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Abstract
Children with autism spectrum disorder (ASD) are at considerable risk for difficulties with emotion regulation and related 
functioning. Although it is commonly accepted that parents contribute to adaptive child regulation, as indexed by observable 
child behavior, theory and recent evidence suggest that parenting may also influence relevant underlying child physiological 
tendencies. The current study examined concurrent associations between two elements of parental socialization of emotion 
and measures of both sympathetic and parasympathetic nervous system activity in 61 children with ASD aged 6 to 10 years. 
To index parental socialization, parents reported on their reactions to their children’s negative emotions, and parental 
scaffolding was coded from a dyadic problem-solving task. Children’s baseline respiratory sinus arrhythmia (RSA), 
electrodermal reactivity (EDA-R), and RSA reactivity in response to challenge were obtained as measures of the children’s 
physiological activity. Regression analyses indicated that supportive parent reactions were related to higher child baseline 
RSA, a biomarker of regulatory capacity. Fewer unsupportive parent reactions and higher quality scaffolding were associated 
with higher EDA-R, a physiological index of inhibition. The identification of these concurrent associations represents a first 
step in understanding the complex and likely bidirectional interplay between parent socialization and child physiological 
reactivity and regulation in this high-risk population.

Keywords  Autism spectrum disorder (ASD) · Emotion socialization · Psychophysiology · Respiratory sinus arrhythmia · 
Electrodermal activity · Scaffolding

Emotion regulation involves the ability to understand, 
monitor, and modulate emotion in the service of goal-directed 
activity (Thompson 1994). Adaptive emotion regulation 
has been linked to a host of positive outcomes across child 
populations (Baker et al. 2007; Eisenberg et al. 2005), whereas 
emotion dysregulation is a core feature of many forms of 
psychopathology (Cole et al. 2008; Mazefsky et al. 2013; 
Sheppes et al. 2015). Relative to other groups, children with 
autism spectrum disorder (ASD) exhibit heightened emotion 
regulation difficulties, including challenges with the selection 
and implementation of effective regulatory strategies (Jahromi 
et al. 2012; Mazefsky et al. 2014; Samson et al. 2015). In turn, 
problems with emotion regulation predict both internalizing 
and externalizing behavior problems as well as psychiatric 
comorbidities in children with ASD (Mazefsky et al. 2014; 
Samson et al. 2015). Growing evidence linking emotion 
dysregulation with mental health difficulties in children 
with ASD (Mazefsky and White 2014; White et al. 2014) 
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underscores the importance of understanding factors that 
influence regulatory processes in this population.

Psychophysiological Processes in Emotion 
Regulation

Maturation of the autonomic nervous system (ANS) is 
believed to contribute directly to the development of 
emotion regulation (Beauchaine et al. 2007), and efforts 
to understand the psychophysiological underpinnings 
of emotion dysregulation have increasingly relied on 
ANS measures. The ANS subsumes the parasympathetic 
and sympathetic systems, which modulate reactivity 
and arousal. The sympathetic nervous system (SNS) 
is generally conceptualized as mobilizing resources to 
respond to threats or challenges (Beauchaine 2001; Sheppes 
et al. 2009), whereas the parasympathetic nervous system 
(PNS) is involved in restoration and reducing arousal 
(Beauchaine 2015a; Benevides and Lane 2015).

SNS activation is often measured through electrodermal 
activity (EDA), which refers to the strength of an electrical 
current applied to the skin that increases when sweating. 
EDA is thought to index the behavioral inhibition system, a 
neurophysiological motivational system that promotes caution 
in situations that involve potential negative consequences 
(Beauchaine 2001). EDA reactivity (i.e., increase in EDA) 
is a continuous measure: low EDA reactivity reflects low 
caution (sometimes termed fearlessness), moderate EDA 
reactivity reflects moderate caution, and high EDA reactivity 
reflects high caution (sometimes termed anxious arousal). 
Some studies have linked high EDA reactivity to social 
impairment and greater core symptom severity in children 
with ASD (Fenning et  al.  2017; Kaartinen et  al.  2012; 
Neuhaus et al. 2015), consistent with the conceptualization 
of high EDA reactivity as anxious arousal. However, a 
connection between low EDA reactivity and externalizing 
behavior problems is a more reliable finding across samples 
of children with ASD (Baker et al. 2018; Fenning et al. 2019) 
and without ASD (Beauchaine et  al.  2007; Cappadocia 
et al. 2009; Raine 1993); these studies are more consistent 
with the conceptualization of low EDA reactivity as 
fearlessness. Of particular relevance to the present study, it 
has been suggested that children with lower EDA reactivity 
may be less sensitive to the negative consequences of their 
actions and therefore less open to socialization efforts (Baker 
et al. 2018; Beauchaine et al. 2007; Cappadocia et al. 2009; 
Raine 1993).

