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Sensory and self-regulatory symptoms make up most of the comorbid symptoms in autism and are asso-
ciated with increased autism severity. We validated a parent—caregiver measure of comorbid symptoms in
autism, the Sense and Self-Regulation Checklist (SSC), in 265 children <6 yr with typical development
(n = 138), autism (n = 99), or other developmental delay (7 = 28); Cronbach’s o was .87. We report two
new findings discriminating autism from other groups: (1) multifocal tactile sensory impairment, charac-
terized by hyporeactivity to injurious stimuli and hyperreactivity to noninjurious stimuli (F[2, 262] = 86.8,
p < .001) and (2) global self-regulatory delay (F[2, 262] = 122, p < .001). Both findings suggest an
explanation for social delay in children with autism. The SSC reports a prevalence of sensory and self-
regulatory findings approaching 100% in the autism group (96% and 98%, respectively), raising the
possibility that sensory and self-regulatory difficulties represent a core part of autism.
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omorbid symptoms are common in autism. Their importance to the

function and outcome of the development of young children with autism is
reflected in current recommendations to evaluate and treat comorbid symptoms
at the time of autism diagnosis (Levy, Mandell, & Schultz, 2009). The most
common comorbid symptoms in young children with autism are abnormal
sensory responses (90%; Leekam, Nieto, Libby, Wing, & Gould, 2007), sleep
disruption (86%; Liu, Hubbard, Fabes, & Adam, 2006), and gastrointestinal
disorders (70%; Ibrahim, Voigt, Katusic, Weaver, & Barbaresi, 2009;
Valicenti-McDermott et al., 2006), followed by self-injurious behavior (34%;
Hartley, Sikora, & McCoy, 2008) and aggression and irritability (22%; Hartley
etal., 2008). Why comorbid symptoms are so common, and how they might be
related to core symptoms, is not well understood. However, comorbid symp-
toms are known to increase the severity of autism (Malow et al., 2006; Nikolov
et al., 2009; Souders et al., 2009).

The most common comorbid symptom in autism is abnormal sensory
responses. A considerable body of work has shown a mixed form of sensory
threshold abnormality in young children with autism (Baranek, David, Poe,
Stone, & Watson, 2006; Ben-Sasson et al., 2009; Dunn, 1999), with both
hyporeactivity and hyperreactivity to sensory stimuli present (Tordjman et al.,
2009). This hyporeactivity and hyperreactivity are distinguished from those of
typically developing or developmentally delayed children in that they are more
common, more severe, and multisensory (Kern et al., 2006).

The remaining comorbid symptoms seen in autism are consistent with early
symptoms of delayed self-regulation. Examining them relative to the de-
velopmental trajectory of self-regulation can be illuminating. In a typically
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developing child, self-regulation begins in infancy with
physiological regulation of sleep—wake cycles, feeding,
and self-soothing. The self-regulation of orientation and
attention occurs between ages 3 and 7 mo and is the
starting point for social learning. By age 3, the typically
developing child can demonstrate emotional and behav-
ioral self-regulation in response to social demands (Posner
& Rothbart, 2009). The most common symptoms of
failure to achieve self-regulation milestones in children
presenting for clinical management are sleep and feeding
difficulties; difficulty self-soothing; failure to orient to and
attend to caregivers; and behavioral responses such as
prolonged tantrums, aggression, and self-injurious behav-
ior (Reebye & Elbe, 2009). These symptoms constitute the
majority of comorbid symptoms in autism. Given that the
self-regulation milestones are a necessary foundation for
early social, emotional, and cognitive development, it is of
interest to examine how their delay might affect the core
symptoms of autism.

