People could make selfish, effective, or fair
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decisions in the game, and the researchers observed how much people

actually gave to their recipient compared to the predicted giving rate.

The researchers found an association between religious affiliation and fair

behaviors among male DRD4 non-4R allele carriers. In particular,

Christian males with the susceptible (non-4R) DRD4 genotype showed

significantly less selfish and fairer choices compared to non-Christian

males with the same genotype. Despite there not being many studies

that specifically investigated the interactive role of gene and culture

on moral behaviors, these studies lay a foundation for fruitful future

research.

2.2.5 Health and Well-being

Past cultural research has shown sociocultural factors to affect the association

between psychological experiences and well-being (Suh, 2002), and gene

studies have shown the influence of various genes on well-being and mental

health (Ogilvie et al., 1996; Panicker et al., 2009). More recent studies have

shown how genetic factors and cultural values can jointly shape one’s well-

being. For example, Dressler and colleagues (2009) showed the moderating

role of cultural consonance, the perceived congruency of one’s family’s values

and the culture’s values, on the association between a polymorphism of the

serotonin 2A receptor (5HT2A – 1438 G/A) and depressive symptoms in

Brazil. Specifically, the researchers found that among those with the homo-

zygous A allele of the serotonin receptor, cultural consonance was associated

with a decrease in depressive symptoms. On the other hand, G allele carriers

showed a much weaker association between cultural consonance and depres-

sive symptoms. While conducted in only one cultural context, the authors show

how endorsement of cultural values can moderate the genetic influence on

important outcomes such as well-being.

Other research (Sasaki et al., 2011) has examined well-being as an outcome

and tested how genes, culture, and religion may play a role. Past research on

religion focused on its relation with well-being and whether involvement in

religion would lead to positive well-being or health outcomes (George, Larson,

Koenig, & McCullough, 2000). Most research leaned toward the positive

outcomes of religion (McCullough, Hoyt, Larson, Koenig, & Thoresen,

2000), yet the strength of this association can be potentially influenced by

culture and genes. An earlier study by Sasaki and Kim (2011) showed that even

the same religion can have different meanings depending on culture.

In particular, they found that Christian churches emphasize the value of

secondary control (i.e., accepting and adjusting to hardship) in the United
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States, where personal agency is a prioritized value, while they more

strongly emphasize social affiliation in Korea, where social relationships are

emphasized. Combining the different meaning of religion in different cultures

(Sasaki & Kim, 2011) with findings that OXTR is linked to social sensitivity

(Bakermans-Kranenburg & van IJzendoorn, 2008), the researchers examined if

there was a three-way interaction between OXTR, culture, and religiosity

on well-being. They found that religiosity is more strongly associated with

psychological well-being among Koreans, for whom the social affiliation

aspect of religion is more emphasized, compared to Americans. Moreover,

this two-way interaction emerged only among OXTR G allele carriers, who

tend to be more socially sensitive than A allele carriers. Therefore, by demon-

strating this three-way interaction, the research supported how well-being may

be linked to religiosity, but that it strongly depends on the broader cultural

norms that shape religious values as well as individual genetic predispositions

to be sensitive to those values in the first place.

While some research has examined the potential influence of culture and

genes on the positive outcomes of mental health, others have focused on

negative outcomes such as depression and suicide rate. For example, in

a follow-up study to their research on depression and cultural consonance,

Dressler and colleagues (2016) examined another cultural factor, social eco-

nomic status (SES). According to Cohen (2009), SES can also be a form of

culture where people in the same social class share similar values and beliefs

(see also Kraus, Piff, & Keltner, 2011; Snibbe & Markus, 2005). In their

longitudinal study, Dressler and colleagues (2016) showed how SES, child-

hood adversity, and genes have interactive effects on depressive symptoms.

They revealed that while those with the AA genotype of 5HT2Awho had high

childhood adversity showed 45 percent more depressive symptoms compared

to those who had low childhood adversity, G allele carriers reported only

5 percent more symptoms. This interaction showed a slightly stronger tendency

among those in low SES families, although the three-way interaction did not

reach significance. While depressive symptoms can be seen as warning signs of

mental health issues, suicide rate could be an indicator of extreme threats to

mental health. In a large cross-national study, Schild and colleagues (2014)

found that the suicide rate differed by ethnicity and 5-HTTLPR. More speci-

fically, the S allele acted as a protective factor for Caucasians but a risk factor

for non-Caucasian populations. Although the authors do not propose a direct

explanation for why the S allele could act as a protective factor in one ethnicity

but as a risk factor in another ethnicity, it is possible that due to cultural

differences in the way people cope with stressors (Kim et al., 2008), those

from mainstream North American cultures may be more likely to seek support
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in the face of difficulties, offering a protective factor, compared to people from

other cultures.

Depressive symptoms and suicide rates are broad indicators of well-being

and mental health in a population. However, specific health-relevant behaviors,

such as (lower) alcohol dependence and smoking, can also be useful indicators

of well-being. A study by Chartier and colleagues (2016) adds weight to the

framework of gene–culture interactions on health by revealing the joint effects

of enzyme genes and religious involvement on alcohol dependence. Past

research showed strong evidence for the positive association between alcohol

dehydrogenase (ADH) enzyme genes and alcohol consumption as well as

dependence (Hurley & Edenberg, 2012). Alcohol consumption and depen-

dence are also known to be influenced by various social factors, including the

protective effects of religious service attendance against alcohol consumption

(Borders, Curran, Mattox, & Booth, 2010; Edlund et al., 2010). Therefore,

taking both genetic and sociocultural factors into account, Chartier and collea-

gues (2016) tested if there is an interaction between ADH and religious

attendance on alcohol dependence. Considering that religious attendance is

greatly related to the perception of drinking norms within this particular

religion, the authors predicted that religious attendance and ADH would have

joint effects on alcohol dependence. Their results revealed that all three ADH

risk variants showed weaker associations with alcohol dependence and max-

imum drinks when they were in the context of high religious involvement.

