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Purpose—This study sought to characterize temperament traits in a sample of children with
autism spectrum disorder (ASD), ages 3—7 years old, and to determine the potential association
between temperament and sensory features in ASD. Individual differences in sensory processing
may form the basis for aspects of temperament and personality, and aberrations in sensory
processing may inform why some temperamental traits are characteristic of specific clinical
populations.

Methods—Nine dimensions of temperament from the Behavioral Style Questionnaire (McDevitt
& Carey, 1996) were compared among groups of children with ASD (7= 54), developmentally
delayed (DD; n= 33), and the original normative sample of typically developing children (Carey
& McDevitt, 1978; n= 350) using an ANOVA to determine the extent to which groups differed in
their temperament profiles. The hypothesized overlap between three dimensional constructs of
sensory features (hyperresponsiveness, hyporesponsivness, and seeking) and the nine dimensions
of temperament was analyzed in children with ASD using regression analyses.

Results—The ASD group displayed temperament scores distinct from norms for typically
developing children on most dimensions of temperament (activity, rhythmicity, adaptability,
approach, distractibility, intensity, persistence, and threshold) but differed from the DD group on
only two dimensions (approach and distractibility). Analyses of associations between sensory
constructs and temperament dimensions found that sensory hyporesponsiveness was associated
with slowness to adapt, low reactivity, and low distractibility; a combination of increased sensory
features (across all three patterns) was associated with increased withdrawal and more negative
mood.
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Conclusions—Although most dimensions of temperament distinguished children with ASD as a
group, not all dimensions appear equally associated with sensory response patterns. Shared
mechanisms underlying sensory responsiveness, temperament, and social withdrawal may be
fruitful to explore in future studies.

Keywords
autism; developmental delay; temperament; sensory processing and reactivity

Introduction

Research suggests that individuals with autism spectrum disorder (ASD) present with unique
profiles of both temperament (Hepburn & Stone, 2006) and sensory responsiveness
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(Baranek et al., 2006; Dawson & Watling, 2000; Kientz & Dunn, 1997) that may be
maladaptive with respect to broader developmental and behavioral outcomes (Eaves, Ho, &
Eaves, 1994; Hilton et al, 2010; Watson et al., 2011). However, it is not known to what
extent constructs of temperament and sensory responsiveness overlap conceptually and how
such overlap may implicate common neural pathways that underlie some core features of
ASD to test in future research. Individual differences in sensory processing may form the
basis for aspects of temperament and personality (Dunn 1997; 2001), and aberrations in
sensory processing may inform why some temperamental traits are characteristic of specific
clinical populations.

ASD is a pervasive developmental disorder that is diagnosed behaviorally based on deficits
in three core areas (social interaction, communication, and restricted, repetitive behaviors)
(APA, 2000). Behaviorally based ASD diagnostic criteria are conceptually linked to models
of temperament. Thomas and Chess (1963), pioneers in temperament research, developed a
framework that defines temperament as a child’s individual ‘behavioral style’ (Chess &
Thomas, 1996; Thomas, Chess, & Birch, 1968; Thomas, Chess, Birch, Hertzig, & Korn,
1963). According to Thomas and Chess, temperament refers to the “Aowrather than the
what (ability and content) or the w/hy (motivations) of behavior” (Chess & Thomas, 1996, p
32). In this definition, “temperament is a phenomenological term and has no implications as
to etiology or immutability” (Chess & Thomas, 1996, p 33). Thomas and Chess propose
nine dimensions (Thomas, Chess, & Birch, 1968) of temperament that are summarized in
Table 1. These dimensions serve as a blueprint for commonly used temperament measures
such as the Behavioral Style Questionnaire (BSQ; McDevitt & Carey, 1996), Child
Temperament Questionnaire (CTQ; Thomas & Chess, 1977), and Temperament Assessment
Battery for Children (TABC; Martin, 1988). Just like instruments used to diagnose ASD,
these measures of temperament gather information about how a child behaves by directly
observing a child’s behavior or by asking someone who has observed their behavior. While
ASD diagnostic tools seek to characterize behavior related to three specific core deficits,
measures of temperament seek to more broadly capture a child’s behavioral style. In effect,
the behaviors that a child displays that result in him/her meeting ASD criteria represent a
subset of the behaviors that may also comprise his/her temperament (as defined by Thomas,
Chess, & Birch, 1968).

