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The parent–adolescent relationship is important for adolescents’ emotion regulation (ER), yet little is known
regarding the neural patterns of dyadic ER that occur during parent–adolescent interactions. A novel measure
that can be used to examine such patterns is cross-brain connectivity (CBC)—concurrent and time-lagged con-
nectivity between two individuals’ brain regions. This study sought to provide evidence of CBC and explore
associations between CBC, parenting, and adolescent internalizing symptoms. Thirty-five adolescents (mean
age = 15 years, 69% female, 72% Non-Hispanic White, 17% Black, 11% Hispanic or Latino) and one biological
parent (94% female) completed an fMRI hyperscanning conflict discussion task. Results revealed CBC between
emotion-related brain regions. Exploratory analyses indicated CBC is associated with parenting and adolescent
depressive symptoms.

Parent–child social interactions are highly influen-
tial in the development of emotion regulation (ER),
the ability to recognize and modulate one’s emo-
tions, throughout childhood and adolescence
(Eisenberg et al., 2005). For instance, emotional sup-
port, guidance, and warmth observed during
parent–adolescent interactions has consistently pre-
dicted more effective adolescent ER skills as well as
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lower levels of internalizing and externalizing
symptoms (Criss, Morris, Ponce-Garcia, Cui, & Silk,
2016; Yap, Schwartz, Byrne, Simmons, & Allen,
2010). Increasingly, research has begun to uncover
how parenting behaviors influence adolescent
emotion-related brain networks that support the
development of ER and risk for psychopathology
(e.g., Silk et al., 2017). Few studies, however, have
explored neural mechanisms underlying social cog-
nitive processes during dynamic, real-time parent–
adolescent interactions. This is particularly impor-
tant to examine during adolescence when many
forms of psychopathology emerge (Guyer, Silk, &
Nelson, 2016). By examining these neural mecha-
nisms in a dyadic context, using novel methods
such as functional magnetic resonance imaging
(fMRI) hyperscanning (i.e., the simultaneous scan-
ning of two interacting individuals), we can gain
valuable insight into dynamic emotion-related pro-
cesses.

Research indicates that parenting behaviors and
practices influence the development of adolescent
emotion-related brain networks. For example, a
study by Lee and colleagues (2015) found that ado-
lescents showed greater activation in subcortical
limbic regions associated with emotional reactivity
when listening to maternal critical statements. Dur-
ing this same task, adolescents also showed
reduced activation in brain regions associated with
cognitive control (e.g., dorsolateral prefrontal cortex
[dlPFC]) and social cognition (e.g., posterior cingu-
late cortex [PCC]), suggesting adolescents may have
difficulty recruiting regulatory regions when faced
with maternal criticism. A second study examining
maternal statements and adolescent brain function
found that adolescent girls with higher levels of
depression and anxiety symptoms showed greater
activaton in the right amygdala when listening to
maternal criticism but reduced activity in the left
amygdala when listening to maternal criticism and
praise compared to girls with lower levels of inter-
nalizing symptoms (Aupperle et al., 2016). A longi-
tudinal study of adolescents with a history of
anxiety found higher levels of adolescent-perceived
maternal warmth predicted lower activation in
regions involved in the affective salience network
when listening to maternal criticism versus neutral
statements (Butterfield et al., 2020). The affective
salience network (e.g., anterior insula [AI], amyg-
dala) is involved in the orientation of attention to
relevant emotional stimuli (Phillips, Drevets, Rauch,
& Lane, 2003), suggesting adolescent-perceived sup-
portive parenting practices may lessen the negative
effects of parental criticism through downregulation

in these regions, thus shifting attention away from
the negative stimulus. Taken together, these find-
ings suggest that evaluative feedback from parents
is associated with the development of adolescent
neurocircuitry, specifically in regions involved in
ER, processing, and reactivity.

Researchers have also used simultaneous fMRI
scanning to examine social and emotional processes
in parent–adolescent dyads. Kerr and colleagues
(2020) measured activity in the brains of parent–
adolescent dyads while completing a dyadic error-
processing task designed to elicit disappointment
during simultaneous fMRI scanning. This study
revealed that positive parenting practices were
associated with greater activity in the parent ven-
tromedial prefrontal cortex (vmPFC), a region
implicated in suppression of negative emotion as
well as empathetic responding, when witnessing
their adolescent’s error. Another study using the
same task revealed that parents who showed
decreased activity in the medial prefrontal cortex
(mPFC) and PCC when witnessing their adoles-
cent’s error had adolescents with greater depressive
and anxiety symptoms (Cosgrove et al., 2020). In
addition, adolescents who showed increased activ-
ity in the AI when witnessing their parent’s error
had parents with greater anxiety symptoms. These
studies demonstrate the utility of simultaneous
fMRI scanning in the examination of parent–adoles-
cent cross-brain associations and suggest that
emotion-related neurobiology may be better under-
stood within a dyadic context. However, fMRI
hyperscanning, which refers to the simultaneous
scanning of two interacting individuals, differs
slightly from simultaneous scanning in that
researchers are able to use this technology to exam-
ine brain activity in two individuals during a recip-
rocal interaction (e.g., conversation [Misaki et al.,
2021]). Thus, hyperscanning allows us to examine
dyadic brain function simultaneously during recip-
rocal and unpredictable interactions, making this
technology indispensable when considering the
neurobiological mechanisms associated with par-
ent–adolescent social interactions. Furthermore,
fMRI hyperscanning allows for the examination of
whole-brain activity, including the limbic system,
that cannot be captured in other hyperscanning
modalities such as electroencephalogram (EEG) and
dual functional near-infrared spectroscopy (fNIRS).

Hyperscanning using EEG (e.g., Astolfi et al.,
2011), fNIRS (e.g., Reindl, Gerloff, Scharke, & Kon-
rad, 2018), and MEG (e.g., Hirata et al., 2014) has
been used to study interbrain synchrony. Interbrain
synchrony, also termed brain-to-brain synchrony or
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neural synchrony, refers to concurrent functional
connectivity between the same brain regions in two
interacting individuals. The concept of interbrain
synchrony stems from a vast literature spanning
decades of research on emotional, behavioral, and
biological synchrony between socially interacting
individuals (e.g., Feldman, 2007). The research
focused on the parent–child dyad suggests that
these forms of synchrony may be related to care-
giver attachment, parent–child relationship quality,
social competence, empathetic responding, and
importantly, self-regulation (Barber, Bolitho, & Ber-
trand, 2001; Feldman, 2007). Indeed, empirical find-
ings have consistently shown that parent–child
synchrony is related to the development of self-
regulation strategies from infancy to adolescence
(Barber et al., 2001), which in turn is related to
lower levels of internalizing symptoms in adoles-
cence (Criss et al., 2016; Yap et al., 2010).

