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Parent-child similarities and discrepancies at multiple levels provide a window to
understand the cultural transmission process. Although prior research has examined
parent-child similarities at the belief, behavioral, and physiological levels across cultures,
little is known about parent-child similarities at the neural level. The current review
introduces an interdisciplinary computational cultural neuroscience approach, which
utilizes computational methods to understand neural and psychological processes
being involved during parent-child interactions at intra- and inter-personal level. This
review provides three examples, including the application of intersubject representational
similarity analysis to analyze naturalistic neuroimaging data, the usage of computer
vision to capture non-verbal social signals during parent-child interactions, and
unraveling the psychological complexities involved during real-time parent-child
interactions based on their simultaneous recorded brain response patterns. We hope
that this computational cultural neuroscience approach can provide researchers an
alternative way to examine parent-child similarities and discrepancies across different
cultural contexts and gain a better understanding of cultural transmission processes.

Keywords: cultural neuroscience, developmental neuroscience, computational neuroscience, parent-child
interaction, social interaction, neuroimaging

INTRODUCTION

Cultural values, beliefs, and practices are transmitted across generations (Matsumoto and Yoo,
2006; Kitayama et al., 2019). Parents play a key role in this cultural socialization process, because
they are not only knowledgeable about cultural values and norms in their societies, but also
responsible for guiding children’s development and conveying such cultural values and norms to
children. Through parenting practices and parent-child interactions, either explicitly or implicitly,
children may adopt cultural values and norms, which further influence children’s psychological and
behavioral adjustment (Grusec and Goodnow, 1994; Berry and Georgas, 2009; Bornstein, 2012).
Therefore, it is critical to investigate parent-child similarities at different levels across cultures
to fully understand the cultural socialization process. Indeed, past research has paid attention to
parent-child similarities at the belief, behavioral, and physiological levels (Feldman, 2007; Papp
et al., 2009; Chen et al., 2014; Kim et al., 2015). With the recent advances in cultural neuroscience,
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more research is needed to understand parent-child similarities
at the neural level. The current review highlights a newly
emerging computational cultural neuroscience approach, which
can provide unique insights into parent-child similarities and
discrepancies across cultures. Advances in this field have the
potential to not only inform the understanding of cultural
transmission by elucidating how children’s brains are wired to
their parents in the dynamic process of cultural learning, but
also identify differences in parent-child neural similarities either
across cultures or within the same culture and examine predictors
and consequences of such differences.

PARENT-CHILD SIMILARITIES AND
DISCREPANCIES ACROSS CULTURES

Past research has examined parent-child similarities and
discrepancies in beliefs, behavior, and physiological adjustment
across diverse cultural contexts. Guided by the value transmission
model (Grusec and Goodnow, 1994), parent-child similarities at
the belief level provide an important window to understand the
socialization and internalization of cultural values and norms.
Cross-cultural research suggests that the extent to which children
internalize and adopt their parents’ goals may differ across
cultures. For example, intergenerational transmission of parental
goals from mothers to children appeared to be weaker among
Americans than Chinese (Qu et al., 2016). Moreover, much
attention has been paid to minority families in the United States,
focusing on parent-child similarities and discrepancies in cultural
values and beliefs. Based on parents and children’s self-reported
cultural orientations, prior studies have employed different
approaches to quantify parent-child gaps (e.g., different score
approach, interaction approach, or match/mismatch groups; for
a review, see Birman, 2006). This line of research not only
documents important parent-child gaps in cultural orientations,
but also illustrates the impact of such gaps on children’s
adjustment, such as academic achievement and socioemotional
well-being (Chen et al., 2014; Kim et al.,, 2015). For example,
Chinese American children tend to show greater externalizing
problems among families in which children are low in Chinese
proficiency while their parents are high in Chinese proficiency
(Chen et al., 2014). Moreover, Chinese American adolescents who
are more Chinese-oriented than their parents tend to have lower
scores in English language arts (Kim et al., 2015).

Decades of research in developmental psychology has studied
parent-child similarity or synchrony at the behavioral level
(for a review, see Harrist and Waugh, 2002). In addition,
studies have examined whether parent-child dyads show
similarities in their perception of the same type of behavior
(e.g., parenting practices) from a cross-cultural lens (Cheung
et al., 2016). For example, a recent meta-analysis on parent-
adolescent discordance in perceptions of parenting found that
the levels of parent-adolescent discordance were higher in
more individualistic societies, such as the United States than in
other societies with lower levels of individualism (Hou et al.,
2020). In the past decade, scholars also move beyond the
belief and behavioral levels, and start investigating the similarity

at the physiological level in parent-child dyads with diverse
sociocultural backgrounds (Papp et al., 2009; Suveg et al., 2016;
Han et al., 2019; Byrd-Craven et al., 2020).