For the past 10 yr, we have been involved in autism
research evaluating a model and treatment of autism based
on concepts of Chinese medicine that addresses both core
and comorbid symptoms (Silva, Schalock, & Ayres,
2011). The model proposes that the core symptoms of
autism are secondary to a condition of disordered sensory
and self-regulation. The Five-Phase Theory of Chinese
medicine asserts that sensory and self-regulatory func-
tions are profoundly interlinked; each individual sense
is linked with a particular set of physiological functions
(e.g., touch is linked with self-soothing, and taste is
linked with digestion; Yanchi, 1988). As such, normal
sensory function is required for the timely unfolding of self-
regulation, and abnormal sensory function will result in
self-regulatory delays. The treatment we have developed—a
parent-delivered, staff-supported massage methodology
based on Chinese medicine—has shown robust improve-
ment of abnormal sensory responses and self-regulation,
as well as improvement in measures of autism, in two ran-
domized controlled trials (Silva, Schalock, Ayres, Bunse, &
Budden, 2009; Silva, Schalock, & Gabrielsen, 2011). The
research required the development of an outcomes measure
for sensory and self-regulatory symptoms reported by parents
of young children with autism.

At the time of the research, no single assessment tool
eliciting information about the range of comorbid
symptoms in young children with autism was available.
Likewise, no single measure assessed both physiological
and behavioral self-regulatory symptoms. A caregiver as-
sessment of comorbid psychopathology for older children
existed (Matson & Wilkins, 2008), as did several care-
giver assessment tools of sensory symptoms in young
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children (Baranek et al., 2006; Dunn, 1999; Johnson-

Ecker & Parham, 2000). Assessment of self-regulation

tended to be oriented to the age of the child and the

specialty of the examiner; for premature infants, physio-
logical measures were used (temperature, heart rate, etc.);
for children with sleep and digestive disorders, parent
questionnaires and structured interviews were used (Liu
et al., 2006; Valicenti-McDermott et al., 2006); and for
older children, attentional, emotional, and behavioral
measures were used (Achenbach & Ruffle, 2000; Aman,

Singh, Stewart, & Field, 1985). To fill this need, we

developed the Sense and Self-Regulation Checklist (SSC),

a caregiver questionnaire that is divided into items rela-

tive to abnormal sensory responses to ordinary injurious

and noninjurious stimuli and items relative to difficulties
reaching early self-regulation milestones.

We carried out this validation study with three groups
of children: children with autism spectrum disorder
(ASD), typically developing children, and children with
other reasons for developmental delay (other DD). We
attempted to answer three main questions:

1. Does the SSC produce reliable scores for sensory and
self-regulatory symptoms in the three groups?

2. Does the SSC differentiate between the children with
ASD and the other groups on the basis of sensory
findings, self-regulatory findings, or both?

3. What is the magnitude of the relationship between
comorbid symptoms, as measured by sensory and
self-regulatory scores, and severity of autism?

Method

Participants

Data from 265 children ages 24—72 mo were collected for
this study: 99 children with ASD, 28 children with other
DD, and 138 typically developing children. All informants
were primary caregivers for the children concerned. The
mean age of the ASD group was 3.9 yr (standard deviation
[SD] = 1.2); 81 boys and 18 girls were in this group. The
mean age in the typically developing group was 3.9 yr
(8D = 0.89); this group contained 70 boys and 68 girls.
The mean age of the other DD group was 2.26 yr (SD =
1.4); 17 boys and 11 girls were in this group. Ages differed
significantly across groups, H2, 263) = 28.4, p < .001;
children in the other DD group were younger than those
in the other groups.

Data Collection

We collected SSC data on children with autism from
several research projects completed over the past 7 yr with
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institutional review board approval from Western Oregon
University. Inclusion criteria for the children with autism
were age <06 yr, receiving state-sponsored early childhood
special education (ECSE) services for autism, absence of
other severe disability such as cerebral palsy, and taking
no psychotropic medication. Children were recruited
from six regional ECSE programs across Oregon. Di-
agnosis of autism was confirmed by Louisa M. T. Silva
using the criteria in the Diagnostic and Statistical Manual
of Mental Disorders (4th ed., text rev.; American Psychi-
atric Association, 2000).