Similar with alcohol dependence, smoking is discouraged in various religions,

therefore showing an inverse relation between religiosity and smoking

(Gryczynski & Ward, 2011). Timberlake and colleagues (2006) found that

religiosity moderated the genetic influences on smoking among twins.

Specifically, those with higher self-reported religiosity were less likely to

start smoking compared to their twin who reported lower religiosity. Taken

together, these studies show that well-being, mental health and health-related

behaviors are dependent upon the collective and interactive effects of genes and

culture.

2.3 Review of Theories

Research that investigates how specific genes can moderate sociocultural

effects on psychological tendencies and behaviors is just in its initial stage.

Despite the fairly short history of the gene–culture interaction framework, the

number of studies in this area has steadily increased, reflecting growing inter-

est. Studies based on the G x E or G x C frameworks and also other work

incorporating genes and culture suggest that the full portrait of how the human
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mind and behaviors work may be better understood by considering genes,

culture, and their interactions. In order to consolidate these various findings,

a number of theories have been put forth to illuminate systematic patterns of

results within a coherent explanatory model. In this section, we discuss several

of these models that aim to uncover why these interactive effects emerge

between genes and culture. For example, are certain genes linked to “good”

or “bad” behaviors? Or are there genes that are “flexible” to the environment,

whether good or bad? From the diathesis-stress model that focuses on negative

environmental factors to the differential susceptibility hypothesis and motiva-

tional setting hypothesis that focus on the full range of external influences,

different models tap into different aspects of gene–culture interactions.

We present several models that have been suggested in the field and discuss

how each may aid the understanding of the way genes and culture interact.

2.3.1 Diathesis-stress Model

The diathesis-stress model stipulates that individuals with vulnerable genes are

predisposed to develop psychiatric disorders when exposed to adverse envir-

onments (Caspi, 2002, 2003; Monroe & Simons, 1991; Zuckerman, 1999).

In other words, individuals can be carriers of adversity-vulnerable genes, but in

order to develop a psychiatric disorder, it is necessary for these individuals to

also encounter adverse environments, such as stress-inducing incidents or

relationships. On the other hand, those without these genetic predispositions

may not develop a psychiatric disorder even if they are exposed to the same

environmental stressors. Numerous clinical and developmental studies have

supported this model. For example, Belsky, Hsieh, and Crnic (1998) showed

that externalizing behaviors of children were predicted from the combination

of parent rearing styles and child temperament. Specifically, even if the child

has a difficult temperament, such as negative emotionality, this did not predict

later externalizing behaviors except when negative parenting practices were

endorsed. Furthermore, Cummings, El-Sheikh, Kouros, and Keller (2007)

found that individuals with higher skin conductance levels, possibly

a phenotypic characteristic of a vulnerable genotype, had a higher risk of

being negatively influenced by parental depressive symptomatology. In sum,

the backbone of the diathesis-stress model is that certain genes increase an

individual’s vulnerability to adverse environments, possibly developing into

psychiatric symptoms or disorders.

The idea of genetic vulnerability to negative environments opened up our

understanding of how genes can interact with negative aspects of the environ-

ment and raised a number of questions relevant to cultural psychology. First,
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this research suggested that if certain genotypes show a sensitivity to negative

home environments, it is possible that environments shaped by cultural norms

may be similarly influenced. Second, given research that people in different

cultures have varied ways of perceiving and coping with negative stressors

in the environment (Kim et al., 2008), it is possible that some of the

gene–environment interactions found under the diathesis-stress model are

relevant in some cultures but not others.

2.3.2 Differential Susceptibility Hypothesis

Broadening the idea of stressor susceptibility, Belsky and colleagues (2007)

proposed the differential susceptibility hypothesis, which suggests that

individuals vary in susceptibility to the environment, whether it be positive

or negative. More specifically, they insist that the same “risk” genes that

develop into psychiatric disorders when the environment is negative can be

expressed in the most beneficial way when the environment is positive

(Belsky & Pluess, 2009; Ellis, Boyce, Belsky, Bakermans-Kranenburg &

van IJzendoorn, 2011). Thus, genotypes are not inherently bad or good, but

can be more or less sensitive to the surrounding environment, making them

“plastic,” not “vulnerable.” While studies within the diathesis-stress model

were restricted to negative experiences, the differential susceptibility

hypothesis broadened the extent of potential influence to positive experi-

ences. For instance, one study found that parents with DRD4 7-repeat

genotype were less responsive to their toddlers when they had more than

average daily hassles but were most responsive when the amount of daily

hassles was low (van IJzendoorn, Bakermans-Kranenburg, & Mesman,

2008). In another study, adults carrying the T allele of serotonin 2A receptor

showed the highest harm avoidance tendencies, having anticipatory anxiety

toward threat or danger (Cloninger, Svrakic, & Przybeck, 1998), if they grew

up in low socioeconomic status families, but the same genotype carriers were

low on harm avoidance if they grew up in high socioeconomic status families

(Jokela et al., 2007). Both studies show that depending on the environment,

the same gene can be expressed in completely different ways. Interestingly,

“plasticity” genes can lead to not only the worst but also the best outcomes.

