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Abstract

Emotion dysregulation is one of the challenges that children with autism spectrum disorder (ASD) and their families face.
It is unclear whether emotion dysregulation plays a mediating role in the relationship between sensory processing patterns
and problem behaviors among these children. This study examined the relations between emotion dysregulation, behavioral
problems, and sensory processing patterns among fifty-seven young children with ASD. Behavioral problems and sensory
processing patterns were moderately to strongly correlated with emotion dysregulation. The relationship between sensory
processing patterns and behavioral problems was significant with emotion dysregulation as a mediator. These findings help
identify the relationship between emotion dysregulation, sensory processing patterns, and behavioral problems to facilitate
the planning of intervention strategies for young children with ASD.
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Introduction

Emotion regulation involves intrinsic and extrinsic processes
that allow us to modify emotional responses to meet our
needs or the context (Thompson, 1991). Gratz and Roemer
(2004) reported that emotion regulation is the process of
being aware, acknowledging and understanding emotions,
and using appropriate emotion regulation strategies, and
behaviors to meet one’s goals. The lack of abilities in each
part of the process would result in emotion dysregulation. In
early childhood, children develop language abilities and ver-
balize their emotions. Expression of emotions may contrib-
ute to the fundamental shift from emotion co-regulation to
self-regulation (Vandekerckhove et al., 2008; Zeman et al.,
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2006). As young children become more familiar with rules
and cultural norms in this developing period, they try to
regulate emotions to satisfy social interaction norms (Holo-
dynski & Friedlmeier, 2006). Therefore, emotion regulation
is an essential functional ability to develop quality social
interactions that impact their lives (English et al., 2012;
Rydell et al., 2007). On the contrary, emotion dysregulation
contributes to social, academic, and behavioral problems
(Graziano et al., 2007; Rydell et al., 2007). Understand-
ing emotion regulation in early childhood and paying more
attention to young children are crucial for designing appro-
priate early intervention programs.

Children with autism spectrum disorder (ASD) are com-
monly known to experience emotion dysregulation (Jahromi
etal., 2012; Nuske et al., 2017; Samson et al., 2015). ASD is
a neurodevelopment disorder with an increasing prevalence
in Taiwan (Ministry of Health and Welfare, [MOWH] 2020).
ASD is diagnosed with the presence of two core symptoms:
problems with social interaction and communication, and
repetitive behaviors or restricted interests. Diagnosis is made
using the standardized criteria proposed by the Diagnostic
and Statistical Manual of Mental Disorder (fifth edition)
(DSM-5, American Psychiatric Association [APA], 2013).
Children with ASD have problems understanding non-verbal
communication, which leads to their inability to understand
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their own and others’ emotions. They also have difficulties
with sharing and adapting emotions and behaviors to fit in
the social context (APA, 2013). In addition to the descrip-
tions of difficulties with understanding emotions in DSM-5,
researchers have suggested that emotion dysregulation in
children with ASD is higher than in typically developing
peers (Cai et al., 2018; Jahromi et al., 2012; Mazefsky et al.,
2013; Samson et al., 2014). The core features of ASD have
been found to contribute to emotion dysregulation (Mazef-
sky et al., 2013; Samson et al., 2014). Emotion dysregulation
is associated with sensory abnormalities (Ashburner et al.,
2008; Samson et al., 2014), behavior problems, depression
and anxiety (Maskey et al., 2013), and language abilities
(Zantinge et al., 2017). However, most of the studies have
focused on adolescents or adults with ASD. Only some
studies have focused on emotion regulation in young chil-
dren with ASD. Studies have shown that young children
with autism use fewer adaptive emotion regulation strate-
gies than typically developing peers (Jahromi et al., 2012;
Nuske et al., 2017; Zantinge et al., 2017). Young children
with ASD developed emotion regulation strategies relying
on familiar others (Nuske et al., 2017). They are more likely
to use maladaptive strategies such as venting and avoidance
strategies (Zantinge et al., 2017). Focusing on emotion dys-
regulation in young children with ASD is essential to help
design specific intervention programs.

