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Abstract
Background: The interaction between parent and adolescent is more challenging than other age periods.
Family cohesion seriously impacts parent-adolescent emotional interactions. However, the underlying
neural mechanism has not been fully examined. This study examined the differences in the neural
synchrony in response to emotional �lm clips between high and low family cohesion adolescent-parent
dyads by using the electroencephalograph (EEG) hyperscanning.

Results: Simultaneously electroencephalograph (EEG) was recorded while 15 low family cohesion parent-
adolescent dyads LFCs and 14 high family cohesion parent-adolescent dyads HFCs received different
emotional induction when viewing �lm clips. Interbrain phase-locking-value (PLV) in gamma band was
used to calculated parent-adolescent dyads’ interbrain synchrony. Results showed that higher gamma
interbrain synchrony was observed in the HFCs than the LFCs in the positive conditions. However, there
was no signi�cant difference between the HFCs and LFCs in other conditions. Also, the HFCs had
signi�cantly higher gamma interbrain synchrony in the positive conditions than in the negative
conditions.

Conclusion: Interbrain synchrony may represent an underlying neural mechanism of the parent-
adolescent emotional bonding, which is the core of family cohesion.

1 Introduction
Family cohesion refers to the emotion, support, helpfulness and caring among family members (Olson,
2011). Adolescence can be considered a sensitive period for social development, with psychological and
social cognitive changes (Blakemore & Mills,2014). During adolescence, the social world and the
interpersonal interactions become increasingly important. Previous research indicated that family
cohesion may help adolescents to overcome the challenges of social interactions by receiving social and
emotional supports from family members (Johnson et al., 2001). However, the underlying neural
mechanism for the impacts of family cohesion on adolescent-parent emotional interactions has not been
fully examined. As a biomarker of social and emotional interaction, the electroencephalogram (EEG)
interbrain synchrony may represent the behavioral and emotional synchrony, which re�ects the emotional
bond within adolescent-parent dyads (Konvalinka & Roepstorff, 2012). Making further exploration of the
impacts of family cohesion on the neural synchrony within adolescent-parent dyads during an emotional
related task may shed light on the understanding of the biological base of social interaction. Therefore,
this study examined the differences in the neural synchrony in response to different emotional stimulus
simultaneously between the adolescent-parent dyads who had different level of family cohesion.

Family cohesion is de�ned as the emotional bonding that family members have toward each other (Olson
& Craddock,1980). It is the core component of family functioning. Previous studies indicated that
balanced level of family cohesion (e.g., from moderately low to moderately high level) is bene�cial and
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viable for healthy family functioning (Olson, 2011). In a functional and cohesive family, family members
can be emotionally connected to, provide support and caring for their families (Starke & Svensson, 2001).

Family cohesion has signi�cant impacts on adolescents’ behavior, socio-emotional development, well-
being in their later life, and caregivers’ parenting behaviors (Rahgozar et al., 2012; Behnke et al., 2008). It
is highly related to individuals’ positive well-being. For example, adolescents in families with a high level
of family cohesion would report more positive emotional experience, more life satis�ed, and more
meaning and purpose in life (Fosco & Lydon-Staley, 2020). Adverse family processes may operate to
increase adolescents' vulnerability to depression (Sheeber et al., 2001). Previous research also indicated
that family cohesion is associated with a lower level of negative behavioral outcomes during
development (e.g., externalizing behaviors) (Hong et al., 2021). The in�uence of family cohesion on
children and adolescents’ behavioral problems may be moderated by the caregivers’ health condition and
parenting behaviors. Family cohesion can provide important emotional support and boding to reduce the
negative impacts of the maladaptive parenting behavior on children’s behavioral problems (Leidy et al.,
2010). It is considered to be an important protective buffer as it meets the individual’s psychological need
for a�liation, security and emotional connection with others (Roth & Brooks-Gunn, 2000).