Given this inherent conceptual overlap, it is not surprising that previous studies have found
that the temperament profiles for children with ASD, as a group, differ from that of typically
developing (TD) children (Bailey et al., 2000; Bieberich & Morgan, 2004; Garon et al.,
2009; Hatton et al., 1999; Hepburn & Stone, 2006). Compared to TD comparison groups,
children with ASD were more active, more withdrawn (Bailey et al., 2000; Bieberich &
Morgan, 2004; Garon et al., 2009), less adaptive (Bailey et al., 2000; Hepburn & Stone,
2006), less persistent (Bailey et al., 2000), less intense in their reactions (Hatton et al.,
1999), less sensitive to environmental stimuli (Hepburn & Stone, 2006), and had lower
positive affect, higher negative affect, and more difficulty controlling attention and behavior
(Garon et al., 2009). Only a few published studies have compared the temperament of ASD
and developmentally delayed (DD) groups, finding that children with ASD showed less self-
regulation (Bieberich & Morgan, 2004; Gomez & Baird, 2005); however, these studies used
a different model of temperament (Rothbart & Derryberry, 1981) than the Thomas & Chess
(1968) model adopted for the present study.

The presence of unusual sensory features in ASD dates back to Kanner’s (1943) early
descriptions of sensory differences (e.g., visual fascinations; auditory sensitivities). Atypical
sensory features are thought to result from aberrant sensory processing, and may be evident
across all sensory modalities. Research has continued to identify unusual sensory features in
children with autism that are noted to be highly prevalent (Baranek et al., 2006; Dawson &
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Watling, 2000; Tomcheck & Dunn, 2007), but vary depending upon the format of measures
used such as direct observation, caregiver report, firsthand accounts, and/or retrospective
video analysis (Schoen, Miller & Green, 2008), age of the children in the studies, as well as
level of specificity of items/patterns tapped. While research continues to examine whether
sensory features are universal in children with ASD, evidence suggests that unique patterns
of sensory response differentiate children with ASD from both TD (Kientz & Dunn, 1997,
Talay, Ongan, & Wood, 2000; Tomcheck & Dunn, 2007) and DD comparison groups
(Baranek et al., 2006; Rogers, Hepburn, & Wehner, 2003). Although group differences exist
between persons with ASD and other comparison groups, there is also considerable
heterogeneity in symptom expression within this population (Ben-Sasson et al., 2008; Lane,
Young, Baker & Angley, 2010; Watling et al., 2001).

Some researchers suggest that individual differences in sensory processing may result in
specific behavioral manifestations of sensory features, but also may form the basis for
aspects of temperament and personality (Dunn 1997; 2001). Thus, aberrations in sensory
processing may inform w#y some temperamental traits are characteristic of specific clinical
populations. Although no published studies have empirically tested associations between
sensory features and temperament, there appears to be much conceptual overlap between
these domains, as typically reflected in parent-report or observational measures (Boyd et al.,
2010; Liss, Sauliner, Fein, & Kinsbourne, 2006; Tomchek & Dunn, 2007). Furthermore,
when Thomas and Chess (1996) conceptualized their nine dimensions of temperament, they
identified threshold of responsiveness as the level of extrinsic stimulation that is necessary
to evoke a discernable response (Fox & Polak, 2004; Thomas, Chess, & Birch, 1968).
Thomas and Chess theorized that individuals either have a high threshold of response
(requiring a high level of sensory stimulation to evoke a response) or a low threshold of
response (requiring a low level of sensory stimulation to evoke a response). According to
their model, an individual’s behavior could be categorized somewhere along a continuum
between these two extremes.