Behavioral problems are a critical issue in children with
ASD. Behavior problems, such as tantrums, self-injuries,
aggression toward others, and anxiety, are common in chil-
dren with ASD. Empirical studies have shown that children
with ASD have more internalizing behavioral problems,
such as anxiety, withdrawnness, and sensory problems,
than their peers (Maskey et al., 2013). They also present
more externalizing behavioral problems, such as aggres-
siveness, hyperactivity, and inattentiveness (Hartley et al.,
2008; Maskey et al., 2013; Ooi et al., 2011). Parenting stress
(Chiang et al., 2019; Osborne & Reed, 2009), quality of life
(Chuang et al., 2014), and academic and social function-
ing (Zaidman-Zait, 2021) are linked to children’s behavioral
difficulties. Although emotion dysregulation appears to be
the underlying mechanism causing problematic behaviors in
children with ASD (Samson et al., 2014, 2015), to date, only
three studies have investigated this association in young chil-
dren with ASD (Berkovits et al., 2017; Gulsrud et al., 2010;
Reyes et al., 2020). A longitudinal study found that higher
levels of early emotion dysregulation were related with an
increase in internalized and externalized behavioral prob-
lems (Berkovits et al. 2017). Reyes et al. (2020) reported that
emotion dysregulation was strongly and positively associ-
ated with more significant behavioral problems in young
children with ASD. By contrast, Gulsrud et al. (2010) found
no association between emotion dysregulation and behavio-
ral problems in young children with ASD. There is limited

evidence to conclude that emotion dysregulation is related
to behavioral problems in young children with ASD.

In addition to the aforementioned behavioral problems,
atypical sensory processing patterns have also been well
reported in children with ASD (Reynolds et al., 2012;
Tomchek & Dunn, 2007). Previous studies have reported
higher frequencies of sensory processing problems in chil-
dren with autism than in typically developing peers (Ash-
burner et al., 2008; Lin, 2020; Nieto et al., 2017; Tomchek
& Dunn, 2007). One diagnostic criterion proposed by the
DSM-5 for ASD is unusual sensory processing, identified
as “hyper- or hypo-reactivity to sensory input or unusual
interest in sensory aspects of the environment” (APA, 2013).
Sensory processing is defined as registering, integrating, and
interpreting sensory stimulation from the environment and
its behavioral responses (Dunn, 2014; Miller et al., 2007).
According to Dunn (2014), sensory processing is a known
interaction between neurological thresholds and the reac-
tion behavior to receiving sensory stimuli. There are four
sensory processing patterns: sensory seeking (seeker), sen-
sory avoiding (avoider), sensory sensitivity (sensor), and
low registration (bystander). Dunn (2014) reported that the
seeker is the person who has a high threshold of sensory
information and seeks sensory stimulation input to maintain
arousal level. Children with avoider patterns try not to meet
their low neurological threshold and avoid situations with
excessive sensory information. The sensor is the person who
is sensitive to sensory information because of low neuro-
logical threshold and excessively reacts to sensory stimuli.
Lastly, the bystander is the person who has high neurological
threshold and often does not notice the sensory information.
Children with autism have higher frequencies of sensor and
avoider patterns, such as being over-reactive to sensations
(such as sounds, smells, lights, tastes, or touch) and becom-
ing easily overwhelmed or avoidant (Simpson et al., 2019).
Unusual sensory processing has been widely documented
as a significant predictor of behavioral problems in children
with ASD (O’Donnell et al., 2012; Schoen et al., 2009;
Tseng et al., 2011). Dysfunction of the sensory processing
in children with autism may impact their social functioning
and participation (Suarez, 2012; Thye et al., 2018; Ismael
et al., 2018), eating habits, and participation in daily activi-
ties (Ismael et al., 2018; Lin, 2020).

Emotion regulation and sensory processing are under-
lying mechanisms for individual behaviors in response to
environmental stimuli. For example, when children enjoy
pleasant music, they may dance because of the initiation
of joyful emotions. As a result of their sensory processing,
they may shout when they accidentally hit something. Fur-
thermore, excessive sensory information can cause uncom-
fortable feelings and negative emotional reactions. How-
ever, there is scarce evidence regarding the association
between emotion dysregulation and sensory processing
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patterns in the current literature. Mazefsky et al. (2013)
reported that sensory processing dysfunction, especially
sensor and bystander, may lead to emotion dysregulation
in children with ASD. To the best of our knowledge, only
a few studies have focused on school-aged children with
ASD and shown significant associations between emotion
dysregulation, under-responsiveness or sensation seek-
ing, and auditory filtering (Ashburner et al., 2008; Sam-
son et al., 2014). To date, no study has been conducted to
understand the association between emotion dysregulation
and sensory processing patterns in young children with
ASD. Because the development of emotion regulation
begins in infancy, healthcare providers and researchers
need to understand whether the association between emo-
tion regulation and sensory processing patterns occurs at a
younger age, for instance, among preschoolers. Therefore,
more evidence is needed to understand the association
between emotion dysregulation, sensory processing, and
behavioral problems in young children with ASD.