Data for the other DD group were obtained from
a previous study investigating the effect of an intervention
strategy on young children with motor developmental
delay and motor tone disorders. Inclusion criteria were age
<6 yr, presence of clinical hypertonia or hypotonia with
motor delay, qualifying for and receiving ECSE physical
therapy services, and taking no psychotropic medication.
Fifteen children had high tone and were candidates for
the diagnosis of cerebral palsy; 10 children had low tone
and had Down syndrome. Diagnoses were confirmed by
Louisa M. T. Silva through clinical exam and review of
medical records.

We recruited parents of typically developing children
to complete the surveys from one child care center, three
mother support groups, and one toddler drop-in play
center in Oregon. Parents completed the surveys on
a convenience basis. Inclusionary criteria for the children
included age 3-6, no educational or medical diagnosis of
autism, absence of DD or previous assessment for DD,
and absence of chronic medical conditions.

Measures

Instrument Development

The theoretical division of the SSC into Sensory and Self-
Regulatory domains comes from a model and treatment
for autism that is based on Chinese medicine (Silva,
Schalock, & Ayres, 2011). The SSC was designed for
clinical use to identify areas of sensory and self-regulatory
difficulty and assess their response to treatment. The in-
dividual items were developed and selected through an
iterative process by conducting a review of more than 100
interviews of parents with young autistic children in
which parents were asked open-ended questions about
their child’s sensory and self-regulatory responses to or-
dinary, daily-life situations. As it became evident from
parent interviews that sensory responses to both injurious
and noninjurious stimuli were grossly abnormal, we
created six sensory subdomains: touch—pain, auditory,
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visual, taste—smell, hyperreactive to noninjurious stimuli,
and hyporeactive to injurious stimuli. The hyperreactive
and hyporeactive subdomains do not have their own
separate items; the hyperreactive subdomain is drawn
from all sensory subdomains, and the hyporeactive sub-
domain is drawn from the touch—pain subdomain only
(Table 1).

An additional category for analysis was created in
response to parent reports of abnormal touch—pain re-
sponses in multiple areas of the body, including the face,
head, fingers, toes, skin, and diaper area. The SSC labels
touch—pain items by their respective body area, for ex-
ample, “difficulty with haircuts” is assigned to the head,
and “difficulty cutting fingernails” is assigned to the fin-
gers (see Table 1). Information regarding the number of
areas involved can be extracted from the Sensory domain
and analyzed separately.

Self-regulatory items were informed by Chinese
medical theory as well as a knowledge of the normal
developmental trajectory for self-regulatory milestones in
the first 3 years of life, including self-regulation of sleep,
digestion, self-soothing, orientation/attention, and emerg-
ing self-regulation of emotions and behavior in response to
social cues (Posner & Rothbart, 2009).

Table 1 lists all SSC items by Sensory and Self-
Regulatory domain and identifies which items were ex-
tracted to analyze hyporeactivity and hyperreactivity and
body part involvement. Items are rated never (0), rarely (1),
sometimes (2), or often (3). Domain scores are obtained by
summing the individual items. Table 1 also shows the
prevalence of responses scored sometimes or often.

Over a 5-yr period, we submitted the SSC to an on-
going development and refinement process in which items
were evaluated for inclusion, exclusion, and clarification
of terminology. The SSC caregiver report is suitable for use
by caregivers who have an elementary school education and
is available in English, Spanish, and Chinese.

We used the Pervasive Developmental Disorders
Behavior Inventory (PDDBI) Parent Version (Cohen &
Sudhalter, 2005) as an overall measure of the severity of
autism. The PDDBI is a two-part rating scale measuring
maladaptive behavior and social-communication skills
that is designed to assess changes in response to inter-
vention programs in children with pervasive devel-
opmental disorder not otherwise specified, autism, or
Asperger syndrome. The PDDBI Autism Composite
score is based on both parts of the scale. Results are re-
ported in standard scores with a mean of 50 and a stan-
dard deviation of 10.