The PNS functions like a brake (via the vagus nerve) that 
decelerates heart rate during exhalation, reducing arousal 
(Porges 1997). The deceleration in heart rate produced by 
higher PNS output to the heart is reflected in respiratory sinus 
arrhythmia (RSA), heart rate variability at the frequency of 

respiration. Baseline RSA is considered a robust biomarker of 
emotion regulation (Beauchaine 2015b), with higher baseline 
levels of RSA generally indicating greater emotion regulation 
capacity (Beauchaine  2001; Beauchaine et  al.  2007). 
However, the nature and implications of RSA reactivity 
are less clear and may depend upon study population, 
task demands, and contextual support (Baker et al. 2020; 
Beauchaine 2015a; Graziano and Derefinko 2013; Obradović 
et al. 2011). RSA reactivity is a measure of withdrawal 
of PNS influence on the heart in response to stress (i.e., 
withdrawal of the “vagal brake”); PNS withdrawal decreases 
RSA (and increases heart rate). In children presenting with 
clinical concerns (Beauchaine 2015a; 2015b; Beauchaine 
et al. 2007; Cole et al. 1996), including children with ASD 
(Fenning et al. 2019), greater RSA reactivity (i.e., greater 
PNS withdrawal, or greater decrease in RSA) may indicate 
loss of regulatory control, whereas low RSA reactivity 
may suggest problematic disengagement (Graziano and 
Derefinko 2013; Porges 1997).

Parental Socialization of Child Regulation

The development of emotion regulation involves the 
interplay between processes internal to the child and external 
environmental influences (Fox and Calkins 2003). It has long 
been recognized that parenting shapes the emergence of child 
emotion regulation (Baker et al. 2011; Cole et al. 1994; 
Eisenberg, Cumberland, et al. 1998a, b; Gottman et al. 1996; 
Morris et al. 2007; Thompson and Meyer 2007). Parents’ 
own emotional expressions, discussions of emotion, and 
reactions to child emotion are vehicles for socialization of 
child emotion in that they “affect the child’s experience, 
expression, understanding, or modulation of emotion” 
(Eisenberg, Spinrad et al. 1998a, b, p.317; see also Eisenberg, 
Cumberland, et al. 1998a, b and Morris et al. 2007). Evidence 
from studies of children with neurotypical development 
suggest that parent-reported unsupportive reactions to child 
negative emotion predict poorer child regulatory outcomes 
both concurrently (Morelen et al. 2016; Sanders et al. 2015; 
Shaffer et al. 2012) and over time (Eisenberg et al. 1999). 
Comparative studies examining parental reactions to child 
negative emotion in families of children with and without 
ASD suggest either a general lack of group differences 
(Mazzone and Nader-Grosbois 2017) or indicate that parents 
of children with ASD endorse more supportive, and fewer 
unsupportive, reactions to child negative emotions (Bougher-
Muckian et al. 2016).

Observed parental co-regulatory behavior has also 
been linked to child regulatory functioning, with less 
effective parental scaffolding associated with greater child 
dysregulation (Hoffman et al. 2006). Baker et al. (2007) 
found that higher quality scaffolding related to less observed 
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emotion dysregulation for both young children with and 
without early developmental delays, with a stronger effect 
for the former group. For children with ASD, observed 
parent co-regulatory behaviors have been concurrently linked 
to the quality of child emotion regulation during dyadic 
parent–child tasks, but less so to child emotion regulation 
in independent contexts (Fenning et  al.  2018; Gulsrud 
et al. 2010; Ting and Weiss 2017).

Parenting characterized by responsivity, sensitive 
structuring, and support for child autonomy is believed to 
facilitate children’s internalization of external, co-regulatory 
strategies (Grolnick and Farkas 2002). The influence of the 
social environment on child emotion regulation extends well 
beyond early childhood (Cole 2014; Morris et al. 2007) and 
could be especially influential for children with ASD who 
may experience a developmental lag in the internalization of 
regulatory processes (Baker, Fenning, and Moffitt 2019a, b).

Parental Socialization of Emotion and Child 
Psychophysiology

In addition to influencing observable regulatory behavior, 
parenting may interact with children’s underlying psycho-
physiological arousal tendencies to predict broader behavioral 
functioning in children with neurotypical development 
(Beauchaine et al. 2007; Dyer et al. 2016; Obradović et al. 2011) 
and those with ASD (e.g., Baker et al. 2018; 2020). However, 
the extent to which parenting influences child psychophysiology 
remains unclear. A few studies have examined associations 
between parenting and children’s baseline RSA in children 
without ASD. Kennedy et al. (2004) did not find supportive 
parenting to predict baseline RSA in toddlers; however, using 
a longitudinal design, Fox et al. (2018) reported that supportive 
parenting buffered the effects of stress on adolescents’ baseline 
RSA. Hinnant et al. (2015) found that harsh parenting predicted 
declines in baseline RSA from childhood to adolescence, 
though only among children who exhibited RSA reductions 
in response to challenge. Examining RSA levels during 
parent–child interaction rather than at baseline, Hane and 
Barrios (2011) reported that maternal benign framing during 
parent–child discussions about ambiguous threat scenarios was 
correlated with higher child RSA during the discussion.