The differential susceptibility hypothesis moved away from the dispropor-

tionate focus on negative environments and outcomes to those that could

be both good and bad, spurring new research on different types of

environments, including cultural contexts. Yet the differential susceptibility

hypothesis still raised the question of whether cultural contexts could be

categorized as “good” or “bad” at all, opening the door to new frameworks
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that may more accurately capture the nature of environmental stimuli as they

interact with genes.

2.3.3 Motivational Setting Hypothesis

So far, we briefly described different theories of how genes interact with

different types of environments. All three theories focus on the valence of the

environment and how people react differently depending on their genotype.

However, another theory has been proposed, which focuses on the underlying

reasons why people may be more or less responsive to environmental factors.

The motivational setting hypothesis suggests that genetic variation might

influence how motivated people are toward specific goals (Kim, Nasiri, &

Sasaki, 2017). In other words, people with specific genotypes might be more

motivated to achieve goals within related psychological domains such as

reward, sociality, or anxiety compared to those with different genotypes.

Therefore, regardless of the valence of the environment, people might have

their own “default” strategies, or motivational settings, orienting them to

specific goals depending on their genetic predispositions, but then they may

switch strategies according to changes in the environment. For example, some

people might be more motivated to gain rewards and have a default strategy to

take high risks for short-term rewards. It is possible that when these individuals

encounter a stable, resource-rich environment, they might switch their default

high risk-taking strategy to a low-risk one since they can achieve rewards in the

long-term without risking the uncertain negative consequences of high-risk

strategies.

As an example, some research on DRD4 and prosociality shows that people

with the 2R or 7R allele (vs. 4R) of DRD4 may seem more “antisocial,”

donating less to charity (Bakermans-Kranenburg & van IJzendoorn, 2011),

showing more externalizing behavior (Bakermans-Kranenburg et al., 2008),

and scoring lower on self-reported altruism (Bachner-Melman et al., 2005) and

preference for fairness (Zhong et al., 2010). Yet people with these same

“antisocial” genotypes actually seem to be the most prosocial when they

experience supportive environments, such as secure attachment (Bakermans-

Kranenburg & van IJzendoorn, 2011), maternal sensitivity (Bakermans-

Kranenburg & van IJzendoorn, 2006), and maternal positivity (Knafo, Israel,

& Ebstein, 2011). Knafo and colleagues (2011) found that even when maternal

positivity was moderate, there was a significant difference between children

with and without the 7R allele of DRD4, with 7R carriers being more prosocial

than non-7R carriers. The inclusion of a moderate-level positivity group in this

study raises a number of important issues in this area. First, “moderate”
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environments do not fit conceptually into previous theories that characterize

environments as either good or bad. Other concepts, such as culture (Kim et al.,

2010b) and religion (Sasaki et al., 2011), cannot be clearly categorized as

wholly harmful or beneficial. Second, even if previous theories did somehow

incorporate moderate or neutral environments, it is still unclear why people are

responding in these ways to different environments. The advantage of the

motivational setting hypothesis is that it offers an explanation, at the level of

motivation, for why particular environments might be especially attention-

grabbing and also evoke behavioral responses for certain people. For the

Knafo et al. (2011) findings, it is possible that 7 R carriers were motivated to

gain (in this case, social) rewards, and thus even a moderate level of maternal

positivity was enough to encourage prosocial behavior for 7 R carriers com-

pared to non-7 R carrier children, who were less motivated to gain social

rewards. Further evidence and a deeper understanding of the psychological

processes involved is needed; however, the motivational setting theory has the

potential to expand the scope of the gene–environment interaction framework

by pushing researchers to investigate why these interactions occur.

3 Current Issues in Gene–Culture Research

As science becomes increasingly interdisciplinary, unique opportunities and

challenges arise. Working across fields can force scientists to listen to new

voices, read different scientific “languages,” and think critically about ideas

that are radically new to them. This scientific cross-talk can be difficult but

ultimately enables scientists to rethink some of their earlier assumptions and

reimagine the implications of their work. For instance, interdisciplinary

research often highlights the need for clearer definitions of terms or provides

a novel solution to an age-old question. In this section, we discuss how

integrating gene–environment interaction research with cultural psychology

has raised unique questions about underlying assumptions of this work and also

opens new possibilities for future research. We cover a number of current

theoretical and methodological issues in gene–culture research, including:

(1) the meaning of the “environment” in G x E, (2) problems with studying

culture as environment, (3) dispelling assumptions of genetic determinism, and

(4) the need for causal explanations. In so doing, we highlight future directions

for new investigations in this burgeoning field.

3.1 Meaning of the “Environment” in G x E

One of the core assumptions of different G x E theories is that genetic

susceptibilities and aspects of the environment interact in some way to produce
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differences in behavior. Yet a basic issue that remains unresolved in this area is

that the meaning of the “environment” in gene–environment interactions is

unclear. In the most literal sense, the environment could be the physical

surroundings of people such as altitude of the place or the abundance of

mountains. However, going beyond physical surroundings, social features of

the environment, including political structures, interaction with peers, and

parenting style, are inseparable parts of human life. Importantly, how people

derive meaning from their physical and social world makes up a major part of

the environment. What people perceive as important or pay close attention to in

their surroundings may vary in crucial ways depending on aspects of the

individual but also the broader culture (Leung & Cohen, 2011; Sasaki &

Kim, 2017). The role of culture, providing social guidelines, values, and

norms to the people within it, can be seen as a result of people’s need for

meaning and reflects the importance of meaning in humans. Therefore,

gene–culture interactions highlight the need for meaning in G x E more

broadly, and defining the aspects of the world that count as the environment

(versus genes, for instance) may come with certain challenges.

