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Abstract

- Jason K. Baker' - Jacquelyn Moffitt’

Difficulties regulating emotion have been linked to comorbid psychopathology in children with autism spectrum disorder
(ASD), but little empirical work has examined predictors of dysregulation in this population. Forty-six families of children
with ASD participated in a laboratory visit that included direct measurement of children’s IQ, ASD symptoms, and psycho-
physiological reactivity. Child emotion regulation was observed during independent and co-regulatory tasks, and parental
scaffolding was rated in the dyadic context. ASD symptom severity emerged as the strongest predictor of child emotion
dysregulation across contexts. Child age and parental scaffolding also uniquely predicted child dysregulation in the dyadic
task. Implications for conceptualizing intrinsic and extrinsic influences on emergent emotion regulation in children with

ASD are discussed, as are applications to intervention.

Keywords Autism spectrum disorder - Emotion regulation - Co-regulation - Autism symptomatology - Psychophysiology -

Intellectual disability

Introduction

Diagnostic criteria for autism spectrum disorder (ASD)
focus on core deficits in social communication and the
presence of restricted and repetitive behaviors (American
Psychiatric Association 2013). However, individuals with
ASD also experience high rates of co-occurring emotional
and behavioral challenges (Brereton et al. 2006; Georgiades
et al. 2013), which has prompted efforts to better understand
mechanisms underlying heterogeneity in this population.
Emotion regulation, or the ability to modulate emotional
states to achieve a goal (Gross 2008; Thompson 1994), has
been posited to play a central role in the manifestation of
individual differences in core ASD-related symptomatology
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and comorbid problems (Mazefsky et al. 2013, 2012; Mazef-
sky and White 2014; Weiss 2014; White et al. 2014).

Emotion Regulation in ASD

Research on emotion regulation in individuals with ASD has
generally focused on group differences in regulatory strate-
gies between individuals with ASD and those with neuro-
typical development (Jahromi et al. 2012; Mazefsky et al.
2014; Nuske et al. 2017; Samson et al. 2015, 2012). Find-
ings generally suggest that children with ASD utilize fewer
adaptive emotion regulation strategies in independent regu-
latory contexts than do children without ASD. Specifically,
children with ASD have been observed to display greater
resignation, avoidance, and venting behaviors in the context
of frustrating tasks (Jahromi et al. 2012), and less use of cog-
nitive reappraisal as a response to problem-solving vignettes
than children with neurotypical development (Samson et al.
2015). Children and adolescents with ASD also self-report
higher levels of rumination, avoidance, and emotion sup-
pression (Mazefsky et al. 2014; Patel et al. 2017; Samson
et al. 2012), and reduced frequency of a host of adaptive
strategies, including approach-oriented coping, cognitive
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reappraisal, relaxation, and acceptance (Rieffe et al. 2014;
Samson et al. 2015, 2012).

Although evidence suggests greater reliance on mala-
daptive strategies among children with ASD, studies have
rarely tested assumptions regarding associations between
purported regulatory efforts and indices of actual regula-
tion quality, represented by certain parameters of emotion
process (e.g., lability, intensity, duration, and soothability)
and associated behaviors (Cole et al. 2004, 1994; Thompson
1994). In a notable exception, Jahromi et al. (2012) used
sequential analyses and revealed that regulatory strategies
were significantly less effective in promoting reduction of
negativity and resignation for children with ASD than for
children with neurotypical development. These findings are
compelling in suggesting that difficulties experienced by
children with ASD in modulating negative arousal may stem
not only from deficits in strategy selection, but also from
difficulties with effective implementation. Further work is
needed to enhance understanding of process-level indicators
of regulatory quality.

A growing body of research has centered on functional
outcomes associated with regulatory difficulties or dys-
regulation in children with ASD. Specifically, a number of
studies have examined emotion regulation as a predictor of
internalizing and externalizing problems in this population
(Mazefsky et al. 2014; Pouw et al. 2013; Rieffe et al. 2014,
Samson et al. 2015). Endorsement of maladaptive regulatory
strategies has been associated with internalizing symptoms
and problem behaviors in verbally-fluent older children and
adolescents with ASD, with rumination figuring promi-
nently in relation to depressive and related internalizing
symptoms (Mazefsky et al. 2014; Patel et al. 2017; Rieffe
et al. 2014). More broadly, several studies have implicated
parent-reported emotion dysregulation in the manifestation
of anxiety and difficulties with peer interaction in individu-
als with ASD (Berkovits et al. 2017; Jahromi et al. 2013;
Swain et al. 2015; White et al. 2014). In contrast, children’s
ability to generate adaptive regulatory strategies in response
to hypothetical scenarios has been linked to reduced parent-
reported externalizing behavior problems in this population
(Ting and Weiss 2017).

Intrinsic Predictors of Emotion Regulation
in ASD

ASD Symptoms

Multiple factors have been theorized to underlie regulatory
difficulties in children with ASD, including core ASD-
related symptomatology and associated social-cognitive
and executive functioning deficits. As outlined by Mazefsky,
White, and colleagues (see Mazefsky et al. 2013; Mazefsky

and White 2014; White et al. 2014 for reviews), character-
istics commonly associated with, or intrinsic to, ASD likely
predispose children to experiencing challenges with emotion
regulation. For example, emotion understanding, perspective
taking, and executive functioning are closely intertwined
with emotion regulation in children with neurotypical devel-
opment (Fox and Calkins 2003; Izard et al. 2011; Zelazo
and Cunningham 2007), and these domains are recognized
areas of difficulty for children with ASD (Geurts et al. 2014;
Heerey et al. 2003; O’Hearn et al. 2008). Children with ASD
also often exhibit problems with abstract reasoning, weak
central coherence, and behavioral rigidity (D’Cruz et al.
2013; Pellicano et al. 2006; Williams et al. 2006), which
may impede accurate assessment of situational contexts and
effective enactment of regulatory efforts. Moreover, core
ASD-related deficits in social communication and the pres-
ence of repetitive behaviors may challenge the delivery of
vital external co-regulatory support. Transactional effects
are likely, with emotion regulation difficulties further exac-
erbating underlying vulnerabilities in this population.

Given the pervasiveness of problems with emotion
regulation in individuals with ASD, clarifying the nature
of the relationship between ASD symptoms and emotion
dysregulation has the potential to inform understanding of
foundational developmental processes as well as approaches
to clinical intervention. However, few investigations have
empirically examined predictors of individual differences in
regulatory competence in this population, and the handful
of existing studies have yielded inconsistent results. Several
studies examining observed and self-reported regulatory
strategies have not found associations with ASD symptom
severity, as measured by observer ratings and parent report
(Konstantareas and Stewart 2006; Patel et al. 2017). In
contrast, parent report of global emotion regulation and of
certain internalizing and externalizing behavior problems
thought to be indicative of dysregulation have been linked
to parent-reported ASD symptoms (Berkovits et al. 2017;
Samson et al. 2014). Advancing this line of research using
more direct assessments that eliminate shared informant
variance and increase the specificity of the emotion regula-
tion construct is of particular importance.

Intellectual Functioning

Level of intellectual functioning may be related to differ-
ences in neural circuitry that are implicated in self-regu-
lation in children with ASD (Bachevalier and Loveland
2006). Although IQ has occasionally been considered as a
covariate (Jahromi et al. 2013; Samson et al. 2015; Ting
and Weiss 2017), this construct has rarely been featured in
research on emotion regulation in this population. Existing
work has predominantly included samples characterized by
intellectual functioning in the low-average range or above,
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with inclusion criteria often requiring a minimum meas-
ured IQ score of 80. In these studies, associations between
IQ and emotion regulation generally either have not been
reported or have been found to be non-significant, per-
haps due to truncated range (Jahromi et al. 2012; Ting and
Weiss 2017). Of those studies employing more cognitively
diverse samples of children with ASD, most investigations
have not found IQ to be a significant predictor of self- or
parent-reported regulation and relevant behavior problems
(Berkovits et al. 2017; Samson et al. 2015, 2014). However,
methodology may be a significant factor, given that some
evidence suggests positive associations between scores on
a developmental screener and observed adaptive regulatory
strategies in children with ASD (Konstantareas and Stewart
2006). The relationship between intellectual functioning and
regulatory skills in this population remains a central and
understudied research question.