One way to understand these associations is to exam-
ine whether emotion regulation is the mediator between
sensory processing and problem behaviors. Brindle et al.
(2015) reported that the inability to regulate emotions and
acknowledge and accept negative emotions might medi-
ate the relationship between sensory-processing sensitiv-
ity and anxiety symptoms. In children with ASD, Fernan-
dez-Prieto et al. (2020) reported that executive functions
through emotion regulation and control were a mediating
factor underlying the sensory processing of and behavior
consequences from environmental stimuli among young
children and school-aged children with ASD. However,
the association and roles of emotion dysregulation, sen-
sory processing patterns, and problem behavior in early
childhood have not been studied. Consequently, healthcare
providers may have inaccurate expectations regarding the
treatment of emotion dysregulation in young children with
ASD. For example, healthcare providers should recognize
how problem behaviors are linked to emotion dysregula-
tion; thus, appropriate emotion regulation strategies may
treat behavior problems among children with ASD.

This study aimed to investigate the relationship between
emotion dysregulation, behavioral problems, and sensory
processing patterns among young children with ASD.
Additionally, we wanted to examine whether emotion
dysregulation mediates the relationship between sensory
processing patterns and behavioral problems. We hypoth-
esized that emotion dysregulation, behavioral problems,
and sensory processing patterns are highly correlated in
children with ASD from four to six years old. Emotion
dysregulation and regulation were the mediating factors
in the relationship between sensory processing patterns
and behavioral problems.

@ Springer

Table 1 Characteristics and scores in emotion regulation, behavior
problems, and sensory processing patterns of participants with ASD

Variable Mean (SD)/ n (%) Range
Age (month) 58.6 (9.3) 33-73
Gender
Male 52 (91.2%)
Female 5 (8.8%)
CARS-2 34.8 (4.6) 30-49
Cognitive ability (percentile rank) 39.5 (32.1) 0.1-98
Language ability (percentile rank) 46.2 (39.0) 0.1-99
ERC- Emotion regulation 23.6 (4.0) 13-33
ERC- Lability/negativity 29.7 (7.3) 18-49
CBCL
Total problems 66.1 (12.3) 37-94
Internalizing problems 66.5 (9.8) 41-89
Externalizing problems 61.3 (13.1) 35-95
SSP-2 sensory quadrants
Seeker 18.3(5.7) 9-32
Avoider 28.6 (7.0) 14-42
Sensor 29.4 (6.9) 17-45
Bystander 21.8 (7.5) 0-39

ASD autism spectrum disorder, CARS2 childhood autism rating scale-
second edition, ERCEmotion Regulation Checklist, CBCLChild
Behavior Checklist, SSP-2 Short Sensory Profile-2

Method
Participants

This study was exploratory, using a cross-sectional design of
57 young children with ASD (mean age =58.6 +9.3 months;
52 boys =91.2%) selected from clinics, hospitals, and early
intervention centers in northern and southern Taiwan. All
children were diagnosed by a certified pediatric psychiatrist
using the standard criteria for the DSM-5 (APA, 2013). The
diagnosis was confirmed using the Childhood Autism Rat-
ing Scale, second edition (CARS-2). All children with ASD
had a CARS-2 score of 30 or above (Table 1). The male to
female ratio was 10.4:1.

Instruments
Childhood Autism Rating Scale-Second Edition (CARS-2)

The CARS-2 (Schopler et al., 2010) is a rating scale that
assesses the severity of autistic symptoms. This is the most
widely used and validated autistic assessment and covers
all spectrum, including Asperger’s Syndrome (Gharamaleki,
etal.,2021). The CARS-2 has 15 items ranging from 1 (age
appropriate) to 4 (severely abnormal) on a seven-point Likert
scale, with the possibility of selecting half-point scores for
each item. A higher CARS-2 score indicates severe autism
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symptoms. According to the cutoff point, a score greater
than 30 indicates autism, whereby 30-36.5 indicates mild
to moderate autism, and greater than 37 indicates severe
autism. The internal consistency (x=0.93), sensitivity
value (0.88), and specificity value (0.86) of CARS-2 are
good (Schopler et al., 2010). The internal consistency of
the CARS-2 was a=0.83 for this study.