A factor that potentially muddies the concept of the “environment” is other

people or one’s relationship with others. Past research has examined parent-

ing and attachment as the environment in G x E (Rothbart et al., 2006), which

is sensible from a social psychological perspective given that close others

make up such a central part of our social world. Yet considering others as an

environmental factor or an external force in G x E research complicates the

issue because other people have their own genetic and environmental influ-

ences on their behaviors, making genetic (and antecedent G x E) effects

latent in the environment. This issue is particularly relevant for parenting or

family studies in which the “environment” includes genetically related

others because each family member possesses their own genetic predisposi-

tions and subjective “environments” that add potential complexities to

G x E models.

Whereas parenting styles and family atmosphere have been considered as

major environmental factors, relationships without direct kinship are less

considered as environmental or cultural factors. Nonetheless, various close

others including peers, classmates, friends, and colleagues make up a large part

of our lives, and several studies have considered peers as an environmental

factor. For example, Buil and colleagues (2015) showed that the DRD4 gene

moderated the association between the social standing of a child among her

peers (i.e., social preference) and later conduct problems and prosocial beha-

viors. Specifically, only those with the DRD4 7R allele showed the association

between social preference and conduct problems. Although this study did not
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incorporate culture, it shows how peers as an environmental factor can

interact with genes to influence behavior. If we can take the genetic distribu-

tion among those peers or friend groups into account, this could reveal

another layer of how genes and culture influence various behaviors.

Therefore, understanding others as an environmental factor may need to be

systematically divided into different levels of effects, such as family, peers,

or friends, and the general population.

Moreover, the distribution of certain genes in one’s close circle or the

general population might have a unique effect. For example, having

a common genotype with one’s relationship circle might be different from

having a minority genotype within the person’s relationships and the general

population. This opens up the possibility to view past research results from

a different perspective. Take the study by Schild and colleagues (2014) on

suicide rate as an example. In their study, the authors concluded that the

5-HTTLPR S allele is a protective factor for Caucasian countries and a risk

factor for non-Caucasian countries. While differences in cultural values

could explain the link between the S allele and negative psychological

outcomes, the frequency or distribution difference of 5-HTTLPR S allele

carriers across ethnicities (Li & He, 2007) might be a contributing factor.

Considering that S allele carriers are the minority among Caucasians while

they make up the majority of non-Caucasians, the position as a genetic

minority, although not visible, might also contribute to the difference in its

valence.

Additionally, the influence of others can differ depending on cultural differ-

ences in construal of self. For example, since East Asians incorporate others in

their self-construal and value of collectivism, the influence of others might be

much stronger than Westerners who view the self as a separate, unique entity

(Markus & Kitayama, 1991). Therefore, it could be possible that the different

distribution of certain genotypes might have a stronger effect among East

Asians compared to Westerners. In other words, there is a possibility that

there could be cultures that foster people to be more susceptible to the “major-

ity” effect. If this turns out to be true, it could prompt various research questions

regarding what happens when a person moves across completely different

cultures (i.e., immigration), which is becoming more and more common in

recent years (Oishi, 2010; U.S. Census Bureau, 2017).

3.2 Problems with Studying Culture as Environment

Understanding the definition of culture from a cultural psychological perspec-

tive may help gene–environment researchers to reconsider even basic terms in
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their investigations. The power of studying culture as the environment in G x

E is that culture overlays meaning in the environment. Culture can help clarify

what aspects of the environment people perceive as supportive (Kim, Sherman,

& Taylor, 2008), motivating (Heine et al., 2001), or worthy of attention (Nisbett

et al., 2001), and why. Indeed, a cultural approach provides exciting new ways

to examine gene–environment interactions, but it can also introduce potential

problems because of the way culture is defined and deeper issues surrounding

the codependence of culture and biology.

The definition of culture is very broad, and there are many forms of culture,

including (but not limited to) race or ethnicity, religion, socioeconomic status,

and region (Cohen, 2009). Yet, in practice, most investigations in cultural

psychology examine culture by comparing different ethnicities, and most

commonly, people of (typically Western) European versus East Asian descent.

This practice is also reflected in research on gene–culture interactions, which

has often included people of different ethnicities as “culture” while examining

individual variation in a gene (e.g., Ishii et al., 2014; Kim et al., 2010a, 2010b;

Kitayama et al., 2014). A unique issue that arises from studying ethnicity as

culture in this area of research is that “ethnicity,” rather than solely representing

one side of the gene x culture equation (i.e., culture), may actually lie at the

intersection of genes and culture.

Ethnicity often refers to a group with shared ancestral history, including

geographical region, language, and practices.1 While there is no clear one-to-

one mapping of genes to ethnic background, there are similar allele frequencies

in populations that share historical geographical region (Tishkoff & Kidd,

2004). This means that using ethnicity as a proxy for culture introduces

a potential confound in gene–culture studies: people of the same ethnicity

may share not only cultural but also some biological factors. Including parti-

cipants of East Asian ethnic backgrounds in a G x C study, for instance, may

assume that people with this background share values or practices from the

learned environment, but in addition, this group likely has a shared ancestry

that traces back to a particular geographic region. Ethnicity thus may not be the

clearest representation of cultural, as opposed to biological, factors in G x

C studies.