Chronological Age

Theoretical accounts propose a developmental progression
in children’s emotion regulation abilities characterized by
greater complexity, effectiveness, and independence over
time, which parallels corresponding maturational advances
in cognition and neurobiology, as well as the changing nature
of social influences (Calkins 1994; Cole et al. 1994; Kopp
1982, 1989; Thompson 2011). Findings from a handful of
longitudinal studies provide evidence to support age-related
improvement in the selection and use of regulatory strategies
over time for children with neurotypical development as well
as children with general developmental delays, although the
latter group continue to show comparative deficits (Gerstein
et al. 2011; Gullone et al. 2010; Mangelsdorf et al. 1995;
Vaughn et al. 1984). Some findings from studies of children
and adolescents with ASD suggest the potential for age-
related increases in the quality of self-reported regulatory
strategies (Samson et al. 2015) whereas other results indicate
non-significant associations between chronological age and
self-reported regulation (Cai et al. 2018; Pouw et al. 2013).
In addition, a study utilizing observational measures of emo-
tion regulation found age to be significantly less predictive
of regulatory processes for children with ASD than children
with neurotypical development (Konstantareas and Stewart
2006). For children with ASD, the potential influence of
chronological age upon regulatory processes is likely com-
plex due to wide variation in intellectual functioning, ASD
symptom severity, and related contributing characteristics.

Psychophysiological Reactivity
Efforts to understand psychobiological components of emo-

tion processing in individuals with ASD have increasingly
turned to measures of psychophysiology. Findings in this
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area are decidedly mixed and vary considerably depending
upon the chosen physiologic index, methodology, and out-
come measurement (Lydon et al. 2016; White et al. 2014).
Electrodermal activity (EDA), a measure of sympathetic
nervous system activation related to the behavioral inhibition
system (BIS), has emerged as a promising marker of individ-
ual differences. Various metrics have been utilized, including
baseline EDA, EDA response to discrete stimuli, and more
recently, the frequency of nonspecific fluctuations in skin
conductance responses (NSCRs; Boucsein et al. 2012; Beau-
chaine et al. 2015). The latter has emerged as an especially
useful metric when examining symptom presentation in indi-
viduals with ASD. Heightened overall EDA variability as
measured by NSCRs has been found to predict greater ASD
symptom severity (Fenning et al. 2017) whereas hypoacti-
vation, particularly during compliance contexts, may be a
marker of risk for comorbid externalizing problems (Baker
et al. 2018). Although much remains to be learned about
associations between EDA and symptomatology in children
with ASD, even less is understood about relations with the
potentially more proximal construct of emotion regulation.

Extrinsic Predictors of Emotion Regulation
in ASD

Extrinsic influences on children’s emotion regulation, par-
ticularly in the form of parental co-regulatory support, have
long been recognized as central to the development of chil-
dren’s independent regulatory abilities (Cole et al. 1994;
Kopp 1982, 1989; Morris et al. 2007; Thompson and Meyer
2007). Direct assistance in managing emotional arousal may
be especially critical for children with developmental prob-
lems given heightened vulnerability to dysregulation in this
population and the potential for parenting behavior to exert
stronger influence upon social-emotional functioning for
children with developmental vulnerabilities than for children
with neurotypical development (Baker et al. 2007; Guralnick
1999). Indeed, mothers’ ability to effectively scaffold their
children’s modulation of emotion through provision of sensi-
tive structuring and emotional and motivational support has
been linked with observed regulation quality and important
social skills outcomes in children with general developmen-
tal delays (Baker et al. 2007).

Investigations have begun to focus on the role of parents
in regulatory processes in children with ASD. Emerging evi-
dence suggests that parental presence may be conducive to
regulation in young children with ASD, even in the absence
of direct co-regulatory support (i.e., as when the parent is
rendered unavailable by requirements of a laboratory pro-
tocol; Jahromi et al. 2012). Of the few studies to examine
co-regulation, one study of toddlers revealed associations
between parental co-regulatory support and observed
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response to distress in a dyadic free-play context (Gulsrud
et al. 2010). However, a study of school-aged children did
not find expected relations between the quality and form of
co-regulation during a parent—child emotion discussion task
and children’s regulation strategies generated independently
in response to hypothetical vignettes (Ting and Weiss 2017).
Discrepancies underscore the importance of further examin-
ing child characteristics, particularly child age, and measure-
ment context when considering the role of co-regulation in
the emergence of regulatory skills in children with ASD.

Current Study

Theoretical conceptualizations of emotion regulation empha-
size the importance of differentiating activated emotion and
putative regulatory strategies from indices of regulatory
quality (Cole et al. 2004, 1994; Thompson 1994). Although
existing research on individuals with ASD has enhanced
understanding of regulatory strategies and associated impli-
cations for comorbid symptomatology, relatively little atten-
tion has been devoted to characterizing process-level indi-
cators or to examining predictors of emotion regulation in
this population. In addition, most investigations have relied
upon a single measure of emotion regulation in individuals
scoring within the normative range of intellectual function-
ing (Weiss et al. 2014).

The current investigation directly addressed these areas of
need by examining predictors of global features of emotion
regulation in a developmentally-diverse sample of children
with ASD using a multi-method approach. Specifically, we
tested the prediction of child characteristics (age, intellectual
functioning, ASD symptom severity, and psychophysiologi-
cal reactivity) and parental scaffolding to observed emotion
dysregulation in independent and co-regulatory contexts. We
expected that children would display greater dysregulation
in independent relative to dyadic contexts. Building upon
conceptualizations of emotion regulation as central to ASD
(Mazefsky et al. 2013), we anticipated that ASD symptom
severity would emerge as the strongest predictor of observed
dysregulation and would predict beyond the effects of other
important intrinsic and extrinsic factors. Parental scaffolding
was hypothesized to emerge as an important inverse pre-
dictor of dysregulation, particularly in contexts providing
opportunities for co-regulatory support.

In order to address the nuances of the association between
1Q and emotion dysregulation, we tested the relationship
using a continuous measure of IQ and a metric dichoto-
mized according to the IQ criterion for intellectual disabil-
ity (ID; APA 2013), the latter of which we expected to be
a more powerful predictor. Drawing upon work suggesting
inverse associations between intellectual functioning and
ASD symptom severity (Lecavalier et al. 2011; Matson and
Shoemaker 2009) and evidence of important differences in

the regulation profiles of children with significant cognitive
delays and children with neurotypical development (Baker
et al. 2007; Norona and Baker 2014), we expected that
intellectual functioning would be negatively related to dys-
regulation in children with ASD. Specifically, we expected
that IQ would be inversely predictive of dysregulation, and
that children meeting the IQ criterion for ID would display
greater dysregulation than those with measured IQ in the
normative range.

Regarding psychophysiology, it was anticipated that
greater EDA reactivity would be positively related to
observed emotion dysregulation. This hypothesis was
informed by evidence of associations between increased
EDA reactivity and ASD symptom severity in children
with ASD (Fenning et al. 2017). Previous findings have
also linked heightened EDA reactivity with observed emo-
tionality and subsequent behavior problems in preschool-
aged children (Cole et al. 1996), a pattern that Cole and
colleagues referred to as suggesting potential “emotional
impulsivity” and “underregulation.”

Method
Participants

The present sample included 46 children between the ages of
4 and 11 years and their primary caregivers (see Table 1 for
demographics; only one child was 11 years of age). Children
with an existing diagnosis of ASD provided by a physician
or psychologist were recruited from the community. One
participating child was reported to have a chromosomal dele-
tion (region 7q35), which has been implicated in risk for

Table 1 Sample demographic information (n=46)

Variable
Child
Mean age 6.39 (1.95)
Mean estimated 1Q 84.73 (22.71)
Range estimated 1Q 47-139
Male (%) 80%
Race/ethnicity
Caucasian, non-hispanic 44%
Caucasian, hispanic 24%
Asian American 11%
African American 9%
“Other” 11%
Primary caregiver
Married (%) 85%
Father was primary caregiver (%) 5%

Median annual family income US $50,000-$70,000
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ASD in emerging research (Pefiagarikano and Geschwind
2012); no other participating children were reported to have
underlying genetic variants or neurological disorders of
known etiological significance to ASD. Exclusionary cri-
teria for the child also included measured IQ below 40 (to
address task validity considerations) and motor impairment
that would prevent independent ambulation.

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 right
wrist of each child, as recommended for the current purpose
(Picard et al. 2016). A short introductory period followed
in which the child became accustomed to the sensors while
the experimenter presented the parent with an overview
of research procedures. Dyads then engaged in a series of
established laboratory tasks, which included our focal co-
regulatory and independent frustration tasks. The laboratory
visit concluded with direct assessments of children’s intel-
lectual functioning and ASD-related symptoms performed
by a licensed clinical psychologist with expertise in ASD
(see Fenning et al. 2017 for a complete description of study
methods and procedures).

Co-Regulation Task (Baker et al. 2018; Fenning et al.
2017). The parent—child dyad was positioned at the cor-
ner of a table, with the parent to the child’s left. The dyad
was provided with 32 colorful block tiles and a photo of a
completed fish puzzle. The child was instructed to make the
structure depicted in the photo. The parent was asked to let
the child try it on his or her own, and then to provide any
help that the parent deemed necessary. The experimenter
returned after 4 min.