Not only the positive impacts of adolescents’ behavior and mental health, family cohesion also has the
protective impacts on social and emotional interaction for adolescents. Family cohesion is positively
correlated with close emotional bonding and depend attachments. A cohesive family re�ects a symbiotic
and interdependent relationship between family members (Alavi et al., 2020). For example, a child’s
mental and emotional status would depend on and be impacted by the other members. Family cohesion
is also related to the family member’s feelings (i.e., loneliness), which re�ect their family environment and
the quality of the interactions with other family members (Johnson et al., 2001). Previous research
indicated that family cohesion is negatively correlated with the parent-adolescent con�ict (Sui et al.,
2015). Higher family cohesion which is characterized as a higher family engagement is negatively
correlated with the adolescents’ depressive symptoms, higher levels of family support, and less
psychological control from mothers (Starke & Svensson, 2001). Adolescents who grow in a family with
moderate cohesion levels would have more positive communication and are more comfortable to be
close with other during social interactions. Adolescents with high family cohesion would show better
communication skills and feel less anxious and negative experiences during socio-emotional interactions
(Olson, 2000). Previous research suggested that family cohesion is positively associated with parental
support, responsiveness, and greater positive parent-child engagement. Family members have
signi�cantly more contact and communication with one another. It is possible that the family rules in a
cohesive family make family members stay more in contact with one another (Reeves et al., 2020). On
the contrary, a lack of family cohesion is associated with the negative parent-child interaction which may
increase the social stress and reduce emotional support from the parents during social interaction (Hong
et al., 2015). Family members with low cohesion would have less involvement in one another’s lives and
show less emotional bonding with one another (Olson, 2000).
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Adolescence is characterized as the increased independence and the development of self. With the
pursuit of independence out of the family environment, adolescents spend more time alone or with their
peers, and the con�ict affective intensity interactions between adolescents and their parents increases
(Steinberg, 1991). As stated above, family cohesion may serve as a protective factor for parent-
adolescent con�icts during socio-emotional interactions and seriously in�uence the effectiveness and
quality of parent-adolescent emotional interactions (Johnson et al., 2001). The most important impacts
of family cohesion could increase the psychological and emotional bonding between parent-adolescent
dyads. During socio-emotional interactions, the behavioral, emotional, physiological and neural
synchronization has been considered as an evolutionary adaptive outcome of interpersonal bonding
(Hove & Risen, 2009). In this case, when engaging in social situations, family members in a high cohesive
family might present a higher level of similarities in behavioral, emotional, physiological and neural levels
because of their inherently biological and emotional bonding. However, there is little neural evidences to
suggest that the level of family cohesion is associated with neural interbrain synchrony between
adolescents and parents during socio-emotional interactions.

As the most important social relationship of each individual, the interaction between infant and caregiver
is thought to be the �rst experience of social interaction. The interbrain synchrony between infant and
caregiver in biological rhythms and social signals re�ects the inherently biological and emotional
bonding, which is also an important feature of the early brain matures (Djalovski et al., 2021). Previous
research demonstrated that the moment-to-moment interbrain synchrony is a sensitive maker that can
predict dynamic socio-emotional interactions (Dikker et al., 2017). It is likely driven by the shared
attention and emotional processing mechanism within the dyads during moments of social contact and
communication.