Studies that examined RSA reactivity (i.e., PNS 
withdrawal, or decrease in RSA) from baseline to stressful 
or challenging conditions have revealed mixed findings in 
normative populations. Hastings et al. (2008) found that 
higher parental negative control related to greater RSA 
reactivity to a social task, and that greater RSA reactivity 
mediated the association between parental negative control 
and children’s behavioral maladjustment. In contrast, greater 
RSA reactivity has been positively associated with maternal 
sensitivity and was found to mediate associations between 

early sensitivity and later infant maternal-orientation behavior 
(Perry et  al.  2014). Other studies have found no direct 
associations between parenting and children’s RSA reactivity 
(e.g., Perry et al. 2012; Scrimgeour et al. 2016). Discrepancies 
are likely due to unexplored differences in context and 
samples (Beauchaine 2015a, b; Obradović et al. 2011).

Studies linking EDA reactivity to parenting in families 
of individuals with neurotypical development have also 
demonstrated somewhat mixed findings. Wagner and Abaied 
(2016) reported a positive correlation between parental 
psychological control and EDA reactivity in emerging adults 
as measured by an interpersonal stress task. However, Erath 
et al. (2011) found that 8-year-old children’s report of harsh 
parenting was inversely related to their EDA reactivity 
during a star-tracing challenge task. Other studies have 
found no associations between children’s EDA reactivity and 
permissive parenting (Hinnant et al. 2016), or parent coping 
suggestions (Stanger et al. 2018).

Within clinical populations, recent studies have found 
participation in parenting interventions, supportive parenting, 
and reductions in unsupportive parenting to be related 
to increases in both baseline RSA (Bell et al. 2018) and 
EDA reactivity among children with ADHD (Beauchaine 
et al. 2015; Breaux et al. 2018). Tabachnick et al. (2019) 
reported that involvement in attachment-based intervention 
for maltreated infants predicted higher child baseline RSA, 
but not EDA reactivity.

The Current Study

To our knowledge, no investigation has examined associations 
between parenting and child SNS and PNS activity in families 
of children with ASD. We examined concurrent associations 
between parent socialization of emotion behaviors, including 
reported reactions to child negative emotion and observed 
parental scaffolding, and PNS and SNS responding in 
children with ASD between the ages of 6 and 10 years. 
Although the processes under consideration are often studied 
with younger individuals, children with ASD demonstrate 
substantial difficulty with regulatory competence well into 
middle childhood, with evidence suggesting a significant 
developmental lag in the internalization of emotion 
regulation skills in this population (see Baker, Fenning and 
Moffitt 2019a, b). The current study represents an important 
step toward elucidating biobehavioral processes critical to the 
development of emotion regulation in a population at high risk 
for challenges in this domain.

Consistent with existing theory and emerging literature, 
we expected that higher supportive and lower unsupportive 
parent behavior during a challenging activity and in 
response to children’s negative emotions would be related to 
children’s regulatory capacity, as indexed by higher baseline 
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RSA (Hypothesis 1). We similarly expected more supportive 
and less unsupportive parent behavior to be related to 
higher child EDA reactivity. Although the literature is 
somewhat mixed when considered in different contexts and 
across development, we conceptualized EDA reactivity 
as adaptive activation of the behavioral inhibition system 
in a challenging situation (Baker et al. 2018; Beauchaine 
et  al.  2007, 2015; Cappadocia et  al.  2009; Fenning 
et al. 2019; Hypothesis 2). This prediction is supported by 
the existing empirical evidence from studies that involved 
children (as opposed to emerging adults), populations with 
neurodevelopmental conditions, and those utilizing non-
social tasks (Beauchaine et al. 2015; Breaux et al. 2018; 
Erath et al. 2011). As noted, conceptualizations regarding 
RSA reactivity are even more complex, and interactive 
effects are likely present, making the investigation of this 
physiological index exploratory in nature. However, given 
theory and preliminary evidence that certain other forms 
of negative parenting (e.g., criticism, harsh discipline) may 
exhibit small, positive associations with RSA reactivity in 
children with ASD (Baker et al. 2020), we expected more 
supportive and less unsupportive parenting behavior to relate 
to lower child RSA reactivity (Hypothesis 3).

Method

Participants

Data were drawn from a larger study examining parent and 
child predictors of behavior problems in children with ASD 
(Baker et al. 2020; Fenning et al. 2019). An initial sample of 
77 children with ASD, ages 6 to 10 years, and their primary 
caregivers participated in a laboratory visit that included child 

assessment, psychophysiological data collection, structured 
parent–child tasks, parent interview, and parent completion 
of questionnaires. Children with an existing ASD diagnosis 
provided by a physician or psychologist were recruited 
from the community and local service providers. Diagnoses 
were verified through laboratory administration of the 
Autism Diagnostic Observation Schedule-2 (ADOS-2; Lord 
et al. 2012). Exclusionary criteria for the child included the 
presence of a genetic disorder of known etiology and motor 
impairment that would prevent independent ambulation. 
Of these 77 children, 11 refused the leads for physiological 
measurement, and both RSA and EDA data were considered 
invalid for 5 additional children due to problems with the 
physiological signal (e.g., noise due to touching electrodes 
or pulling on electrode leads). As noted in a previous report 
from this sample (Fenning et al. 2019), missing data analyses 
revealed no significant differences between the 16 children 
without usable physiological data and those included in the 
study except that missing data occurred more frequently 
for males (25% missing) as compared to females (0%), 
χ2 = 4.89, p = 0.03, and for children with higher ASD 
symptom scores, t = 2.43, p = 0.02, d = 0.63. These missing 
data were not significantly related to estimated IQ, t = –1.59, 
p = 0.18, d = 0.41.