A recent study examining parent–child interbrain
synchrony using fNIRS hyperscanning found
increased synchrony in the dlPFC and frontopolar
cortex during parent–child cooperation but not dur-
ing competition between parents and children
(Reindl et al., 2018). When children completed the
tasks with an adult stranger, evidence of interbrain
synchrony was not found, suggesting that syn-
chrony may relate to social connectedness between
parents and children. A similar study by Miller and
colleagues (2019) also found increased interbrain
synchrony in the dlPFC and frontopolar cortex of
mother–child dyads while completing a cooperative
task versus one completed independently. Lastly,
an fNIRS hyperscanning study found higher levels
of parenting stress was associated with reduced
interbrain synchrony in the left mPFC among moth-
ers and their children when watching animated
videos together (Azhari et al., 2019).

Building on these findings, we suggest that
cross-brain connectivity (CBC) may provide insight
into the patterns of social and emotion-related pro-
cesses that occur during real-time interactions
between parents and adolescents. CBC extends
interbrain synchrony by including both concurrent
and time-lagged functional connectivity between
the same and different brain regions in two inter-
acting individuals (Bilek et al., 2015). Considering
developmental differences as well as the distinct
roles of parents and children during interactions, it
is likely that parents and adolescents may recruit
different regions to process social and emotional
stimuli while engaging in conversation. Moreover,
the inclusion of time-lagged functional connectivity
within our definition is crucial in order to

accommodate the natural delay that occurs between
the speaker and the listener during real-life conver-
sations. To date and to the best of our knowledge,
no studies have examined CBC in the parent–child
dyad. However, Bilek and colleagues (2015) exam-
ined CBC in stranger dyads completing a joint
attention task while undergoing fMRI hyperscan-
ning. The cooperative task required the “sender” to
convey the location of a given target by shifting
their gaze to the correct location, and the “receiver”
used this nonverbal information to accurately guess
the position of the target. They found evidence of
CBC between the sender’s right temporoparietal
junction and the receiver’s mPFC and orbitofrontal
cortex. They also noted dyads who reported larger
social networks showed greater CBC during the
task. Thus, like interbrain synchrony, CBC appears
to play a role in supporting social interactions.

The Current Study

CBC may reveal the nuances of social cognition,
including emotion-related processes, during real-
time parent–adolescent social interactions. More-
over, fMRI hyperscanning, which offers a high spa-
tial resolution of both cortical and deep-brain
structures, provides a method of assessing CBC
between interacting parents and adolescents. Thus,
we sought to explore parent–adolescent CBC
between emotion-related brain regions during an
fMRI hyperscanning task as well as associations
between CBC and parent emotion socialization
behaviors, parent–adolescent interaction quality,
and adolescent internalizing symptoms. Specifically,
we sought to address the following questions: (a) is
there evidence of parent–adolescent CBC during a
conflict discussion task?; (b) is CBC between
emotion-processing regions in the adolescent and
parent brain related to adolescent self-reported
depressive and anxiety symptoms?; (c) is CBC
between emotion-processing regions of the adoles-
cent and parent brain related to adolescent–per-
ceived parent emotion socialization behavior?; and
(d) is CBC between emotion-processing regions of
the parent and adolescent brain related to the
valence of a parent–adolescent social interaction
during a conflict discussion task? Each of our
research questions were exploratory in nature.
Directional hypotheses were unable to be derived
given that this is the first study to examine CBC in
parents and adolescents as well as the first study to
examine CBC during a reciprocal verbal interaction
using fMRI hyperscanning. Regions of interest in
this study were determined a priori and included
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the the bilateral AI, dlPFC, ventrolateral prefrontal
cortex (vlPFC), and amygdala, as these regions
have been identified in meta-analyses of ER and
processing (Frank et al., 2014; Kohn et al., 2014; Xu
et al., 2014; Yarkoni, Poldrack, Nichols, Van Essen,
& Wager, 2011).

Methods

Participants

Parent–adolescent dyads were recruited from
public middle and high schools in a southern mid-
west city in the United States using flyers sent via a
digital platform used by school districts in the area.
Adolescent participants were 14–16 years of age.
We selected a minimum age of 14 in order to limit
the effects of puberty-related brain changes. These
data are taken from a larger study that sought to
predict adolescent-onset psychopathology at longi-
tudinal follow ups, necessitating an upper age limit
of 16. Parents were biological and co-residing with
the focal adolescent at least four or more days per
week. The study was approved by the university’s
institutional review board. Parents provided written
informed consent for themselves as well as their
adolescent. Adolescents provided written informed
assent. All participants were financially compen-
sated for their participation.

All participants included in the study were right-
handed (assessed using the Edinburgh Handedness
Inventory; Oldfield, 1971) and fluent in English.
Exclusion criteria for the parent and adolescent
included a current medical condition known to
influence fMRI, use of psychotropic medication
within 3 weeks (36 hours for stimulant use) of scan-
ning, or current pregnancy. In addition, parents
were excluded for current psychiatric diagnosis,
and adolescents were excluded for any current or
past psychiatric diagnosis. Both parents and
adolescents were excluded if under the influence of
alcohol or a psychoactive drug on the day of scanning,
as determined by breathalyzer and saliva testing.

Following the initial screening, 39 parent–adoles-
cent dyads completed the hyperscanning session.
One dyad was excluded for clinical abnormalities
(i.e., structural abnormality significantly affecting
data quality or brain function), and three dyads
were excluded due to issues with the audio system
during the scan. This resulted in a final sample of
35 adolescents (M age = 15.2 years; 69% female;
72% Non-Hispanic White, 17% Black, 11% Hispanic
or Latino) and 35 parents (M age = 42.6 years; 94%
female; 74% Non-Hispanic White, 17% Black, 9%

Hispanic or Latino). The demographic characteris-
tics of the original sample (n = 39) closely matched
those of the (city name removed for blinding) metro
area population from which they were drawn.
Unfortunately, some of those excluded for the
issues described above were Native American or
Asian American, which affected these groups’ rep-
resentation in our final data set. For additional
demographic information, please see Table 1.