Emotion Regulation Checklist (ERC)

The ERC is a parent-reported questionnaire that measures
the emotion regulation ability of children (Shields & Cic-
chetti, 1997). Parents rate their children’s emotion regulation
(ERC-ER subscale; 10 items), and lability and negativity
(ERC-L/N subscale; 14 items) using a four-point Likert scale
(where 1 is never and 4 is almost always). The ERC-ER
subscale examines children’s capacity to perceive, express,
and regulate emotion in both negative and positive situations
(sample item: “responds positively to neutral or friendly
approaches by peers”). A higher score in ERC-ER indicates
better emotion regulation ability. The ERC-L/N subscale
assesses children’s emotion dysregulation, inflexibility, and
lability (sample item: “is prone to angry outbursts”). Higher
scores in ERC-L/N indicate higher emotion dysregulation
or emotion regulation difficulty. In this study, emotion dys-
regulation (ERC-L/N) was the main factor of concern. The
ERC-ER was presented as emotion regulation. The internal
consistency is good for both the ERC-ER (x=0.96) and
ERC-L/N (x=0.83) (Shields & Cicchetti, 1997). For use
in this study, we translated the ERC into a Chinese. Back-
translation was completed by a bilingual individual who
participated independently in the translation process. Three
bilingual experts compared the original English version and
the back-translation version. Discrepancies were resolved
through group consensus. Finally, a bilingual expert in Tai-
wan reviewed the English and Chinese versions of the ERC
to verify the accuracy of the translations. The internal con-
sistency of the ERC-L/N and ERC-ER were a=0.88 and
a=0.64 for the present sample, respectively.

Child Behavior Checklist (CBCL) The CBCL is a parent-
reported questionnaire measuring the behavior of children
1.5-5 years old (Achenbach & Rescorla, 2000; Chen et al.,
2009). It contains 100 items on a three-point Likert scale,
ranging from O (not true) to 2 (very true or often true). This
study used two behavior summary subscales—separated
into internalizing problems and externalizing problems.
The internalizing problems subscale includes anxious or
depressed, withdrawn-depressed, and somatic complaints
scores. The externalizing problems subscale includes rule-
breaking and aggressive behavior. Higher scores in the inter-
nalizing and externalizing problems subscales indicate more
severe behavioral problems. A t-score cutoff point above 65

indicates that children might have significant behavioral
problems. The Cronbach alpha coefficient (¢=0.90) and
test-retest reliability (0.72) are both good for the CBCL
(Chen et al., 2009).

Short Sensory Profile-2 (SSP-2) The SSP-2 is a parent-
reported questionnaire measuring sensory processing
patterns in children 3-14 years old (Dunn, 2014). This is
the most commonly used questionnaire to assess a child’s
sensory processing pattern. The SSP-2 contains 34 items
on a five-point Likert scale, ranging from 1 (almost never)
to 5 (almost always). Items can be used to calculate four-
quadrant scores, including the seeker pattern (the person
is seeking and more engaged in sensory experiences),
the avoider (the person prefers environments with limited
sensory input), the sensor (the person reacts to sensation
more quickly and more intensely and easily becomes over-
whelmed), and the bystander (the person misses more sen-
sory cues than others). Higher scores in each quadrant indi-
cate higher sensory patterns than the norms. The definite
difference indicates that the mean score is 2 SD more than
each quadrant’s standard sample. A probable definite differ-
ence indicates scores of more than 1 SD and less than 2 SD.
In the present study, we used raw score of SSP-2 for analy-
ses. The SSP-2 was translated to Chinese by the investigator.
Back-translation was completed by a bilingual individual
who participated independently in the translation process.
An English-speaking expert and three bilingual individuals
compared the original English version and the back-transla-
tion. Discrepancies were resolved through group consensus.
Finally, a bilingual expert in Taiwan reviewed the English
and Chinese versions of the SSP-2 to verify its accuracy.
The reliability of the SSP-2 was a=0.949 for 109 preschool
children (58 autistic children and 51 children with typical
development [TD]). The internal consistency and concur-
rent validity of the SSP-2 are good. The internal consistency
for this study was a=0.86.