The current study sample of 61 children (74% male) was 
diverse with regard to intellectual ability and ASD symptom 
levels (see Table 1), with estimated IQ ranging from 47 to 
121. The majority of the families identified their children as 
Hispanic (47%), 33% were Caucasian non-Hispanic, 5% were 
Asian American, 5% were African American, 3% identified 
as “other,” and 8% identified as “multi-ethnic/racial.” The 
median annual family income was between US$50,000 
and US$70,000. The majority of primary caregivers were 
married (71%), and 3% of the primary caregivers were fathers. 

Table 1   Correlations among demographics and variables of interest

Abbreviations: ASD, autism spectrum disorder; RSA, respiratory sinus arrhythmia; EDA, electrodermal activity
 + p < 0.10, *p < 0.05, **p < 0.01
a These variables represent residuals from a regression

1 2 3 4 5 6 7 8 9 10 n Mean (SD)

1. Child Age in Years – 61 7.75 (1.48)
2. Child Sex 0.10 – 61 n/a
3. Family Income 0.09 0.04 – 61 5.95 (1.96)
4. Child IQ -0.23 +  -0.06 0.10 – 61 80.02 (20.68)
5. Child ASD Symptoms -0.06 -0.06 0.02 -0.11 – 61 7.21 (2.06)
6. Supportive Reactions 0.11 0.00 -0.19 -0.10 -0.07 – 51 5.75 (0.58)
7. Unsupportive Reactions -0.12 0.19 0.29* 0.08 0.07 -0.35* – 50 2.19 (0.51)
8. Scaffolding -0.09 0.14 0.10 0.05 -0.15 -0.04 0.28 +  – 60 3.56 (0.82)
9. Baseline RSA 0.36** -0.12 -0.09 -0.25 +  0.04 0.36* -0.25 +  -0.06 – 61 5.96 (1.17)
10. RSA Reactivity (RSA-R)a 0.02 -0.05 0.10 0.00 0.06 0.04 0.02 -0.06 0.00 – 61 0.00 (0.73)
11. EDA Reactivity (EDA-R)a -0.19 -0.04 -0.20 -0.20 0.18 -0.07 -0.30 +  0.21 -0.05 -0.02 51 0.00 (2.07)
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Nineteen (31%) of the children were taking medication, most 
commonly for attention problems/hyperactivity (13%), asthma 
(8%), allergies (7%), or seizures (5%). No children were 
reported to be taking selective serotonin reuptake inhibitors 
(SSRIs), which may be related to RSA measurements 
(Beauchaine et al. 2019).

Of the current sample of 61 children with some valid 
psychophysiological data, 11 families (18%) did not return 
the questionnaires measuring parent reactions. These families 
did not differ on any demographic factor or variable of 
interest considered. EDA data for nine children (15%) were 
determined to be artifactual (e.g., noise or loss of signal due 
to pulling on electrode wires). Children missing EDA data 
differed significantly from those with valid EDA data only in 
that the former scored lower on the IQ estimate (M = 66.89, 
SD = 15.89, n = 9) as compared to the latter (M = 82.29, 
SD = 20.69, n = 52), t = 2.12, p = 0.038, d = 0.83 (see also 
Fenning et al. 2019).

Procedures

All procedures were approved by the institutional review 
board of California State University, Fullerton. Parents 
provided written consent for themselves and for their 
children, and verbal assent was obtained from children prior 
to participation in any study procedures.

RSA and EDA data collection. Children were seated at 
a table that faced a small television on a stand in front of 
them. A wall was to the children’s left and a temporary 
partition was placed to the children’s right, behind which 
the parent was eventually seated. The electrodes were 
placed on the child by a female research assistant with the 
help of the parent.

Electrodes were placed on the lower ribs and on the 
right clavicle for RSA, and on the lower palm of the non-
dominant hand for EDA. A short adjustment period occurred 
during which the data acquisition systems were checked for 
appropriate signal and then a three-minute baseline procedure 
was performed. This baseline involved viewing a series of 
slides on the television that included images of trees, water, 
mountains, and other nature scenes (Erath et  al.  2016; 
Fenning et al. 2019). Parents were asked beforehand if they 
perceived their children to have any particular interests in, 
or fears of, these types of stimuli; none were reported. A 
video camera mounted high above the television recorded 
the child for later data assurance and allowed the parent 
to view the child from behind the partition. The child then 
engaged in a three-minute challenging task. As in previous 
studies utilizing this task to elicit physiological arousal (e.g., 
El-Sheikh 2005; Fenning et al. 2019), the child was provided 
with a pencil and instructions to trace an image of a star using 
a structure that permitted only an indirect, mirror-image view 

of the child’s hand and paper. The reversed directionality of 
the image makes this a difficult task to perform. Despite the 
large range of cognitive functioning present in our sample, 
every child was judged to have understood the request for 
basic tracing.

