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Abstract The theory of biobehavioral synchrony pro-

poses that the predictive power of parent–child attunement

likely lies in the manner with which behaviors are aligned

with relevant biological processes. Symptoms of autism

spectrum disorder (ASD) may challenge the formation of

behavioral and physiological synchrony, but maintenance

of such parent–child attunement could prove beneficial.

The present study is the first to examine parent–child

physiological synchrony in ASD. Parent and child elec-

trodermal activity (EDA) was measured continuously

during naturalistic free play. Parent–child EDA synchrony

(positive covariation) was positively correlated with

observed parent–child emotional attunement. Hierarchical

linear modeling revealed that child ASD symptoms mod-

erated the association between parent EDA and child EDA,

such that EDA synchrony was stronger for children with

lower ASD symptom levels.

Keywords Autism spectrum disorder � Parent–child

interaction � Synchrony � Electrodermal activity �
Psychophysiology

Introduction

Certain historical perspectives regarding parents’ ability to

promote development in children with autism spectrum

disorder (ASD) have highlighted the importance of parent–

child synchronous exchange (Greenspan and Wieder

1999). To date, treatments associated with this approach

have generally lacked the rigorous evidence of compre-

hensive child benefit demonstrated by behavioral inter-

ventions, which deemphasize the importance of synchrony

in favor of a strong instructional agenda (Howlin et al.

2009; Lovaas 1987). However, interest in parent–child

synchrony in ASD research has surged within the past

decade, in large part due to two concurrent but distinct

lines of inquiry. Family and language investigations have

reported that certain forms of sensitive parenting predict

language growth in children with or developing ASD

(Baker et al. 2010; Siller and Sigman 2008), while devel-

opmental theory and intervention studies have begun to

highlight the importance of parent–child engagement in the

prevention and remediation of ASD symptoms (Dawson

2008; Dawson et al. 2010; Kasari et al. 2010).

Feldman (2012) has recently proposed the theory of

biobehavioral synchrony, wherein it is argued that the

marked predictive power of early parent–child synchrony

to important cognitive and social-emotional outcomes in

children with neurotypical development likely lies in the

manner with which this behavioral synchrony is aligned

with relevant biological processes in each interactive

partner. Although considered particularly important in

infancy, these processes are active throughout childhood

(see Cole et al. 2004), and into adulthood (Schneiderman

et al. 2014). Biobehavioral synchrony can be investigated

in part through the examination of covariation in psy-

chophysiological arousal levels between interactive
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partners (Feldman 2012). Indeed, studies have shown that

the strength of the positive association between parents’

and infants’ heart rates is higher when certain behaviors

representative of synchrony are observed (Feldman et al.

2011) and that parent–child dyads with maltreating moth-

ers exhibit weaker positive covariation in heart rate than

those in which maltreatment is absent (Creaven et al.

2014).

Children with ASD exhibit significant social, affective,

and behavioral difficulties that may challenge the forma-

tion of biological synchrony, but maintenance of such

physiological attunement might promote the development

of these children (Feldman 2012). To our knowledge, no

study has examined caregiver–child biological synchrony

in ASD. In light of evidence that increasing dyadic (be-

havioral) engagement in children at-risk and/or diagnosed

with ASD may be key to optimizing developmental out-

comes (Baker et al. 2010; Dawson 2008; Kasari et al. 2010;

Siller and Sigman 2008), this would seem to be an espe-

cially important area of investigation.

The current pilot study examined covariation in elec-

trodermal activity (EDA), a measure of sympathetic ner-

vous system arousal, between parents and their children

with ASD during a naturalistic free play interaction. Tra-

ditional EDA measurement has utilized fairly intrusive

equipment and has required little movement on the part of

the child (Fowles 2008), leading to laboratory paradigms

with limited ecological validity and an over-representation

of children with lower ASD symptom levels in relevant

studies (e.g., Kylliäinen and Hietanen 2006; Schoen et al.

