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ABSTRACT

Social anxiety runs in families. This multi-method study explored the links between maternal and paternal trait
social anxiety and child stress reactions in a social performance task in a community sample of 4-to-6-year-old
children (N = 68, M = 5.27 years) and their parents. Mothers and fathers reported their and their children's social
anxiety via questionnaires. Child stress reactions were captured in a social performance task using behavioral
(observed anxiety and avoidance), and physiological (heart rate [HR] and heart rate variability [HRV]) indices.
Only the child's own, but not their mother's or father's, social anxiety predicted behavioral stress reactions:
Children with higher levels of social trait anxiety were more anxious (but not more avoidant). The child's own, as
well as their father's (but not the mother's) social anxiety, predicted the child's physiological stress reactions.
Stronger anxiety in fathers predicted stronger HR responses, whereas child social anxiety was linked to reduced
HR during social performance. In addition to a robust link of child trait social anxiety to child physiological stress
reactions, the findings suggest interparental differences in the link between parental traits and offspring phys-

iological stress reactions.

1. Introduction

Social anxiety refers to excessive stress experienced in social per-
formance and interaction situations that involve scrutiny or social
evaluation (American Psychiatric Association, 2022). Excessive stress
responses to social situations are evident in subjective experiences and
behavioral and physiological indices of stress in these situations, in the
form of strong anxiety expressions, avoidant tendencies, and strong
physiological arousal (e.g., increased heart rate, HR). Avoidance of so-
cial situations, as well as heightened physiological stress responses
during these situations, are at the core of clinical forms of social anxiety
(social anxiety disorder; SAD) that may appear as early as 8 years of age
(Beidel & Turner, 1998). Examining early social anxiety and heightened
physiological arousal at even younger ages may predict risk for later
subclinical and clinical levels of social anxiety (Nikoli¢ et al., 2018).

Social anxiety is highly prevalent in youth, in community and clin-
ical samples (Burstein et al., 2011; Epkins, 2002): Self-reported social

anxiety levels exceed the clinical threshold in 20 to 37 % of community,
and 42 to 58 % of clinical samples (Epkins, 2002). Social anxiety orig-
inates in families, and is intergenerationally transmitted: Having a
parent affected by social anxiety corresponds to a 2-3 fold increase in
the risk of social fear in their offspring (Tillfors et al., 2001). Biological
processes significantly influence this intergenerational link, often in the
form of functional vulnerabilities, such as heightened autonomic arousal
in children of anxious (versus non-anxious) parents (Turner et al., 1991).
In addition, environmental influences contribute to the intergenera-
tional transmission of social anxiety (Merikangas et al., 2003). The
current study aimed to explore how parental and child trait-level social
anxiety may relate to child stress responses during a social performance
in a community sample.

A disposition for trait social anxiety in children, temperamental
behavioral inhibition (BI), is an important source of individual differ-
ences that works within the child, in combination with parental con-
tributions, to shape the development of social fears. Behavioral

Abbreviations: HR, Heart-rate; HRV, Heart-rate variability; SAD, Social anxiety disorder; BI, Behavioral Inhibition.
* This article is part of a special issue entitled: ‘Parent-Offspring Relation’ published in Personality and Individual Differences

* Corresponding author.

E-mail addresses: E.Aktar@fsw.leidenuniv.nl (E. Aktar), M.Nikolic@uva.nl (M. Nikolic), xiaoxuef@mailbox.sc.edu (X. Fu), kxp24@psu.edu (K. Pérez-Edgar).

https://doi.org/10.1016/j.paid.2025.113083

Received 5 September 2024; Received in revised form 2 December 2024; Accepted 30 January 2025

Available online 5 February 2025

0191-8869/© 2025 The Authors. Published by Elsevier Ltd. This is an open access article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-

nc-nd/4.0/).