One way to address this issue is to utilize the triangulation method, which

involves adding a third cultural group (e.g., Asian Americans) to the typical

1 Although lay understandings of “ethnicity” or “race” tend to group people into discrete cate-
gories, it is important to note that ethnic variation, from a biological perspective, is more
continuous than categorical (Tishkoff & Kidd, 2004). It may be more useful to think of ethnicity
as a cluster of people with largely shared but flexible characteristics rather than a group with rigid
boundaries.
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two-cultural-group design (e.g., East Asians vs. European Americans), in order

to eliminate shared biology as a potential confound. For instance, Kim and

colleagues (2010a) compared Koreans to Americans, and the American group

was largely composed of European Americans but also included a sample of

Korean Americans (i.e., who were ethnically Korean but were born and raised

in the United States). The key results of their study showed that the

gene–culture interaction held when comparing Koreans to Americans as the

“culture” variable. Supplementary analyses showed that this same G x

C interaction was significant when comparing only Korean Americans to

Koreans, but it was not significant when comparing Korean Americans to

European Americans. The Korean American group in this study was important

for triangulating comparisons with both Koreans and European Americans.

The analysis showing that Korean Americans were different from Koreans, but

not from European Americans, supported the argument that the G x

C interaction emerged due to a cultural, rather than biological, difference

between the groups.

Another way to address this confound issue is to utilize experiments that

manipulate culture or the environment. In a study that conceptualized religion

as a form of culture, the salience of religion wasmanipulated to isolate potential

effects of religious concepts on prosocial behavior (Sasaki et al., 2013). Results

showed that religious salience increased prosocial behavior for people with

certain variants of DRD4 (i.e., those with 2- or 7-repeat alleles), but this same

effect did not occur for people with other DRD4 variants (i.e., non-2- or

7-repeat alleles). Future investigations could utilize cultural priming

(Gardner, Gabriel, & Lee, 1999; Oyserman & Lee, 2008) or frame switching

methods (Hong, Morris, Chiu, & Benet-Martinez, 2000) with participants of

the same ethnic background in order to manipulate specific aspects of culture,

independent of genes.

Methodological issues aside, there are perhaps deeper theoretical issues that

arise from studying culture in G x C research. One issue to highlight is the

codependent nature of genes and culture. The ways in which genes and culture

overlap and influence each other, as in the concept of ethnicity, are highly

complex and counterintuitive. There is a commonly held assumption, for

instance, that genes simply represent “nature,” and culture represents “nurture”

and that, therefore, they are categorical and non-overlapping. This assumption

may come, at least in part, from definitions of culture itself. Inherent in many

definitions of culture is that it includes content in the world that is learned and

created, or put simply, culture is the “man-made part of the environment”

(Herskovitz, 1948, 1955, p. 305). This definition might at times be taken to

mean that culture is entirely separate from biology. Culture, it may be assumed,
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is not part of the physical processes in humans or biological beings. Culture is

in the values that we learn from our elders or the traditions we share during

holidays. It is in the books we write and the songs we sing. In other words,

culture is learned and made by humans. It is not nature, but nurture.

Although this nature–nurture dichotomy has long been explicitly rejected in

scientific fields, its underlying assumptions remain in the ways we continue to

talk about and study genes and culture. Even though researchers consider genes

and culture as separate factors in G x C investigations, in reality, genes and

culture are not completely independent, and furthermore, they can influence

each other in complex ways over time.

As discussed earlier in this paper, theories in gene–culture coevolution

(Chiao & Blizinsky, 2010; Feldman & Laland, 1996), or dual inheritance

theory (Boyd & Richerson, 1985), suggest that genes can influence culture

due to genetic predispositions to manipulate the cultural environment in parti-

cular ways, and culture can also influence genes because cultural practices may

introduce environmental pressures that affect genetic selection in that group.

Gene–culture coevolution theory is complementary, rather than an alternative,

to the gene–culture interaction framework because they operate at different

levels of analysis and across different timelines. Whereas the G x C framework

allows predictions for present-day psychological processes at the micro level,

gene–culture coevolution theory is meant to offer more distal explanations of

macroevolutionary processes across longer periods of time in history.

The interaction of culture and the genome over time has given rise to human

minds that closely track norms governing behavior, explaining why humans are

so (biologically) adept at adapting to new environments and learning from

other people (Chudek&Henrich, 2011). Importantly, gene–culture coevolution

theory has, at its core, a deeper assumption about the mutual influence of genes

and culture on each other. Genes and culture change alongside, and because of,

each other (Creanza & Feldman, 2016). Treating them as completely separate

factors thus makes certain G x C findings difficult to interpret.

The issue of codependence of genes and culture applies more broadly

to other types of gene–environment studies as well, as findings of

genotype–environment covariance have shown that the more heritable

a trait, the more culture dependent it is (Kan, Wicherts, Dolan, & van der

Maas, 2013). In their research on genes, culture, and intelligence, Kan and

colleagues (2013) found that performance on tests that were more culture-

dependent showed greater heritability differences than on tests that were less

culture-dependent. As an explanation, they argue that people with procliv-

ities toward greater cognitive abilities tend to be surrounded by cognitively

demanding environments, which tend to emphasize culture-dependent
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knowledge. This finding further highlights the potential problems with the

nature–nurture dichotomy: if nature and nurture are correlated, it becomes

difficult to separate them and assume they exert independent effects on traits

or behaviors. The non-independence of genes and culture, and the way they

mutually influence each other over time, are important issues to consider as

researchers move forward in G x C investigations.