Independent Regulation Task (Fenning et al. 2017;
Goldsmith et al. 2001; Jahromi et al. 2012). Children par-
ticipated in a 5-min “locked box” independent frustration
task. The child was asked to select a favorite item from a
variety of prizes and the item was placed in a translucent
hard-plastic box, which was then locked with a padlock. The
experimenter demonstrated using a key to open the lock and
retrieve the prize. The child was given a keychain with 15
visually similar, non-functional keys. The experimenter
instructed the child to try to find a key that would open the
box and allow him/her to get the toy. After 5 min, the experi-
menter returned and informed the child that he or she was
given incorrect keys. The child was then provided with a
set of appropriate keys and he or she had the opportunity to
retrieve the prize.

@ Springer

Measures
Child IQ

An estimate of child IQ was obtained using the SB5S ABIQ
(Roid 2003). The ABIQ is comprised of two subscales
with high loading on g. A Matrix Reasoning task assesses
non-verbal fluid reasoning and a Vocabulary task evaluates
expressive word knowledge. The SB5 has sound psycho-
metric properties, including good test-retest reliability, for
preschool- and school-aged children and has demonstrated
validity for children with ASD (Fenning et al. 2017; Mat-
thews et al. 2015; Roid 2003). Two variables were derived
to represent intellectual functioning in the current study: the
continuous ABIQ score (/Q) and the ABIQ score dichoto-
mized according to the DSM-5 IQ criterion for ID (IQ <76;
APA 2013), subsequently referred to as ID range.

ASD Symptoms

Level of ASD symptoms was assessed through direct test-
ing with the Autism Diagnostic Observation Schedule-2
(ADOS-2; Lord et al. 2012), a semi-structured assessment
that facilitates observation and recording of child behaviors
related to language, social communication, play, repetitive
behaviors, and restricted interests. The ADOS-2 comparison
score was used to index overall ASD symptom severity. The
comparison score allows for examination of symptomatol-
ogy across different modules, with 1 indicative of minimal
to no evidence of ASD-related symptoms, and 10 reflecting
a high level of symptoms.

Electrodermal Activity (EDA)

EDA during the independent and co-regulatory tasks was
recorded in microsiemens (us) at 8 Hz using wireless Affec-
tiva Q-Sensors (Picard et al. 2016). The sensors utilized Ag/
AgCl dry disc electrodes and data were recorded and stored
within the sensor itself, then processed using Q Software
(Affectiva 2014) and SPSS (IBM 2016). The degree of vari-
ability of EDA for each child within each task was indexed
by non-specific skin conductance responses (NSCRs).
NSCRs (Beauchaine et al. 2015; Dawson et al. 2000) were
calculated with the use of an algorithm that determined the
number of EDA increases of at least .03us over a period
of three seconds. Data cleaning procedures included visual
inspection of NSCRs as well as procedures to detect and
omit extreme scores indicative of increases in EDA that
occurred too quickly (e.g., > 10-30 us/3 s) or exhibited
intensities greater than would likely reflect the relevant bio-
logical processes (e.g., > 60 us). To address the possibility of
the sensors momentarily losing connection and mimicking
an NSCR upon re-establishing contact, we also omitted any
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NSCRs that followed a drop of 1 SD (based on a particular
child’s mean EDA) over the course of 3 s (see also Fenning
et al. 2017 for additional details regarding EDA processing).
NSCRs derived from the two regulation tasks were highly
correlated, r=.63, p<.001, and were composited to better
reflect the conceptualization of EDA as representing trait-
like underlying arousal tendencies that could contribute to
regulatory behavior. The sensors also recorded movement
data across three axes, which were averaged across tasks and
considered as a potential covariate.

Scaffolding

Parental co-regulatory support was coded from videotape of
the dyadic task, using the Parental Scaffolding Observation
System (Hoffman et al. 2006). This system considers par-
ents’ ability to provide motivational, emotional, and techni-
cal support to their children during a challenging activity.
Motivational scaffolding includes the ability of the parent
to recruit the child’s attention to the task, to foster enthusi-
asm for the task, and to refocus the child should he or she
become distracted. Emotional scaffolding scores reflect the
parent’s ability to provide co-regulatory emotional support
to the child (e.g., through affective attunement, modeling,
calming, and/or direct emotion coaching) and to contribute
to the child’s feelings of accomplishment. Technical scaf-
folding evaluates the parent’s ability to provide 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 are rated from 1 (very
low or absent support) to 5 (characteristically high sup-
port). Although these subscales can be used individually,
the scores are highly positively correlated and the meas-
ure is most commonly used as a single overall score (Baker
et al. 2007, 2018). This system has been used in families of
children with and without developmental challenges (Hoff-
man et al. 2006), but scaffolding scores have demonstrated
particular utility for children with delays and/or ASD (Baker
et al. 2007, 2018; Fenning and Baker 2012; Gulsrud et al.
2010; Ting and Weiss 2017). Inter-rater reliability based on
43% of cases yielded an intraclass correlation coefficient
(ICC) of .73.

Emotion Dysregulation

The quality of child emotion dysregulation was coded from
videotape using the Dysregulation Coding System (Hoff-
man et al. 2006). Adapted from parameters presented by
Cole and colleagues (Cole et al. 1994), the system was
designed to measure key indices of dysregulation/regula-
tion, including overall lability and soothability as well as the
appropriateness of the type, duration, and intensity of emo-
tional expressions. The system also measures the behavioral

manifestation of poor regulatory control that impedes task
engagement.

The overall Dysregulation score ranges from 0 (no evi-
dence of dysregulation) to 4 (significant dysregulation).
A score of 1 reflects a low degree of dysregulation and
describes individuals who: (a) displayed only one or two
brief emotional expressions that were inappropriate to the
situation and who were able to regroup or (b) displayed one
or two brief instances of emotional lability and/or variability
in intensity of emotional expression and recovered quickly
from inappropriate emotional experiences. Behaviorally, a
child receiving a score of 1 displayed only one or two brief
interfering behaviors during the segment, with no instances
of intense behavior disruption. In contrast, a score of 4 was
provided to children showing significant dysregulation evi-
denced by several intense emotional expressions or less
intense but frequent emotional expressions for the majority
of the segment. Children receiving a score of 4 were virtu-
ally unable to regroup and were very labile, showing extreme
variability in the intensity of emotion and/or very slow
recovery from emotional experiences. The children who
received the highest rating also displayed several intense
disruptive behaviors or displayed less intense, but frequent
disruptive behaviors for the majority of the segment.

Validity of the system is supported by prior studies of
preschool- and school-aged children with and without neu-
rodevelopmental disorders (Baker et al. 2007; Hoffman et al.
2006; Norona and Baker 2014). Specifically, ratings of dys-
regulation have been linked with child externalizing prob-
lems (Hoffman et al. 2006), and have been found to partially
mediate associations between early developmental delay and
later social skills (Baker et al. 2007). Interrater reliability for
the present study was based upon 30% of tapes and resulted
in an ICC of .90. Although coding for the two different tasks
occurred months apart, a portion of the same coders rated
dysregulation for both tasks. All coders were blind to the
children’s scores on all other variables.

Results

Mean child IQ fell within the borderline range of intellec-
tual functioning, with 36% of children exhibiting 1Q scores
within the ID range (<76; APA 2013). The sample was
diverse with regard to race/ethnicity and income level, and
demonstrated, on average, overall ASD symptom levels in
the moderate to high range based upon the ADOS-2 com-
parison score. One family needed to leave prior to adminis-
tration of assessments of estimated intellectual functioning
and ASD-symptom severity. Emotion regulation data for
two additional children were excluded from final analyses
because the children did not appear to adequately understand
the goal of the independent frustration task. Given that the
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Table 2 Descriptive statistics and correlations among variables of interest

Valid n 1 2 3 4 5 6 7 Mean (SD)
1. Age (in months) 46 - 81.51 (24.18)
2. Intellectual functioning (1Q) 45 —.04 - 84.73 (22.71)
3. ID range 45 —.11 — 803Kk - .36 (.48)*
4. ASD symptom level 45 .03 —.26+ 284+ - 7.20 (2.17)
5. Electrodermal activity (EDA) 45 —.05 .04 .00 13 - .02 (.94)
6. Scaffolding 44 —.06 23 —.18 —.11 -.19 - 3.33 (1.12)
7. Dysregulation: independent 44 —.08 —.08 24 A4x% 11 —.13 - 1.83 (1.11)
8. Dysregulation: dyadic 44 —-.24 —.33% .20 .38% 13 —.38% .36% 1.02 (1.21)°

ID intellectual disability, ASD autism spectrum disorder
+p <.10; *p <.05; **p <.01; ***p <.001

“The distribution of ID range was dichotomous according to the DSM-5 IQ criterion: 64% No ID (Code =0), 36% ID (Code=1)

"Descriptive information reflects unstandardized and uncorrected data

amount of missing data was minimal and that missing data
involved the primary predictor or outcome variables, a deci-
sion was made not to estimate these data, rendering a sample
size of 43 for the final regression analyses.