TAKING A COMPUTATIONAL CULTURAL
NEUROSCIENCE APPROACH TO STUDY
PARENT-CHILD SIMILARITIES

In this review, we focus on the investigation of parent-child
similarities across diverse cultures at the neural level. To
examine cultural differences in parent-child similarities in
naturalistic settings, we propose an interdisciplinary approach
called Computational Cultural Neuroscience, which utilizes
computational methods to understand what neural and
psychological processes are involved during interaction at
both intrapersonal and interpersonal levels. In order to obtain
measurements at both levels, this approach not only relies on
the brain measurement, but also takes advantage of behavioral
measurement, such as self-reports, task-based behavioral
measurement, and real-time behavioral recording. In this
review, we introduce recent development in computational
methods which could be specifically applied to study parent-
child similarities across diverse cultural contexts, including
using intersubject representational similarity analysis to analyze
naturalistic neuroimaging data, utilizing computer vision
to analyze non-verbal social interactions, and employing
pre-trained brain signatures to analyze hyperscanning data.

Naturalistic Neuroimaging and

Intersubject Representational Similarity
Analysis

The extent to which parents and children are similar to each
other is shaped, in part, by their culture. Thus, researchers can
examine whether parents or children with the same cultural
background think or feel in a more similar way than those
with different cultural backgrounds and how these differences
in thoughts and feelings are encoded in the brain (Chen et al,,
2020). In order to elicit real-world thoughts and feelings, complex
naturalistic real-world stimuli are needed (Cantlon and Li,
2013), and participants are asked to watch or listen to exactly
the same stimuli. Naturalistic neuroimaging, a recent growing
field in neuroimaging, aims to use naturalistic stimuli to elicit
complex experiences closer to what individuals experience in
daily life (Hasson et al.,, 2008; Vanderwal et al., 2017; Nastase
et al., 2019, 2020; Chen et al., 2020; Finn and Bandettini, 2020).
In the past decade, this approach has been used to explore
various topics, such as shared memory (Baldassano et al., 2017;
Chen et al., 2017), memory transmission (Zadbood et al., 2017),
speaker-listener communication (Stephens et al., 2010), and
narrative comprehension (Simony et al., 2016; Yeshurun et al,,
2017; Nguyen et al,, 2019). In two recent studies, researchers
found that political identities shape neural synchrony when
individuals watch the same stimuli, such that those with the
same identity showed highly synchronized neural responses
to the same naturalistic political contents (Leong et al., 2020;
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van Baar et al., 2021). In line with the above finding, researchers
also found that for individuals with similar personality traits
(Finn et al., 2018, 2020; Chen et al., 2020; Finn and Bandettini,
2020) or with closer social distances from the same social network
(Parkinson et al., 2017, 2018), they tend to show similar neural
responses to the same naturalistic content. This suggests that
differences in personality, identity or cultural background may
contribute to differences in neural processes of information.

Combining with the naturalistic neuroimaging approach,
intersubject correlation (ISC), a commonly used method
in neuroimaging, has enabled researchers to explore shared
responses across different brains (Nastase et al., 2019; Chen et al.,
2020). For example, Stephens et al. (2010) tested how shared
information between listeners and speakers are represented in
the brain during communication. A similar method can be
applied to examine whether parents and children from the same
cultural background also show similar neural fluctuations to
the naturalistic viewing paradigm, especially when the viewing
content is related to parenting, family, and education. By
calculating the pairwise correlation across all possible pairs, the
similarity of brain responses within the same cultural group
and the dissimilarity of the responses between different cultural
groups would be revealed. Although the above analysis can
identify the shared neural dynamics across individuals within the
same cultural group, individual variations in attitudes or cultural
beliefs might also exist within the same group.