Generally, there are four types of interbrain synchrony, induced synchrony is associated with the
phenomenon that two brains tend to be synchronized with the in�uence of common external stimuli
(Burgess, 2013). For instance, two participants will show synchrony without information transmission
and interaction, such as viewing a movie (Hasson et al., 2008). According to the phase resetting theory,
each individual is sending out conspicuously social signals in the process of social interaction, such as
gaze, voice, body posture. As the trigger of neural synchrony, these signals trigger the phase reset of the
ongoing neural oscillations of the interacting parties, thus causing the phase difference between the two
signal strings to remain constant (Wang et al., 2021). Previous research suggested that the interbrain
synchrony, which can be measured by the EEG-based functional connectivity provides a useful tool for
studying the simultaneous brain activity between dyads during interactions in different emotional states
(Costa et al., 2006). For example, in a study, participants viewed �lm clips that evoked different emotional
states (e.g., neutral, positive, or negative). There was an overall increase of interbrain synchrony during
emotional stimulation (e.g., during viewing positive or negative �lm clips). However, the interbrain
synchrony indices were signi�cantly different among emotional states (Lee & Hsieh, 2014). Another study
also found that there was a signi�cant difference of hyper-connectivity existed in the gamma frequency
band between positive and negative stimulus conditions (Zhu et al., 2018). During social interactions,
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compared with the negative emotional states, the inter-brain network showed signi�cantly higher strength
for positive emotional states for the parent-infant dyads (Santamaria et al., 2020).

This biobehavioral synchrony could be a consequence of the coordination of physiological and
behavioral processes when individual and their caregiver engagement in each other’s social life (Djalovski
et al., 2021). Increased interbrain synchrony facilitates emotional sharing, social understanding,
psychological support, empathy between individual and their caregiver because of the accessibility to
each other’s internal state (Wheatley et al., 2012). In this case, such interbrain synchrony could be an
important neural indicator of the cohesion level for the family members.

The quality and connection between parent and adolescents during social interaction could re�ect the
level of family cohesion and family atmosphere. However, little is known about the neural underpinnings
about how the level of family cohesion is associated with the interpersonal neural connectivity between
adolescents and parents. As mentioned above, induced synchrony could be re�ected from the
phenomenon that two brains tend to be synchronized with the in�uence of common external stimuli
(Burgess, 2013). Thus, in the current study, the hyperscanning method was used to examine the neural
synchrony in response to different emotional �lm clips between adolescent-parent dyads in different level
of family cohesion. Because of the positive impacts of family cohesion on socio-emotional interactions
between family members (Konrad, 2016), we hypothesized that high family cohesion parent-adolescent
dyads would have high levels of interbrain synchrony in response to emotional �lm clips. Moreover,
previous study demonstrated that the hyper-connectivity (e.g., in the gamma frequency band) in the
positive stimulation condition was greater than in the negative stimulation condition (Zhu et al., 2018).
We hypothesized that how the level of family cohesion associated with the interbrain synchrony between
adolescents and parents would be different in the positive and negative emotional conditions.

2 Methods
2.1 Participants

Adolescent participants were recruited via �yers that invited healthy volunteers to participate in a study of
parenting and emotion. Interested families were invited to visit the university laboratory to take part in the
study. Final samples of the study were recruited on the basis of their scores on the Family Adaptability
and Cohesion Scale, Chinese Version, (FACES -CV; Fei et all, 1991). The 16-item Family Cohesion
Subscale of FACES -CV was used to assess parent-adolescent dyads’ level of family cohesion and
emotional bonding among family members on a 5-point Likert scale (1= never or very rarely true, 5= very
often or always true; e.g., “All the family members get together for activities”). (α = .71).

Given the poor EEG data quality and technical error, 2 parent-adolescent dyads were excluded from the
study. Thus, the �nal sample was composed of 15 low family cohesion parent-adolescent dyads (LFCs;
11 male and 4 female, aged from 11 to 14 years old, Mage=12.00, SD=1.25, 6 mothers, Mage=43.56,
SD=5.43; 9 fathers, Mage=44.22, SD=4.63) and 14 high family cohesion parent-adolescent dyads (HFCs;
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11 male and 3 female, aged from 11 to 14 years old, Mage=12.36, SD=1.08, 7 mothers, Mage=42.57,
SD=1.90; 7 fathers, Mage=42.76, SD=3.21). HFCs (MHFCs=76.93, SD=3.71) and LFCs (MLFCs=66.33,
SD=3.64) differed signi�cantly on the overall family cohesion score (p<.001). The sample size in this
study was also in line with typical hyperscanning EEG studies (Yan et al., 2016).