3.3 Dispelling Assumptions of Genetic Determinism

Cultural and genetic factors influence each other, as in gene–culture coevolu-

tion (Feldman & Laland, 1996), and they interact to lead to differences in

behavior (Kim & Sasaki, 2014). Yet although genes and culture may not be

independent, they are also not reducible to each other. Especially in light of

research that gene–culture interactions have consequences for morality and

health (Sasaki et al., 2011, 2013), it is crucial to dispel assumptions of genetic

determinism and to highlight the point that culture and genes are not reducible

to each other.

Genetic determinism – a specific form of biological determinism or reduc-

tionism – is the idea that explanations for people’s thoughts and behaviors are

ultimately based on genes or biology rather than external influences such as

their environment. It is related to the psychological concept of genetic essenti-

alism, or the tendency to view genetically based traits as determined and

therefore unchangeable (Dar-Nimrod, 2012; see Dar-Nimrod & Heine, 2011

for review). The problem with genetic determinism and essentialism is that

they are not accurate ways of understanding genetic influence, and furthermore,

they can negatively impact motivational behaviors with real-world conse-

quences, including math performance (Dar-Nimrod & Heine, 2006) and

healthy eating choices (Dar-Nimrod & Heine, 2011). Thus, there are both

theoretical and practical reasons to dispel the assumption that genes determine

behavior.

Gene–culture coevolution theory suggests not only that genes can influence

culture, but also that culture can influence genes via environmental pressures

that impact on genetic selection, and yet there are a number of reasons, based on

this theory, for why genes and culture are not reducible to each other. First,

cultural change can occur much faster than genetic changes in a population,

allowing humans to adapt quickly and flexibly to environmental factors without

necessarily imposing long-term changes in the genome (Feldman & Laland,

1996). Humans and other social animals are able to learn from others, not just

vertically (from generation to generation), but also horizontally (within a single

generation), making it possible to enact change in a population via cultural
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transmission without the same time lag required in passing down one’s genes.

Because cultural change and genetic change are occurring at different rates,

along with other important differences, it would be misguided to assume that

genes and culture are ultimately reducible to each other.

Second, drawing on broader theorizing in cultural psychology, researchers

have stated that cultural differences are not always reducible to individual

differences (Na et al., 2010). They may just as well say that cultural differences

are not always reducible to genetic differences, as genes are often assumed to

be a source of individual differences. Data from Na and colleagues’ (2010)

large-scale study showed that across multiple measures of social orientation

and cognitive style, there were predictable differences between cultural groups

(in this case, between different socioeconomic classes) but no coherent indivi-

dual-level relations. That is, working class people, as a group, were more

interdependent and also more holistic than middle-class people overall, but

individuals who were more interdependent were not necessarily the ones

who were more holistic. Although these results may seem puzzling at first

given evidence that social orientation and cognitive style are causally

related (Kuhnen & Oyserman, 2002; see Grossmann & Jowhari, 2018 for

pre-registered replication and Oyserman & Lee, 2008 for review and meta-

analysis), the authors point out that the reasons for group differences in

a construct are likely to be different from the reasons individuals might differ

in that same construct (Na et al., 2010). Similarly, the reasons cultures differ in

a construct are likely to be different from the reasons individuals differ at the

level of genes.

In a particularly clarifying example of this point, the authors write that

a colleague of theirs told them, “I propose a new construct which I’ll label

‘Asianness,’ which is based on a tolerance for dense crowds, skill using chop-

sticks, having dark hair color, and a preference for soy products. I imagine that

if I investigated this, I would find pronounced cultural differences between East

Asia and North America on each of these individual measures. Is Asianness

a cultural construct?” (Na et al., 2010, p. 6195). The authors highlight that this

construct would be nonsensical, and a related point perhaps is that there may be

no such thing as “culture absorbers,” or individuals who tend to be high on

every trait or behavior that is typical in a given culture. The nature of group

processes is that individuals, together, combine in a group to become more than

the sum of their parts. They begin to take on group characteristics and emotions

that have consequence for their own identities and their interactions with others

(Mackie & Smith, 2014; Mackie, Smith, & Ray, 2008), all in the name of the

group. But although it is possible to characterize a group in a particular way, it

may be uncommon that there are certain individuals in that group that are solely
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responsible for characterizing the group as a whole. Instead it may be the case

that each individual may highly embody certain, but not all, traits or behaviors

that characterize the group as a gestalt.

The idea that there are no culture absorbers is consistent with empirical

evidence in G x C research showing that gene–culture interactions do

not seem to occur across the board for all psychological outcomes.

Rather, gene–culture interactions seem sensitive to the psychological

relevance of the particular genes of interest. For instance, one study showed

a gene–culture interaction on emotion regulation such that Koreans with the

GG genotype of OXTR were more likely to suppress their emotions than

those with the AA genotype; however, Americans showed the opposite

pattern, with GG genotypes suppressing emotions less than AA genotypes

(Kim et al., 2011). OXTR has been shown to be relevant to socioemotional

behaviors, such as empathic accuracy (Rodrigues et al., 2009) and sensitive

parenting behavior (Bakermans-Kranenberg & van IJzendoorn, 2008). Thus,

it seems reasonable that this particular gene–culture interaction occurs on

emotion regulation, but not necessarily on outcomes less related to socio-

emotional sensitivity. Another gene–culture study demonstrated an interac-

tion between culture and 5-HT1A, which is relevant to cognitive flexibility

and attention, on analytic versus holistic locus of attention (Kim et al.,

2010b). This study also showed the predicted gene–culture interaction,

with people carrying the environmentally susceptible genotype showing

the more culturally normative locus of attention tendency. Yet, theoretically,

it seems less likely that people with certain genotypes of a particular gene –

say, OXTR or 5-HT1A – should show the culturally normative tendency

across many different psychological domains, such as emotion, attention,

social orientation, motivation, and so on. Just as the same individuals do

not seem to be upholding all cultural norms across psychological tendencies

(Na et al., 2010), it is unlikely that any single genotype would be linked to

culturally normative tendencies across the board. Cultural norms cannot be

reduced to individual, or genetic, differences. To further complicate matters,

because most traits and behaviors rely on complex interactions between

genes and the environment, genetic determinism is an especially unlikely

explanation for psychological outcomes.