Procedure

The study protocol consisted of an initial phone
screen, a 2-hour screening and survey visit, and a
4-hour scanning visit. Individuals interested in the
study were directed to call the study research assis-
tant. Upon initial contact, the parent completed a
brief phone screen to determine eligibility for the
screening visit. The phone screen included ques-
tions regarding MRI safety (e.g., surgical history) as
well as a brief mental and physical health screener
for both the adolescent (parent reported) and par-
ent. If the dyad met initial eligibility requirements,
the parent and adolescent were scheduled to attend
the 2-hour screening and survey visit.

During the 2-hour visit, dyads completed a bat-
tery of surveys assessing parent–child relationship
quality, mental and physical health, and other
demographic information. Parents and adolescents
completed surveys separately. In addition, parents
and adolescents completed the Mini International Neu-
ropsychiatric Interview (parent—MINI 7.0 [Sheehan
et al., 1997]; adolescent—MINI KID 7.0 [Sheehan et al.,

Table 1
Sample demographics

Parents
(n = 35)

Adolescents
(n = 35)

Female 33 24
Age (years; M [SD]) 43 (6) 15 (1)
Parent education
High school graduate/GED 3 —

Some college/trade school 8 —

College graduate 16 —

Graduate degree 8 —

Race
Black 6 6
White 29 29

Ethnicity
Hispanic or latino 3 4
Not hispanic or latino 32 31

Note. The two dyads including fathers were father–daughter
dyads.
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2010]) to determine current and past psychiatric
diagnoses. In our final sample of 35 parents, five
had a prior psychiatric diagnosis. Of these, four
met the criteria for a history of major depressive
disorder (no current symptoms) as determined by
the MINI 7.0. Additionally, one parent self-reported
a diagnosis of attention-deficit/hyperactivity disor-
der. Parents completed the MRI screening question-
naire developed by the Institute for Magnetic
Resonance Safety, Education, and Research (IMR-
SER) for both themselves and their adolescent to
ensure the dyad met MRI safety screening criteria.
Additionally, the adolescent completed a brief ver-
sion of this measure to assess criteria affecting MRI
safety that may be unknown to the parent (e.g.,
piercings). Height, weight, and blood pressure were
obtained for all participants.

If eligible following the screening and survey
visit, dyads were scheduled to attend the 4-hour
scanning visit typically within 3–4 weeks of their
initial visit. During the scanning visit, parents and
adolescents completed surveys assessing parent–child
conflict. In addition, parents were asked to complete
the MRI safety screening assessment for both them-
selves and their adolescent a second time. Parents
and adolescents completed a breathalyzer and saliva
test to screen for alcohol and drug use, and female
participants were required to take a pregnancy test
prior to scanning.

Functional magnetic resonance imaging hyper-
scanning technology was used to collect brain
imaging data. fMRI hyperscanning is an innovative
methodology that utilizes simultaneous fMRI to
measure neural responses of two interacting indi-
viduals in separate scanners. Two identical GE
MR750 3.0T scanners with GE 8 channel head coils
were used to obtain all imaging data (see Supple-
ment for imaging parameters and preprocessing).
During the scan, dyads completed the conflict dis-
cussion task (see Measures).

Measures

Adolescent Symptoms of Depression

Adolescents completed the 33-item Mood and
Feelings Questionnaire (MFQ), which assesses symp-
toms of depression in the past 2 weeks (Angold &
Costello, 1987). MFQ example items include, “I didn’t
enjoy anything at all,” and “I felt miserable or
unhappy,” and were completed on a 3-point Likert
scale (0 = “not true,” 1 = “sometimes,” or 2 = “true”).
Scores were summed to compute the adolescent
depression variable. Cronbach’s awas .80.

Adolescent Symptoms of Anxiety

Adolescents completed the 41-item Screen for
Child Anxiety Related Disorders (SCARED; Birmaher
et al., 1997) which assesses symptoms of anxiety over
the past 3 months. SCARED example items included,
“I worry about being as good as other kids,” and “I
get really frightened for no reason at all.” Questions
are completed on a 3-point Likert scale (0 = “Not
True or Hardly Ever True,” 1 = “Somewhat True or
Sometimes True,” or 2 = “Very True or Often True”).
Scores were summed to compute the adolescent anxi-
ety variable. Cronbach’s a was .91.

Parenting Emotion Socialization

Adolescents completed the Emotions as a Child
Scale (EAC; Magai & O’Neal, 1997) which assesses
parent responses to their child’s negative emotions.
Example items included, “When you have been
upset (angry, sad), how often did your (focal par-
ent) not notice?” and “When you have been upset
(angry, sad), how often did your (focal parent) ask
you about it?” The “focal parent” (mother or father)
was automatically generated and included in the
item. Questions are completed on a 3-point Likert
scale (1 = “Not at All,” 3 = “Sometimes,” or
5 = “Very Much”). The EAC has five subscales
assessing parent response: Reward, Punish, Mag-
nify, Override, and Neglect; however, based on a
factor analysis conducted by Cui and colleagues
(2020), a two-factor structure for the EAC is an
acceptable alternative for use with adolescents. The
two factors, Supportive and Usupportive socializa-
tion strategies, are comprised of the Reward and
Override subscales and the Punish, Magnify, and
Neglect subscales, respectively. Cronbach’s a was
.70 for the Unsupportive factor and .80 for the Sup-
portive factor. The EAC includes identical subscales
assessing four different negative emotions: sadness,
anger, fear, and shame. However, in this study,
only sadness and anger were evaluated and were
combined in one subscale. We expected sadness
and anger to be particularly salient given the nature
of the conflict discussion task, and both sadness
and anger dysregulation have been shown to pre-
dict internalizing issues in adolescents (e.g., Cui
et al., 2020).

fMRI Conflict Discussion Task

Before scanning, parents and adolescents com-
pleted the Conflict Frequency Questionnaire (Melby
et al., 1998) to determine the dyad’s most frequent
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conflict. The 33-item questionnaire consists of 32
possible conflict topics as well as an “other” cate-
gory to list any topics not covered in the question-
naire. Example topics include, “Activities with
friends,” “Attitude or respect,” “Chores at home,”
“Homework,” and “Use of computer or phone.”
Parents and adolescents were asked to rate how
often in the past year they had each disagreement
with their parent or adolescent on a 5-point Likert
scale from “Never” to “Very Often.” The three
topics rated highest were selected for use in the
conflict discussion task, with topics rated highly by
both dyad members being prioritized. These con-
flicts were programmed into the task (see Figure 1),
with one topic being presented during each scan-
ning run.