Intersubject representational similarity analysis (IS-RSA),
a newly developed computational method in neuroimaging,
is implemented to search the mapping between individual
variations in experiences during naturalistic viewing and
variations in preferences or other differences (Chen et al., 2020;
Finn et al., 2020). For example, Chen et al. (2020) found that
individuals with similar preferences in sociosexual desire also
exhibited similar neural dynamics in the brain default mode,
mentalizing, and reward networks when watching erotic movies.
By contrast, individuals with similar preferences in self-control
showed similar neural responses in the brain fronto-parietal
executive control network. Thus, future studies could use IS-RSA
to explore whether intersubject similarities in parenting beliefs
are related to their similarities in neural dynamics involved in
parenting experiences. For example, researchers could recruit
a group of parents to watch a series of parenting-related
movies in the fMRI scanner, aiming to elicit their parenting-
related experiences without interrupting the formation of these
experiences. Then, ISC is used to compute a subject by subject
correlation matrix using mean neural responses within an ROI
(e.g., DMPFC) during the movie watching part (Figure 1A). After
scanning, researchers could ask these participants to complete
questionnaires related to their parenting beliefs or even to
collect measurements of their parenting practices in daily life,
and ISC is used to compute a subject by subject correlation
matrix using item-wise responses for self-reported questionnaires
(Figure 1B). Lastly, IS-RSA is used to find the correspondence
between individual variations in parenting beliefs or behaviors
and variations in neural dynamics, representing their experiences
during naturalistic neuroimaging (Figure 1C). The same method
can then be used to examine whether parents and children

with the same cultural background think or feel in a more
similar way than those with different cultural backgrounds as
well as how these differences in thoughts and feelings are
represented in the brain. By taking this approach, developmental
and cultural neuroscientists could expand their previous findings
by using RSA (Lee et al., 2017, 2018) to discover more complex
patterns of intersubject (i.e., parent and children) similarities
in different cultural groups. Therefore, ISC and IS-RSA could
eventually open another exciting venue for future cultural
psychologists to explore cross-cultural differences, especially in
parenting and education.

Analyzing Non-verbal Social Signals

During Real-Time Communication

Social communications between parents and children not only
rely on verbal content, but also depend on non-verbal behavior
because some social signals contain cultural-specific meanings
and are only expressed through non-verbal communications
(Tsai, 2007; Jack and Schyns, 2015; Tsai et al., 2019). Thus, at
the interpersonal level, examining non-verbal behavior, such as
facial expressions or gestures during communications between
parents and children in their dynamic real-time synchrony is a
key to a deeper understanding of cultural differences in parent-
child similarities, especially in their social communication (Jack
and Schyns, 2015, 2017). Facial action coding system (FACS) is
among one of the most popular coding systems to analyze human
facial expressions (Ekman and Friesen, 1976). In the past, in
order to accurately code facial expressions, researchers needed
to spend hundreds of training hours to become a certified FACS
coder. However, with recent rapid developments in artificial
intelligence, machine learning and computer vision have enabled
psychologists easier than before to decipher the myth of non-
verbal behavior, such as subtle changes in facial expressions
during real-time social interactions. For example, researchers
have used pre-trained convolutional neural networks (CNN) to
extract facial action units, a standardized system to describe the
intensity of facial muscle movements (Littlewort et al., 2011;
Senechal et al., 2012; McDuff et al, 2013). In recent years,
open source softwares, such as Openface 2.0 (Baltrusaitis et al.,
2018) or Py-Feat (Python Facial Expression Analysis Toolbox;
Cheong et al., 2021) have made their pre-trained CNN available
for researchers around the world to use their tools for free.
Today, researchers who are interested in analyzing interpersonal
influence on facial expressions have a fast and reliable way to
get a deeper understanding of the functions of these non-verbal
communications than ever before.

To understand the cultural differences in parent-child
similarities, researchers could ask whether specific facial
behavioral patterns may be shown during parent-child
interaction in some cultural groups, and whether these
behavioral patterns signal any particular psychological meaning.
For example, previous cross-cultural facial expression research
found that, although some expressions (e.g., pain) were similarly
represented, some expressions (e.g., smiling) were distinctly
represented across different cultures, suggesting that the
communication purpose of expressions might differ across
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FIGURE 1 | Intersubject correlation (ISC) and intersubject representational similarity analysis (IS-RSA). IS-RSA involves (A) computing an ISC, which yields a subject
by subject correlation matrix using mean neural responses within an ROI (e.g., DMPFC) for a movie, (B) computing another ISC, which yields a subject by subject
correlation matrix using item-wise responses for self-reported questionnaires (e.g., parenting beliefs), and (C) conducting a spearman rank correlation between the
two correlation matrices. In this case, intersubject variability in the DMPFC is well captured by intersubject variability in parenting beliefs.