3.4 The Need for Causal Explanations

The basic premise of G x E – that individuals may respond slightly differently

even in the same situation – is one that resonates with many from an individual

difference perspective. At the same time, from a social psychological
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perspective, it is known that an individual can be swayed by the power of the

situation. G x E encapsulates both these ideas, demonstrating that they are

complementary. However, a G x E statistical interaction on any particular

outcome is not enough for a deeper understanding of the psychological pro-

cesses driving the effect.

One of the main theoretical challenges in G x E research is that findings of

G x E are statistical interactions, demonstrating when a particular effect

occurs, but they do not offer causal explanations. In a statistical interaction,

the effect of one factor is different depending on levels of another factor;

the genetic effect is moderated by the environment, or vice versa, in

gene–environment interactions. Yet why the interaction occurs, and how,

are separate questions.

This issue may be clarified with an example. For many gene–culture (and by

extension, G x E) interaction effects, there is a spreading interaction: for people

with one genotype, there is an effect of culture, but for those with another

genotype, there is little to no effect of culture. This interaction effect occurs,

theoretically, because people with certain genotypes are more sensitive to

environmental influence, while others are less susceptible. Among a number

of different perspectives, the differential susceptibility hypothesis in particular

emphasizes that some people may be more susceptible to environmental

influences, “for better and for worse” – that is, whether their environments

are beneficial or harmful (Belsky et al., 2007). In order to explain why there is

an effect of culture or the environment for people with one genotype but not the

other, there still needs to be a psychological explanation for why people are

sensitive to certain environments in the first place.

Because the concept of the “environment” in G x E seems to include social

and non-social surroundings of both positive and negative valence, influence

from the “environment” could potentially range from the threat of bad weather,

to the excitement of exotic travel, or approval from one’s parent. Because of

this incredible range of content, it is unclear from the perspective of personality

psychology what the reason could be for a person to be more sensitive to such

a variety of environments. For instance, people high on neuroticism may be

susceptible to life stressors or threats because of emotional instability. People

high on openness to experience may be especially drawn by environments that

are novel because they crave stimulation. People high on agreeableness may be

susceptible to influence from other people because they care about social

approval. There are many personality traits that suggest a level of environ-

mental susceptibility, but the specific type of environment may be relevant

for drawing a connection to a particular personality trait. It does not seem

consistent with current personality theory to posit that people with certain
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genotypes may be more sensitive across the board to, say, stress, novelty, and

social approval. Instead it seems more likely that people with certain genotypes

may be sensitive only to particular features of the environment.

There are many missing steps in the path from genes to behavior.2 One

possible next step for understanding why people with certain genetic tenden-

cies are sensitive to particular features of the environment in the first place may

be to use personality as a mediating variable in G x E interactions predicting

psychological outcomes. Although there is unlikely to be a one-to-one mapping

between genes and personality traits, certain traits with neurobiological rele-

vance to the target gene(s) may be useful to consider as mediators because

personality can help explain why people are motivated toward particular

behaviors across seemingly disparate situations.

However, in addition, any link between personality and behavior can be

moderated by the situation, as articulated in classic interactionist perspectives

such as the person-by-situation approach (Mischel & Shoda, 1995). Because

situations are shaped by the broader cultural context that provides meaning

to them (Leung & Cohen, 2011), culture further moderates the situational

influence on the personality-to-behavior link. If, as stated earlier, interactions

are not necessarily explanations, then surely the three-way personality

x situation x culture interaction that links genes to behavior is not a satisfying

explanation for why people with certain genes interact with certain features of

the environment to lead to different behaviors. It is perhaps unsatisfying

because with these additional interactions comes the need for further explana-

tory mechanisms. What are the reasons people with certain personalities are

influenced by particular cultural situations to behave one way or another? Here

one explanation may be that people with certain personalities have specific

motivations or goals they are trying to fulfill. They are sensitive to aspects of

culturally shaped situations depending on their underlying motivations, and

they behave in ways that ultimately aim to satisfy those motivations.

The motivational setting hypothesis may lay the groundwork for identifying

which personality traits, or “motivational settings,” provide useful explana-

tions for G x E effects. Based on people’s different motivational settings, they

may be more likely to attend to certain information, or interpret the information

in a particular way, and then act on their perceptions accordingly. In short, these

motivations provide reasons for environmental influence and are specific to the

content domain.