While undergoing fMRI hyperscanning, dyads
discussed each of the three conflicts for 4 min per
conflict, for a total of 12 min, using headsets
equipped with headphones and a microphone
(OptoActive II NC Microphones and ANC Head-
phones, Opto acoustics Ltd.). During the first
2 min, the dyad was prompted to describe the con-
flict presented on the screen. During the next
2 min, the dyad was prompted to come up with a
solution for the conflict. A timer was present on the
screen counting down in 5-second increments and
then by 1-second increment for the final 10 seconds
of the task.

Audio from the conflict discussion task was
recorded, transcribed, and coded for positive and
negative statements based on the coding manual
used by Eisenberg and colleagues (2008). Transcrip-
tions were coded by personnel trained in qualitative
and verbal data coding. In the case of disagreements
between the two coders, consensus was attempted

through discussion, but if consensus could not be
reached, the statement was not coded. Reliability
coding (i.e., coding by both the primary coder and
reliability coder) was completed for 26% of the tran-
scriptions with 96% agreement (Cohen’s j = .92,
p < .0005) found between the coders. Positive state-
ment categories included validation, agree, humor,
elicit opinion, and offer solution; and negative state-
ment categories included disagree, put down, derisive
humor, coerce, interrupt, and stonewall. Statements
that did not fall into one of these categories were con-
sidered noncoded statements. To assess the quality of
the parent–adolescent interaction during the conflict
discussion task, the ratio of parent negative state-
ments to positive statements was quantified as “par-
ent negativity.” Similarly, “adolescent negativity”
was quantified by the ratio of adolescent negative
statements to positive statements during the conflict
discussion task.

Statistical Analyses

Neuroimaging Analyses

To infer neural responses of socially interacting
brains, we employed a CBC approach. CBC is an
extension of conventional within-brain functional
connectivity analysis to between-brain connectivity
by utilizing lagged cross-correlation analysis (Bilek
et al., 2015). In this study, CBC was measured by cal-
culating cross-correlations between the BOLD signal
time course of one member of the dyad’s emotion-
related brain regions, referred to as seed regions, and
the other member of the dyad’s BOLD signal time
course for all voxels in the brain during the describe
and solution blocks of the conflict discussion.

Figure 1. Conflict discussion task completed by parent and adolescent during fMRI hyperscanning.
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The signal time series during the describe and
solution blocks of the discussion was extracted from
the residual signal of the noise regression. The initial
four fMRI volumes in each block were removed to
account for hemodynamic response delay. These sig-
nals reflect brain activity across time during each
block of the task. Cross-correlations between the par-
ent and adolescent signals were then calculated for
each block. Lagged cross-correlation analysis was
used to account for variability in brain response, as
CBC is mediated by a behavioral interaction, which
may result in a longer delay due to the timing of the
behavioral interaction and transmission of an
emotion-related communication. To accommodate
this, cross-correlation analysis with lags of + or �
6 seconds were performed consistent with prior
studies examining neural coupling during conversa-
tion (Stephens, Silbert, & Hasson, 2010), and the
maximum correlation in the positive and negative
lags were extracted, respectively, as well as the zero-
lag correlation. The cross-correlation values applied
unbiased normalization to make the possible range
�1 to 1 and then were transformed to z-values with
Fisher’s transformation.

For cross-correlations between the adolescent
seed region and the parent whole brain, a negative
lag indicates adolescent brain activity precedes parent
brain activity; whereas, a positive lag indicates parent
brain activity precedes adolescent brain activity. For
the cross-correlations between the parent seed region
and the adolescent whole brain, a negative lag indi-
cates parent brain activity precedes adolescent brain
activity; whereas, a positive lag indicates adolescent
brain activity precedes parent brain activity. For ease
of interpretation, we refer to all instances in which
parent brain activity precedes adolescent brain activ-
ity as parent-driven effects. Instances in which adoles-
cent brain activity precedes parent brain activity are
referred to as adolescent-driven effects. Please see Fig-
ure 2 for a visual representation.

Seed regions were selected a priori and included
the bilateral AI, dlPFC, vlPFC, and amygdala. For
all ROIs except the amygdala, sphere ROIs centered
at coordinates reported in previous research were
used in order to capture functional specificity. A
sphere size of 6mm was selected following our
empirical observation showing that spatial smooth-
ness of the residual image of GLM analysis was
about 6 mm full width at half maximum on average
in the whole brain. Spheres centered around MNI
coordinates identified in meta-analyses were used to
create the following seed regions: bilateral AI: (+ or
�36, 19, 1; Xu et al., 2014); bilateral dlPFC: (+ or �45,
34, 30), identified using the search term “dlPFC” on

Neurosynth (Yarkoni et al., 2011); bilateral vlPFC: (+
or �46, 22, 8), the midpoint between two previously
identified vlPFC seed regions (Frank et al., 2014;
Kohn et al., 2015). The amygdala seed regions were
defined anatomically using masks based on the MNI
brain created by FreeSurfer. (For small subcortical
regions such as the amygdala, the anatomical mask is
more refined than a 6mm radius sphere mask.)

Group-level analysis was conducted using linear
mixed-effect model analysis for the cross-correlation
values as the dependent variable with fixed effects
of the lag (positive or negative or 0), adolescent
gender, interaction between lag and adolescent gen-
der, and adolescent age, and a random effect of dyad
on intercept. Linear mixed-effect model analysis was
completed for both the describe block and the solu-
tion block separately. The lme4 package (Bates,
Maechler, Bolker, & Walker, 2015) in R language and
statistical computing software (R core Team, 2019)
was used for the voxel-wise analysis. We performed
ad hoc testing for the significance of the cross-
correlation value in each lag using t-tests with multi-
ple testing correction by critical values from multi-
variate t-distribution determined with lsmeans
package (Lenth, 2016). A voxel-wise threshold of
p < .001 was applied to the results followed by
cluster-size family-wise error correction at p < .05.
Cluster-size threshold was evaluated with 3dClust-
Sim in AFNI using an improved spatial autocorrela-
tion function (Cox, Chen, Glen, Reynolds, & Taylor,
2017), resulting in a cluster threshold of 103 voxels.