The PDDBI has gone through extensive development
and validation, and external reviews have determined that
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Table 1. ltem Description and Prevalence in Children With Autism

Item Prevalence, % Hyper- or Hyporeactivity Body Area

Sensory Domain

Touch—pain
Face washing is difficult. 70.7 Hyper Face
Doesn’t notice if the diaper is wet or dirty. 64.6 Hypo Diaper
Avoids wearing gloves. 63.6 Hyper Hands
Haircuts are difficult. 56.6 Hyper Head
Prefers to wear a hat. 56.6 Hyper Head
Head-bangs on a soft surface. 52.5 Hypo Head
Head-bangs on a hard surface. 515 Hypo Head
Prefers to wear one or two gloves. 47.5 Hyper Hands
Will only wear certain clothes. 46.5 Hyper Skin
Cries tears when falls, scrapes skin, or gets hurt.* 444 Hypo —
Cutting toenails is difficult. 424 Hyper Feet
Refuses to wear a hat. 374 Hyper Head
Prefers to wear the same clothes day after day. 354 Hyper Skin
Does not cry tears when hurt. 324 Hypo —
Cutting fingernails is difficult. 323 Hyper Hands
Will only wear certain footwear. 24.2 Hyper Feet
Auditory
Reacts poorly to certain everyday noises. 68.7 Hyper —
Reacts strongly when others cry loudly or scream. 58.6 Hyper —
Is startled by sudden noises. 55.5 Hyper —
Covers ears with certain sounds. 50.5 Hyper —
Visual
Is bothered by certain lights. 69.7 Hyper —
Looks at objects out of sides of eyes. 48.5 — —
Taste-smell
Avoids foods with certain textures. 78.8 Hyper —
Tooth brushing is difficult. 64.7 — —
Mouths or chews objects. 62.7 —_ —
Gags with certain smells. 475 Hyper —
Prevalence of abnormal responses in one or more of the sensory domains 96.0
Self-Regulation Domain
Sleep
Has difficulty falling asleep at bedtime. 57.6 — —
Awakens very early and stays awake. 56.6 — —
Has difficulty falling back asleep when awakens during the night. 50.5 —_ —
Has difficulty awakening in morning. 343 — —
Appetite—digestion
Eats very few foods. 63.6 — —
Will only eat familiar foods. 62.6 — —
Bowels are loose. 49.5 — —
Does not seem to be interested in food. 48.5 — —
Bowel movement (BM) is every other day. 384 — —
BM is hard and dry. 34.3 — —
Requires regular use of laxative to avoid constipation. 33.3 — —
BMs are frequent. 30.3 —_ —
BM is twice a week. 30.3 — —
BM is once a week. 26.3 — —
Self-soothing
Has difficulty calming him- or herself when upset. 83.8 — —
Gets upset or tantrums when asked to make a transition. 78.7 — —
Tantrums or meltdowns. 45.5 — —
Cries easily when frustrated. 323 — —

(Continued)
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Table 1. Item Description and Prevalence in Children With Autism (cont.)

Item

Prevalence, % Hyper- or Hyporeactivity Body Area

Orienting—attending
Has to be prompted to make eye contact when spoken to.
Stares off into space.
Seems not to notice when spoken to in a normal voice.
Does not notice or react when tapped on the back.
Does not respond to his or her name.
Aggressive behavior
Hits or kicks others.
Bites others.
Scratches or pulls others’ hair.
Throws things at others.
Self-injurious behavior
Hits self.
Bites self.
Pulls own hair.

Prevalence of significant difficulties in one or more of the self-regulatory domains

747 — —
70.7 — —
67.6 — —
65.7 — —
64.6 — —

58.5 — —
56.5 — —
525 — —
46.6 — —

49.5 — —
39.4 — —
31.3 — —
98.0 — —

Note. — = not applicable.
*Scores for rating this item are reversed.

it demonstrates construct and criterion validity sufficient
for use in research. The PDDBI has also been found to be
reliable and has high levels of internal consistency (as =
.80—.98 across the various domains and constructs).