mailto:E.Aktar@fsw.leidenuniv.nl
mailto:M.Nikolic@uva.nl
mailto:xiaoxuef@mailbox.sc.edu
mailto:kxp24@psu.edu
www.sciencedirect.com/science/journal/01918869
https://www.elsevier.com/locate/paid
https://doi.org/10.1016/j.paid.2025.113083
https://doi.org/10.1016/j.paid.2025.113083
http://crossmark.crossref.org/dialog/?doi=10.1016/j.paid.2025.113083&domain=pdf
http://creativecommons.org/licenses/by-nc-nd/4.0/
http://creativecommons.org/licenses/by-nc-nd/4.0/

E. Aktar et al.

inhibition refers to an early-appearing tendency to react to novelty with
strong physiological arousal, and fearful, withdrawn, and avoidant re-
sponses (Pérez-Edgar & Fox, 2018). Bl is among the strongest predictors
of later social anxiety (Clauss & Blackford, 2012): Children with versus
without behavioral inhibition were shown to be almost eight times more
likely to develop SAD (Clauss & Blackford, 2012), and six times more
likely to have parents with SAD (Rosenbaum et al., 1993).

Studies shedding light on individual differences in child stress re-
sponses during social situations have been mostly conducted in later
childhood and adolescence, which reflects one window of onset for
clinical forms of social fears (Lijster et al., 2017). This also corresponds
to a period where social anxiety is typically on the rise in the general
population (Westenberg et al., 2004). These studies often exclusively
focused on physiological reactivity and on intraindividual risk factors (e.
g., Schmitz et al., 2011, 2013), limiting our ability to examine inter-
connected systems at play.

According to recent models of social anxiety, studying the interplay
of intrapersonal and interpersonal risk factors is of paramount impor-
tance to understanding the development of social anxiety (Allen et al.,
2023; Perlman et al., 2022). Indeed, child biological dispositions were
shown to interact with parental social anxiety symptoms to shape child
social anxiety trajectories longitudinally between ages 8 and 11 (Poole
et al., 2018).

These interactions emerge already in infancy: 10-to-14 month-olds
appear to be sensitive to parental non-verbal expressions of anxiety to-
wards strangers, reflected in stronger avoidance, especially when they
are behaviorally inhibited (Aktar et al., 2013; de Rosnay et al., 2006;
Nimphy et al., 2023). In the pre-school years, new forms of evaluative
fears appear following developments in the Theory of Mind and
perspective-taking skills, the building blocks of pro-social behavior
(Harwood & Farrar, 2006). Recent work also notes that anxiety and
elevated fears emerge even earlier in development, with stable markers
evident as young as age four (Edwards et al., 2010).

To our knowledge, only one study captured child stress responses in a
social performance situation to study its links to parent and child anxiety
dispositions in preschoolers (4.5 year-olds, Nikoli¢ et al., 2016). This
study measured physiological arousal in multiple indices including
blushing, heart-rate (HR) and heart rate variability (HRV), and elec-
trodermal activity (EDA). Researchers compared autonomic arousal of
4.5-year-old children of parents with versus without lifetime SAD, and
explored the links of parent-reported parent and child trait social anxi-
ety to child autonomic arousal. Children of parents with lifetime SAD
blushed more during the task, whereas no significant group differences
were apparent in the remaining indices. Moreover, children of parents
with social anxiety symptoms showed stronger EDA. Thus, the risk
conveyed by parental social anxiety may be apparent long before the
onset of SAD in some physiological indices. This earlier study (Nikoli¢
et al., 2016) also revealed a link between child trait social anxiety and
reduced HRV and increased EDA. Taken together, these earlier findings
support the idea that both parent and offspring social anxiety disposi-
tions explain individual differences in preschoolers' stress responses
during a social performance. However, this study exclusively focused on
the physiological indices of child stress responses. It did not investigate
the interplay between parent and child trait social anxiety, or inter-
parental differences in the link between parents' social anxiety and
offspring stress responses.