Exploratory Behavioral Analyses

For region pairs exhibiting statistically significant
CBC, the resulting cross-correlation (normalized and
Fisher’s r-to-z transformed) were averaged across the
three runs, creating a value reflecting the degree of
parent–adolescent CBC between the two regions for
each dyad during the conflict discussion task. To
determine the relationship between CBC and mea-
sures of interest, these values were used in a region-
based Bayesian multilevel (BML) approach using the
AFNI program RBA (Chen et al., 2019). The Baye-
sian approach attempts to estimate parameters of an
underlying distribution using a prior probability dis-
tribution and evidence from the observed distribu-
tion. The region-based BML approach resolves the
issue of multiplicity at the ROI-level, often encoun-
tered when using null hypothesis significance test-
ing, by assuming a Gaussian distribution for the
ROIs in a single multilevel model. This results in
partial pooling among the ROIs, in contrast to uni-
variate approaches which assume ROIs are

Parent-Adolescent Cross-Brain Connectivity 7



unrelated, allowing for greater predictive accuracy
and model efficiency (Chen et al., 2019). The region-
based BML uses the brms R package (B€urkner, 2017),
which employs the R interface to Stan, or RStan, and
the C++ math library. Stan is a probabilistic pro-
gramming language that uses No-U-Turn Sampling
(NUTS) for Bayesian inferences, an extension of the
Hamiltonian Monte Carlo (HMC) Samplers under
Markov chain Monte Carlo (MCMC) algorithms
(Stan Development Team, 2017).

In this study, two Bayesian analyses were per-
formed. The first model included all parent-driven
CBC region pairs and explanatory variables, includ-
ing measures of adolescent symptoms of depression
and anxiety, parent emotion socialization behaviors
(supportive and unsupportive), and measures of par-
ent–adolescent interaction quality during the conflict
discussion task (parent negativity and adolescent
negativity). Bivariate correlations between behavioral
measures can be found in Table 2. The second
model included all adolescent-driven CBC region
pairs and the aforementioned explanatory variables.
For both models, four Markov chains were imple-
mented for each parameter. An initial predetermined
5,000 iterations were run with 2,500 thrown away as
burn-in iterations, and 10,000 post burn-in iterations
were specified. To assess chain convergence, the split

R statistic was used. The diagnostic indicated con-
vergence was obtained for all chains. Parameters
assessing the number of effective sampling draws
following burn-in showed the effective sample sizes
in relation to the total sampling draws were large
enough to ensure accuracy when obtaining the quan-
tile intervals for each posterior distribution.

We utilized the default prior settings (Gaussian
distribution) in the RBA program for the ROIs, sub-
jects, and response variables. In addition, we imple-
mented uninformative priors for the effects at the
population level and weakly informative priors for
the scaling parameters. The selection of priors was
based on recommendations from Chen and col-
leagues (2019). The graphical posterior predictive
check tool (PPC), which graphically compares
observed data to the model prediction, was used to
assess model fit. Visual inspection of the resulting
model indicated good model quality and fitness.

Results

The cross-brain correlation analysis of fMRI hyper-
scanning data revealed lagged CBC between multi-
ple emotion-related brain regions in the parent and
adolescent brains, while no significant zero-lag

Figure 2. The negative lag correlation indicates the seed brain activation in one individual precedes the brain activation of the other
individual and vice versa for the positive lag. Instances in which parent brain activity precedes adolescent brain activity are referred to
as parent-driven effects. Instances in which adolescent brain activity precedes parent brain activity are referred to as adolescent-driven
effects.

Table 2
Bivariate Correlations Between Behavioral Measures

Variable Mean SD 1 2 3 4 5

1. Adolescent MFQ 5.83 4.82
2. Adolescent SCARED 15.77 10.83 0.67***
3. Parent negativity 0.28 0.21 0.20 0.00
4. Adolescent negativity 0.26 0.30 0.42* 0.19 0.56***
5. EAC unsupportive 15.74 5.29 0.29 0.45*** 0.11 0.22
6. EAC supportive 22.29 5.33 0.26 0.31 �0.07 �0.10 0.02

Note. EAC = Emotions as a Child Scale; MFQ = Mood and Feelings Questionnaire; SCARED = Screen for Child Anxiety-Related Disor-
ders.
*p < .05. ***p < .001.
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correlation between the brains was found. Figure 3a
shows the significant CBC region pairs for both
parent-driven and adolescent-driven effects. The
brain networks were visualized with the BrainNet
viewer (Xia, Wang, & He, 2013; http://www.nitrc.
org/projects/bnv/). Lists of all statistically signifi-
cant CBC region pairs can be found in Supplement,
Tables S1 and S2. CBC region pairs were found dur-
ing the describe block of the conflict discussion task
unless otherwise noted. Notably, we found that most
significant CBCs were primarily driven by the parent
(parent brain activity precedes adolescent) and only
a few were adolescent-driven (adolescent brain activ-
ity precedes parent). We summarize the results in
the following two sections for the region pairs by
parent-driven effect and adolescent-driven effects.
Associations between regions reflect positive connec-
tivity unless otherwise noted.

CBC: Parent-Driven Effects

Parent Seed Region and Adolescent Whole Brain

The cross-correlation analyses revealed 54 signifi-
cant parent-driven region pairs. Here we highlight

significant region pairs between emotion-related
brain regions (all parent-driven effects can be found
in the Supplement, Table S1). Parent activation in
cortical seed regions, predominantly the AI, often
preceded activity in the adolescent AI (see Fig-
ure 3a). For example, activity in the parent right
dlPFC seed was associated with activity in the ado-
lescent right AI. Activity in the parent left AI seed
region was associated with activity in the adoles-
cent left AI, and activity in the parent right AI seed
region was associated with activity in the adoles-
cent bilateral AI. In addition, parent activation in
the left AI seed region preceded activity in multiple
adolescent cortical regions, including the left infe-
rior frontal gyrus (IFG), left middle frontal gyrus,
right superior frontal gyrus (SFG), and the dorsal
left anterior cingulate gyrus; whereas, activation in
the parent right AI seed region predicted activity in
only the adolescent bilateral AI.