Results
Question 1: Reliability of the SSC

Both internal consistency and test—retest stability were as-
sessed for the SSC. We calculated internal consistency esti-
mates (Cronbach’s o) for the total SSC score, the Sensory
and Self-Regulation domain, and the individual subdomains
for each population. Domain and overall scale scores dem-
onstrate acceptable internal consistency across all three
groups. These results are shown in Table 2. Overall as were
.87 for children with ASD, .89 for typically developing
children, and .85 for children with other DD. In the Sensory
domain, as were .81 for ASD, .80 for typically developing,
and .58 for other DD. For the Self-Regulation domain, as
were .79 for ASD, .86 for typically developing, and .83 for
other DD. Subdomain scores demonstrated acceptable in-
ternal consistency across all three groups in the subdomains
of self-soothing and aggressive behavior. Test—retest stability
estimates were calculated for the total SSC score and the
Sensory and Self-Regulation domains with a subsample of
parents of 38 children with autism at a 4-month interval.
The test—retest coefficient for sensory impairment was .595;
mean scores (44.74 and 43.37) were stable over assessments.
The test—retest coefficient for self-regulation was .831; mean
scores (36.29 and 36.45) also were stable over assessments.
For the overall score, the test—retest coefficient was .677, with
mean scores (84.0 and 82.50) stable over assessments.
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Question 2: Differentiation Between the Children With
ASD and Other Groups

The SSC’s ability to discriminate on the basis of frequency
or intensity of abnormal responses as evaluated with analyses
of variance (ANOVAs) is shown in Table 3. The group
differences for the total sensory scores (F[2, 262] =124, p<
.001), total self-regulatory scores (F[2, 262] =122, p <
.001), and total sensory and self-regulatory scores (F[2,
262] = 151, p < .001) were highly significant. To de-
termine whether gender or age confounded the findings for
each disability group, we ran separate two-way ANOVAs.
Neither gender nor age was found to be significantly related
to either sensory impairment or self-regulation. For sensory
impairment, neither gender (£[1, 263] = 0.05, p = .826)
nor the Gender X Disability interaction (F[2, 262] = 0.50,
p = .6006] was significant. For age, neither age (F[4, 260] =
0.34, p = .914) nor the Age X Disability interaction (£[7,
257] = 0.54, p = .800) was significant. For self-regulation,
regarding gender, neither gender (£[1, 263] = 0.60, p =
.551) nor the Gender x Disability interaction (F[2, 262] =
0.03, p = .865) was significant. For age, neither age (£[4,
260] = 0.71, p = .645) nor the Age X Disability in-
teraction (F[7, 257] = 0.61, p = .747) was significant.
Post hoc Scheffé test comparisons of the ASD and
typically developing subdomains showed that the SSC dif-
ferentiated in six of six sensory and six of six self-regulatory
subdomains. Post hoc Scheffé test comparisons between
the ASD and other DD subdomains showed that the SSC
differentiated three of six sensory subdomains (touch—
pain, hyporeactivity, and hyperreactivity) and five of six
self-regulatory domains (sleep, digestion, self-soothing,
orientation—attention, and self-injurious behavior). We
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Table 2. Internal Consistencies of Domains by Group

Cronbach’s « Reliability

Domain ASD Typically Developing Other DD No. of Items
Sensory domain .812 795 .579 26
Tactile 749 .687 468 16
Auditory .720 748 586 4
Visual 527 455 .844 2
Taste and smell .355 .396 .346 4
Hyporeactivity .528 .259 .0 4
Hyperreactivity 795 .786 .596 19
Self-Regulation domain .785 .855 .828 30
Sleep 577 .551 .707 4
Digestion .554 .749 .360 10
Self-soothing .820 752 877 4
Orientation and attention .818 .720 .543 5
Behavior—aggression .786 .803 .827 4
Behavior—self-injurious 702 .002 816 3
Total sensory + self-regulation 873 .894 .850 56

Note. ASD = autism spectrum disorder; DD = developmental delay.

found no significant differences between the ASD and
other DD groups in the subdomains of visual, auditory,
taste—smell, or aggressive behavior.