All of the adolescents came from urban communities in Shenzhen city in China. Approximately 93.10% of
fathers and 89.66% of mothers had received a college education, whereas other parents had received an
education of high school or lower. All of the participants were right-handed and had a normal or
corrected-to-normal vision, and were in good neurological and psychiatric condition. No participant had a
history of neurological or psychiatric disorder, as determined by self- and/or parent report. The research
protocol was approved by the local Institutional Review Board. All procedures performed in studies
involving human participants were in accordance with the ethical standards of the institutional and/or
national research committee and with the 1964 Helsinki declaration and its later amendments or
comparable ethical standards. Informed consent was obtained from the participants and their parents
before the study, and the parent-adolescent dyads were fully debriefed after the experiment.

2.2 Stimuli

Six �lm clips were selected from the Chinese Affective Film System (CAFS; Xu et al, 2010). The �lm clips
were age-appropriate for adolescents. Negative �lm clips consisted of 2 100-s segments from “My
Beloved” and “My Sisters and Brothers”. The negative �lm clips were previously found to elicit a strong
level of sadness (between 4 and 5 on the 5-point rating scale, M=4.5) with low variation across subjects
(SD between 2 and 3, mean SD 2.5). The negative �lm clips included unpleasing social situations, such
as being separated from loved ones. For example, in �lm clip of “My Sisters and Brothers”, the older
brother had to give his youngest sister to others for adoption because of poverty. The youngest sister
cried out and begged her brother not to abandon her. Positive �lm clips consisted of 2 100-s segments
from “A big potato” and “Eat Hot Tofu Slowly”. The positive �lm clips were previously found to elicit a
strong level of happiness (between 4 and 5 on the 5-point rating scale, M=4.5) with low variation across
subjects (SD between 1 and 2, mean SD 1.5). For example, in the �lm clip of “Eat Hot Tofu Slowly”, a
student sleeping in class was asked to sing a song by the teacher. Because his singing was out of tune,
the whole class laughed. Neutral �lm clips consisted of 2 100-s segments from “Computer Maintenance”
and “IP Encapsulation and IDE Interface Fixes”. The neutral �lm clips were previously found to elicit a
medium level of emotional intensity (between 1 and 4 on the 5-point rating scale, M=1.5) with low
variation across subjects (SD between 1 and 2, mean SD 1.5). The neutral �lm clips included one person
completes the operation of repairing the computer and repairing the IDF interface. For example, in the �lm
clip of “IP Encapsulation and IDE Interface Fixes”, an engineer turns the screws, removes the keyboard
and trackpad, checks the wires and so on.

2.3 Procedures
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We employed a 2 (Group: HFCs vs. LFCs) ´ 3 (Valence: positive vs. negative vs. neutral) repeated
measures design. After receiving the demographic information from the parent-adolescent dyads, the
parent-adolescent dyads were asked to see the �lm clips together. Electroencephalograph (EEG) sensors
were attached on both of the parent-adolescent dyads and they were introduced to the procedures of the
task before the experiment. After research assistant con�rmed the parent-adolescent dyads fully
understood the procedure, the experiment began. At the beginning of each trial, a �xation point was
presented for one minute in the middle of the screen. Following the �xation, a �lm clip was presented for
100s. Then, participants were asked to rate each �lm clip on the valence and arousal scales of the self-
assessment manikin (SAM, Lang et al., 2005), ranging from low pleasure or arousal (1) to high pleasure
or arousal (5). The parent-adolescent dyads were told to rate the valence of each �lm clip based on how
pleasant the �lm clip made them feel (e.g., How pleasant did you feel after viewing the �lm clip?).
Participants were told to rate arousal based on the strength of their feelings in response to the �lm clip
(e.g., How strongly did you feel after viewing the �lm clip?). The parents and adolescents didn’t see each
others’ rating.