Procedures

We provided recruitment posters and flyers to the early
intervention center and pediatric rehabilitation clinicians.
The researcher and several occupational therapists provided
the information to parents. Those interested in participat-
ing received detailed information regarding the complete
procedure from the research team. After fully understand-
ing the study, a parent provided written informed consent if
they agreed to participate. Then, the parents were required
to complete the ERC, CBCL, and SSP-2 and provide infor-
mation on children’s age and gender. Parents also consented
that researchers could obtain the intelligence quotient score
and language ability score from medical charts. The cogni-
tive assessments used were Bayley-1I, Wechsler Preschool
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Table 2 Correlations between

2 . . Variables 1 2 3 4 5 6 7
emotion regulation, behavior
problems, sensory processing, 1 ERC-ER _
and children characteristics 5 ERC-L/N 0423 3
3 CBCL-Total -0.504™ 08297 -
4 SSP-2-Seeker -0.356™  0.6077" 06547 -
5 SSP-2-Avoider —-0.429" 0773 0.770™" 05707 -
6 SSP-2-Sensor -0.505"  0.587™"  0.678"" 06177 07187 -
7 SSP-2-Bystander ~ —0.136 04777 04947 0.536"" 0479 0444 -

*p<0.05, *¥p<0.01, ***p<0.001. ERC: Emotion regulation checklist; ER: Emotion regulation; L/N:
lability/negativity; CBCL: Child Behavior Checklist; SSP2: Short Sensory profile 2

& Primary Scale of Intelligence (WPPSI-IV), or the Test of
Nonverbal Intelligence third edition (TONI-3). The language
ability assessments used were the Communication and Lan-
guage Screening Test for Birth to Three Chinese-Speaking
Infant-Toddlers (CLST) or Preschool Language Scale (PLS),
or Peabody Picture Vocabulary Test-Revised (PPVT-R).
These were all well-validated assessments and widely used
in the clinical assessments in Taiwan. Parents filled out
the questionnaires in the rehabilitation room. Meanwhile,
the occupational therapists or psychologists known to the
children administered the CARS-2 in another rehabilitation
room.

Data Analysis

Descriptive statistics were used to describe the demographic
characteristics of the participants. We used Pearson corre-
lation to test the correlation between the ERC and CBCL
and the ERC and SSP. To understand the mediating role
of emotion dysregulation and emotion regulation, we per-
formed a linear regression to identify whether sensory pro-
cessing patterns predicted behavioral problems. Mediation
analysis using the Hayes” PROCESS macro for SPSS was
conducted to examine whether the association between sen-
sory processing and behavioral problems in young children
with autism was mediated by emotion dysregulation (IBM,
Chicago, IL, USA) (Hayes, 2018). The bootstrapping proce-
dure was used with bias-corrected bootstrapping resamples
(1,000 samples), and 95% confidence intervals (CIs) were
conducted (Preacher & Hayes, 2008). A mediation effect
(indirect effect) can be considered significant when zero
does not fall into the CIs. A Sobel test was also conducted
for mediation (Hayes, 2012). ERC-L/N was used as emo-
tion dysregulation, and the CBCL total behavioral problem
score were used as behavioral problems. All hypotheses
assumed a 0.05 significance level and a two-sided alterna-
tive hypothesis.

@ Springer

Results

The mean scores of emotion regulation, behavioral prob-
lems, and sensory processing patterns are presented in
Table 1. Average scores for emotion regulation and lability/
negativity were 23.6 (SD=4.0) and 29.7 (SD=7.3), respec-
tively. The children’s internalizing problem T scores ranged
from 41 to 89 (m=66.5, SD=9.8), externalizing problem
T scores ranged from 35 to 95 (m=61.3, SD=13.1), and
total problems T scores ranged from 37 to 94 (M =66.1,
SD=12.3). According to the cutoff point of 65, the percent-
ages of participants in the borderline or clinical ranges for
internalizing, externalizing, and total problems scores were
64.9%, 36.8%, and 57.9%, respectively.

The mean scores of the four sensory quadrants were 18.3
(seeker), 28.6 (avoider), 29.4 (sensor), and 21.8 (bystander).
The mean scores of the seeker quadrant were similar to those
of most people from a large normative sample of the sen-
sory quadrants. The mean scores of the other three sensory
quadrants were higher than those of most people, indicating
that the behavioral responses of autistic children in everyday
life are linked to their sensory processing challenges. The
percentages of those who scored higher than most people
in the three quadrants were 78.9% (avoider), 75.4% (sen-
sor), and 75.4% (bystander). All children with ASD had at
least one atypical sensory processing quadrant. The most
common atypical patterns were avoider, followed by sensor,
bystander and seeker.