Table 2 presents descriptive statistics and bivariate corre-
lations among the primary variables of interest. Demograph-
ics including child gender and race/ethnicity, family income,
and marital status were not significantly related to child
emotion dysregulation and were not considered in further
analyses. However, sensor movement, averaged across tasks,
was related to child EDA (r=.44, p <.01) and to dysregula-
tion during the independent regulatory task (r=.33, p <.05),
and was therefore controlled in the relevant regression. Data
for dysregulation during the parent—child problem solving
task exhibited significant kurtosis; the variable was stand-
ardized and corrected using a square root transformation.

Children displayed significantly higher levels of dysregu-
lation during the independent regulation task in comparison
to the dyadic co-regulation task, #(43)=6.61, p<.001. As
expected, ASD symptom severity was positively related
to observed emotion dysregulation across contexts. ASD
symptom severity was also linked with IQ and function-
ing in the ID range at the level of a trend, with children
in the ID range displaying higher levels of ASD symptoms
in comparison to children scoring above the 1Q criterion
for ID, #(43) = —1.89, p=.07, d=.62. No significant rela-
tions emerged between IQ or functioning in the ID range
and dysregulation in the independent task. However, 1Q was
inversely correlated with observed child dysregulation in
the dyadic parent—child context. Subsequent analyses there-
fore included the continuous measure of IQ rather than ID
range. Parental scaffolding was significantly associated with
dysregulation in the dyadic task. No significant bivariate

Table 3 Linear regressions

s, ‘ i Dysregulation

predicting child dysregulation

(n=43) B SE i t p R’
Independent task .34
Sensor movement .63 25 .38 2.53 .02
Age —.01 .01 -.22 -1.53 .14
1Q .00 .01 .05 37 71
ASD symptom level 24 .07 A48 3.38 .00
Electrodermal activity -.19 18 —.15 —1.00 32
Scaffolding -.09 .14 -.09 —.63 .53
Co-regulatory task .39
Age —.01 .01 -.32 —-247 .02
1Q —.01 .01 -.23 —1.69 .10
ASD symptom level 15 .06 .34 2.51 .02
Electrodermal activity -.03 15 -.02 —.17 .87
Scaffolding -.27 12 -.30 —2.28 .03

ASD autism spectrum disorder
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associations emerged with child age or with psychophysi-
ological reactivity as indexed by EDA.

Two linear regressions were performed to examine
hypotheses regarding predictors of child dysregulation
in independent and co-regulatory contexts. As seen in
Table 3, ASD symptom severity was the strongest predictor
of observed emotion dysregulation across contexts. Other
than the movement covariate, ASD symptom level emerged
as the only significant correlate of dysregulation in the inde-
pendent frustration task. Given that movement may better
represent an effect of dysregulation, a conservative estimate
of the explanatory power of the hypothesized predictors is
almost one quarter of the total variance (R*=.22). In con-
trast, greater ASD symptom severity, younger age, and lower
quality scaffolding were all associated with higher levels of
dysregulation in the dyadic context, accounting for over one-
third of the variance. Of note, substitution of ID range for
continuous IQ in these regressions did not affect the nature
or pattern of significant findings.

Due to the relatively large age range of our sample, we
conducted post-hoc analyses to determine whether the
observed significant association between ASD symptoms
and emotion dysregulation differed for older and younger
children. An interaction term between ASD symptoms and
child age was entered into the regression equations and
was not significant, (independent dysregulation 5= — .06,
t=—.41, p=.68; co-regulated dysregulation f§=—.14,
t=—1.04, p=.31). Furthermore, performing analyses within
subgroups of children either older or younger than the sam-
ple median of 6.5 years (n’s=21, 22) revealed similar coef-
ficients for the two age groups (independent dysregulation:
younger 3 =.58, older $=.37; co-regulated dysregulation:
younger f3=.44 and older §=.31). Together, these analy-
ses suggest that the link between ASD symptoms and child
dysregulation did not appear to differ significantly between
older and younger children.

Discussion

The current study adopted a multi-method approach to
examine predictors of observed emotion regulation quality in
children with ASD, with a focus on the role of child charac-
teristics and parental co-regulatory support. Consistent with
a growing consensus on the centrality of emotion dysregu-
lation to the presentation of children with ASD (Mazefsky
et al. 2013, 2012; Mazefsky and White 2014; Weiss 2014;
White et al. 2014), our results revealed a significant positive
association between children’s level of ASD symptomatol-
ogy derived through direct testing and observed emotion
dysregulation in both independent and co-regulatory con-
texts. ASD symptom severity emerged as the strongest pre-
dictor of dysregulation, accounting for meaningful variance

above and beyond the contributions of other important
intrinsic and extrinsic influences. By directly testing an
association often assumed but rarely explicitly examined,
the present study significantly advances empirical under-
standing of the close connection between core symptomatol-
ogy and the manifestation of regulatory behavior in children
with ASD. Importantly, our methodology also extends prior
work by utilizing a gold-standard direct assessment of ASD
symptom severity and an observational measure of emotion
dysregulation across independent and co-regulatory con-
texts, which addresses concerns regarding shared informant
variance and the use of less-specific proxies for regulation
quality in previous investigations.

Results also highlight the significance of contextual
considerations, with children exhibiting more dysregula-
tion when alone than in a co-regulatory context. During the
independent regulation task, ASD symptoms emerged as the
only significant correlate of dysregulation aside from the
movement covariate, whereas additional child characteristics
and parent behavior were also predictive in a co-regulatory
setting. Specifically, higher quality parental scaffolding was
associated with less child dysregulation during the dyadic
task, providing further evidence that effective parental
scaffolding may significantly assist children with ASD in
modulating emotion. However, the benefits of parental co-
regulation emerged largely in the moment and were not pre-
dictive of independent regulation, suggesting that children
with ASD may have difficulty internalizing and generalizing
co-regulatory support. It is likely that delay or deviance in
the trajectory of emerging regulation may prolong reliance
upon the social environment for co-regulatory support in this
population. Indeed, many children with ASD benefit from
the presence of one-to-one support for regulatory manage-
ment in learning settings well into middle childhood and
beyond. The present findings provide empirical support
for this apparent developmental need and underscore the
importance of research into the development of strategies for
promoting internalization of regulatory processes in children
with ASD.

Although clearer evidence of an association between
scaffolding and emotion dysregulation in the dyadic task
is consistent with theory and study hypotheses, it is impor-
tant to acknowledge the possibility that shared measurement
may have contributed to this finding. Furthermore, the order
of the tasks was not counter-balanced. Given that the co-
regulatory activity preceded the independent task, children’s
level of dysregulation in the latter context could have been
influenced by a depletion of resources. Relations between
parental scaffolding and child emotion regulation are likely
bidirectional, with prior studies suggesting that parental co-
regulatory strategies appear responsive to the developmental
needs of children with ASD (Gulsrud et al. 2010). It will be
important for future studies to further address the relative

@ Springer



3866

Journal of Autism and Developmental Disorders (2018) 48:3858-3870

effect of intrinsic and extrinsic factors on the manifestation
of regulatory behavior across contexts, particularly with
respect to the relationship between independent and co-
regulatory processes in children with ASD. In addition, it
may be fruitful to consider the extent to which the regulatory
dimensions coded in the present study, particularly those
related to lability and soothability, might be separable and
differentially influenced by child characteristics and certain
forms of external support.

In the present study, IQ was not uniquely predictive of
emotion dysregulation, and age only emerged as a signifi-
cant predictor of dysregulation in the co-regulatory context.
If the development of emotion regulation in children with
ASD follows the traditional trajectory of a progression from
co-regulated support to independent regulatory control, but
reflects significant delay, greater variance associated with
age may have been observed in the co-regulation task pre-
cisely because this is the initial context within which regula-
tory skills emerge. From this perspective, age effects might
emerge in independent regulatory contexts later in devel-
opment for children with ASD. Although children in our
study ranged in chronological age from 4 to 11, the major-
ity of children were around 6 years of age, and a slightly
older sample might reveal more age-related influences. It
is also possible that co-regulatory support may temper the
predominance of ASD symptomatology, allowing for other
influences to emerge. Indeed, although the correlations were
not significantly different, the association between ASD
symptom severity and dysregulation was higher in the inde-
pendent task. Such contextual effects may help to explain
inconsistent findings in prior research.