Scaffolding task. Following the psychophysiological data 
collection, the parents and children were asked to engage in 
a series of interactive tasks, including one from which the 
measure of parental scaffolding was obtained. In this task, 
which has been used several times by our laboratory and 
others with children with ASD and related disabilities (Baker 
et al. 2007; Fenning et al. 2018) the dyad was provided with 
colorful block tiles and a photo of a completed puzzle. The 
child was instructed to make the structure depicted in the 
photo. The parent was asked to let the child try to build 
the structure, providing any help that the parent deemed 
necessary. The experimenter returned after 5 min.

Parent interview and forms. Parents reported on their 
reactions to children’s emotion and demographic information 
through questionnaires.

Measures

ASD diagnostic confirmation and symptom level. Diagnostic 
confirmation was primarily based upon the existence of an 
ASD diagnosis by a community physician or psychologist 
and evidence that the child met the criterion for an autism 
spectrum classification on our laboratory administration 
of the ADOS-2 (Lord et al. 2012). The ADOS-2 is a semi-
structured assessment that facilitates observation and 
recording of child behaviors related to language, social 
communication, play, repetitive behaviors, and restricted 
interests and was performed by assessors certified as research 
reliable in the system. Most children (66%) received Module 
3, 26% were tested with Module 2, and 8% received Module 
1. The ADOS-2 comparison score was used to characterize 
the sample according to overall ASD symptom severity and 
to provide a robust measure of ASD symptom levels for 
consideration as a covariate. The comparison score allows 
for examination of symptom levels across different modules, 
with 1 indicative of minimal to no evidence of ASD-related 
symptoms and 10 reflecting a high level of symptoms.

As described in previous publications with this sample 
(e.g., Fenning et al. 2019), five children did not meet the 
ADOS-2 criterion for an ASD classification, but were 
retained following completion of an in-depth, multi-method 
clinical best estimate by a licensed clinical psychologist with 
research reliability in the ADOS-2 and significant expertise 
in ASD assessment. All five children met clinical criteria 
on the Social Responsiveness Scale–2 (SRS-2; Constantino 
and Gruber 2012), a widely used parent report measure of 
ASD symptoms, and all but one also met criteria on the 
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Social Communication Questionnaire, Lifetime Version 
(SCQ; Rutter et al. 2003a, b), a screening instrument based 
on the Autism Diagnostic Interview–Revised (ADI-R; Rutter 
et al. 2003a, b).

Child IQ. An estimate of child IQ was obtained using the 
Stanford-Binet 5 ABIQ (Roid 2003). The ABIQ is comprised 
of two subscales with high loading on the general intelligence 
factor: a Matrix Reasoning task that assesses non-verbal fluid 
reasoning and a Vocabulary task that evaluates expressive 
word knowledge. ABIQ and FSIQ were highly related in 
the standardization sample for individuals age 6 and above, 
r = 0.87, and for a subsample of individuals with intellectual 
disability, r = 0.87 (Roid 2003). Studies of children with ASD 
have revealed the ABIQ and FSIQ to be similarly strongly 
correlated (e.g., r = 0.89; Twomey et al. 2018).

Parental reactions to child emotion. The Coping with 
Children’s Negative Emotion Scale (CCNES; Fabes 
et  al. 2002) features 12 vignettes depicting situations in 
which the child is experiencing different negative emotions. 
Parents are asked to rate how likely they are to react in a 
specific way. These responses related to six subscales 
that have often been combined as they were in the current 
study—into ‘supportive’ (expressive-encouragement, 
emotion-focused, and problem-focused subscales), and 
‘unsupportive’ reactions (punitive, minimizing, and distress 
subscales; Baker et al. 2011; Fabes et al. 2002). The original 
psychometric study reported acceptable internal consistency 
(alphas 0.69 to 0.85), test–retest reliability (rs 0.56 to 0.83), 
and construct validity of the CCNES in relation to reported 
parenting behaviors and child emotional competence (Fabes 
et al. 2002). Bougher-Muckian et al. (2016) utilized a variant 
of the CCNES in families of children with ASD, with internal 
consistencies for more specific subscales ranging from alpha 
0.53 to 0.97. Paczkowski and Baker (2007) reported good 
internal consistencies for the CCNES supportive (alpha: 
0.90) and unsupportive scales (0.84) for their sample that 
included children with and without intellectual/developmental 
disabilities. Internal consistency was acceptable in the 
current study (alpha for supportive = 0.87 and unsupportive 
reactions = 0.86).