DMPFC neural dynamic ISC

cultures (Chen and Jack, 2017; Chen et al, 2018; Chen C.
et al., 2019; Tsai et al., 2019). This real-time communication
study can further be combined with a naturalistic viewing
paradigm, in which experimenters record how a parent-child
dyad responds to the same naturalistic stimuli and further
influence their conjunctional impressions about the same
stimuli. For example, a recent study combined a naturalistic
viewing paradigm with facial behavioral recording to examine
whether two individuals show more facial expression synchrony
when they watch a TV show together in the same room than
separately in a different room, and whether this synchrony
carries any psychological meaning (Cheong et al., 2020). They
found that participants revealed more facial synchrony not only
in temporal dynamics, but also in spatial patterns when they
watched the show together. Most importantly, higher facial
synchrony predicted higher feelings of social connection with
the dyad who watched the show together, suggesting that the
facial expression synchrony is measurable and has its predictive
value in dyadic interaction. In another study, researchers
took machine-learning tools to extract distinct features of
action units and established a facial expression model of pain
experience. They further used this model to predict whether the
communication of beliefs from doctors to patients impacted
patients’ pain experience (Chen P.-H. A. et al, 2019). They
found that beliefs of treatment effectiveness from doctors were
revealed on their facial expressions, and patients may acquire

doctors” beliefs during social interaction. These two examples
demonstrate that analyzing facial expressions by machine-
learning tools could help researchers to examine not only what
kinds of social signals occur during dyadic interactions, but also
the impact of these signals on the quality of relationships. Thus,
future studies could recruit parent-child dyads with different
cultural backgrounds and record their facial expression as well
as gestures during their real-time social interactions. By using
pre-trained CNN models, researchers could analyze whether any
cultural-specific facial expressions between parents and children
could predict their communication outcomes or relationship
satisfaction. Using computational methods to study parent-child
interaction could help researchers to explore cultural-specific
variations in dynamic parent-child interactions and to provide a
more comprehensive understanding of the cultural socialization
process across developmental stages.

The Usage of Brain Signatures in

Analyzing Hyperscanning Data

Although analyzing non-verbal behaviors during dyadic
interaction could help researchers to examine what kinds of
social signals might occur during interaction, it is still difficult
to disentangle what kinds of psychological processes might
occur within each individual during their interactions. Thus,
in this section, we suggest that researchers could take a hybrid
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approach to decode the complexity of psychological processes
during dyadic interactions by collecting dyadic brain data
with hyperscanning techniques, and analyzing these data with
brain signatures established via computational methods (Woo
et al., 2017; Gerloff et al., 2021). By taking this new approach,
researchers can further the understanding of parent-child
similarities across diverse cultural contexts.

Hyperscanning aims to measure brain responses for the
two individuals simultaneously during their social interactions.
Hyperscanning has been used to examine diverse research
topics, including dyadic trust decision-making (Krueger et al.,
2007), social interactions between teachers and students (Nguyen
et al., 2020), cooperative behaviors between parents and children
(Reindl et al., 2018; Miller et al., 2019), infant-adult interaction
during natural communication (Piazza et al., 2020), and even
doctor-patient interaction during their acupuncture treatment
(Ellingsen et al., 2020). Conventional experimental designs in
neuroimaging, which measures brain responses in a single
individual one at a time, make researchers difficult to explore
what psychological processes might be involved during real-
time dyadic interactions. Compared to conventional designs,
hyperscanning enables researchers to collect dynamic brain
responses of interacting individuals during their real-time
interactions, which reflects the true psychological complexities
from dyadic interactions.

Since multiple  psychological processes might be
simultaneously involved during dyadic interactions, brain
signatures established via computational methods are particularly
useful to decode what psychological processes might occur
during parent-child interaction (Woo et al., 2017; Kragel et al,,
2018). In general, the first step in developing a brain signature is
to use machine-learning algorithms to establish brain patterns
to accurately predict outcomes (e.g., making a trust or distrust
decision) in a training dataset (Chen et al., 2021). Unlike the
conventional inferential statistical method using all data points
to make inference, the first step of developing a brain signature
usually involves a cross-validation procedure within the training
dataset. For example, this procedure begins with splitting the
training dataset into N folds (e.g., five folds) (Chang et al., 2015).
A machine-learning algorithm (e.g., support vector machine)
is applied to train a brain signature in fourfolds of the data,
and test the performance (e.g., accuracy) of this signature in
the remaining onefold. Since each fold could be the testing
data during this cross-validation step, researchers then iterate
this procedure until each of the fivefolds of the data has been
tested, and an averaged accuracy across these five testing folds is
calculated to represent the performance of this brain signature.
Although the performance of a brain signature can be evaluated
through this cross-validation procedure, it is only the first step
in establishing a brain signature. Most importantly, the second
step is applying this brain signature to make an out-of-sample
prediction. The evaluated criteria is to test whether a similar
predictive performance of this brain signature could be found
in a hold-out dataset that has not been used in the first step.
This second step is crucial in testing whether the predictivity
and generalizability of this brain signature can be validated
across datasets.