1.1. Current study

This study investigated the links of maternal, paternal and child trait
social anxiety to child behavioral and physiological stress responses
during a social performance situation in an adaptation of the singing
task from Nikolic¢ et al. (2016), in a community sample of 4-to-6-year-old
children. Child behavioral indices of stress consisted of observed anxiety
and avoidance. Child physiological indices of stress incorporated HR as
an index of joint activity in the sympathetic and parasympathetic
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divisions of the nervous system, and HRV as an index of the para-
sympathetic system (Nikoli¢ et al., 2016; Schmitz et al., 2011). We
aimed to investigate whether maternal, paternal, and/or offspring social
trait anxiety levels predict child stress during social performance. We
hypothesized that higher levels of trait social anxiety in children and
their parents will individually predict stronger stress responses (i.e.,
higher anxiety, avoidance and HR, and lower HRV). In addition to their
independent links to child stress, we additionally explored the interac-
tion between parent and child social trait anxiety as a predictor of child
stress responses.

2. Materials and methods
2.1. Participants

This community sample consisted of 68 4-to-6-year-olds (Mage =
5.27, SD = 0.74, 34 girls, 91.2 % Caucasian) with their parents. Both
mothers and fathers (if available) completed online questionnaires.
Children completed the social performance task with their primary
caregiver (63 with mothers). For further details on the sample, recruit-
ment, see Supplement and Aktar et al. (2022). The study was approved
by the Institutional Review Board of Pennsylvania State University.
Parents provided written informed consent, and children provided ver-
bal assent to participate.

2.2. Procedure

2.2.1. Design

This study was part of a broader experimental study on the effect of
parental verbal anxiety expressions regarding strangers on subsequent
child stress responses to those strangers in social interaction tasks (Aktar
et al., 2022). The findings revealed that parental verbal information did
not significantly impact child behavioral or physiological stress re-
sponses during social interaction. All participants and their available
data in the social performance task were included in the current ana-
lyses. The experimental setup (presented in Fig. 1) consisted of a stage
(hidden during baseline physiology measurement) and costumes. The
researcher (R) invited the child to choose a costume and familiarized the
child with the physiology device and electrodes. The baseline started
after placing the electrodes and an initial physiology check. During this
5-min baseline, parents received the instructions to provide threat or
safety information about each stranger in a separate room. Following the
baseline, the R uncovered the stage and informed children about the
strangers and social tasks. The social performance task required children
to sing their favorite song on stage, which started after parents provided
threat and safety information paired with strangers (for details see
Supplement) and after R completed the fear beliefs questionnaires with
the child (see Aktar et al., 2022).

2.2.2. Social performance task

First, the researchers playing the strangers (S, two trained under-
graduate students) walked in and introduced themselves. Next, the R
introduced the child to the audience and announced the start of the
performance. Children determined the onset and duration of their
singing. Parents were seated on the side of the stage and free to respond
to their child naturally during the task. Strangers were blind to their
condition. Following the performance task, the children completed
interaction tasks and computer tasks. At the end of the experiment,
children were debriefed about the study purpose.

2.3. Instruments

2.3.1. Child behavior during social performance

Child behavioral indices of stress consisted of anxiety (facial, bodily,
and vocal/verbal expressions of anxiety) and avoidance (attempts to
avoid, including gazing/turning/moving/walking away/hiding behind
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Fig. 1. Experimental setup of the social performance task.

the parent, see (Masked for blinded review). Four trained master students
coded child behaviors on a five-point scale (from 1: no anxiety/avoid-
ance, to 5: very intense anxiety/avoidance) in five coding intervals,
using an adaptation of a previous coding protocol (Aktar et al., 2018).

The first three intervals focused on the start of the task: (1) strangers
enter the room, (2) strangers introduce themselves, and (3) the experimenter
introduces the child. After the third interval, child behavior was coded in
30s intervals during singing, ending with the stranger leaving the room.
There was variation in the total duration of singing (N = 68, Mayration =
18.52's, SD = 26.02 s, Range: 0 to 194 s). Only one child sang for longer
than one minute. For two children who terminated the experiment
before this phase due to stress, fear and avoidance scores were coded as
the maximum.

A randomly selected 22.1 % of the sample (n = 15) was double-coded
to establish inter-rater reliability. The intra-class correlations were
satisfactory in the five coding intervals, but not afterwards. This may be
partially related to relatively shorter performance duration with only
one child performing longer than a minute. We therefore only included
the first five intervals in the analyses. The intra-class correlations (ICC's)
ranged from 0.61 to 0.88 (M = 0.80, SD = 0.11) for anxiety and from
0.85 t0 0.94 (M = 0.90, SD = 0.03) for avoidance. There was a moderate
positive raw association between the mean scores observed fear and
avoidance (N = 68, r = 0.61, p < .001), which we averaged into a
composite score of fear/avoidance in the analyses.