We also investigated the SSC’s ability to discriminate
between the ASD and other DD groups on the basis of
the number of senses involved and the number of areas of
body involvement by analyzing frequency distributions
using X~ analyses and the median test. These distributions
are shown in Table 4.

To determine the prevalence of abnormal sensory
responses for each sense, we set the criterion for abnormal
sensory response as the mean score for typically developing
children plus 1 standard deviation (Baranek et al., 2006).
As expected, children with ASD had a higher prevalence
of abnormal responses in the individual senses than did
children in the other groups. For example, 76% of chil-
dren with ASD had tactile impairments compared with
50% of children with other DD and 17% of typically
developing children. The x> analyses on the four sensory
domains indicate significant differences in distributions
(tactile XZ[Z, N = 265] = 83.2, p < .001; visual X2[2,
N = 265] = 48.6, p < .001; auditory x*[2, N = 265] =
54.8, p < .001; taste—smell x*[2, N = 265] = 90.7, p <
.001). To determine whether the number of senses af-
fected differed across the groups, we conducted a median
test, which indicated that groups differed on the number
of senses affected (X2[2, N=265] =99.2, p<.001). The
children with ASD were more multisensorily impaired
than the children in other groups.

We conducted a parallel analysis on areas of the body
affected. Although the results were not consistent across all

areas of the body, children with ASD had a higher
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prevalence of abnormal responses in more areas of the body
than did the other groups. The x* analyses on the six body
areas indicate the following significant differences in dis-
tributions: face, X2(2, N = 265) = 66.3, p < .001; head, X2
(2, N=265) = 34.8, p< .001; hands, x* 2, N = 265) =
14.7, p< .01; feet, X*(2, N = 265) = 12.3, p< .01; skin, X*
2, N=265) = 18.9, p < .001; diaper, x*(2, N = 265) =
73.7, p < .001. To determine whether the number of body
areas affected differed across the groups, we conducted
a median test, which indicated that groups differed on the
number of areas of the body affected (X2[2, N = 265] =
65.7, p < .001). The children with ASD were affected in
more areas of the body than other groups.

Question 3: Magnitude of the Relationship Between
Comorbid Sensory and Self-Regulatory Symptoms

The PDDBI Autism Composite scores were correlated
with both sensory impairment and self-regulatory diffi-
culty scores. These relationships are shown in Supple-
mental Figures 1 and 2 (available online at http://ajot.
aotapress.net; navigate to this article, and click on
“Supplemental Materials”). Positive and relatively strong
relationships between sensory impairment and severity of
autism (7 = .543) and self-regulation impairment and
severity of autism (r = .418) exist. Higher levels of sen-
sory and self-regulation impairment are related to more
severe levels of autism. Both correlations are significant at
the .001 level. Scores on the PDDBI cluster at the upper
end of the range; a score of 50 represents a “typical” child
with autism.

We conducted multiple regression to further study
the relationship between sensory and self-regulation
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Table 3. Significant Population Comparisons

Sensory and Self-Regulation Domain ASD (n = 99) Other DD (n = 28) Typically Developing (n = 138) A2, 262)
Sensory Domain
Tactile
M 21.41 15.54 9.91 86.8**
SD 8.30 5.04 5.47
Visual
M 2.76, 1.96, 1.09 34.8%~
SD 1.67 1.75 1.35
Auditory
M 6.13, 5.39, 2.92 417>
SD 3.14 2.53 2.47
Taste and smell
M 6.75, 5.71, 2.60 98.3**
SD 2.56 2.49 2.05
Sensory total
M 37.05 28.61 16.51 123.9**
SD 12.07 7.40 8.67
Threshold abnormalities
Hyporeactivity
M 515 3.39 1.36 103.0**
SD 2.72 1.87 1.33
Hyperreactivity
M 29.14 23.25 14.07 93.3**
SD 9.92 6.67 7.56
Self-Regulation Domain
Digestion
M 12.44 9.86 6.30 53.1**
SD 477 3.80 4.52
Sleep
M 6.15 4.79, 3.50, 31.8**
SD 2.79 3.17 2.16
Self-soothing
M 8.29 5.50, 5.09, 38.5%*
SD 2.96 3.48 2.56
Orientation and attention
M 8.62 4.7 2.99 98.2%*
SD 3.74 2.93 2.48
Self-regulation total
M 42.92 29.71 20.59 122.0**
SD 11.58 12.32 9.97
Sensory and self-regulation total
M 79.97 58.32 37.11 151.1**

