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visual perception [20–22], attention [23,24], causal attribution [25], processing semantic relation-
ships [26], processing music [27,28], mental calculation [29], self-face recognition [30,31], self-
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The CBB Loop Model of Human Development
The CBB Loop Model
The CBB loop model, as illustrated in Figure 1, posits that novel ideas are created by individuals
and are diffuse in a population through social interactions in a specific ecological environment to
become dominant shared beliefs and behavioral scripts that influence and contextualize human
behavior. The functional and/or structural organization of the brain, owing to its inherent
plasticity, changes as a consequence of absorbing cultural values and performing culturally
patterned behaviors. The modified brain then guides individual behavior to fit into specific cultural
contexts, and also modifies concurrent sociocultural environments. The CBB loop model
proposes two types of behaviors. Culturally contextualized behavior (CC-behavior) refers to
overt actions that are mainly governed by a specific cultural context, such as when a Chinese
student who is accustomed to accepting a professor's opinion in China arrives in the USA and
imitates American students to argue with a professor. CC-behavior may not occur when leaving
a specific cultural environment. Culturally voluntary behavior (CV-behavior) denotes overt actions
that are guided by specific cultural beliefs/values and behavioral scripts that are encouraged by a
specific cultural environment and are embedded in the brain. For example, after the Chinese
student has studied in the USA for a long time, and has internalized Western cultural values such
as independence, he may default to arguing with a professor, regardless of the actions of his
peers. CV-behaviors can occur independently of a specific cultural context if the cultural system
in the brain remains stable to some degree.

The CBB loop model also distinguishes between two types of culture–brain interactions.
Behavior-mediated culture–brain interaction refers to the interplay between culture and brain
via overt behavioral practice. For instance, Western cultural values such as independence in the
USA encourage the Chinese student to argue with his professors, and practicing such behaviors
influences his brain. Direct culture–brain interaction refers to the interplay between culture and
brain that does not involve overt actions. For example, reminding individuals of specific cultural
values such as independence or interdependence in a laboratory setting can directly modulate
brain activity. Thus, in the CBB loop model, behavior is not simply considered as a consequence
of culture–brain interaction. Instead, behavior is considered as a  
  is



between two nodes of the CBB loop, vary continuously across time and influence human



beliefs that farming would supply more food produced one motivation for transition from
gathering/hunting to farming during the Agricultural Revolution [59]. There are many behavioral
differences in contemporary individualism/collectivism societies that developed as adaptations
to the environment [60]. As an example, at the individual level, parents who believee
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cultural and behavioral influences on the brain occur much faster (e.g., lifespan) [62]. Cultural
priming on the timescale of 
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(Key Figure). First, genes shape human brain anatomy by influencing its size [79,80], affecting both
cortical and subcortical structures [81,82], and shaping the functions of specific brain regions
[83,84]. Second, twin and adoption studies have demonstrated that some behavioral/cognitive
characteristics are heritable [85]. Candidate-gene and genome-wide association studies have
linked genes to behaviors that are thought to be culturally determined (e.g., smoking and schooling)
[86,87]. Third, our environment and experience strongly constrain how genotypes give rise to
behavioral phenotypes [88]. Moreover, the link between genes and behavior is expressed in
different or even opposite patterns in East Asian and Western cultures [89,90], and cultural
difference in social orientations (e.g., interdependence) exist in one variant but not another variant
of the same gene [91]. These findings indicate gene � culture interactions on behavior and
psychological traits. Finally, the brain activity in responses to self-reflection and others’ emotions
varies as a function of cultural values (e.g., interdependence) among carriers of one variant of a
gene but not of a different variant of the same gene [92,93] (Box 2). These cultural neuroscience
findings implicate that genes may moderate the association between culture and brain. The model
shown in Figure 2 is different from the macroscopic model of human development [51] that includes
gene and culture in the same loop to influence the brain and behavior. Rather, the model in Figure 2
considers the different timescales along which gene and culture interact with the brain. This model
not only emphasizes the interaction between genes and each node of the CBB loop but also
highlights genetic contributions to the dynamic interaction between culture, behavior, and the
brain, such as affecting how fast the interaction in the CBB loop occurs.

The findings of associations between collectivistic cultural values and allele frequencies of genes
across nations [94,95] implicate potential mut8.9663 0 0 8.9663 5 224 
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take a recent example, the rapid growth of internet commerce and
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