The relationships between emotion dysregulation, behav-
ioral problems, and sensory processing patterns are pre-
sented in Table 2. The ERC-L/N was strongly and positively
correlated with the CBCL total score (r=0.829, p <0.001).
Moreover, all of the correlations showed significantly posi-
tive slopes across the sensory processing patterns (seeker,
r=0.607, p <0.001; avoider, r=0.773, p <0.001; sensor,
r=0.587, p<0.001; bystander, r=0.477, p <0.001) and the
ERC-L/N. The results showed that the ERC-ER was sig-
nificantly negatively correlated with the seeker (r=—0.356,
p=0.007), avoider (r=-0.429, p=0.001), and sensor
(r=-0.505, p <0.001) patterns. Total behavioral problems
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Table 3 Results of testing for mediation by emotion dysregulation on relationship between sensory processing patterns and total behavior prob-

lems

Sensory Effect of sensory CBCL Total Direct effect (¢’) Indirect effect (ab) Complete model Sobel’s test

processing pattern on mediator (a  behavior problems Type of mediation

patterns path) (c path)

Seeker 0.670 (0.137)%** 0.654 (0.219)*** 0.179(0.214) 0.475%* R%2=0.705, 7=4.892%%*
F(2, 54)=64.495%** Full

Avoider 0.773 (0.089)*** 0.770 (0.152)*** 0.321 (0.200) 0.449%* R%2=0.729, 7=2.894%*
F(2, 54)=72.580*** Full

Sensor 0.587 (0.115)*** 0.678 (0.177)** 0.291 (0.153)*  0.386* R?=0.743, z2=3.39]%**
F(2, 54)="70.037*** Partial

Bystander 0.478 (0.115) ** 0.547 (0.186) ***  0.196 (0.136) *  0.351* R?=0.717, z=3.257%*
F(2, 54)=68.425%** Partial

*p<0.05 **p<0.01 *** p<0.001. Unique effect of mediator (b path) was p=0.829, SE=0.128, p<0.001. All coefficients reported for paths
are standardized slopes with the corresponding standard error of the slope in parentheses

Table 4 Results of testing for mediation by emotion regulation on relationship between sensory processing patterns and total behavior problems

Sensory Effect of sensory CBCL Total Direct effect (¢’) Indirect effect (ab) Complete model Sobel’s test
processing pattern on mediator behavior problems Type of mediation
patterns (a path) (c path)
Seeker —0.356 (0.088)*: 0.654 (0.219)%*** 0.544 (0.219)*** (.110* R?=0.512, 72=3.886%%*

F(2, 54)=28.305*** Partial
Avoider —0.429 (0.070)%*** 0.770 (0.152)%** 0.679 (0.161)*** (.091* R%2=0.630, z2=5.614%%*

F(2, 54)=46.002*** Partial
Sensor —0.505 (0.068)%*** 0.568 (0.201)%*** 0.677 (0.177)*** (0.109 R%2=0.459, z=1.376

F(2, 54)=26.387*** No mediation

*p<0.05 ¥*p <0.01 *** p<0.001. Unique effect of mediator (b path) was p = —0.504, SE=0.036, p <0.001. All coefficients reported for paths
are standardized slopes with the corresponding standard error of the slope in parentheses

were related to all of the sensory processing patterns (seeker,
r=0.654, p <0.001; avoider, r=0.770, p <0.001; sensor,
r=0.678, p<0.001; bystander, r=0.494, p <0.001).

The mediation effect of emotion dysregulation on the
relationship between the sensory processing patterns and
total behavioral problems is shown in Table 3. The sensory
processing patterns with a significant indirect effect via emo-
tion dysregulation were the seeker (Bootstrapping 95% CI
[0.329, 0.6396]) and avoider (Bootstrapping 95% CI [0.298,
0.609]). There was a full mediating effect on the relationship
between the seeker pattern and total behavioral problems,
as well as the avoider pattern and total behavior problems.
Based on analyses using Sobel’s test (Hayes, 2012), the
mediation effect was significant. The results showed that
young children with ASD with greater emotion dysregula-
tion have increased behavioral problems if high seeking and
avoiding behaviors appear.

Additionally, emotion dysregulation was partially
mediating the relationship between the sensor pattern and
total behavioral problems. A Bootstrapping CI revealed a
significant indirect effect (Bootstrapping 95% CI [0.248,
0.525]). Higher levels of emotion dysregulation accounted
for greater behavioral problems and higher levels of

sensory avoiding behaviors. Similarly, a partial mediating
effect on the relationship between the bystander pattern
and total behavioral problems was observed, indicating
that greater behavioral problems in children who react to
sensory stimuli faster and more intensely than others are
due to a higher level of emotion dysregulation.