Parental scaffolding. The Parental Scaffolding Observation 
System (Hoffman et al. 2006) was applied to videotapes of the 
dyadic problem-solving task. This system considers parents’ 
ability to provide motivational, emotional, and technical 
support to their children while approaching and engaging 
in a challenging activity. Motivational scaffolding includes 
the ability of the parent to recruit the child’s attention to the 
task, foster enthusiasm for the task, and refocus the child 
should he or she become distracted. Emotional scaffolding 
scores reflect a parent’s ability to provide co-regulatory 
emotional support to the child and to contribute to the child’s 
feelings of accomplishment. Technical scaffolding evaluates 
the parent’s skill in providing structure and support for the 

child with regard to the task through instruction, guidance, 
prompting, and/or modification of the task or goal. Each of 
these subscales is rated from 1 (very low or absent support) 
to 5 (characteristically high support). These subscales are 
highly positively correlated (rs 0.66 to 0.76) and the measure 
is most commonly used as an average overall score (alpha 
0.88; Baker et al. 2007). In the current study, interscale alpha 
was 0.83 and interrater reliability (ICC) based on 25% of 
cases was 0.73.

Psychophysiological indices. RSA and EDA were meas-
ured with a MindWare data acquisition system (MindWare  
Technologies, Inc.) following developer guidelines.

RSA. Electrocardiography data were collected through 
disposable Ag–AgCl electrodes placed on participants’ right 
clavicle and lower left and right ribs. Data were sampled at 
500 Hz. RSA scores were quantified using spectral analysis 
(Berntson et al. 1997) with MindWare HRV analysis software 
(version 3.0.22) as the natural log of the variance in heart 
period within age-adjusted respiratory frequency bands (e.g. 
0.27–0.50 Hz for 9-year-olds, 0.25–0.50 Hz for 10-year-
olds; see Shader et al. 2018, for additional ranges). RSA was 
expressed in units of ln(ms2). Possible artifacts were flagged 
by an algorithm that detects improbable interbeat intervals, 
allowing visual inspection and editing when necessary; 
relatively few artifacts were detected, and these were corrected 
manually (Berntson et al. 1997). RSA reactivity (RSA-R) was 
calculated as the residual of the regression of RSA during the 
star-tracing period on RSA during the baseline period (Burt 
and Obradović 2013; Baker et al. 2020). Residualized change 
scores were multiplied by − 1 so that higher RSA reactivity 
scores indicated greater reductions in RSA (i.e., greater 
withdrawal) from the baseline to the star-tracing period.

Electrodermal reactivity (EDA-R). EDA (units =  
microsiemens or µS) was measured with two disposable 
Ag–AgCl electrodes placed on the palm of the non-dominant 
hand. Participants were seated throughout the physiological 
assessment. Data were sampled at 500  Hz. EDA scores 
were computed with MindWare EDA analysis software 
(version 3.0.22). EDA-R was calculated as the residual of 
the regression of EDA during the star-tracing period on EDA 
during the baseline period (Burt and Obradović 2013; Fenning 
et al. 2019). Higher EDA-R scores reflect greater increases in 
EDA level from baseline to star-tracing.

Data Analysis

Separate regressions predicting each child psychophysiological 
index were performed, with the three parenting behaviors 
entered as predictors. Missing parent reactions data were 
estimated for the regressions using multiple imputation across 
10 datasets. Given that EDA reactivity was the sole outcome 
variable in the second regression, EDA data were included 
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in the imputation of reaction data but were not estimated 
in that regression. Regressions were also performed with 
either no data estimated (complete case analysis) or with 
all data (including EDA reactivity) estimated; the pattern of 
significant findings did not change across the three methods.

Results

Descriptive statistics and correlations among study variables 
are shown in Table 1. Supportive parent reactions to negative 
emotion were related to higher child baseline RSA. Child 
baseline RSA was related to child age and was associated 
with child IQ at the level of a trend, so these variables were 
controlled in subsequent regressions. It was not necessary to 
control for any other demographic variable or relevant child 
variable (e.g., gender, ASD symptom level).

Results of the regression analyses are shown in Table 2. 
In support of our first hypothesis, regression analyses 
confirmed the bivariate finding that more supportive 
parental reactions were related to higher child baseline 
RSA. This association, along with child age, accounted 
for approximately a quarter of the variance in baseline 
RSA. Fewer unsupportive parent reactions and higher 
quality parental scaffolding were each significantly related 
to higher child EDA reactivity, with medium effect sizes, 
suggesting support for our second hypothesis. Parenting 
variables, along with child age and child IQ, accounted 
for 31% of the variance in EDA reactivity. With respect to 
the third hypothesis, regression analyses did not indicate a 
relationship between RSA reactivity and either supportive 
or unsupportive parenting.

Discussion

Findings from the present study identified concurrent 
associations between two facets of parental socialization 
of child emotion (reactions to child negative emotion and 
co-regulatory scaffolding) and children’s PNS and SNS 
profiles. Investigations aimed at understanding how parenting 
behavior may influence psychophysiological processes 
thought to underlie effective child emotion regulation in 
populations with neurodevelopmental disorders are only 
recently emerging (Bell et al. 2018; Breaux et al. 2018) and, 
to our knowledge, this study is the first to do so in families of 
children with ASD—a population at extreme risk for emotion 
dysregulation (Fenning et al. 2018; Mazefsky et al. 2013).