In contrast to the assumption that an individual’s threshold of sensory responsiveness can be
placed along a single continuum, recent research suggests that sensory responsiveness may
be a multidimensional phenomenon in children with ASD. Sensory features are commonly
described as falling into three distinct but overlapping dimensional constructs, including
hyperresponsiveness, hyporesponsiveness, and sensory seeking (Baranek, 2002; Ben-Sasson
etal., 2008; Liss et al., 2006). Hyperresponsiveness refers to a display of exaggerated
responses, resulting in avoidance or aversion to specific sensory stimuli that are not
generally considered to be overwhelming or threatening by TD individuals (e.g., covering
ears to indicate sound aversion) (Baranek, David, Poe, Stone, & Watson, 2006; Schoen,
Miller, & Green 2008). Hyporesponsiveness may consist of a lack of behavioral response or
a muted response to sensory stimuli (e.g., ignores name call, high tolerance for pain)
(Baranek et al., 2006). Sensory seeking behaviors occur when a child engages in activities
that appear to provide intense sensory input, as indicated by an unwavering interest and
persistent engagement in a particular stimulus (Dunn, 1997; Liss et al., 2006). Thus,
theoretically, varying levels of these three sensory constructs may coexist in the same child,
and may explain some of the heterogeneity in this population.

The simultaneous manifestation of hypothetically opposite sensory response patterns (hyper-
and hyporesponsivness) in ASD connotes an interesting paradox that cannot be easily
assimilated into Thomas and Chess’s unidimensional conceptualization of “threshold of
responsiveness.” Behavioral descriptions of individuals with ASD underscore the high
prevalence of both hypo- and hyperresponsiveness in the same individuals (Baranek et al.,
2006; Ben-Sasson, Cermak, Orsmond, Tager-Flusberg, Carter, Kadlec, & Dunn, 2007;
Tomchek & Dunn, 2007). Measuring sensory responsiveness along a single dimension may
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also limit researchers’ approach to understanding the pathogenesis or functional impact of
concomitant sensory response patterns in ASD.

One popular model of sensory processing (Dunn 1997; 2001) describes a continuum of
sensory responsiveness (low to high) interacting with a second continuum of self-regulation
strategies (active to passive). These interacting dimensions result in a categorical taxonomy
of four sensory processing quadrants, each representing a particular typology. One
advantage of this model is that it affords two additional response patterns beyond hypo- and
hyperresponsiveness. For example, the sensory seeking pattern is viewed as an active
accommodation to modulate a high threshold for stimulation and increase sensory
registration (e.g., counteract hyporesponsiveness), whereas avoidance is an accommodation
to excessive sensory sensitivity (e.g., counteract hyperresponsiveness). The four quadrant
model has advantages for clinical interpretation and allows for tagging of instructional
strategies to specific sensory patterns. However, it is more difficult to reconcile the co-
existence of theoretically very opposing patterns, such as extreme levels of both hypo- and
hyperresponsiveness. Intercorrelations of hyper- and hyporesponsiveness (with or without
seeking patterns) are reported in empirical studies and alternate conceptual models have
been proposed (Ben-Sasson et al., 2008; Boyd et al., 2010; Liss et al., 2006; Reynolds &
Lane, 2008). Furthermore, recent studies show that the three sensory constructs of interest in
this study may explain some of the heterogeneity in ASD as well as differential associations
with core features and adaptive behavior (Ben-Sasson et al., 2008; Lane et al., 2010; Watson
etal., 2011).

Research Questions and Hypotheses

The present study has two aims. First, we aimed to determine the replicability of previous
studies that found differences between children with ASD and TD on measures of
temperament, and expand these findings by specifically testing differences between children
with ASD and children with DD. Based on previous characterizations of temperament in
children with ASD using the Thomas and Chess model of temperament (Bailey, et al., 2000;
Bieberich & Morgan, 2004; Garon et al., 2009; Hatton, et al., 1999; Hepburn & Stone,
2006), we hypothesized that compared to the TD group, the ASD group would be
temperamentally more active, more withdrawn, less adaptive, less intense in their reactions,
and less sensitive to environmental stimuli. We expected that because social impairment is a
diagnostic feature of autism, and because high levels of both sensory hypo- and
hyperresponsiveness may contribute to difficulties with social engagement (Baranek et al.,
2006), the ASD group will be more temperamentally withdrawn (on the approach
dimension) than the DD group. Once we established how the temperament of children with
autism differed from TD and DD groups, we sought to explore how sensory responsiveness
might explain the unique temperament of children with ASD.