There were six �lm clips in the experiment. Each of the six �lm clips were displayed once in a random
order. E-Prime software was used to present all stimuli against a black background on a 21-inch monitor,
with a viewing distance of approximately 80 cm. An experimental session took 30-35 min for each
participant (see Figure 1). The parent-adolescent dyads were fully debriefed the study after the whole
study.

2.4 Dual-EEG Recording and Data Analysis

The parent-adolescent dyads were comfortably seated side by side in an electrically shielded and dimly lit
room. Simultaneously and continuously EEG signals of each dyad during viewing six �lm clips were
recorded using two 32-channel portable EEG systems (BrainAmp, Brainproducts GmbH, Germany) at a
sampling rate of 500 Hz. Electrode impedance was kept under 30 kohms for all recordings. Online
reference electrodes were placed at TP9 on parents’ head. EEG signals were referenced o�ine to the
averaged mastoid references and band-pass �ltered in the range of 1 to 40 Hz. Epochs with eye
movement or other movement artifacts were manually removed by inspection. Independent component
analysis (ICA) was performed for ocular artifact reduction was performed by using EEGLAB. The artifact
scored epochs were eliminated from all subsequent analyses. Onsets were set as the points where the
�lm clips started. The artifact-free EEG signal from each trial was segmented from 0s before to 100 s
after the onset of the �lm clips. The mean number of valid epochs for LFCs was 173.40 (SD=24.7) for
positive stimuli, 184.07 (SD=26.13) for negative stimuli and 174.27 (SD=29.03) for neutral stimuli. The
mean number of valid epochs for HFCs was 172.93 (SD=34.52) for positive stimuli, 180.29 (SD=34.78)
for negative stimuli and 177.57 (SD=25.72) for neutral stimuli

In previous studies, inter-brain synchrony has been measured by the phase synchronization of EEG
signals (Santamaria et al., 2020). We used an interbrain phase-locking-value (PLV) index to estimate the
interbrain phase synchrony between parent-adolescent dyads in the positive, negative and neutral
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conditions. This interbrain phase synchrony index has been developed to measure whether the signals
from the two interacting individuals are phase locked across time (Lachaux et al., 1999). In line with
previous hyperscanning research (Barraza et al., 2020), the band-pass �ltering is applied to the EEG data
of each segment of the parent’s electrode (φ) and the adolescent’s electrode (ψ) to obtain the EEG data of
the frequency band of interest. The Hilbert transform is used to analyze the signals of φ and ψ poles in a
speci�c frequency band, extract phase and subtract, and get PLV of each epoch. Average the PLV of
electrodes φ and ψ in the frequency band of interest is obtained by average for epoch under each
condition. Therefore, PLV can be expressed by formula, where N is the number of trials, φ(t, n) is the phase
on trial, n at time t, in channel φ and ψ(t, n) in channel ψ. The averaged interbrain PLVs in gamma
frequency bands (31-40Hz) in the frontal (Fz), central (Cz) and parietal areas (Pz) were used for the inter-
brain synchrony analyses. The averaged interbrain PLVs in the following four frequency bands were
calculated for further statistical analysis: delta (1-3 Hz), theta (4-7 Hz), alpha (8-13 Hz), beta (14-30 Hz).
Results of the averaged interbrain PLV in other frequency bands were shown in Appendix A. The
frequency band has been considered to be highly related to emotional interaction (Kinreich et al., 2017;
Mu et al., 2017). PLVs were averaged across the positive, negative and neutral trials.

The interbrain PLV were assessed using a 2 (group: HSAs vs. LSAs) ´ 3 (valence: positive vs. negative vs.
neutral) ´ 3 (electrode: Cz vs. Fz vs. Pz) ANOVAs, with valence and electrode as within-subject variable
and group as between-subject variable. The interbrain PLV were statistically evaluated using SPSS 20.0.
The signi�cance level was set at p < .05, and Greenhouse-Geisser correction was applied to p values
associated with multiple-df comparisons. Partial eta squared was reported as a measure of effect size.