Findings were largely consistent with our first hypothesis 
in revealing associations between parent-reported supportive 
reactions to child negative emotion and higher baseline 
child RSA, a putative biomarker for regulatory capacity 

(Beauchaine 2015b). However, observed parental scaffolding 
was essentially unrelated to child baseline RSA, and 
unsupportive reactions were only correlated due to inverse 
overlap with supportive reactions. The specificity of these 
results suggests that socialization processes captured by 
our measure of supportive reactions may uniquely benefit 
children’s biological regulatory competence. For example, 
the encouragement of emotional expression and active 
problem-solving around emotion may be critical strategies 
for increasing adaptive development in this area (Eisenberg, 
Cumberland, et al. 1998a, b; Morris et al. 2007). In contrast, 
these results suggest that the absence of unsupportive 
reactions, and parental scaffolding quality—which 
considered both supportive and unsupportive behaviors—
may be less powerful in promoting these processes. 
Findings underscore the importance of moving beyond broad 
parenting dimensions to further address the role of specific 
“supportive” socialization of emotion behaviors.

Although supportive parent reactions were uniquely 
associated with child baseline RSA, higher child EDA 

Table 2   Regressions predicting psychophysiological indices from 
parent reactions

R2 and standardized beta scores were derived from averaging across 
all imputed datasets. R2 scores were .26, .31, and .01, for regression 
models corresponding to hypotheses 1 – 3, respectively
Abbreviations: RSA, respiratory sinus arrhythmia; EDA, electroder-
mal activity
 + p < 0.10, *p < 0.05, **p < 0.01

Hypothesis 1: Baseline RSA (n = 61)

B SE ß t p

Child Age 0.23 0.10 0.28* 2.34* 0.020
Child IQ -0.01 0.01 -0.15 -1.23 0.218
Supportive Reactions 0.56 0.27 0.28* 2.05* 0.041
Unsupportive Reactions -0.16 0.32 -0.07 -0.50 0.619
Scaffolding -0.02 0.18 -0.01 -0.09 0.927

Hypothesis 2: EDA Reactivity (EDA-R; 
n = 51)

B SE ß t p
Child Age -0.35 0.19 -0.24 +  -1.85 +  0.065
Child IQ -0.02 0.01 -0.25 +  -1.85 +  0.064
Supportive Reactions -0.56 0.47 -0.17 -1.20 0.231
Unsupportive Reactions -1.82 0.57 -0.47** -3.21** 0.001
Scaffolding 0.73 0.33 0.30* 2.25* 0.025

Hypothesis 3: RSA Reactivity (RSA-R; 
n = 61)

B SE ß t p
Child Age 0.01 0.07 0.02 0.12 0.907
Child IQ 0.00 0.01 0.00 0.05 0.960
Supportive Reactions 0.08 0.19 0.06 0.41 0.684
Unsupportive Reactions 0.06 0.23 0.04 0.28 0.781
Scaffolding -0.07 0.13 -0.07 -0.52 0.607
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reactivity was linked with both fewer parent-reported 
unsupportive reactions and higher quality parental scaffolding. 
Both unsupportive reactions and poorer scaffolding involve 
behaviors considered deleterious to the development of child 
regulation, as scaffolding included unsupportive behaviors that 
were reverse coded. Unsupportive parent reactions include 
dismissive and punitive responses to children’s vulnerable 
emotions, and lower-quality scaffolding ratings may indicate 
similar behaviors observed during frustrating challenges. 
These parenting behaviors may undermine activation of 
children’s behavioral inhibition system in challenging 
situations, consistent with lower child EDA reactivity. In 
contrast, fewer unsupportive parent reactions and higher-
quality scaffolding may involve encouraging children to 
engage actively with the challenge and to inhibit impulsive 
responses, as potentially reflected in higher EDA reactivity 
to the challenge task. As the meaning of a physiological 
response depends in part on the conditions that elicit the 
response, future research with similar parenting measures 
and physiological assessments during tasks more specifically 
designed to elicit either caution or active engagement could 
test our interpretation of the results.

Low child EDA reactivity appears to be a risk factor 
for externalizing problems in children with neurotypical 
development (Beauchaine et al. 2015; Erath et al. 2009) and 
those with ASD (Baker et al. 2018; Fenning et al. 2019), 
with parent–child coercive exchanges posited as a primary 
mechanism through which this EDA risk eventuates in child 
externalizing problems (e.g., Beauchaine and Zalewski 2016). 
Children with low EDA reactivity, who present as more 
fearless and less concerned with environmental contingencies 
for problem behavior (Beauchaine et al. 2015), may not only 
elicit more unsupportive parenting but may also trigger 
and maintain more hostile, coercive exchanges. In turn, 
increases in unsupportive parenting behavior may exacerbate 
child biological and behavioral dysregulation (Beauchaine 
and Zalewski 2016). The centrality of the SNS to these 
parent–child processes is highlighted by empirical evidence 
that parenting interventions may increase EDA responsivity 
in children with ADHD (Beauchaine et al. 2015), and that 
reductions in negative parenting may mediate treatment 
effects on related indices of sympathetic arousal (pre-ejection 
period—PEP; Bell et al. 2018).