In addition, evidence that the association between ASD
symptom severity and child dysregulation was similar
in magnitude for older and younger children in our study
suggests that ASD symptoms may be a salient and sensi-
tive predictor of regulatory quality across a relatively wide
age range. It is important to note that though the observa-
tional system utilized in the present investigation has been
employed with school-aged children (Norona and Baker
2014), it has most often been implemented in studies of
preschoolers (e.g., Hoffman et al. 2006; Baker et al. 2007),
and it will be important to further validate the system, espe-
cially for older school-aged children with ASD. Examining
potential transactions between chronological age and intel-
lectual functioning when considering contextual influences
and trajectories over time will also be critical. Improved
understanding of the predictors of emotion regulation has
great potential to enhance intervention efforts, which are
increasingly focused on addressing dysregulation in this
population (Thomson et al. 2015). Greater insight into core
developmental processes may also inform decisions regard-
ing optimal treatment targets and therapeutic modality (e.g.,
individual versus dyadic or family-focused approaches).

@ Springer

The inclusion of children with a broad range of intel-
lectual functioning permitted both a dimensional and a cat-
egorical approach. Present results were similar in direction
and magnitude when considering the clinically-meaningful
threshold of functioning in the ID range and a continuous
measure of 1Q. Although IQ was inversely correlated with
dysregulation in the dyadic context, ASD symptom sever-
ity was by far the most salient and significant predictor
of regulatory outcomes, and 1Q did not uniquely predict
dysregulation in regression analyses. It will be important
to continue to emphasize research involving children with
diverse developmental profiles in order to advance under-
standing of the complex relationship between cognition,
symptomatology, and regulation in children with ASD.

Psychophysiological reactivity was not significantly
related to observed emotion dysregulation in the present
study. The current investigation represents one of the first
studies of EDA in relation to emotion regulation in chil-
dren with ASD, and it is important to address considera-
tions related to methodology in attempting to understand
these null results. This study used the relatively novel
metric of NSCRs to index physiological reactivity, which
permitted assessment of EDA variability over the course
of structured laboratory tasks. Although this metric has
demonstrated good psychometric properties and relates
meaningfully to other important outcomes in children
with ASD (Baker et al. 2018; Fenning et al. 2017), many
previous studies have employed baseline examination of
EDA or change in EDA following discrete stimuli (Lydon
et al. 2016; White et al. 2014). It is possible that the lat-
ter approach focused on magnitude rather than variability
in physiological responding may be particularly informa-
tive when considering regulatory functioning. Future
research would benefit from considering multiple indica-
tors of physiological response in order to better understand
measurement implications. Although previous studies that
included a large portion of the current sample did iden-
tify moderate to high correlations for EDA across labora-
tory tasks, some evidence for task-specificity in relation
to other variables was observed (Baker et al. 2018; Fen-
ning et al. 2017). The current study measured EDA during
independent and co-regulatory tasks involving problem-
solving with manipulatives, which may activate different
regulatory processes than the social stress, mood induc-
tion, and experimental procedures that have often char-
acterized the broader literatures examining EDA in the
context of regulation (Cole et al. 1996; Egloff et al. 2006;
Gross 1998). Protocols that facilitate cross-context assess-
ment of regulatory processes will continue to be helpful in
advancing this area of research.

Lastly, EDA is generally considered to reflect arousal
reactivity, and other physiological indices may represent
processes more proximal to emotion regulation. Respiratory
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sinus arrhythmia (RSA) is an index of parasympathetic activ-
ity that has emerged as a potential biomarker of poor regula-
tion across diagnostic groups (Beauchaine 2015) and has
been linked with emotion recognition, social functioning,
and internalizing and externalizing symptoms in children
with ASD (Bal et al. 2010; Guy et al. 2014; Neuhaus et al.
2014; Van Hecke et al. 2009; White et al. 2014). Integrat-
ing measurement of both sympathetic and parasympathetic
activity in future studies will further enhance understanding
of regulatory processes in children with ASD.

The intrinsic and extrinsic factors examined in the present
study accounted for a considerable proportion of variance in
observed emotion dysregulation. Nonetheless, meaningful
variance remained unexplained, especially in the independ-
ent regulatory context. In addition to the aforementioned
considerations, further exploration of the role of child execu-
tive functioning, social cognition, and neuroanatomical fac-
tors as well as other parental influences, including broader
indices of parenting behavior, socialization practices, and
disciplinary approaches, may hold additional promise for
extending this line of inquiry.

The present study is not without limitations. In addition
to issues mentioned previously, a primary consideration
relates to sample size, which was adequate for the analyses
performed, but limited our ability to consider more com-
plex modeling. A longitudinal perspective would also offer
important information regarding transactional effects and
individual differences in the unfolding of emotion regulation
processes over time.

Acknowledgments This project was supported by intramural funds
awarded by the California State University, Fullerton and by a grant
from the Eunice Kennedy Shriver National Institute of Child Health
and Human Development (R15HDO087877). Portions of these data were
presented at the 2015 Gatlinburg Conference and the 2017 Convention
of the American Psychological Association. We wish to thank the fami-
lies who made this work possible. We also thank Audrey Rodriguez,
Christopher Murakami, Mariann Howland, and Alyssa Bailey for their
contributions to data collection and observational coding.

Author Contributions RMF and JKB conceived of the study, partici-
pated in its design and coordination, performed statistical analyses and
data interpretation, and drafted the manuscript; JM participated in the
design and coordination of the study, performed aspects of the meas-
urement, and contributed text to the manuscript.

Compliance with Ethical Standards

Conflict of interest The authors declare that they have no conflict of
interest.

Ethical Standards All procedures performed in studies involving
human participants were in accordance with the ethical standards of
the institutional and/or national research committee and with the 1964
Helsinki declaration and its later amendments or comparable ethical
standards.

Informed Consent Informed consent was obtained from all individual
participants included in the study.

References

Affectiva. (2014). Affectiva Q user manual. Waltham, MA: Affectiva.

American Psychiatric Association. (2013). Diagnostic and statistical
manual of mental disorders: DSM-5. Arlington, VA: American
Psychiatric Publishing.

Bachevalier, J., & Loveland, K. A. (2006). The orbitofrontal-amygdala
circuit and self-regulation of social-emotional behavior in autism.
Neuroscience & Biobehavioral Reviews, 30(1), 97-117. https://
doi.org/10.1016/j.neubiorev.2005.07.002.

Baker, J. K., Fenning, R. M., Crnic, K. A., Baker, B. L., & Blacher,
J. (2007). Prediction of social skills in 6-year-old children with
and without developmental delays: Contributions of early regu-
lation and maternal scaffolding. American Journal on Mental
Retardation, 112(5), 375-391.

Baker, J. K., Fenning, R. M., Erath, S. A., Baucom, B. R., Mof-
fitt, J., & Howland, M. A. (2018). Sympathetic under-arousal
and externalizing behavior problems in children with autism
spectrum disorder. Journal of Abnormal Child Psychology,
895-906. https://doi.org/10.1007/s10802-017-0332-3.

Bal, E., Harden, E., Lamb, D., Van Hecke, A. V., Denver, J. W.,
& Porges, S. W. (2010). Emotion recognition in children with
autism spectrum disorders: Relations to eye gaze and autonomic
state. Journal of Autism and Developmental Disorders, 40(3),
358-370. https://doi.org/10.1007/s10803-009-0884-3.

Beauchaine, T. P. (2015). Respiratory sinus arrhythmia: A trans-
diagnostic biomarker of emotion dysregulation and psychopa-
thology. Current Opinion in Psychology, 3, 43—47. https://doi.
org/10.1016/j.copsyc.2015.01.017.

Beauchaine, T. P., Neuhaus, E., Gatzke-Kopp, L. M., Reid, M. J.,
Chipman, J., Brekke, A., Olliges, A., Shoemaker, S., & Web-
ster-Stratton, C. (2015). Electrodermal responding predicts
responses to, and may be altered by, preschool intervention for
ADHD. Journal of Consulting and Clinical Psychology, 83(2),
293. https://doi.org/10.1037/a0038405.

Berkovits, L., Eisenhower, A., & Blacher, J. (2017). Emotion regula-
tion in young children with autism spectrum disorders. Journal
of Autism and Developmental Disorders, 47(1), 68-79. https://
doi.org/10.1007/s10803-016-2922-2.

Boucsein, W., Fowles, D. C., Grimnes, S., Ben-Shakhar, G., Roth,
W. T., Dawson, M. E., et al. (2012). Publication recommenda-
tions for electrodermal measurements. Psychophysiology, 49,
1017-1034. https://doi.org/10.1111/j.1469-8986.2012.01384.x.

Brereton, A. V., Tonge, B. J., & Einfeld, S. L. (2006). Psychopathol-
ogy in children and adolescents with autism compared to young
people with intellectual disability. Journal of Autism and Devel-
opmental Disorders, 36(7), 863—870. https://doi.org/10.1007/
$10803-006-0125-y.

Cai, R. Y., Richdale, A. L., Dissanayake, C., & Uljarevic, M. (2018).
Brief report: Inter-relationship between emotion regulation,
intolerance of uncertainty, anxiety, and depression in youth
with autism spectrum disorder. Journal of Autism and Devel-
opmental Disorders, 28(1), 316-325. https://doi.org/10.1007/
$10803-017-3318-7.