Our second aim was to test associations between three constructs of sensory responsiveness
and nine dimensions of temperament for children with ASD. We offered two hypotheses
building from the notion that sensory responsiveness is a central component of temperament.
First, because the temperament dimension of threshold of responsiveness is conceptualized
as a continuum or low to high reactivity, we hypothesized that low scores on the threshold of
responsiveness dimension would be associated with measures of sensory
hyporesponsiveness, and that high scores on the threshold of responsiveness dimension
would be associated with measures of sensory hyperresponsiveness. Thus, separating
patterns of sensory response would help to detect differences that combined measures of
sensory features would obscure. Second, due to their shared reliance on intact sensory
processing mechanisms, we hypothesized that all three sensory patterns would be associated
to some degree with several other dimensions of temperament but that these associations
would vary across sensory patterns as follows: (a) sensory hyporesponsiveness would be
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associated with increased withdrawal (on the approach dimension), lower distractibility,
milder intensity, lower persistence and slowness to adapt; (b) Sensory hyperresponsiveness
would be associated with higher activity, decreased rhythmicity, increased withdrawal (on
the approach dimension), higher distractibility, higher intensity, more negative mood, and
slowness to adapt; and (c) sensory seeking behavior was hypothesized to be associated with
higher activity, higher persistence, and increased approach.

The participants were 87 children (76 = male), ages 36-84 months (M= 55.17 months; SD =
13.67 months). Seventy of the children were Caucasian, 9 were African-American, and 8
were of multiple racial/ethnic origins. Level of maternal education was heterogeneous, as
some mothers had not completed high school while other mothers had completed
postgraduate degrees. Diagnostic groups included children with ASD (7= 54) and children
with other developmental delays (7= 33).

Participants in the ASD group (n = 54) had a documented clinical diagnosis of an ASD from
a professional, met criteria for ASD on the Autism Diagnostic Interview-Revised (ADI-R;
Lord, Rutter &, Le Couteur, 1994) and/or the Autism Diagnostic Observation Schedule
(ADQS; Lord et al., 2000), and met criteria for a DSM-1V diagnosis of Autistic Disorder
based on expert clinical impression. Exclusion criteria included known genetic conditions
(e.g. tuberous sclerosis, neurofibromatosis, fragile X, Rett’s syndrome) and seizure disorders
or epilepsy as confirmed by medical records and/or previous medical examination; hearing
and visual acuity that cannot be corrected to within normal limits; significant dysmorphic
features evident and discovered during screening questions or documented in medical
records; and lack of ambulation or significant physical impairments (e.g., cerebral palsy,
muscular dystrophy). Chronological age ranged from 36 to 84 months (M=56.17; SD =
13.67) and mental age ranged from 4 to 72 months (M= 36.11; SD = 19.88). The majority
(83.3%) of participants with ASD were male.

The developmentally delayed (DD) group (n7= 33) included children with diagnosed
developmental disabilities associated with intellectual impairment (e.g., Down syndrome,
mental retardation, etc.) or other diagnoses (e.g., speech language disorder, etc.) and
documentation of significant developmental delays (> —1.5 SDs) in at least two areas of
development on standardized assessments. Exclusion criteria for the DD group included
displaying significant symptoms of autism on the Childhood Autism Rating Scale (CARS;
Schopler, Reichler, DeVellis, & Daly, 1988), Modified Checklist for Autism in Toddlers
(M-CHAT; Robins et al., 2001), or ADOS (Lord et al., 2000); having an older sibling
diagnosed with ASD; having a confirmed seizure disorder; having hearing or visual acuity
that cannot be corrected within normal limits; significant physical impairments; or being too
developmentally immature (MA less than 6 months) to manipulate items in sensory tests.
Chronological age ranged from 36 to 83 months (M= 54.70; SD = 12.99) and mental age
ranged from 15 to 69 months (M = 43.48; SD = 13.60). The majority (72.7%) of participants
with DD were male. Participants in the ASD and DD groups did not significantly differ on
chronological age (486) = .54; p=.62), mental age (#86) = .94; p=.07), or gender (Xz(l) =
1.40; p=.24)

Norms from a reference group of typically developing children were used from the original

psychometric study of the BSQ (Carey & McDevitt, 1978). This reference group included
350 typically developing children between 3 and 7 years of age.

J Autism Dev Disord. Author manuscript; available in PMC 2013 November 01.



1duasnuey Joyiny vd-HIN 1duasnuey Joyiny vd-HIN

1duasnuey Joyiny vd-HIN

Brock et al.