Parent Whole Brain and Adolescent Seed Region

In regard to whole-brain activation in the parent,
results indicated parent cortical regions were pre-
dominately related to activity in the adolescent

Figure 3. Results of the cross-brain connectivity (CBC) analysis and Bayesian analyses. Blue lines represent parent-driven effects. Teal
lines represent adolescent-driven effects. (a) Results of the CBC analysis. Nodes represent locations of region pairs showing statistically
significant CBC between parents and adolescents. Red lines represent negative connectivity. (b) Results of the Bayesian analysis (see
Figures S1 and S8) examining associations between significant CBC region pairs and adolescent-perceived parent emotion socialization
behaviors (EAC). All parent-driven CBC between these regions was associated with fewer supportive parent emotion socialization
behaviors. The only instance of adolescent-driven CBC between these regions was associated with greater unsupportive parent emotion
socialization behaviors (teal line). (c) Results of the Bayesian analysis (see Figure S5) examining associations between significant CBC
region pairs and adolescent-reported depressive symptoms (MFQ). All parent-driven CBC between these regions was associated with
fewer adolescent depressive symptoms. No associations between adolescent-driven CBC and adolescent depressive symptoms were
found.
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bilateral AI seed regions (see Figure 3a). For exam-
ple, activation in the parent bilateral middle frontal
gyrus, right medial frontal gyrus, and left dorsal
anterior cingulate gyrus was associated with activa-
tion in the adolescent left AI seed. Activation in
the parent bilateral middle frontal gyrus, right IFG,
and right medial frontal gyrus was associated with
activation in the adolescent right AI seed region.
Activity in the parent bilateral AI was associated
with activity in both the left and right adolescent
AI seed regions. In addition, some parent cortical
regions were associated with activity in adolescent
cortical seed regions aside from the AI (see Fig-
ure 3a). For example, activity in the parent right
IFG and the left SFG was associated with activity
in the adolescent right dlPFC seed region, and
activity in the parent right IFG and right precuneus
was associated with activity in the adolescent right
vlPFC seed region. Few associations demonstrated
negative connectivity; however, one to note is the
negative association between activity in the parent
right SFG and the adolescent right amygdala seed
region. This is the only finding showing an associa-
tion between a parent cortical region and adoles-
cent subcortical region involved in emotion
reactivity (see Figure 3a). Parent subcortical regions
involved in emotion reactivity, including the bilat-
eral lentiform nucleus and right thalamus, preceded
activity in the left and right adolescent AI seed as
well.

CBC: Adolescent-Driven Effects

Adolescent Seed Region and Parent Whole Brain

Results of the cross-correlation analyses revealed
comparatively fewer adolescent-driven effects (see
Table S2), which may suggest neural processes
underlying parent–adolescent social interactions
are often parent led. Only one adolescent seed
region predicted activation in the parent—activity
in the adolescent right vlPFC seed region was
associated with activity in the parent bilateral cul-
men during the solution block of the conflict dis-
cussion task.

Adolescent Whole Brain and Parent Seed Region

Regarding whole-brain activation in the adoles-
cent, results indicated activity in adolescent cortical
regions predicted activity in the parent cortical seed
regions. Activity in adolescent right SFG was nega-
tively associated with activity in the parent right
dlPFC seed region. Activity in the adolescent left

SFG and left precentral gyrus was associated with
activity in the parent right vlPFC seed region. Both
of these CBC region pairs were found during the
solution block.

CBC: Exploratory Behavioral Results

Exploratory analyses were conducted using the
region-based BML approach (Chen et al., 2019),
which provides the probability of an effect being
either positive or negative based on the specified
model and the sample. All posterior density plots
with P+ values can be found in Supplement, Fig-
ures S1–S12. P+ is the probability that the effect is
positive conditional on the current model and data
set. It can be used to assess evidence for region
effects, with p+ values close to 1 providing stronger
evidence that the effect is positive and smaller val-
ues providing stronger evidence that the effect is
negative (1-P+). In the following sections, we high-
light associations between CBC and parent emotion
socialization behaviors and adolescent depressive
symptoms. We did not find evidence for associa-
tions between CBC and adolescent anxiety or par-
ent–adolescent overall interaction quality (i.e.,
parent negativity and adolescent negativity) during
the conflict discussion task.

CBC and Parent Emotion Socialization

CBC between parent cortical regions and adoles-
cent bilateral AI seed regions was associated with
fewer adolescent-reported supportive parent emo-
tion socialization behaviors (see Figure 3b and Fig-
ure S1). For example, CBC between the parent left
cingulate gyrus and the adolescent bilateral AI was
associated with fewer supportive parent emotion
socialization behaviors (left: p+ = .028; right: p+ =
.023). CBC between the parent left middle frontal
gyrus and the adolescent right AI was associated
with fewer supportive behaviors (p+ = .014), and
CBC between the parent right IFG and the adoles-
cent right AI was associated with fewer supportive
behaviors (p+ = .034). CBC between the parent right
inferior parietal lobule and the adolescent right
dlPFC was associated with fewer supportive behav-
iors (p+ = .039). CBC between the parent right
angular gyrus and the adolescent right dlPFC seed
and CBC between the parent right precuneus and
the adolescent right vlPFC were associated with
fewer supportive behaviors (p+ = .017; p+ = .012,
respectively).

CBC between parent subcortical regions and
adolescent bilateral AI seed regions was also
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associated with fewer adolescent-reported support-
ive parent emotion socialization behaviors. For
example, CBC between the parent right thalamus
and the adolescent right AI was associated with
fewer supportive behaviors (p+ = .037). CBC
between the parent left lentiform nucleus and the
adolescent left AI was associated with fewer sup-
portive behaviors (p+ = .033), and CBC between the
parent right lentiform nucleus and the adolescent
right AI was also associated with fewer supportive
behaviors (p+ = .024). Lastly, one instance of
adolescent-driven CBC between the adolescent left
SFG and the parent right vlPFC seed was associ-
ated with greater adolescent reported unsupportive
behaviors (p+ = .934).

CBC and Adolescent Depression

In regard to adolescent depressive symptoms,
parent activation in several cortical regions was asso-
ciated with activation in the adolescent bilateral AI
seed region. CBC between these regions was associ-
ated with fewer depressive symptoms (see Figure 3c
and Figure S5). For example, CBC between the par-
ent right middle frontal gyrus and the adolescent left
AI seed region was associated with fewer adolescent
depressive symptoms (p+ = .089). CBC between the
parent right IFG and the adolescent right AI seed
region and CBC between the parent right dlPFC
seed region and the adolescent right AI were also
associated with fewer adolescent depressive symp-
toms (p+ = .077; p+ = .058, respectively).

Parent activation in subcortical regions was also
related to activation in the adolescent bilateral AI
seed region and adolescent-reported depression. For
instance, CBC between the parent right AI seed region
and the adolescent right AI was associated with fewer
adolescent depressive symptoms (p+ = .065). CBC
between the parent left lentiform nucleus and the ado-
lescent left AI seed region was associated with fewer
adolescent depressive symptoms (p+ = .082).