Reduced sensitivity to consequences is not the only 
hypothesis that has been proposed to explain the risk for 
externalizing problems conferred by low EDA reactivity, 
as it is also the case that persistent low sympathetic arousal 
may be experienced by the child as aversive boredom, 
urging the child to find ways to increase this response (i.e., 
the sensation-seeking hypothesis, Cappadocia et al. 2009; 
Raine et al. 1997). Recent evidence suggests that high-quality 
parental scaffolding may attenuate the association between 
low EDA reactivity and externalizing problems in children 

with ASD (Baker et al. 2018). In this context, higher quality 
parental scaffolding, which includes up-regulation of child 
motivation, emotion coaching, and task-specific assistance, 
may have provided children with low EDA reactivity more 
adaptive methods for increasing arousal in the service of 
goal-directed behavior. Thus, it is likely that certain relevant 
positive parenting behaviors may also shape and increase 
child sympathetic responding. The scaffolding system used 
in the current study is a global coding system that considers a 
host of supportive and unsupportive parent behaviors; future 
studies that involve more micro-level or sequential coding 
might clarify which particular behaviors may be driving the 
present findings and could potentially provide more evidence 
with regard to direction of parent–child effects. Further work 
may also consider parental scaffolding across a variety of 
situational contexts.

The lack of significant findings related to children’s 
RSA reactivity was not particularly surprising given the 
complexity of this index. RSA reactivity may be adaptive 
or maladaptive depending on the nature of the task and 
the population considered (Beauchaine 2015a; Graziano 
and Derefinko 2013; Obradović et al. 2011). Indeed, in our 
previous work with this sample, RSA reactivity interacted 
with both parenting quality and the child’s concurrent EDA 
reactivity in the prediction of child externalizing behavior 
problems (Baker et al. 2020; Fenning et al. 2019). Similarly, 
studies of children with ADHD have not found direct 
assocations between RSA reactivity and parent emotion 
socialization practices even though these parenting behaviors 
were related to other measures of child psychophysiology 
(Bell et al. 2018; Breaux et al. 2018). The present study did 
not have sufficient power to confidently examine complex 
interactions. Future studies are needed with larger sample 
sizes and sufficient power to investigate highly complex 
interactive effects (e.g., RSA reactivity x EDA reactivity x 
parenting) in order to more thoroughly consider the role of 
this biological index.

Current results converge with findings from previous 
investigations of parenting and the development of children 
with ASD. This work to date suggests that parents may 
influence children’s behavioral and biological regulatory 
competence but that careful attention needs to be devoted to 
considerations of regulation as a state versus a trait (i.e., the 
internalization of regulatory competence; Baker, Fenning 
and Moffitt 2019a, b) and the degree to which children’s 
physiology may moderate socialization effects (Baker 
et al. 2018; 2020; Baker, Fenning, Howland et al. 2019a, b). 
Although carefully-controlled, longitudinal investigations 
are clearly needed, links between specific socialization of 
emotion behaviors and children’s concurrent physiology 
suggest the potential for meaningful parenting effects in 
a population experiencing both delays and differences in 
regulatory development.
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In this paper, we have presented a commonly-accepted 
perspective that associations between parent socialization of 
emotion and children’s development are transactional (e.g., 
Morris et  al. 2007), and we have highlighted theory and 
evidence focusing on the potential effects of parenting on 
children’s physiological development. However, our findings 
may also represent parent reactions to children’s behavior 
resulting from, or correlated with, the physiological indices 
of interest (i.e., reactive gene-environment correlations). 
Although issues of causality will be important to clarify in 
future research, given the lack of study in this area, evidence 
that children’s psychophysiological tendencies may influence 
parent socialization of emotion is also valuable and represents 
an important contribution. Longitudinal studies are needed 
to address these questions in families of children with 
neurotypical development as well as families of children with 
clinical needs at high risk for physiological dysregulation. It is 
also possible that the present findings could be at least partially 
explained through passive gene-environment correlations, 
whereby the parenting behaviors considered might be 
behavioral consequences or correlates of the parents’ own 
physiological tendencies based upon genetic profiles shared 
with their children. Parallel EDA and RSA measurement of the 
parents was beyond the scope of the present study but could 
provide important information to address this possibility.

Despite the limitations, the present study has many 
strengths. First, studies including psychophysiological 
measurement in children with disabilities have historically 
excluded children with lower cognitive functioning, which 
is problematic from an inclusion perspective and may also 
limit external validity. No such exclusionary criterion was 
present in this study. Although children with lower estimated 
IQ were more likely to have missing EDA data, IQ was 
not related to missingness for RSA. The present sample 
was also diverse with regard to ethnicity, socio-economic 
status, and child ASD symptom levels, but our sample was 
not sufficiently large to investigate differences by ethnicity 
or by gender. Future studies would benefit from inclusion 
of children with greater racial diversity as well. Findings 
identified associations between parent and child factors across 
multiple measurement methods, including questionnaires, 
physiological laboratory tasks, and an independent 
observation of parent–child interaction. This initial study 
will ideally contribute to a foundation for continued work 
examining the complex interplay of parental socialization of 
emotion and relevant child physiological processes over time.
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