2 For instance, there are neuroendocrine responses that lead up to and accompany behaviors, which
can trigger epigenetic processes that affect gene expression, further complicating the pathways
between genes and behavior.
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For instance, based on research involving dopamine pathways, it appears

that a relevant motivational setting for dopamine-related genes would be

reward sensitivity. Research on the dopamine receptor D4 (D4R) shows that

inefficient or absent D4Rs are linked to changes in the inhibitory dopaminer-

gic signal (Oak, Oldenhof, & Van Tol, 2000) and dopamine synthesis

(Rubinstein et al., 1997), which has consequences for excitability for

rewards (Forbes et al., 2009) and motion or task performance when given

reward stimuli (Rubenstein et al., 1997). Thus, one possible psychological

explanation for these effects is that people with the susceptibility genotype of

dopamine-related genes are more sensitive to the prospect of reward. Having

the goal of attaining rewards motivates them to attend to reward-relevant

information, interpret information as reward-relevant, and/or behave in a way

that helps them achieve rewards.

As discussed earlier, it is also an open question as to where, psychologically,

gene–culture interactions occur, and the answer to this question is likely

complex. The mechanisms underlying these interactions may occur at the

level of attention, perception, or interpretation of stimuli, and the precise

mechanism may vary depending on the gene and behavior of interest. For

instance, in research on the interaction between genes and an environmental

manipulation (i.e., an implicit prime) of religious salience, people were

more likely to behave prosocially after being primed with religion, but only

among those who had the environmentally susceptible genotype of DRD4

(Sasaki et al., 2013). In this study, however, there was no evidence that people

with different genotypes of DRD4 were differentially attentive to the prime

itself. The study included an explicit measure of religiosity as a manipulation

check, and people with susceptible and non-susceptible genotypes of DRD4

both reported higher religiosity after being primed with religion than not.

Because there was no difference between genotypes in this basic influence of

the prime, this suggests that DRD4 may not change the way people attend to or

perceive various information. Regardless of genotype, people seemed to attend

to the prime and subsequently perceived the prime as self-relevant given that

the manipulation check was significant across participants overall and within

each genotype. Yet when it came to the influence of the prime on a behavioral

outcome – in this case, prosocial behavior – there was a significant difference

depending on genotype. This finding suggests that people with different

genotypes may be interpreting the prime differently in connection to the

behavioral outcome, perhaps because they have different goals. People with

environmentally susceptible genotypes may be more motivated to increase

feelings of reward. Thus, the link between religion and prosocial behavior

may be stronger for them because religion tends to emphasize that behaving
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prosocially toward others comes with a lack of punishment (Shariff &

Norenzayan, 2007), or perhaps, the prospect of reward. However, people

without environmentally susceptible genotypes may be less motivated to

increase feelings of reward, so for them, the link between religion and prosocial

behavior is not as strong. Overall these findings suggest that this gene–culture

interaction may be explained at the level of interpretation of stimuli: there are

differences in the way people with different genotypes interpret the information

they have already attended to and perceived.

4 Future Directions

The research we highlight in this Element demonstrates the joint effects of

culture and genes in various psychological domains. Under the broad

assumptions of the nature–nurture dichotomy, researchers might have pre-

viously understood genetic and cultural factors separately in the way they

shape the human mind and behaviors. Yet by taking both genetic and cultural

factors into account, these gene–culture interaction studies provide us with

a deeper and more comprehensive understanding of how our thoughts, self-

concepts, behaviors and well-being are shaped. Systematic patterns of G x

C results have emerged in some areas, leading to theoretical frameworks that

can consolidate findings. Yet as a field in its early stage, G x C research still

has numerous obstacles to overcome, presenting clear opportunities for

future research.

Despite great progress in G x E andG xC research, one shortcoming is that the

types of genes used in these studies are relatively limited. For example, most of

the research we reviewed has examined OXTR, 5-HTTLPR, or DRD4.

In addition to the limited number of genes studied, many of these genes were

single nucleotide polymorphisms (SNPs), which might be an oversimplification

of the genetic model (Halldorsdottir & Binder, 2017). For a more in-depth

understanding, it is necessary to expand the types of genes studied. There have

been some G x E studies that have targeted other genes that moderate stress

response and regulate hypothalamic-pituitary-adrenal (HPA) such as FKBP5

(Zannas, Wiechmann, Gassen, & Binder, 2016), CRHR1 (Corticotropin-

Releasing Hormone Receptor; Binder & Nemeroff, 2010), and COMT

(Catechol-O-Mathyltransferase; Caspi, Moffitt, Caoonon, McClay, Murray,

Harrington et al., 2005). However, future studies need to consider other genes

and their interactive effects with culture.

In addition to the need for a wider range of genes to be studied, consideration

of gene x gene interactions within the G x C framework is needed as well. Past

studies mostly focused on only one gene, but multiple genes can interact with
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each other, requiring a more nuanced approach in selecting which genes to

investigate. One exciting new approach is the polygenic risk score (PRS)

analysis, which incorporates the combined effects of many common genetic

variants, thus representing the additive effect of multiple SNPs (Halldorsdottir

& Binder, 2017; Rutter, Moffitt, & Caspi, 2006). Several studies have

already shown the advantages of PRS: larger cumulative effect sizes and

predictive power (Bulik-Sullivan et al., 2015; LeClair, Janusonis, & Kim,

2014; Mullins et al., 2016). Therefore, incorporating various genes and

ground-breaking methods will be necessary for a more complete understanding

of psychological tendencies and behaviors.

Many of the most basic questions posed in science are the most intriguing:

What makes people so similar from place to place and yet, at the same time,

undeniably unique? How are we so compelled to learn things from our envir-

onment or culture while also being led by our own biological “instincts”?

Answers to questions like these may come from thinking beyond a single

framework or discipline. Integrative frameworks, like that of gene–culture

interactions, and interdisciplinary fields, such as cultural neuroscience, may

evoke some of the greatest challenges but also unearth some of the most

gratifying rewards in our search for nuance and explanation.
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