2.3.2. Child physiology during baseline and social performance

Child electrocardiogram (ECG) was continuously sampled over 30-s
intervals with the Mindware Bio-Lab software using a 7-lead ECG, at
1000 Hz (Mindware Technologies, Gahanna, OH). The processing of the
ECG data is explained in Aktar et al. (2022). The current study used the

RSA responses as an HRV index. The HR data encompassed up to 10 30-s
observations of HR during the baseline and social performance tasks.
The resulting HR data showed sufficient normality, whereas the distri-
bution of the HRV responses showed high levels of kurtosis. To reach a
normal distribution, we removed three outlying trials (> |3|SD) from the
HRV distribution to fix this problem, which brought the kurtosis levels
back to |2|.

2.3.3. Social anxiety

2.3.3.1. Parental trait social anxiety. Parents reported their trait anxiety
symptoms in the Screen for Child Anxiety Related Disorders SCARED-A
(Bogels & Melick, 2004), and in the short version of the Social Phobia
and Anxiety Inventory (SPAI-18, de Vente et al., 2014).

Trait social anxiety scores were computed as the mean score of the 9-
item social anxiety subscale of the SCARED-A (on a 3-point Likert scale),
and as the mean score in SPAI-18 (scored on a 7-point scale). The in-
ternal reliability of SCARED-A and SPAI-18 (Cronbach alphas) were 0.88
and 0.95 for mothers, and 0.90 and 0.96 for fathers. There was a strong
correlation between social anxiety scores across the two measures, N =
68, r = 0.80 for mothers, and N = 57, r = 0.76 for fathers, p < .001 (see
Table S1). The final composite scores of parental trait social anxiety
were obtained by averaging standardized scores of social anxiety
symptoms from the SPAI-18 and SCARED.

2.3.3.2. Child trait social anxiety. The child trait social anxiety was
assessed with parent-reported child temperament using the Behavioral
Inhibition Questionnaire (BIQ, Bishop et al., 2003) and the 7-item Fear/
Shyness subscale of the very short form of Child Behavior Questionnaire
(very-short form CBQ, Putnam & Rothbart, 2006). Data from the fear-



E. Aktar et al.

shyness subscale and the BIQ were available from 68 mothers and 60
fathers, whereas child social anxiety reports were available from 68
mothers and 61 fathers. The internal reliability (Cronbach alphas) of
fear-shyness subscale was 0.78 and 0.72, and of BIQ was 0.97 and 0.96
for maternal and paternal reports, respectively.

There were moderate associations between maternal and parental
ratings of temperament, N = 60, r = 0.67, p < .001 for CBQ; N =60, r =
0.71, p < .001 for BIQ). The scores were therefore averaged over
mothers and fathers. The correlation between the averaged child fear/
shyness and BI scores were N = 68, r = 0.71, p < .001. Child tempera-
ment composite scores were obtained by averaging the standardized
scores of CBQ and IBQ.

Child trait social anxiety was measured on the 7-item social anxiety
subscale of the SCARED. The internal reliability (Cronbach alphas) was
0.89 for mothers and 0.83 for fathers. The maternal and paternal ratings
of child social anxiety were moderately linked (N = 61, r = 0.53, p <
.001). Final scores were obtained by averaging maternal and paternal
reports. Descriptives and raw correlations between social anxiety scores
of parents and children appear in Table S1. Given the strong correlation
between child temperament and social anxiety composite scores, N =
68, r = 0.78, p < .001, we aggregated standardized temperament and
social anxiety scores into a single composite of child trait social anxiety.