Behavioral Domain

Aggressive behavior

m 5.09, 3.71ap 2.46, 23.5%*
SD 3.46 3.59 2.26

Self-injurious behavior
M 2.32 1.14 0.24 41.9%*
SD 2.53 2.05 0.51

Note. Means sharing common subscript letters a and b are not significantly different. ASD = autism spectrum disorder; DD = developmental delay; M = mean;
SD = standard deviation.
**p < .001, two-tailed.

impairment and severity of autism. The regression co- significant). The overall model was significant (F[2, 58] =
efficient for sensory impairment was .402 (p < .01). The 13.79, p < .001), with an R value of .322. One-third of
regression coefficient for self-regulation was .188 (not the variance in PDDBI Autism Composite scores is
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Table 4. Prevalence, Number of Impaired Senses, and Number of Involved Body Areas, by Group

Sensory Domain Impaired, %

Group Tactile Visual Auditory Taste and Smell
ASD 75.8 57.6 58.6 79.8
Other DD 50.0 35.7 50.0 7.4
Typically developing 16.7 14.5 13.8 20.3
No. of Senses Impaired
4 3 2 1 0
ASD 323 29.3 20.2 141 4.0
Other DD 71 28.6 32.1 28.6 3.6
Typically developing 0.7 7.2 10.1 20.3 61.6
Areas of the Body Affected
Face Head Hands Feet Skin Diaper
ASD 69.7 65.7 34.3 424 46.5 64.6
Other DD 57.1 50.0 57.1 46.4 17.9 57.1
Typically developing 18.1 19.6 21.7 23.2 21.7 12.3
No. of Areas of the Body Affected
6 5 4 3 2 1
ASD 4.6 6.1 20.2 22.2 23.2 8.1
Other DD 0 214 25.0 71 214 14.3
Typically developing 0 1.4 43 8.7 18.8 26.1

Note. ASD = autism spectrum disorder; DD = developmental delay.

explained by the variance in sensory and self-regulation

scores.

Discussion

This study demonstrates that the SSC has adequate psy-
chometric validity to measure sensory and self-regulation
problems in young children with ASD and to discriminate
such children from other groups. As such, the SSC is unique
and useful to clinicians and researchers. SSC sensory
findings converge with previously published research
showing that abnormal sensory responses in autism are
different from those in other groups—they are more severe
and multisensory and characterized by more hyporeactivity
and hyperreactivity. These findings have been reported
using the Sensory Experiences Questionnaire (Baranek
et al., 2006) and the Sensory Profile (Ben-Sasson et al.,
2009). These findings have been quantified in adults with
autism with quantitative sensory testing, and abnormal
sensory thresholds to gentle touch (Cascio et al., 2008),
pain, temperature, and low-frequency vibration (Blakemore
et al., 2006), as well as hypoesthesia (reduced sensitivity to
injurious stimuli) and hyperesthesia (painful response to
noninjurious stimuli), have also been reported.