2008). In the present investigation, we utilized new wire-

less wrist sensors that permitted complete mobility, and

enabled the inclusion of children with substantial variation

in developmental functioning and autism symptomatology.

Consistent with current theory and evidence suggesting

that ASD symptoms may challenge the development of

behavioral synchrony, and that such synchrony may be key

to reducing these symptoms, we predicted that stronger

positive parent–child EDA covariation would be associated

with lower ASD symptom levels. In addition to our pri-

mary interest in physiological covariation and ASD

symptoms, we also investigated the degree to which EDA

covariation mapped on to the similar, but not identical,

behavioral construct of observed affective mutuality

(NICHD Early Child Care Research Network 2003).

Affective mutuality refers to the degree of observed emo-

tional attunement, comfort, intimacy, and positive respon-

siveness observed during parent–child interaction (see

McElwain et al. 2008, for a detailed description). Con-

vergence of these behavioral and biological measures

would provide further support for the notion of biobehav-

ioral synchrony. In addition to examining covariation in

EDA within each dyad over time, we also considered the

strength of covariation between individual differences in

parent and child EDA profiles (mean and variability) across

dyads for the overall free play task. We predicted that

dyads that included more physiologically reactive parents

(as compared to other parents) would also have more

reactive children (as compared to other children), based

upon evidence of covariation in EDA as a function of both

heritability (Tuvblad et al. 2012) and social partnering

(Guastello et al. 2006).

Methods

Participants

The sample included 28 children between the ages of 4 and

10 years and their primary caregivers (one father). See

Table 1 for sample information. Participating children

were required to have received a community diagnosis of

ASD provided by a physician or a licensed clinical psy-

chologist. Of note, the sample was relatively diverse with

regard to race/ethnicity and socioeconomic status, with

fewer than half of the participants identified as Caucasian,

non-Hispanic, and 27 % of families reporting annual

household incomes\$35,000 per year.

Procedures

All procedures were approved by our institutional review

board. After obtaining consent from parents and assent

from the children, wireless EDA sensors were placed on

the dominant wrist of each child and parent. A short

orientation period (approximately 5 min) then occurred

wherein one experimenter discussed the visit with the

mother while another gained rapport with the child. This

was followed by a 4-min prohibition task that was not

utilized in the current study. The dyads next engaged in a

naturalistic 4-min free play that has been used in several

studies of children with ASD and related developmental

concerns (e.g., Baker et al. 2007, 2010). The room was

large with blank walls, two large one-way mirrors, and

two video cameras mounted high on the walls. A large

clear box full of toys, including cars, common movie

character figurines, blocks, a toy cash register, and cut-

able wooden fruit was placed at the front of the room.

Dyads were told, ‘‘Please play together as you typically

would at home’’ (Baker et al. 2007). The dyad was then

left alone to explore the toys, and was observed through a

one-way mirror. A series of additional laboratory tasks

followed the free play; an abbreviated IQ assessment and

a direct measure of autism symptoms were performed

later in the visit by a licensed clinical psychologist with

expertise in ASD.
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Measures

Electrodermal Activity (EDA)

EDA was recorded in microsiemens at 8 Hz using wireless

Affectiva Q-Sensors (Picard et al. 2014; Poh et al. 2010;

Sano et al. 2014) worn by each parent and child. The

sensors utilized Ag/AgCl dry disc electrodes and data were

recorded and stored within the wrist sensor itself, and

downloaded for later analysis. Although measurement from

the wrist is less standard and may result in decreased

sensitivity to small changes in EDA as compared to certain

other locations (Van Dooren et al. 2012), evidence suggests

reliability of wrist data with traditional measurement

locations, and that wrist measurement may actually be

more sensitive to EDA under certain circumstances (Poh

et al. 2010; Sano et al. 2014; Van Dooren et al. 2012). In

addition to logging EDA, the sensors also recorded

movement across three dimensions using a triaxis

accelerometer. Movement data were summed across the

three dimensions for each measurement frame and con-

sidered as a covariate. EDA scores during the free play

were collapsed from 8 Hz (1920 frames per dyad) to 2 s

(120 frames), to better approximate the temporal window

for the processes of interest (Boucsein 2012; Skowron and

Hastings 2014).