3. Results
3.1. Preliminary analyses

We first inspected the raw associations between child, maternal, and
paternal trait social anxiety levels and child stress reactions (aggregated
over the first 5-time points, see Table S2). There were significant asso-
ciations between child trait social anxiety and both maternal, N = 68, r
= 0.24, p = .046, and paternal, N = 58, r = 0.34, p = .009 trait social
anxiety. The association between maternal and paternal social anxiety
levels was also significant, (N = 58, r = 0.26, p = .048). Moreover, there
was a significant negative link between HR and HRYV indices, and a
small, positive link between child trait social anxiety and behavioral
stress responses. In contrast, there was no significant link between HR
and behavioral indices of stress during the task. Using mixed models, we
repeated the analysis of this link between behavioral and physiological
responses in the unaggregated dataset. The link between behavioral and
physiological stress responses during social performance was not sig-
nificant (p = .115 for HR, and p = .656 for HRV), suggesting a lack of
correspondence between behavioral and physiological indices of child
stress to social performance.

3.2. Main analyses

3.2.1. Behavioral indices of child stress responses during social performance

We investigated the predictors of the child's observed behavioral
stress during social performance (N = 58) in mixed models with the
composite score of fear/avoidance as the outcome, and maternal,
paternal, and child social trait anxiety as predictors (for analytic strategy
see Supplement.). The initial model included all two-way interactions
between the predictors, none of which were significant, reducing the
model to main effects. Neither maternal (p = .969) nor paternal (p =
.427) social trait anxiety was related to offspring fear/avoidance. Child
trait social anxiety approached significance in this model, N = 58, F (1,
62.24) = 3.75, p = 057.

To further explore whether this link may be specific to anxiety or
avoidance responses, we repeated this model with observed anxiety and
avoidance scores as separate outcome variables. Child social trait anxi-
ety significantly predicted child fear, N = 58, F(1, 63.22) = 7.39, p =
.008, but not avoidance, p = .356. Children with higher levels of trait
social anxiety were visibly more anxious during the social task, # = 0.30,
SE =0.11, p = .008, 95 % Confidence Intervals (CI) = 0.08, 0.51. Taken
together, individual differences in child anxiety (but not avoidance)
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during social performance was predicted by the child's own, rather than
their parents' trait social anxiety.

3.2.2. Physiological indices of child stress responses

We explored the predictors of child HR and HRV during a 5-min
baseline, and the entire duration of social performance task. The pre-
dictors were phase (social task versus baseline), time, along with
maternal, paternal, and child social trait anxiety.

3.2.2.1. Child HR. None of the two-way interactions between pre-
dictors were significant, reducing the final HR model to main effects.
This HR model revealed a significant main effect of time N = 47, F (1,
298.76) = 4.39, p = .037. HR responses declined over time, f = —0.03,
SE = 0.02, p = .037, CI = —0.066, —0.002. The HR responses did not
differ between the baseline and the social task, p = .288. Child HR was
predicted by paternal social anxiety, F (1, 70.82) = 9.41, p = .003, and
child social anxiety, F(1, 74.20) = 4.24, p = .043, but not by maternal
social anxiety, p = .997. Children of fathers with stronger trait social
anxiety had higher HR, = 0.27, SE = 0.09, p = .003, CI = 0.093, 0.438.
In contrast, children with stronger social anxiety showed weaker HR
responses, f = —0.18, SE = 0.09, p = .043, CI = -0.360, —0.006.

3.2.2.2. Child HRV. We repeated the same analyses as in HR, this time
with child HRV as the outcome variable. The two-way interactions be-
tween time and paternal trait anxiety N = 47, F(1,594.63) = 3.98, p =
.047, and between paternal and child social anxiety F(1,109.10) = 4.65,
p = .033, were significant and retained in the final model.

The significant interaction between time and paternal trait anxiety
revealed a negative association between paternal trait social anxiety and
child HRV responses that appeared to build up over time, # = —0.03, SE
= 0.02, p = .047, CI = -0.058, —0.001. The significant interaction be-
tween paternal and child trait social anxiety (f = 0.14, SE = 0.07, p =
.033, CI =0.012, 2.76, see Fig. 2) revealed a link between stronger child
trait anxiety and higher HRV, which only held for children of fathers
with higher (>1 SD) levels of social trait anxiety. HRV responses did not
differ between baseline and social tasks, p = .170, and the effect of
maternal social trait anxiety was not significant, p = .335 in this final
HRV model.