To rule out the possible impact of relevant variables of the parent-adolescents emotional interactions on
out �ndings, demographic variables, adolescents’ level of depression, adolescents’ level of anxiety,
adolescents’ level of social support, parents’ level of depression, parents’ level of anxiety, and the level of
parent involvement between the high and low social anxiety parent-adolescents dyads were examined.
Repeated measures ANOVAs were used and these relevant variables were set as the covariates. The
results of the repeated measures ANOVA indicated that there were no signi�cant main effects of
demographic variables and other examined variables on the interbrain PLV between the high and low
social anxiety groups (see Appendix B).

3 Results
To examine the interbrain synchrony between the parent-adolescent dyads when watching positive,
negative and neutral emotional �ims, we calculated the interbrain phase-locking-value (PLV) which has
been developed to measure whether the signals from the two interacting individuals are perfectly phase
locked across time.
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Results of the repeated measures ANOVA on the interbrain phase synchrony in the gamma band showed
that the main effect of Group was not signi�cant, F(1, 27) = .04, p = .852, ηp

2 = .001. The main effect of

Valence was not signi�cant, F (2, 54) = 1.43, p = .249, ηp
2 = .05. The main effect of Electrode was also not

signi�cant, F(2, 54) = .79, p = .430, ηp
2 = .03.The interaction of Group and Valence was not signi�cant, F

(2, 54) = .07, p = .933, ηp
2 = .00. The interaction of Group and Electrode was not signi�cant, F(2, 54) =

1.40, p = .254, ηp
2

 = .05. The interaction of Valence and Electrode was also not signi�cant, F(4, 108) = .81,

p = .520, ηp
2 = .03.

The interaction of Group × Valence × Electrode was signi�cant, F(4, 108) = 3.00, p = .022, ηp
2 = .10. Post

hoc analysis re�ected that at Pz (see Figure 2), greater gamma interbrain synchrony was observed in the
HFCs than the LFCs in the positive conditions (p=.002). At Pz, higher gamma interbrain synchrony was
observed in the positive conditions than in the negative conditions in the HFCs. (p=.005). In the HFCs,
higher gamma interbrain synchrony was observed in the Pz than in the Cz (p=.044) and Fz (p=.037) in
positive conditions. There were no signi�cant differences between different conditions at other electrode
in the LSAs and HSAs (ps>.05).

Table 1 Gamma Interbrain Phase-locking-value (PLV) between Low and High Family Cohesion Parent-
adolescent Dyads in Different Conditions at Fz, Cz and Pz

Electrode Conditions LSAs HSAs t d p 95%CI

(M ± SD) (M ± SD)

Fz Positive .22 ± .01 .22 ± .01 1.30 .00 .205 -.003 .012

Negative .22 ± .01 .22 ± .01 -.42 .00 .676 -.010 .007

Neutral .22 ± .01 .22 ± .01 -.90 .00 .373 -.010 .004

Cz Positive .23 ± .01 .22 ± .01 .99 1.00 .333 -.004 .011

Negative .22± .01 .22 ± .01 -.48 .00 .635 -.010 .006

Neutral .22 ± .01 .22 ± .01 .62 .00 .544 -.006 .012

Pz Positive .22±.01 .23±.01 -3.52 -1.00 .002 -.004 .013

Negative .22±.01 .22±.01 1.10 .00 .282 -.004 .013

Neutral .22±.01 .22±.01 -.54 .00 .593 -.013 .008

Note. LFCs = low family cohesion parent-adolescent dyads, HFCs = high family cohesion parent-
adolescent dyads.