Autism Symptoms

Level of autism symptoms was assessed through direct

testing with the Autism Diagnostic Observation Schedule-2

(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 and interaction, play, and repetitive

behaviors and restricted interests. The ADOS-2 consists of

five modules, one of which is selected for administration

based upon an individual’s age and expressive language

use. The present study utilized the ADOS-2 comparison

score, which allowed for examination of ASD symptoma-

tology across different modules, with 1 indicative of min-

imal to no evidence of ASD-related symptoms, and 10

reflecting a high level of symptoms.

Affective Mutuality

Observation of affective mutuality during the free play was

measured with the Affective Mutuality Scale of the

NICHD Early Child Care Research Network Scales (e.g.

2003; McElwain et al. 2008). Dyads were rated from video

on a seven-point scale (1 = very low to 7 = very high) for

behaviors indicative of affective attunement, comfort of

emotional exchange, and positive responsiveness to one

another. Inter-rater reliability for the current study, as

performed on 46 % of tapes, was high, ICC = 0.93.

Child IQ

An estimate of child IQ was obtained for descriptive pur-

poses and for consideration as a control variable using the

Abbreviated Battery of the Stanford-Binet Intelligence

Scales, Fifth Edition (Roid 2003).

Table 1 Descriptive statistics

for sample characteristics and

variables of interest

Variable Value

Mean child age in years (SD) 6.70 (1.81)

Child is male (%) 79 %

Primary caregiver is married (%) 81 %

Mean annual family income $50,000–$70,000

Race/ethnicity (% parent/child)

Caucasian, non-Hispanic 36/43 %

Hispanic 29/25 %

Asian American 21/11 %

African American 4/11 %

‘‘Other’’ 7/7 %

Mean child ABIQ (SD) 85.78 (24.16)

ASD symptom score mean (SD) 7.33 (2.40)

Uncorrected EDA score mean (SD)

Parent 1.07 (2.20)

Child 1.30 (2.36)

Mean correlation between parent and child EDA (SD) 0.24 (.57)

Mean affective mutuality ratings (SD) 4.46 (1.48)

EDA electrodermal activity, ABIQ abbreviated battery IQ
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Results

Data Analysis Plan

EDA data often exhibit positive skew and require trans-

formation prior to analysis to reduce non-normality

(Boucsein 2012). We performed a standard log transfor-

mation to address positive skew in our EDA data. The

secondary analyses examining overall EDA pattern

covariation (mean and variability) between parents and

their children were examined through basic correlation, as

was our analysis of biological covariation and observed

affective mutuality. Regarding the latter, more complex

modeling was not used for this largely methodological

examination due to sample size considerations.

Our main investigation of synchrony in relation to ASD

symptoms was tested using hierarchical linear models (HLM;

Raudenbush et al. 2011). HLMs can simultaneously model the

effects of time-varying (EDA and in-time covariates) and non-

time-varying (ASD symptoms) factors. HLMs allow for using

a within-person, repeated measures design, and are currently

recommended for the analysis of biological covariation

between individuals (Skowron and Hastings 2014). Level 1 of

the model involved the regression of child EDA scores (per

2-second interval) on to parent EDA scores (per 2-second

interval), controlling for child movement (per 2-second

interval) and time. The control for time prevented against

inflated covariation estimates due to any growth in mean EDA

levels across the task (i.e., the dyads tending to end higher in

EDA than they began; Curran and Bauer 2011; Skowron and

Hastings 2014).1 The Level 1 equation was as follows:

Child EDA Lij ¼ b0j þ b1j Child Movementij
� �

þ b2j Timeij
� �

þ b3j Parent EDAij

� �
þ rij

Level 2 included the main effect of the ADOS-2 com-

parison score as well as a cross-level interaction between

the ADOS-2 comparison score and parent EDA. This cross-

level interaction tested whether ASD symptoms moderated

the association between parent EDA and child EDA. The

cross-level interaction between ASD symptoms and time

was also included, in order to control for variability in child

EDA patterns over time as a function of ASD symptoms.