4. Conclusions

This study explored the links between parent and child trait social
anxiety and child stress responses during a social performance in a
community sample of 4-to-6-year-olds and their parents. There are two
main findings: Small but significant positive associations were found
between child social trait anxiety and child stress responses during the
social performance task. The links appeared more robust for physio-
logical than behavioral indices. Second, there were interparental dif-
ferences: Only paternal, but not maternal, trait social anxiety predicted
child physiological stress responses. Neither parent's social anxiety
predicted the child's behavioral stress responses.

With respect to intrapersonal influences, children with higher levels
of parent-reported trait social anxiety showed stronger observed signs of
stress (but not avoidance) during the social performance. At the same
time, children with stronger (parent-reported) social anxiety showed a
reduced physiological response manifest as weaker HR responses, and
stronger HRV (only when their fathers reported high levels of social
anxiety). Taken together, the current findings reveal that children with
stronger trait social anxiety levels show elevated stress responses
outwardly, and a reduced response in their physiology. Future work will
need to determine if this seeming disconnect is a compensatory response
or a sign of an uncoordinated response to challenge.

We did not observe stronger behavioral stress in children of parents
with higher levels of social anxiety. In contrast, child physiological
reactivity was predicted by paternal (but not maternal) social anxiety. In
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Paternal
Trait Social
Anxiety
“@-Low
~@- Moderate
“@- High

Low: R? Linear = 0.004
Moderate: R> Linear = 0.086
High: R? Linear = 0.810

-2.00
-1.00 .00

1.00 2.00

Child Trait Social Anxiety

Fig. 2. The interaction between paternal and child trait social anxiety predicting child HRV.

line with our hypothesis, and evidence from older children (Merikangas
et al., 2003; Turner et al., 2005), children of fathers with higher social
anxiety levels had higher HR, and lower HRV (over time), indicating
that paternal trait social anxiety may be linked to elevated physiological
arousal. Paternal social anxiety additionally moderated the child HRV-
trait social anxiety link: Children with higher trait social anxiety
showed reduced physiological reactivity (higher HRV) only when their
fathers had high levels of social anxiety. This is a complex relation given
the significant correlation between paternal and child anxiety traits,
suggesting potential dissociations linked to the “source” of the anxious
input. The specificity to paternal anxiety is in line with models high-
lighting paternal influences in the development of childhood social
anxiety (Bogels & Perotti, 2011) and may be due to a more pronounced
role of fathers in exploring the external world, including strangers.
Future studies that include fathers will need to replicate this finding
before firmer conclusions can be made on interparental differences.

The study failed to find a link between behavioral and physiological
indices of child reactions during the social performance task. We re-
ported this lack of synchrony earlier in a social interaction task with the
current sample (Aktar et al., 2022). Generally, synchrony was proposed
to be stronger in cases of stronger fear experiences in a task (Lang,
1968), and/or high levels of trait anxiety (Hodgson & Rachman, 1974).
Thus, we conclude that either the current social performance task did
not create sufficiently strong fearful experiences and/or the levels of
trait social anxiety in this sample were not sufficiently high to capture
synchrony between behavior and physiology. Alternately, there may be
developmental differences in the maturation of individual indices and
their interconnections. Person-centered analyses could also note if these
dissociations are associated with age, as a normative marker, or anxiety
risk. Of course, it may also be that the emerging empirical data suggest a
needed revision to the prior theoretical connections proposed.

The study findings must be interpreted with caution due to (1) lack of
causal and/or longitudinal inferences, (2) limited power and reliability
of estimates in some models (where N < 50; Maas and Hox, 2005) due to
a slightly higher-than-expected dropout rate in physiology measures, (3)
bias from the single-informant, self-report nature of parent trait social
anxiety, and parent-report of child trait anxiety measures and (4) lack of
a time-synched measurement of behavioral and physiological indices.
Despite these limitations, the current study is among the first to illustrate

links between parental and child social anxiety disposition and child
stress reactions in typically developing children.
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