Discussion

In this study, we provide evidence of parent–adoles-
cent CBC between several emotion-related brain
regions during a naturalistic fMRI hyperscanning
task. This is the first study to our knowledge to show
patterns of CBC between parents and adolescents.
Interestingly, effects were primarily driven by par-
ents, and several brain regions consistently emerged,
including the AI. Furthermore, we explored associa-
tions between these CBC region pairs, parenting

behavior, and adolescent depressive symptoms. We
found that parent–adolescent CBC is related to both
parent emotional socialization behaviors and adoles-
cent depressive symptoms. Specifically, we found
that CBC between multiple emotion-related brain
regions was associated with fewer adolescent-
perceived supportive parent emotion socialization
behaviors. Additionally, we found CBC between
emotion-related brain regions was associated with
fewer adolescent-reported depressive symptoms.
Our findings provide novel insight into the role of
CBC in social cognitive processes underlying parent–
adolescent dynamic, social interactions.

In regard to our first research question, we found
evidence of CBC between emotion-related regions of
parents’ and adolescents’ brains during the conflict
discussion task. Sixty total significant CBC region
pairs were found. Notably, of those, 54 were parent-
driven effects while only six were adolescent-driven
effects. Given a large number of parent-driven
effects, we further explored the temporal unfolding
of the discussion (i.e., parent-initiated versus
adolescent-initiated) using descriptive statistics.
Descriptive statistics indicated parents initiated 67%
of the conversations, yet 90% of the significant
effects were found to be parent-driven. Moreover,
when parents did initiate the conversation, they
were equally likely to initiate the conversation in
either the describe or solution block (48% and 52%,
respectively). If the effects did indeed simply reflect
who initiated the conversation, we might expect an
equal number of parent-driven effects in both the
describe and solution blocks. However, we see only
two of the 54 parent-driven effects were found in
the solution block. These findings suggest that par-
ent initiation of the conversation cannot fully
account for a large number of parent-driven effects.
For the six adolescent-driven effects, three occurred
during the solution block and three during the
describe block. However, adolescents were slightly
more likely to initiate the conversation during the
describe block (55% of adolescent-initiated conversa-
tions vs. 45% in the solution block). Although
research suggests parent–child emotion dynamics
become more egalitarian in structure throughout
adolescence (Branje, 2018), parents still remain influ-
ential socializing agents through the process of emo-
tion co-regulation (Morris, Criss, Silk, & Houltberg,
2017). It is plausible that parents’ emotion-related
neurocircuitry may relate to adolescents’ through
co-regulation strategies during real life, dynamic
interactions (Kerr et al., 2018).

Due to the large number of region pairs identi-
fied in the CBC analysis, identified regions are
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organized by both structure and function for dis-
cussion. Results showed CBC across several cortical
regions, including the IFG, middle and medial fron-
tal gyri, and precuneus, among others, all involved
in the regulation of emotion (Frank et al., 2014).
The AI is often considered a hub for coordinating
complex cognitive processes related to emotion
(Uddin, Nomi, H�ebert-Seropian, Ghaziri, & Bou-
cher, 2017). Because of its unique role in emotion
processing, we differentiate it from other cortical
regions involved in regulation. In addition, we
found CBC across subcortical regions, such as the
amygdala, thalamus, and lentiform nucleus. These
regions have consistently been implicated in emo-
tion reactivity (Frank et al., 2014). When examining
significant parent-driven CBC region pairs, several
patterns emerge between these emotion-related
regions. First, in over one-third of these region
pairs, activity in the parent cortical regions pre-
ceded activity in the adolescent bilateral AI during
the conflict discussion task. These cortical regions
are involved in numerous social cognitive functions
including perspective-taking, memory encoding and
retrieval, decision making, and cognitive control
processes that support ER (Ochsner & Gross, 2005).
The AI is one of several regions involved in the
processing of cognitive and affective stimuli during
social interactions and undergoes considerable
development during adolescence, both in structure
and connectivity (Guyer et al., 2016). Specifically,
research shows connectivity between the AI and
the brain’s cognitive control network, encompassing
regions important for self-regulation, is strength-
ened throughout adolescence (Smith, Steinberg, &
Chein, 2014). Thus, in this context, activation in the
adolescent AI following activity in parent cortical
regions may represent the integration of the cogni-
tive and emotional stimuli received from the parent
to inform the adolescent’s own regulatory response.

A second pattern to emerge from discovered
parent-driven CBC region pairs was parent activa-
tion in cortical regions preceding activity in the ado-
lescent bilateral dlPFC and right vlPFC seed regions.
Research with adolescents suggests both the vlPFC
and dlPFC are recruited during ER strategies, specif-
ically cognitive reappraisal, to modulate activity in
the amygdala and that negative connectivity
between these prefrontal regions and the amygdala
increases with age (Silvers et al., 2017). Adolescents’
recruitment of regulatory regions may be influenced
by the parents’ behavior during the interaction.

Lastly, notable parent-driven effects involving
subcortical regions implicated in emotion reactivity
were identified. Specifically, activity in the parent

right thalamus and bilateral lentiform nucleus pre-
ceded activity in the adolescent AI. Additionally,
parent activity in the right SFG preceded lower
activity in the adolescent right amygdala. In studies
examining functional connectivity, the SFG has
been shown to be involved in emotional downregu-
lation; specifically, the SFG reduced activity in the
amygdala through recruitment of the middle frontal
gyrus when faced with negative emotional stimuli
(Frank et al., 2014). Based on our findings, a similar
process may be occurring interindividually in par-
ent–adolescent dyads.

Overall, 43 of the 54 parent-driven CBC region
pairs included either the parent or adolescent AI.
This highlights the importance of the AI in social
cognitive processes. Moreover, bearing in mind its
role in the integration of social and emotional stim-
uli, it is not surprising we would find considerable
evidence of CBC between other brain regions
involved in social cognition and the AI. The AI is
recruited when processing emotions related to the
self and others, including during empathy and
compassion-related tasks (Lamm & Singer, 2010).
Thus, given the importance of the AI in processing
social and emotional stimuli, it will be crucial to
further explore these discovered patterns in future
research.