b0j ¼ c00 þ c01 ASD Symptomsj
� �

þ u0j

b1j ¼ c10

b2j ¼ c20 þ c21 ASD Symptomsj
� �

b3j ¼ c30 þ c31 ASD Symptomsj
� �

þ u3j

Due to sample size considerations, control variables

(e.g., child age, IQ, race, gender, and family income) were

tested separately as Level 2 main effects. None of these

variables were significantly related to parent–child EDA

covariation, thus only the ADOS-2 comparison score was

included at Level 2 in the final model.

Missing Data and Sample Characteristics

All 56 participants (parents and children) tolerated the

application of the EDA sensors for the entirety of the free

play. The parent sensors malfunctioned for two of the free

play tasks, however, and one family needed to leave early

such that no measure of ASD symptoms was performed.

These cases were omitted from the relevant analyses.

Abbreviated Battery IQ scores for the children ranged from

47 to 139, indicating a wide range of estimated intellectual

functioning. The average comparison score for level of

autism-related symptoms on the ADOS-2 fell between

‘‘moderate’’ and ‘‘high’’ (see Table 1).

Parent–Child Covariation in Overall EDA Patterns

Results indicated a moderate, positive correlation between

individual differences in parent and child EDA variability

(standard deviation across the task), r = .40, p\ .05,

indicating that more physiologically variable parents ten-

ded to be in dyads with more variable children. Covariation

of the mean levels of parent and child EDA for the overall

free play was somewhat lower and not significant, r = .31,

p = .12.

Parent–Child Biobehavioral Synchrony

Descriptive Data

Observed affective mutuality scores spanned the full 7-point

scale, with the mean falling within the ‘‘moderate’’ to

‘‘moderately high’’ mutuality range (see Table 1). Physio-

logical covariation exhibited similar variation, with one-

third of dyads (as per bivariate correlation) associated at

above r = .66 (n = 8), one-third falling between r = -.05

and .66 (n = 9), and the remaining third scoring further into

the negative range (n = 9).

Correlation Between Biological Covariation and Affective

Mutuality

A moderate positive correlation was found between the

degree of positive association (correlation) of parent and

child EDA scores (per 2-second interval) during the free

play, and the observational ratings of dyadic affective

1 The models were also run using group-centered parent EDA rather

than controlling for time. The findings were nearly identical in that

the direction and significance of all effects were the same in both

models and the magnitudes of effects were highly similar.
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mutuality, r = .49, p\ .05, indicating that dyads that were

more highly positive in their EDA correlations across the

free play also tended to be rated higher in observed

affective mutuality.

Associations Between Biological Covariation and Autism

Symptom Levels

After adjusting for time and movement, a significant cross-

level interaction emerged between ASD symptom levels

and parent EDA in predicting child EDA (Table 2).

Decomposition of this interaction using simple slopes

(Preacher et al. 2006) revealed that the slope for parent–

child physiological covariation at the ASD symptom level

one standard deviation below the sample mean was sig-

nificant, slope = 4.38, t = 2.49, p\ .05. The slopes were

not significant at either the sample-mean level of ASD

symptoms, slope = .81, t = .67, ns, or at the ASD symp-

tom level one standard deviation above the mean,

slope = -2.76, t = -1.61, ns (see Fig. 1). Evaluation of

the regions of significance of the moderation effect esti-

mated that covariation between parent and child EDA

became significant at values of autism symptom levels

\5.76 (moderate symptoms). Of note, the interaction

between ASD symptom levels and time was significant,

suggesting that children with lower ASD symptoms tended

to exhibit greater decline in EDA levels over the task than

did children with higher symptom levels (Table 2).