Calkins, S. D. (1994). Origins and outcomes of individual differ-
ences in emotion regulation. Monographs of the society for
research in child development, 59(2-3), 53—72. https://doi.
org/10.2307/1166138.

@ Springer


https://doi.org/10.1016/j.neubiorev.2005.07.002
https://doi.org/10.1016/j.neubiorev.2005.07.002
https://doi.org/10.1007/s10802-017-0332-3
https://doi.org/10.1007/s10803-009-0884-3
https://doi.org/10.1016/j.copsyc.2015.01.017
https://doi.org/10.1016/j.copsyc.2015.01.017
https://doi.org/10.1037/a0038405
https://doi.org/10.1007/s10803-016-2922-2
https://doi.org/10.1007/s10803-016-2922-2
https://doi.org/10.1111/j.1469-8986.2012.01384.x
https://doi.org/10.1007/s10803-006-0125-y
https://doi.org/10.1007/s10803-006-0125-y
https://doi.org/10.1007/s10803-017-3318-7
https://doi.org/10.1007/s10803-017-3318-7
https://doi.org/10.2307/1166138
https://doi.org/10.2307/1166138

3868

Journal of Autism and Developmental Disorders (2018) 48:3858-3870

Cole, P. M., Martin, S. E., & Dennis, T. A. (2004). Emotion
regulation as a scientific construct: Methodological chal-
lenges and directions for child development research.
Child Development, 75(2), 317-333. https://doi.org/10.111
1/j.1467-8624.2004.00673.x.

Cole, P. M., Michel, M. K., & Teti, L. O. D. (1994). The development
of emotion regulation and dysregulation: A clinical perspective.
Monographs of the society for research in child development, 59,
73-102. https://doi.org/10.2307/1166139.

Cole, P. M., Zahn-Waxler, C., Fox, N. A., Usher, B. A., & Welsh, J. D.
(1996). Individual differences in emotion regulation and behavior
problems in preschool children. Journal of Abnormal Psychology,
105(4), 518. https://doi.org/10.1037/0021-843X.105.4.518.

D’Cruz, A.-M., Ragozzino, M. E., Mosconi, M. W., Shrestha, S., Cook,
E. H., & Sweeney, J. A. (2013). Reduced behavioral flexibility in
autism spectrum disorders. Nerupsychology, 27(2), 152-160. https
://doi.org/10.1037/a0031721.

Dawson, M. E., Schell, A. M., & Filion, D. L. (2000). The electroder-
mal system. In J. T. Cacioppo, L. G. Tassinary & G. G. Berntson
(Eds.), Handbook of psychophysiology (2nd edn., pp. 200-223).
New York: Cambridge University Press.

Egloff, B., Schmukle, S. C., Burns, L. R., & Schwerdtfeger, A. (2006).
Spontaneous emotion regulation during evaluated speaking tasks:
Associations with negative affect, anxiety expression, memory,
and physiological responding. Emotion, 6(3), 356. https://doi.
org/10.1037/1528-3542.6.3.356.

Fenning, R. M., & Baker, J. K. (2012). Mother-child interaction and
resilience in children with early developmental risk. Journal of
Family Psychology, 26(3), 411-420. https://doi.org/10.1037/
a0028287.

Fenning, R. M., Baker, J. K., Baucom, B. R., Erath, S. A., Howland, M.
A., & Moffitt, J. (2017). Electrodermal variability and symptom
severity in children with autism spectrum disorder. Journal of
Autism and Developmental Disorders, 47(4), 1062—1072. https://
doi.org/10.1007/s10803-016-3021-0.

Fox, N. A., & Calkins, S. D. (2003). The development of self-control of
emotion: Intrinsic and extrinsic influences. Motivation and Emo-
tion, 27(1), 7-26.

Georgiades, S., Szatmari, P., Boyle, M., Hanna, S., Duku, E., Zwaigen-
baum, L., Bryson, S., Fombonne, E., Volden, J., Mirenda, P., &
Smith, I. (2013). Investigating phenotypic heterogeneity in chil-
dren with autism spectrum disorder: A factor mixture modeling
approach. Journal of Child Psychology and Psychiatry, 54(2),
206-215. https://doi.org/10.1111/j.1469-7610.2012.02588.x.

Gerstein, E. D., Arbona, y, Crnic, A. P., Ryu, K. A., Baker, E., B. L.,
& Blacher, J. (2011). Developmental risk and young children’s
regulatory strategies: Predicting behavior problems at age five.
Journal of Abnormal Child Psychology, 39(3), 351-364. https://
doi.org/10.1007/s10802-010-9471-5.

Geurts, H. M., van den Bergh, S. F. W. M., & Ruzzano, L. (2014).
Prepotent response inhibition and interference control in autism
spectrum disorders: Two meta-analyses. Autism Research, 7,
407-420. https://doi.org/10.1002/aur.1369.

Goldsmith, H. H., Reilly, J., Lemery, K. S., Longley, S., & Prescott, A.
(2001). The laboratory temperament assessment battery: Middle
childhood version. Madison, WI: University of Wisconsin.

Gross, J. J. (1998). The emerging field of emotion regulation: An inte-
grative review. Review of General Psychology, 2(3), 271. https://
doi.org/10.1037/1089-2680.2.3.271.

Gross, J. J. (2008). Emotion regulation. In M. Lewis, J. M. Haviland-
Jones & L. F. Barrett (Eds.), Handbook of emotions (3rd edn.,
pp- 497-513). New York: Guilford Press.

Gullone, E., Hughes, E. K., King, N. J., & Tonge, B. (2010). The nor-
mative development of emotion regulation strategy use in chil-
dren and adolescents: A 2-year follow-up study. Journal of Child

@ Springer

Psychology and Psychiatry, 51(5), 567-574. https://doi.org/10.1
111/5.1469-7610.2009.02183 ..

Gulsrud, A. C., Jahromi, L. B., & Kasari, C. (2010). The co-regulation
of emotions between mothers and their children with autism. Jour-
nal of Autism and Developmental Disorders, 40(2), 227-237. https
://doi.org/10.1007/s10803-009-0861-x.

Guralnick, M. J. (1999). Family and child influences on the peer-related
social competence of young children with developmental delays.
Developmental Disabilities Research Reviews, 5(1), 21-29.

Guy, L., Souders, M., Bradstreet, L., DeLussey, C., & Herrington,
J. D. (2014). Brief report: Emotion regulation and respiratory
sinus arrhythmia in autism spectrum disorder. Journal of Autism
and Developmental Disorders, 44(10), 2614-2620. https://doi.
org/10.1007/s10803-014-2124-8.

Heerey, E. A., Keltner, D., & Capps, L. M. (2003). Making sense of
self-conscious emotion: Linking theory of mind and emotion
in children with autism. Emotion, 3(4), 394-400. https://doi.
org/10.1037/1528-3542.3.4.394.

Hoffman, C., Crnic, K. A., & Baker, J. K. (2006). Maternal depression
and parenting: Implications for children’s emergent emotion regu-
lation and behavioral functioning. Parenting: Science and Prac-
tice, 6, 271-295. https://doi.org/10.1207/s15327922par0604_1.

IBM. (2016). IBM SPSS Statistics for Macintosh, Version 24.
Armonk, NY: IBM Corp.

Izard, C. E., Woodburn, E. M., Finlon, K. J., Krauthamer-Ewing,
E. S., Grossman, S. R., & Seidenfeld, A. (2011). Emotion
knowledge, emotion utilization, and emotion regulation. Emo-
tion Review, 3(1), 44-52. https://doi.org/10.1177/1754073910
380972.

Jahromi, L. B., Bryce, C. I., & Swanson, J. (2013). The importance of
self-regulation for the school and peer engagement of children
with high-functioning autism. Research in Autism Spectrum Dis-
orders, 7(2), 235-246. https://doi.org/10.1016/j.rasd.2012.08.012.

Jahromi, L. B., Meek, S. E., & Ober-Reynolds, S. (2012). Emotion
regulation in the context of frustration in children with high func-
tioning autism and their typical peers. Journal of Child Psychol-
ogy and Psychiatry, 53(12), 1250-1258. https://doi.org/10.111
1/j.1469-7610.2012.02560.x.

Konstantareas, M. M., & Stewart, K. (2006). Affect regulation and
temperament in children with autism spectrum disorder. Journal
of Autism and Developmental Disorders, 36(2), 143—154. https://
doi.org/10.1007/s10803-005-0051-4.

Kopp, C. B. (1982). Antecedents of self-regulation: A developmental
perspective. Developmental Psychology, 18(2), 199. https://doi.
org/10.1037/0012-1649.18.2.199.

Kopp, C. B. (1989). Regulation of distress and negative emotions: A
developmental view. Developmental Psychology, 25(3), 343. https
://doi.org/10.1037/0012-1649.25.3.343.