The mediation effect of emotion regulation on the rela-
tionship between the sensory processing patterns and total
behavioral problems is shown in Table 4. Emotion regula-
tion was partially mediating the relationship between the
seeker pattern and total behavioral problems. The Boot-
strapping CI revealed a significant indirect effect (Boot-
strapping 95% CI [0.015, 0.230]) and significant direct
effect (Bootstrapping 95% CI [0.730, 1.607]). Similarly,
a partial mediating effect on the relationship between
the avoider pattern and total behavioral problems was
observed (indirect effect Bootstrapping 95% CI [0.004,
0.200]; direct effect Bootstrapping 95% CI [0.873, 1.521]).
On the other hand, there was no significant mediating
effect of emotion regulation on the relationship between
the sensor pattern and total behavioral problems.
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Discussion

This study investigated the relationship between emotion
dysregulation, behavioral problems, and sensory process-
ing patterns in young children with ASD. The results of
this study confirmed that behavioral problems are strongly
and positively correlated to emotion dysregulation and
negatively correlated to emotion regulation. All of the
sensory processing patterns were significantly and mod-
erately to strongly correlated with emotion dysregulation.
Moreover, all of the sensory processing patterns were sig-
nificantly correlated with behavioral problems. This study
further found that emotion dysregulation mediated the
relationship between behavioral problems and sensory pro-
cessing patterns (seeker, avoider, sensor, and bystander).

A prior longitudinal study found a substantial link
between the emotion dysregulation and internalizing and
externalizing behavioral problems in young children with
ASD (Berkovits et al., 2017). Autistic children who had
higher emotion dysregulation earlier had more internal-
izing and externalizing problems (Berkovits et al., 2017).
Similar findings have been reported in TD children. The
literature has shown that emotion dysregulation wors-
ens externalizing and internalizing behavioral problems
(Eisenberg et al., 2001). In this study, over 60% of the
young children with ASD scored higher than the cutoff
point in at least one of the domains scoring behavioral
problems. The findings from this study correspond with
those of other studies indicating a higher rate of behavio-
ral problems in young children with ASD. Therefore, the
present study results demonstrated an association between
emotion regulation and behavioral problems in young chil-
dren with ASD.

In terms of sensory processing patterns, the seeker,
avoider, sensor, and bystander patterns had a moderate
to strong correlation with emotion dysregulation. To our
knowledge, this is the first study to investigate the asso-
ciation between emotion dysregulation and sensory pro-
cessing patterns in young children with ASD. Partially
consistent with the results concerning school-age children,
the impairment of emotion regulation was associated with
the seeker and sensor patterns (Ashburner et al., 2008;
Samson et al., 2014). We have reported results for all
sensory patterns. However, only the seeker and avoider
patterns were fully mediated by emotion dysregulation.
In addition, emotion regulation was partially mediating
the relationship between some of the sensory processing
patterns (seeker and avoider) and behavioral problems.
These results are consistent with the findings of a pre-
vious study (Fernandez-Prieto et al., 2020). The active
behavior response in the seeker and avoider sensory pat-
terns is more related to emotion dysregulation. In Dunn’s
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model (Dunn, 1997), children who had a low neurologi-
cal threshold for sensory stimuli and tried to avoid activi-
ties appeared withdrawn, ill, or had emotional outbursts.
Consistent with previous findings, preschool children with
ASD were observed to have higher reactivity to sensory
stimuli (Lin, 2020). Since sensory processing occurs daily
in any context, sensory processing patterns were reported
in children with ASD participating in daily life activi-
ties (Ismael et al., 2018; Lin, 2020). Clinical health care
providers, teachers and parents should observe behavio-
ral responses in children with ASD to understand their
sensory processing patterns. When a child with ASD and
emotion dysregulation engages in daily activities, doc-
tors and parents need to address the issue of avoidance by
respecting that they may feel uncomfortable with the typi-
cal levels of sensory stimuli, acknowledging the children’s
needs, and introducing them to strategies to make them
feel comfortable (Dunn, 1997).

Interestingly, our results showed that both behavioral
problems and sensory processing patterns were signifi-
cantly associated with emotion dysregulation and emotion
regulation. Additionally, consistent with previous studies,
we found that sensory processing patterns were associated
with total problem behaviors (O’Donnell et al., 2012; Sch-
oen et al., 2009; Tseng et al., 2011). However, there was no
mediating relationship between the sensor or bystander pat-
tern and behavioral problems through emotion regulation.
The sensor and bystander patterns had passive behaviors to
sensory stimuli. In a previous study, a small to fair correla-
tions (r = — 0.13 to — 0.43) between sensory processing
and internalizing and externalizing behaviors was reported
in preschool children with ASD (Tseng et al., 2011). This
indicates that other factors may be involved. Similar to a
previous study, we found that sensory processing patterns
impacted behavioral problems through the mediating effect
of emotion dysregulation. Fernandez-Prieto et al. (2020)
reported that emotion regulation was associated with sen-
sory processing and behavior in children and adolescents
with ASD and that sensory processing was associated with
problem behaviors. Emotion regulation was the mediator for
sensory processing and problem behaviors.