Discussion

This is the first study to apply the theory of biobehavioral

synchrony (Feldman 2012) to children with ASD. Results

suggest that stronger positive covariation in sympathetic

nervous system arousal between parents and their children

with ASD may be related to lower levels of child ASD

symptoms. As with most preliminary data, these findings

require further study. It is possible that ASD symptoms

interfere with the development of synchrony. Future

investigations will need to determine the degree to which

this effect is mediated by symptoms exhibited during the

measurement period, or whether asynchrony in certain

dyads may be the result of a history of challenging inter-

action. Consistent with our conceptualization of these

effects as bidirectional, this finding also supports the

intriguing notion that the maintenance of caregiver–child

physiological synchrony might contribute to reduced ASD

symptom levels over time (Dawson 2008). Sequential

micro-coding of in-time symptom manifestation and the

use of a longitudinal design would extend the current

findings.

Although interesting, our finding that more physiologi-

cally variable parents were from dyads with more variable

Table 2 Hierarchical linear

model predicting child

electrodermal activity (EDA)

Fixed effect Coefficient SE t ratio p value CIs

Child EDA intercept, b0

Intercept, c00 0.51 0.18 2.86 .009 0.17 to 0.87

ASD symptoms, c01 0.11 0.072 1.57 .131 -0.028 to 0.25

Child movement, b1

Intercept, c10 -0.0053 0.0044 -1.19 .233 -0.014 to 0.0033

Time, b2

Intercept, c20 -0.00022 0.000032 -6.99 \.001 -0.00028 to -0.0016

ASD symptoms, c21 0.00013 0.000015 8.39 \.001 0.000096 to 0.00015

Parent EDA, b3

Intercept, c30 0.80 1.21 0.67 .510 -1.56 to 3.18

ASD symptoms, c31 -1.44 0.50 -2.86 .009 -2.42 to -0.46

The near-zero values above represent unstandardized coefficients and are close to zero due to the scaling of

the variables involved

Fig. 1 Parent–child covariation of electrodermal activity (EDA) as a

function of ASD symptoms
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children requires further attention. It will be important to

discriminate the degree to which this correlation might

reflect heritability versus social partnering (Guastello et al.

2006). Furthermore, although parent–child, in-time

covariation in these processes appears important, it is not

yet established that these individual indices of functioning

are of consequence for children with ASD. Investigations

suggest that EDA reactivity may play a role in the devel-

opment of problems in children with neurotypical devel-

opment (Beauchaine 2001); however, this association is not

yet established for children with ASD (McCormick et al.

2014), and studies of EDA in general have not tended to

focus on the type of long-term, naturalistic patterns of

arousal examined in the present investigation.

We hope that the current findings promote interest in

examining biobehavioral synchrony in children with ASD,

particularly as a potential explanatory mechanism for the

effects of interventions focused on the maintenance of

parent–child engagement (e.g., Dawson et al. 2010). It

remains to be seen, however, whether covariation in sym-

pathetic nervous system arousal is meaningful in-and-of-

itself, or whether it is a prerequisite or even just a correlate

of other causal processes. Studies with larger samples may

also consider that certain forms of parent–child physio-

logical asynchrony may be beneficial (e.g., co-regulatory;

Cole et al. 2004), and that covariation of sympathetic

nervous system arousal may not always be helpful (e.g., if

child distress is met with parent distress).

Findings are preliminary given our relatively modest

sample size. Nonetheless, HLMs have been used effec-

tively with smaller samples in prior ASD research (e.g.,

Lerner et al. 2011). The present sample was considerably

more diverse with regard to developmental functioning and

level of ASD symptomatology than most studies of phys-

iology in this population, and no study to our knowledge

has examined EDA during naturalistic parent–child inter-

action. In this study, the free play always followed a delay

of gratification task, thus potential carryover effects might

be active and could be considered in future investigations.

Incorporating a comparison group of children with neu-

rotypical development might be useful for future research,

to consider potential diagnostic-group differences in syn-

chrony; however, we were primarily interested in under-

standing individual differences among children with ASD.

Ultimately, the intent of this pilot project was to encourage

a new framework of study in ASD that emphasizes the

intersection between interactive behavior and physiological

functioning as a potential environmental support for these

children.
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