The comparatively fewer number of adolescent-
driven CBC region pairs resulted in only one identi-
fiable pattern. For three of the six adolescent-driven
findings, adolescent cortical regions, including the
right and left SFG and left precentral gyrus, pre-
ceded activity in the parent right dlPFC and left
vlPFC. Interestingly, this specific pattern of effects
occurred only during the solution block of the task
in which interactions were more reciprocal. This is
in contrast to the parent-driven effects where nearly
all occurred during the describe block. Similar to
studies of parent–child interbrain synchrony during
cooperative tasks (Miller et al., 2019), CBC between
these regions may reflect problem solving. Adoles-
cents may be more engaged when asked to con-
sider solutions for a problem rather than describe
the problem itself; however, additional research is
needed to further understand these findings.

In addition, the exploratory Bayesian analyses
revealed several potentially interesting associations
between CBC, parenting behaviors, and adolescent
depressive symptoms. However, given the novelty
of these findings and dearth of research on CBC
more generally, we interpret these results with cau-
tion. In regard to our second research question, we
found that CBC was associated with fewer
adolescent-reported depressive symptoms but not
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symptoms of anxiety. The overwhelming pattern to
emerge from this analysis was CBC between parent
cortical regions and adolescent AI was associated
with fewer adolescent depressive symptoms. More-
over, in regard to our third research question, unex-
pectedly we found parent-driven CBC was
associated with fewer supportive parent emotion
socialization behaviors, while one instance of
adolescent-driven CBC was associated with greater
unsupportive parent emotion socialization behav-
iors. Similar to past findings of parent–child syn-
chrony, CBC may be indicative of a typical, healthy
parent–adolescent relationship. Our finding that
lower CBC values are related to both adolescent
depressive symptoms and supportive parenting
practices at first glance seems contradictory. More-
over, many of the CBC regions pairs significantly
associated with both of these behavioral measures
overlap. However, past studies have also found
that associations between parenting, neurobiology,
and emotion-related behavior differ in the context
of adolescent internalizing symptoms (Butterfield
et al., 2020). It should also be noted that findings
are specific to an emotion-inducing task, the conflict
discussion, and this study sample is psychiatrically
healthy. Future studies may consider testing
whether low CBC reflects a disruption in the par-
ent–adolescent relationship in the context of adoles-
cent depressive symptoms and emotional contexts
such as a conflict discussion. It is possible that sup-
portive behaviors by the parent could be made in
response to their adolescent’s internalizing symp-
toms, but are not reflected by CBC during the task.

In regard to our fourth research question, we did
not find any significant evidence relating CBC and
the quality of the interaction during the conflict dis-
cussion task. This finding was surprising given past
research suggesting CBC and interbrain synchrony
are particularly dependent on context, whether it be
the type of task (e.g., cooperative versus competi-
tive; Reindl et al., 2018) or the relationship between
the dyad (e.g., stranger dyads versus romantic part-
ners; Bilek et al., 2015). However, previous studies
did not examine CBC during a naturalistic conver-
sation paradigm as in this study. It is entirely possi-
ble that CBC underlies social interactions,
specifically conversation, within the same contexts
and relationships regardless of the quality of the
interaction. In dyads with a history of interactions,
such as parents and children, patterns of CBC may
be embedded throughout conversations, as each
member of the dyad anticipates and responds in
predictable ways. Simply put, the parent–adolescent
relationship itself may be more important than the

observed interaction in determining levels of CBC.
Another plausible explanation may be that our
analyses, which examined the overall level of CBC
between brain regions across each block, did not
capture fluctuating levels of CBC that may have
occurred in direct response to negative versus posi-
tive statements. Additional research is warranted to
determine how context influences levels of CBC in
parent–child interactions.

This study had some limitations. The sample size
was relatively small when considering the various
exploratory behavioral analyses conducted. How-
ever, in comparison to univariate approaches, Baye-
sian analyses are particularly robust in the face of
smaller samples, assuming the correct specification
of the prior distributions. Moreover, Bayesian
approaches resolve the issue of multiple comparisons
through the use of “partial pooling,” or sharing the
information among the identified brain regions in
one model, unlike univariate approaches which
assume the brain regions are unrelated to each other
(Chen et al., 2019). Although we did covary for sex,
due to our small sample size, we were unable to fully
explore sex differences. Future research should con-
sider sex differences among adolescents, parents,
and dyad types (i.e., mother–daughter, mother–son,
father–son, father–daughter), as these may influence
levels of CBC during social interactions. Addition-
ally, a more diverse sample including more variation
in socioeconomic status and race and ethnicity
would increase generalizeability. Future research
should also consider the influence of genetic factors
influencing CBC by examining both adoptive and
biological parent–child dyads. The cross-sectional
study design limits our understanding of the direc-
tionality of the findings. Further elucidation of the
direction of the associations described is needed to
identify additional implications of parent–adolescent
CBC in adolescent brain development as well as
adjustment outcomes. Moreover, a longitudinal
design encompassing a larger age range (e.g., 12–
18 years) that allows for examination of age-related
differences may provide valuable insight into the
ways patterns of social cognition change during the
transition from childhood to adolescence as well as
from adolescence to young adulthood. An additional
limitation is that the use of seed-based analyses
necessitated the selection of certain emotion-related
brain regions to the exclusion of others that are likely
involved in parent–adolescent CBC. For example, the
vmPFC has previously been associated with two-
person, dyadic emotional interactions (Healey &
Grossman, 2018; Hiser & Koenigs, 2018), but we
were unable to include this region due to significant
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signal dropout in our sample, partially due to
orthodontic retainers in the adolescent sample. Lastly,
our sample consisted of psychiatrically healthy par-
ents and adolescents. Future research would benefit
from examining CBC in both healthy control dyads
and dyads in which adolescents are at greater risk for
psychopathology, thus identifying possible differ-
ences in dyadic neurocircuitry that may contribute to
the development of mental health issues.

In summary, this study utilized the capabilities
of fMRI hyperscanning to examine parent–adoles-
cent CBC during an ecologically valid task. We
explored both cortical and deep-brain function of
socially interacting parent–adolescent dyads in real
time. Such a study can only be done using fMRI
hyperscanning. To date, this is the first study to our
knowledge to examine parent–adolescent CBC
using fMRI hyperscanning, and, as such, highlights
the potential for this technology in the study of par-
ent–child interactions. These findings expand our
understanding of the neural basis of dynamic, par-
ent–adolescent social interactions and provide a
foundation for future research to continue to
uncover the role of cross-brain influences involved
in dyadic ER and emotion-related contexts.
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