Lecavalier, L., Snow, A. V., & Norris, M. (2011). Autism spectrum
disorders and intellectual disability. In J. L. Matson & P. Sturmey
(Eds.), International handbook of autism and pervasive develop-
mental disorders (pp. 37-51). New York: Springer.

Lord, C., Rutter, M., DiLavore, P., Risi, S., Gotham, K., & Bishop, S.
(2012). Autism diagnostic observation schedule: ADOS-2. Los
Angeles, CA: Western Psychological Services.

Lydon, S., Healy, O., Reed, P., Mulhern, T., Hughes, B. M., & Good-
win, M. S. (2016). A systematic review of physiological reactivity
to stimuli in autism. Developmental Neurorehabilitation, 19(6),
335-355. https://doi.org/10.3109/17518423.2014.971975.

Mangelsdorf, S. C., Shapiro, J. R., & Marzolf, D. (1995). Develop-
mental and temperamental differences in emotion regulation
in infancy. Child Development, 66(6), 1817-1828. https://doi.
org/10.2307/1131912.

Matson, J. L., & Shoemaker, M. (2009). Intellectual disability and
its relationship to autism spectrum disorders. Research in


https://doi.org/10.1111/j.1467-8624.2004.00673.x
https://doi.org/10.1111/j.1467-8624.2004.00673.x
https://doi.org/10.2307/1166139
https://doi.org/10.1037/0021-843X.105.4.518
https://doi.org/10.1037/a0031721
https://doi.org/10.1037/a0031721
https://doi.org/10.1037/1528-3542.6.3.356
https://doi.org/10.1037/1528-3542.6.3.356
https://doi.org/10.1037/a0028287
https://doi.org/10.1037/a0028287
https://doi.org/10.1007/s10803-016-3021-0
https://doi.org/10.1007/s10803-016-3021-0
https://doi.org/10.1111/j.1469-7610.2012.02588.x
https://doi.org/10.1007/s10802-010-9471-5
https://doi.org/10.1007/s10802-010-9471-5
https://doi.org/10.1002/aur.1369
https://doi.org/10.1037/1089-2680.2.3.271
https://doi.org/10.1037/1089-2680.2.3.271
https://doi.org/10.1111/j.1469-7610.2009.02183.x
https://doi.org/10.1111/j.1469-7610.2009.02183.x
https://doi.org/10.1007/s10803-009-0861-x
https://doi.org/10.1007/s10803-009-0861-x
https://doi.org/10.1007/s10803-014-2124-8
https://doi.org/10.1007/s10803-014-2124-8
https://doi.org/10.1037/1528-3542.3.4.394
https://doi.org/10.1037/1528-3542.3.4.394
https://doi.org/10.1207/s15327922par0604_1
https://doi.org/10.1177/1754073910380972
https://doi.org/10.1177/1754073910380972
https://doi.org/10.1016/j.rasd.2012.08.012
https://doi.org/10.1111/j.1469-7610.2012.02560.x
https://doi.org/10.1111/j.1469-7610.2012.02560.x
https://doi.org/10.1007/s10803-005-0051-4
https://doi.org/10.1007/s10803-005-0051-4
https://doi.org/10.1037/0012-1649.18.2.199
https://doi.org/10.1037/0012-1649.18.2.199
https://doi.org/10.1037/0012-1649.25.3.343
https://doi.org/10.1037/0012-1649.25.3.343
https://doi.org/10.3109/17518423.2014.971975
https://doi.org/10.2307/1131912
https://doi.org/10.2307/1131912

Journal of Autism and Developmental Disorders (2018) 48:3858-3870

3869

Developmental Disabilities, 30(6), 1107-1114. https://doi.
org/10.1016/j.ridd.2009.06.003.

Matthews, N. L., Pollard, E., Ober-Reynolds, S., Kirwan, J., Malligo,
A., & Smith, C.J. (2015). Revisiting cognitive and adaptive func-
tioning in children and adolescents with autism spectrum disorder.
Journal of Autism and Developmental Disorders, 45(1), 138-156.
https://doi.org/10.1007/s10803-014-2200-0.

Mazefsky, C. A., Borue, X., Day, T. N., & Minshew, N. J. (2014).
Emotion regulation patterns in adolescents with high-functioning
autism spectrum disorder: Comparison to typically developing
adolescents and association with psychiatric symptoms. Autism
Research, 7(3), 344-354. https://doi.org/10.1002/aur.1366.

Mazefsky, C. A., Herrington, J., Siegel, M., Scarpa, A., Maddox, B. B.,
Scahill, L., & White, S. W. (2013). The role of emotion regulation
in autism spectrum disorder. Journal of the American Academy
of Child & Adolescent Psychiatry, 52(7), 679—688. https://doi.
org/10.1016/j.jaac.2013.05.006.

Mazefsky, C. A., Pelphrey, K. A., & Dahl, R. E. (2012). The need
for a broader approach to emotion regulation research in autism.
Child Development Perspectives, 6(1), 92-97. https://doi.org/10.
1111/5.1750-8606.2011.00229.x.

Mazefsky, C. A., & White, S. W. (2014). Emotion regulation: Concepts
& practice in autism spectrum disorder. Child and Adolescent Psy-
chiatric Clinics of North America, 23(1). https://doi.org/10.1016/j.
¢chc.2013.07.002.

Morris, A. S., Silk, J. S., Steinberg, L., Myers, S. S., & Robinson, L.
R. (2007). The role of the family context in the development of
emotion regulation. Social Development, 16(2), 361-388. https://
doi.org/10.1111/j.1467-9507.2007.00389.x.

Neuhaus, E., Bernier, R., & Beauchaine, T. P. (2014). Brief report:
Social skills, internalizing and externalizing symptoms, and res-
piratory sinus arrhythmia in autism. Journal of Autism and Devel-
opmental Disorders, 44(3), 730-737. https://doi.org/10.1007/
$10803-013-1923-7.

Norona, A. N., & Baker, B. L. (2014). The transactional relation-
ship between parenting and emotion regulation in children with
or without developmental delays. Research in Developmen-
tal Disabilities, 35(12), 3209-3216. https://doi.org/10.1016/j.
ridd.2014.07.048.

Nuske, H. J., Hedley, D., Woollacott, A., Thomson, P., Macari, S., &
Dissanayake, C. (2017). Developmental delays in emotion regula-
tion strategies in preschoolers with autism. Autism Research. https
://doi.org/10.1002/aur.1827.

O’Hearn, K., Asato, M., Ordaz, S., & Luna, B. (2008). Neurodevelop-
ment and executive function in autism. Development and Psycho-
pathology, 20, 1103-1132. https://doi.org/10.1017/S095457940
8000527.

Patel, S., Day, T. N., Jones, N., & Mazefsky, C. A. (2017). Association
between anger rumination and autism symptom severity, depres-
sion symptoms, aggression, and general dysregulation in adoles-
cents with autism spectrum disorder. Autism, 21(2), 181-189.
https://doi.org/10.1177/1362361316633566.

Pellicano, E., Maybery, M., Durkin, K., & Maley, A. (2006). Multiple
cognitive capabilities/deficits in children with an autism spectrum
disorder: “Weak’ central coherence and its relationship to theory
of mind and executive control. Development and Psychopathol-
ogy, 18(1), 77-98. https://doi.org/10.1017/S0954579406060056.

Pefiagarikano, O., & Geschwind, D. H. (2012). What does CNTNAP2
reveal about autism spectrum disorder? Trends in Molecular
Medicine, 18(3), 156—-163. https://doi.org/10.1016/j.molme
d.2012.01.003.

Picard, R. W., Fedor, S., & Ayzenberg, Y. (2016). Multiple arousal
theory and daily-life electrodermal activity asymmetry. Emotion
Review, 8(1), 62-75. https://doi.org/10.1177/1754073914565517.

Pouw, L. B., Rieffe, C., Stockmann, L., & Gadow, K. D. (2013).
The link between emotion regulation, social functioning, and

depression in boys with ASD. Research in Autism Spectrum Dis-
orders, 7(4), 549-556. https://doi.org/10.1016/j.rasd.2013.01.002.

Rieffe, C., De Bruine, M., De Rooij, M., & Stockmann, L. (2014).
Approach and avoidant emotion regulation prevent depressive
symptoms in children with an Autism Spectrum Disorder. Inter-
national Journal of Developmental Neuroscience, 39, 37-43. https
://doi.org/10.1016/j.ijdevneu.2014.06.003.

Roid, G. H. (2003). Stanford-Binet Intelligence Sscales, Fifth Edition.
Itasca, IL: Riverside Publishing.

Samson, A. C., Hardan, A. Y., Lee, I. A., Phillips, J. M., & Gross, J. J.
(2015). Maladaptive behavior in autism spectrum disorder: The
role of emotion experience and emotion regulation. Journal of
Autism and Developmental Disorders, 45(11), 3424-3432. https
://doi.org/10.1007/s10803-015-2388-7.