4 Discussion
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Family cohesion has been regarded as an important component of family functioning. It re�ects the
affective and supportive relationship among family members (Olson, 2011). Previous research has
demonstrated the protective impact of family cohesion on the negative socio-emotional interactions (e.g.,
emotional con�icts) between parents and adolescents during “the period of storm and stress” (Konrad,
2016). Nevertheless, there is less evidence has described how family cohesion is related to the
synchronous activations and the interbrain connectivity during the emotional interaction between
adolescent-parent dyads by using the neuroscienti�c method. The present study explored the differences
in the interbrain synchrony between adolescent-parent dyads during synchronous positive and negative
emotional stimulation with different family cohesion levels. By identifying the psychophysiological
evidence for this relationship between family cohesion and the interbrain synchrony during emotional
interactions between parents and adolescents, we extended the understanding of the neural
underpinnings of family cohesion that in�uence the socio-emotional interactions within family members.

Interbrain synchrony is demonstrated as a neural marker for social interaction. The moment-to-moment
interactions between individual’s brains can be understood as a bidirectional behavioral stimulus-to-brain
coupling (Konvalinka & Roepstorff, 2012). Even without the real information transmission and interaction,
induced synchrony could be observed with the in�uence of common external stimuli according to the
phase resetting theory (Burgess, 201; Hasson et al., 2008). In this case, the interbrain synchrony within the
dyads in response to emotional �lm clips in our present study might re�ect the degree of the emotional
connection and the quality of shared attention between parents and adolescents during the socio-
emotional processing at the neural level (Reindl et al., 2018). The simultaneous emotional stimulation
might tap into the similar tendencies for emotional perception or responses across parents and
adolescents. The results of the present study were consistent with the hypothesis that family cohesion is
related to interbrain synchrony between the adolescent-parent dyads during emotional interactions.
Speci�cally, we found that greater gamma interbrain synchrony in response to emotional �lm clips was
observed in the HFCs than the LFCs in the positive conditions. However, there was not signi�cant group
difference between the HFCs and LFCs in the negative and neutral conditions. The emotional bonding
that family members experience toward each other is the core of family cohesion. Low level of family
cohesion suggests emotional disengagement, less emotional closeness, and high independence. High
level of family cohesion suggests emotional engagement, high emotional support and dependence
(Olson, 1986). Family cohesion increases the communication and the emotional bonding with each other,
which may promote their interbrain synchrony and coupling (Babiloni, 2014). Moreover, previous research
has found that children and adolescents in the positive emotional atmosphere families would tend to
cooperate more and more e�ciently with parents in positive emotional context compared with the
individuals in negative atmosphere families (Konrad, 2016). This is maybe a possible explanation of the
signi�cant higher interbrain synchrony in HFCs compared with the LFCs in positive simulation conditions.

Also, we found a signi�cant higher interbrain synchrony in HFCs in positive simulation conditions than in
negative conditions. Previous research indicated emotional sharing and expressiveness is more apparent
and easier for positive emotions than negative emotions, because of few social constraints regrading
positive emotional expression (Halberstadt & Eaton, 2002). In this case, during socio-emotional
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interactions, positive emotional expression would easier between children and parents, in which may
result in a higher level of emotional sharing and interbrain synchrony within dyads. In a higher cohesive
family, when the mother has a more emotional engagement, the child would be more willing to express
positive emotions than negative emotions. The parents’ active participation will increase the child’s safety
attachment, which may result in the positive emotional sharing and expression to their parents
(Bretherton, 1990; Diener & Mangelsdorf, 1999). In this case, signi�cant higher interbrain synchrony
between high family cohesion adolescent-parent dyads could be observed in the positive emotional
contexts rather than the negative emotional contexts.