SSC self-regulatory findings in individual domains
converge with findings reported for sleep using the Chil-
dren’s Sleep Habits Questionnaire (Malow et al., 2006),
for digestion using structured interviews (Valicenti-
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McDermott et al., 2006), and for attention and behavior
using the Child Behavior Checklist (Hartley et al., 2008).
Sensory and self-regulatory findings diverge from
published research in reporting two new findings dis-
criminating children with ASD from children with other
reasons for developmental delay as well as from typically
developing children: (1) tactile sensory impairment, pres-
ent on multiple areas of the body and characterized by
hypersensitivity to noninjurious stimuli and hyposensitivity
to injurious stimuli, and (2) the presence of global self-
regulatory delay. This study is the first time that a discrete
abnormality of touch in a setting of multisensory impair-
ment has been shown to discriminate autism from other
groups. And because the SSC makes it possible to evaluate
all the early self-regulation milestones in one instrument,
our study is also the first time that children with autism have
been discriminated from other groups by the presence of
global delay of early self-regulatory milestones. The SSC
reports a prevalence for sensory and self-regulatory symp-
toms that approaches 100% (96% for sensory and 98% for
self-regulatory; see Table 1). This prevalence is higher than
has previously been reported with other instruments and
begs the consideration that sensory and self-regulatory
symptoms represent an integral part of autism rather than
a comorbid group of symptoms, as currently considered.
The degree of significance distinguishing children
with ASD from other groups on the basis of tactile findings
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related to each of the six areas surveyed (i.e., face, head,
hands, feet, skin, diaper area) is quite remarkable (p <.001
for five of the six areas), as is the degree of significance
distinguishing children with ASD by number of areas
involved (p < .001). The tactile findings are compatible
with peripheral neuropathy, a condition of damage to the
peripheral sensory and autonomic nerve fibers charac-
terized by hypoesthesia to injurious stimuli and hyper-
esthesia to noninjurious stimuli, often present in multiple
locations of the body (Baron, 2009). Earlier studies have
demonstrated abnormal quantitative sensory testing in
people with autism (Blakemore et al., 2006; Cascio et al.,
2008). Given the critical importance of touch to early
social development demonstrated in orphan studies
(Chrisholm, 1998) and the yet-unknown mechanism for
the delay of social development seen in autism, these
qualitative findings offer a potential explanation for the
social delay in autism and should be further investigated
in a larger sample with quantitative sensory testing.

The finding that the autism group was differentiated
by a global delay of early self-regulatory milestones also
offers an explanation for how social delay might develop in
autism. Early self-regulatory abilities are a cornerstone of
early childhood development that cut across all domains
(Shonkoff & Phillips, 2000). As such, early social abilities
are built upon an earlier foundation of self-regulatory
abilities. It is almost self-evident that delay of early self-
regulatory abilities is likely to be associated with sub-
sequent delay of social abilities, as was the case here.
For practitioners familiar with the clinical presentation
of young children with autism, this concept can be il-
lustrated by trying to imagine a 3-year-old child with
normal self-regulatory abilities (i.e., eating and sleeping
normally, self-soothing appropriately, orienting and pay-
ing attention, having the emerging ability to regulate be-
havior and emotions in response to social cues) who also
has autism. As the exercise illustrates, this is difficult to
imagine because the social milestones that are delayed in
autism arise out of the self-regulatory milestones relative
to orientation/attention, self-soothing, and the emerging
ability to regulate behavior and emotions in response to
social cues.

How and why abnormal sensory responses and self-
regulatory delays are related to each other remains to be
explored for the three groups of children. This exploration
is beyond the scope of this validation study but is the focus
in a separate article (Silva & Schalock, 2011).

Implications for Occupational Therapy Practice

Our study has the following implications for occupational
therapy practice:

The American Journal of Occupational Therapy

e The SSC is a valid measure of sensory and self-regulatory
difficulties for children under age 6.

e The SSC can be used as a treatment outcomes measure
for children with autism.

e The SSC can also be used to identify patterns of sen-
sory and self-regulatory difficulties in young children
with other disabilities.

Limitations and Future Research

This study has several limitations. First, larger samples are
needed to achieve acceptable internal consistency in the
subdomain scores across groups to satisfactorily control
for variability in symptoms. In particular, a larger other
DD group is of interest to further differentiate children with
ASD from children with other intellectual or developmental
disabilities. Second, mental and developmental age data
need to be collected and correlated with SSC scores to place
the findings in a more clinical context. Third, collecting
more demographic data on the informants answering the
SSC would be of interest. A larger research study addressing
these limitations is planned. A
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