The above approach has been successfully used in predicting
not only basic sensations, such as pain intensity (Wager et al.,
2013) or sustained clinical pain (Lee et al., 2021), but also
diverse kinds of feelings, such as vicarious pain (Krishnan
et al., 2016), picture-induced negative affect (Chang et al., 2015),
feelings of guilt (Yu et al, 2020), and even empathetic care
and distress (Ashar et al., 2017). These examples demonstrate
that, with the growing popularity in data sharing, neuroscientists
would be able to establish brain models representing different
psychological processes. By collecting parent-child interaction
brain data via hyperscanning techniques, researchers can use
these pre-trained brain signatures to examine what psychological
processes might occur within interacting individuals and when
these processes occur over the course of their interaction. This
combined approach would help developmental and cultural
neuroscientists well-equipped to unravel the complexities of
psychological processes and to further explore parent-child
similarities or discrepancies across diverse cultural contexts.

CONTRIBUTIONS OF COMPUTATIONAL
CULTURAL NEUROSCIENCE TO THE
FIELD

Computational cultural neuroscience approach provides
powerful tools that can make important and unique
contributions to the field. First, this approach can inform
the understanding of cultural transmission, providing insights
into how cultural values and practices are passed on across
generations not only at belief and behavioral level, but also
at the neural level. For example, researchers can examine
cultural similarities and differences in neural synchrony
within parent-child dyads when they engage in interactions or
communications. As parenting practices or behaviors are shaped,
in part, by their culture, computational cultural neuroscience
provides techniques to capture how children’s brains are wired to
their parents in the dynamic process of cultural learning.

Second, in addition to examining between-culture variability
in parent-child dyads at the neural level, this approach allows
researchers to explore individual differences across families
within the same culture, which can elucidate the cultural
transmission process at the individual level. Within each
culture, there is likely to be variability in the extent to which
parents adopt cultural values and norms, thereby creating
variability in parent-child interactions and ultimately children’s
development. Therefore, parent-child neural similarities may
represent meaningful differences across families within the same
culture, and it is important to examine what factors contribute to
such differences. For example, using representational similarity
analysis, recent research suggests that on average, American
mothers and their children do not show similar neural patterns
during stress (Lee et al.,, 2018). However, parent-child neural
similarities vary based on different levels of family connectedness,
such that only dyads reporting high family connectedness show
similar neural profiles. Moreover, greater neural similarity is
associated with reduced stress in adolescents, suggesting that
shared neural profiles in parent-child dyads enhance adolescents’
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psychological well-being. In addition, this computational cultural
neuroscience approach provides a new window to study parent-
child gaps in acculturation processes (Chen et al., 2013,
2015a,b,c). Moving beyond prior studies on differences in
parent-child beliefs (e.g., cultural orientations) and behavior,
researchers can examine different neural patterns in parent-
child dyads across different immigrant families as they make
decisions, to better understand intergenerational conflict in
immigrant families.

Third, this approach will also shed light on the links between
beliefs, brain, and behavior. For example, it is informative to
investigate how belief similarities in parent-child dyads are
related to brain similarities, and how brain similarities in
parent-child dyads are linked to behavioral similarities. More
importantly, future research can explore the meaning and
developmental consequences when parent-child similarity at one
level does not match with the similarity at another level. This
line of research will not only extend prior research that links
beliefs, brain, and behavior at the intrapersonal level (i.e., within
the same person), but also explore the complex relations among
beliefs, brain, and behavior at the interpersonal level (i.e., in
parent-child dyad).

Although this computational cultural neuroscience approach
provides a novel perspective to examine parent-child similarities
in diverse cultural contexts, limitations of this approach should
be noted. First, although using pre-trained brain signatures to
analyze hyperscanning data can help researchers to examine
what psychological processes might occur within interacting
individuals, it is still possible that some important psychological
processes are not covered by pre-trained brain signatures.
Thus, more future studies are needed to establish brain
signatures representing most relevant psychological processes
during social interactions. Second, most of the methods described
in this review are designed for cross-sectional studies, but
meaningful cultural changes in attitudes or behavior can
provide important information in longitudinal studies. For
instance, a previous longitudinal study showed that even in
the same cohort of immigrants, changes in self-construal
during the process of acculturation were reflected in the
relative engagement of brain areas implicated in self-referential
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