In the current study, we only found high and low family cohesion adolescent-parent dyads differences in
the gamma band interbrain synchrony indexed by the PLV in the parietal areas (Pz) when the dyads
responded to emotional �lm clips. Parietal Gamma activities associated with emotion processing,
including emotion recognition, emotion regulation and empathic sharing of others’ emotions. Gamma
frequency bands in the frontal and parietal areas have been identi�ed to provide discriminative
information associated with emotion processing (Lin et al., 2010). Parietal Gamma activity may be
involved in emotional regulation, as this process integrates the top-down cognitive reappraisal process
and the bottom-up sensory motional process (Kang et al.,2012). Right inferior parietal lobe is an
important hub for both sensory-emotion integration and empathic sharing of others’ emotions (Maffei et
al.,2019). In line with the previous study, �ndings from the present study have also demonstrated that
functional communication between brains during socio-emotional interaction (e.g., simultaneous
emotional processing) relies on the oscillatory synchronization of gamma band responses (Liu et al.,
2018; Martini et al., 2012). The gamma oscillations are functional and prominent in brain regions that
underline emotional processing and functions (e.g., amygdala) (Stujenske et al., 2014). For example,
research indicated that increase in gamma band activity and its synchronization in the amygdala,
prefrontal, and posterior cingulate cortices to emotional relative to neutral stimuli (Luo et al., 2009;
Matsumoto et al., 2006; Matsumoto et al., 2010). When individual experience negative social emotions
(e.g., social threat), interbrain gamma synchrony associated with social coordination would be increased.
Instead of triggering the alpha synchrony, the interbrain gamma synchrony may foster a shared
emotional representation among individual and promote the social coordination when facing negative
emotional stimulus. (Mu et al., 2017). Together with the results from previous studies, gamma interbrain
synchrony as an important neural indicator of socio-emotional interaction, the present study warrants
further investigation of socio-emotional interaction in this special age.

The present study examined the relationship between family cohesion and interbrain synchrony during
emotional interactions between adolescent-parent dyads. As the main limitation, the sample size of the
present study is relatively small. It is necessary to include more adolescent-parent dyads in the study to
increase the generalizability of our �ndings. To rule out the possible impact of relevant variables of the
parent-adolescent emotional interactions on our �ndings, demographic variables, adolescents’ level of
depression, adolescents’ level of anxiety, adolescents’ level of social support, parents’ level of depression,
parents’ level of anxiety, and the level of parent involvement between the high and low family cohesion
parent-adolescent dyads were examined. However, we didn’t include more variables about the parent-
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adolescent relationship (e.g., parenting style and family atmosphere) which might in�uence their
emotional interactions. It is important and necessary for future research to explore the impacts of other
variables about the parent-adolescent relationship. Moreover, to increase the generalizability of our
�ndings, longitudinal design as a potential approach is necessary to employ in future research to
examine how the relationship between family cohesion and interbrain synchrony during emotional
interactions accompanied by the brain development and maturity of adolescents.

Limitations notwithstanding, the �ndings of the current study contribute to the literature on deepening our
understanding of the relationship between family cohesion and socio-emotional interaction for a special
blood relationship in a special period -- adolescence. The current �ndings indicate that the impacts of
family cohesion during socio-emotional interaction might be differently related to the gamma interbrain
synchrony within dyads in the positive and negative emotional situations. Since high interbrain
synchrony of high family cohesion adolescents in the positive emotional situations re�ected a higher
quality of socio-emotional interactions, cultivating a positive family atmosphere and increase emotional
sharing among family members may have important value in promoting social skills for adolescents.
Last but not the least, our �ndings in gamma interbrain synchrony again demonstrated that examining
gamma band activity and its synchronization could be a feasible way in the study of socio-emotional
interactions in different age groups (e.g., adolescents).
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Figure 1

Sample of stimulus and procedure
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Figure 2

Gamma Interbrain Phase-locking-value (PLV) in the Parietal areas (Pz) between Low and High Family
Cohesion Parent-adolescent Dyads (LFCs and HFCs) in Different Conditions. *p<0.05, **p<0.01, ***p<
.001.
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