Samson, A. C., Hardan, A. Y., Podell, R. W, Phillips, J. M., & Gross,
J.J. (2015). Emotion regulation in children and adolescents with
autism spectrum disorder. Autism Research, 8(1), 9—-18. https://
doi.org/10.1002/aur.1387.

Samson, A. C., Huber, O., & Gross, J. J. (2012). Emotion regulation
in Asperger’s syndrome and high-functioning autism. Emotion,
12(4), 659. https://doi.org/10.1037/a0027975.

Samson, A. C., Phillips, J. M., Parker, K. J., Shah, S., Gross, J. J., &
Hardan, A. Y. (2014). Emotion dysregulation and the core fea-
tures of autism spectrum disorder. Journal of Autism and Develop-
mental Disorders, 44, 1766—1772. https://doi.org/10.1007/s1080
3-013-2022-5.

Samson, A. C., Wells, W. M., Phillips, J. M., Hardan, A. Y., & Gross,
J. 1. (2015). Emotion regulation in autism spectrum disorder: Evi-
dence from parent interviews and children’s daily diaries. Journal
of Child Psychology and Psychiatry, 56(8), 903-913. https://doi.
org/10.1111/jcpp.12370.

Swain, D., Scarpa, A., White, S., & Laugeson, E. (2015). Emotion dys-
regulation and anxiety in adults with ASD: Does social motiva-
tion play a role? Journal of Autism and Developmental Disorders,
45(12), 3971-3977. https://doi.org/10.1007/s10803-015-2567-6.

Thompson, R. A. (1994). Emotion regulation: A theme in search of
definition. Monographs of the society for research in child devel-
opment, 59, 25-52. https://doi.org/10.1111/j.1540-5834.1994.
tb01276.x.

Thompson, R. A. (2011). Emotion and emotion regulation: Two sides
of the developing coin. Emotion Review, 3(1), 53—61. https://doi.
org/10.1177/1754073910380969.

Thompson, R. A., & Meyer, S. (2007). Socialization of emotion regu-
lation in the family. In J. J. Gross (Ed.), Handbook of emotion
regulation (pp. 249-268). New York: Guilford Press.

Thomson, K., Riosa, P., & Weiss, J. (2015). Brief report of preliminary
outcomes of an emotion regulation intervention for children with
autism spectrum disorder. Journal of Autism and Developmen-
tal Disorders, 45(11), 3487-3495. https://doi.org/10.1007/s1080
3-015-2446-1.

Ting, V., & Weiss, J. A. (2017). Emotion regulation and parent co-
regulation in children with autism spectrum disorder. Journal of
Autism and Developmental Disorders, 47(3), 680-689. https://doi.
org/10.1007/s10803-016-3009-9.

Van Hecke, A. V., Lebow, J., Bal, E., Lamb, D., Harden, E., Kramer,
A., Denver, J., Bazhenova, O., & Porges, S. W. (2009). Elec-
troencephalogram and heart rate regulation to familiar and
unfamiliar people in children with autism spectrum disorders.
Child Development, 80(4), 1118-1133. https://doi.org/10.111
1/j.1467-8624.2009.01320.x.

Vaughn, B. E., Kopp, C. B., & Krakow, J. B. (1984). The emergence
and consolidation of self-control from eighteen to thirty months of
age: Normative trends and individual differences. Child Develop-
ment, 990-1004. https://doi.org/10.2307/1130151.

Weiss, J. A. (2014). Transdiagnostic case conceptualization of emo-
tional problems in youth with ASD: An emotion regulation

@ Springer


https://doi.org/10.1016/j.ridd.2009.06.003
https://doi.org/10.1016/j.ridd.2009.06.003
https://doi.org/10.1007/s10803-014-2200-0
https://doi.org/10.1002/aur.1366
https://doi.org/10.1016/j.jaac.2013.05.006
https://doi.org/10.1016/j.jaac.2013.05.006
https://doi.org/10.1111/j.1750-8606.2011.00229.x
https://doi.org/10.1111/j.1750-8606.2011.00229.x
https://doi.org/10.1016/j.chc.2013.07.002
https://doi.org/10.1016/j.chc.2013.07.002
https://doi.org/10.1111/j.1467-9507.2007.00389.x
https://doi.org/10.1111/j.1467-9507.2007.00389.x
https://doi.org/10.1007/s10803-013-1923-7
https://doi.org/10.1007/s10803-013-1923-7
https://doi.org/10.1016/j.ridd.2014.07.048
https://doi.org/10.1016/j.ridd.2014.07.048
https://doi.org/10.1002/aur.1827
https://doi.org/10.1002/aur.1827
https://doi.org/10.1017/S0954579408000527
https://doi.org/10.1017/S0954579408000527
https://doi.org/10.1177/1362361316633566
https://doi.org/10.1017/S0954579406060056
https://doi.org/10.1016/j.molmed.2012.01.003
https://doi.org/10.1016/j.molmed.2012.01.003
https://doi.org/10.1177/1754073914565517
https://doi.org/10.1016/j.rasd.2013.01.002
https://doi.org/10.1016/j.ijdevneu.2014.06.003
https://doi.org/10.1016/j.ijdevneu.2014.06.003
https://doi.org/10.1007/s10803-015-2388-7
https://doi.org/10.1007/s10803-015-2388-7
https://doi.org/10.1002/aur.1387
https://doi.org/10.1002/aur.1387
https://doi.org/10.1037/a0027975
https://doi.org/10.1007/s10803-013-2022-5
https://doi.org/10.1007/s10803-013-2022-5
https://doi.org/10.1111/jcpp.12370
https://doi.org/10.1111/jcpp.12370
https://doi.org/10.1007/s10803-015-2567-6
https://doi.org/10.1111/j.1540-5834.1994.tb01276.x
https://doi.org/10.1111/j.1540-5834.1994.tb01276.x
https://doi.org/10.1177/1754073910380969
https://doi.org/10.1177/1754073910380969
https://doi.org/10.1007/s10803-015-2446-1
https://doi.org/10.1007/s10803-015-2446-1
https://doi.org/10.1007/s10803-016-3009-9
https://doi.org/10.1007/s10803-016-3009-9
https://doi.org/10.1111/j.1467-8624.2009.01320.x
https://doi.org/10.1111/j.1467-8624.2009.01320.x
https://doi.org/10.2307/1130151

3870

Journal of Autism and Developmental Disorders (2018) 48:3858-3870

approach. Clinical Psychology, 21(4), 331-350. https://doi.
org/10.1111/cpsp.12084.

Weiss, J. A., Thomson, K., & Chan, L. (2014). A systematic literature
review of emotion regulation measurement in individuals with
autism spectrum disorder. Autism Research, 7(6), 629-648. https
://doi.org/10.1002/aur.1426.

White, S. W., Mazefsky, C. A., Dichter, G. S., Chiu, P. H.,, Richey, J. A.,
& Ollendick, T. H. (2014). Social-cognitive, physiological, and
neural mechanisms underlying emotion regulation impairments:
Understanding anxiety in autism spectrum disorder. International
Journal of Developmental Neuroscience, 39, 22-36. https://doi.
org/10.1016/j.ijjdevneu.2014.05.012.

@ Springer

Williams, D. L., Goldstein, G., & Minshew, N. J. (2006). Neuropsy-
chologic functioning in children with autism: Further evidence
for disordered complex information-processing. Child Neuropsy-
cholgy, 12, 279-298. https://doi.org/10.1080/092970406006811
90.

Zelazo, P. D., & Cunningham, W. A. (2007). Executive function:
Mechanisms underlying emotion regulation. In J. J. Gross (Ed.),
Handbook of emotion regulation (pp. 135-158). New York, NY:
Guilford Press.


https://doi.org/10.1111/cpsp.12084
https://doi.org/10.1111/cpsp.12084
https://doi.org/10.1002/aur.1426
https://doi.org/10.1002/aur.1426
https://doi.org/10.1016/j.ijdevneu.2014.05.012
https://doi.org/10.1016/j.ijdevneu.2014.05.012
https://doi.org/10.1080/09297040600681190
https://doi.org/10.1080/09297040600681190

	Intrinsic and Extrinsic Predictors of Emotion Regulation in Children with Autism Spectrum Disorder
	Abstract
	Introduction
	Emotion Regulation in ASD
	Intrinsic Predictors of Emotion Regulation in ASD
	ASD Symptoms
	Intellectual Functioning
	Chronological Age
	Psychophysiological Reactivity

	Extrinsic Predictors of Emotion Regulation in ASD
	Current Study

	Method
	Participants
	Procedures
	Measures
	Child IQ
	ASD Symptoms
	Electrodermal Activity (EDA)
	Scaffolding
	Emotion Dysregulation


	Results
	Discussion
	Acknowledgments 
	References