Moreover, our results showed the relationship of each
sensory processing pattern and determined its mediating
effect. Our results indicated an indirect effect, accounting
for 59.3% of the association, between the avoider pattern
and behavioral problems. Dunn (1997) reported that avoid-
ance might cause negative emotions and reactions. Notably,
the greater emotion dysregulation accounted for the higher
chance of presenting behavioral problems in children with
ASD with higher avoider scores in the sensory processing
pattern. Future studies need to build an extended process
model of emotion regulation, behavioral problems, and
sensory processing patterns in young children with ASD.
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A better understanding of the factors related to children’s
emotion dysregulation by healthcare providers may help to
address sensory processing dysfunction as a contributing
factor. In school and at home, teachers and parents might
understand the behavioral problems in daily life of children
with ASD better. Therefore, modifying the environmental
stimuli and teaching children how to regulate emotions trig-
gered by the sensory stimuli may be a potential method for
reducing inappropriate behaviors in young children with
ASD.

This study has several limitations. First, it is a cross-
sectional and observational study. The results of our study
can only present the relationships between factors and
cannot provide further evidence on causality. Causality
between these factors cannot be supported by the present
study’s design, and future studies are needed to provide
robust evidence on causal relationships. Longitudinal stud-
ies are thus needed to corroborate our findings. Second,
the present study only included young children with ASD
and did not include TD children for comparisons. There-
fore, we could not compare the results to those of the TD
population and understand the differences between the two
populations. Third, all of the measures used were parent-
reported questionnaires. Therefore, the present study may
have social desirability, common method variance, and recall
error biases. Additionally, ERC is commonly and widely
used for assessing emotion dysregulation, but there have
been some concerns about the validity of using it with a
population with ASD (Weiss et al., 2014) and a non-ASD
population (Adrian et al., 2011; Mazefsky et al., 2021). The
original ERC (Shields & Cicchetti, 1997) was a conference
poster with a small sample size, with an internal consist-
ency of ®=0.96 in ERC-LN and a=0.83 in ERC-ER. The
psychometric characteristics of the population with ASD
are not well established (Weiss et al., 2014; Mazefsky et al.,
2021). Studies of the population with ASD using the ERC
as a measurement have reported a good internal consistency
for the ERC-LN and ERC-ER (Berkovit et al., 2017; Jah-
romi et al., 2012). Future studies may want to use objective
measurements to corroborate the findings of this study and
explore psychometrics scales that are ASD specific. Fourth,
due to the small sample size, demographic characteristics,
such as autism severity, language ability, cognitive ability,
and sex difference, were not inputted into the mediation
model for controlling. Previous studies have mentioned that
cognitive ability (Nuske et al., 2020), language ability (Zant-
inge et al., 2017), and autism symptom severity (Mazefsky
et al., 2013; Samson et al., 2014) were associated with emo-
tion dysregulation. In addition, the sample size for female
participants was not sufficient for the statistical analysis. Pre-
vious studies have shown a significant difference in the asso-
ciation with emotion regulation between genders (Mazefsky
et al., 2013), reporting that the female population with ASD

had poor emotion dysregulation (Northrup et al., 2021). A
larger sample size and more female participants are needed
for future studies. Despite the limitations, this is the first
study focusing on sensory processing patterns, behavioral
problems, and emotion dysregulation and the mediating role
in young children with ASD.

Conclusion

This study contributes the first preliminary view of the rela-
tionship between emotion dysregulation, behavioral prob-
lems, and sensory processing patterns in young children
with ASD. The findings showed that behavioral problems
and sensory processing patterns are associated with emo-
tion dysregulation in young children with ASD. The results
also highlighted the significant mediating role of emotion
dysregulation. Emotion dysregulation plays a significant
role as a mediator in the relationship between total behav-
ioral problems and all of the sensory processing patterns,
especially the seeker and avoider that were full mediated.
Understanding the child’s sensory profile could strengthen
and individualize interventions based on child characteris-
tics. These findings suggest that clinical interventions should
consider sensory processing patterns and emotion dysregula-
tion interventions to diminish behavioral problems in young
children with ASD.
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