Measures

Page 6

Child temperament. The Behavioral Style Questionnaire (BSQ; McDevitt & Carey, 1996) is
a 100-item questionnaire completed by parents. Each question is answered on a 6-point
Likert scale ranging from 1 (almost never) to 6 (almost always).

The BSQ is based on the nine dimensions of temperament (Table 1) developed from the
New York Longitudinal Study (Thomas, Chess, & Birch, 1968). The BSQ is summarized
into nine subscale scores, one for each dimension of temperament. A higher score indicates
a more “difficult’ temperament (highly active, more arrhythmic, withdrawn, slower to adapt,
more intense, negative mood, less persistent, highly distractible, and more sensitive),
whereas a lower score indicates an ‘easier’ temperament (less active, more rhythmic, more
approaching, more adaptable, mild, positive mood, highly persistent, less distractible, and
nonreactive; McDevitt & Carey, 1996). Psychometric properties are published both in a
study by McDevitt and Carey (1978) and in the BSQ manual (McDevitt & Carey, 1996).

Sensory features. Four sensory measures were used in the current study, including two
parent-report measures, and two observed measures. The Sensory Profile (SP; Dunn, 1999)
is a commonly used 125-item parent report measure of frequency of a child’s sensory
responses. The Sensory Profile uses a Likert Scale ranging from 1 (always) to 5 (never),
with items falling into eight categories: auditory, visual, taste/smell, movement, body
position, touch, activity level, and emotional/social. The SP has been found to have high
levels of internal consistency (Cronbach’s alpha ranging from .47 to .91). The SP is used to
measure severity of sensory processing problems across clinical populations including
children with autism based on a sample of children between the ages of 3 and 14 (Kientz &
Dunn, 1997).

The Sensory Experiences Questionnaire (SEQ; Baranek et al., 2006; Little et al., 2011) is s
36-item caregiver questionnaire that focuses on frequency of sensory responses in young
children with ASD and other DD. The SEQ uses a 5-point Likert Scale to measure the
frequency (1 = almost never to 5 = almost always) of parent-reported behaviors across a
variety of sensory modalities, and grouped by response patterns of hyperresponsiveness,
hyporesponsiveness, and sensory seeking. The SEQ is an internally consistent and reliable
caregiver report measure. In a sample of children ages 6-72 months old the SEQ showed
high overall internal consistency (Chronbach’s alpha = .80; Little et al., 2011). In a sample
children with autism ages 6-55 months old the SEQ showed high test-retest reliability
(interclass correlation coefficient = .92; Little et al., 2011). The SEQ was found to
discriminate autism from developmental delay and typical development in a known-groups
validity study of children 5-80 months old (Baranek et al., 2006).

The Tactile Defensiveness and Discrimination Test (TDDT-R; Baranek, 1998; Baranek et
al., 2007; Baranek & Berkson, 1994) is an observational play-based assessment of sensory
responsiveness, focused specifically on tactile processing. The TDDT-R uses a 4-point scale
for defensiveness (0 = no negative reaction to 3 = severe negative reaction), and offers the
response items “correct” or “incorrect” for the discrimination scale. The TDDT-R has been
validated with children with autism and DD in two other studies for children ages 5-7 years
old (Baranek et al., 2007) and 7-14 years old (Baranek & Berkson, 1994).

The Sensory Processing Assessment for Young Children (SPA; Baranek, 1999) is a play-
based observational assessment used to identify approach/avoidance behaviors in response
to novel sensory toys, orienting/habituating responses to sensory stimuli, and initiation of
novel action strategies, as well as stereotyped behaviors. The SPA was been developed
specifically for young children with autism and related DD in the age group of interest. The
SPA is a reliable assessment tool, with intraclass correlation coefficients (agreement for two
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raters across items in each scale) of .87 for aversion (tapping hyperresponsiveness) and .90
for habituation (tapping hyporesponsiveness) in a sample of 34 children 5-83 months old
(Baranek et al., 2007).

Conceptual and Empirical Validation of Sensory Construct & Scoring Methods
—Items from each of the four sensory measures (SEQ, SP, SPA, and TDDT-R) were
rigorously evaluated using a combined conceptual and empirical approach to validate the
three sensory dimensional constructs of interest (hyperresponsiveness, hyporesponsiveness,
and sensory seeking). Content validation ensured that all items included in the final analyses
measuring each sensory construct were in conceptual agreement (Beck & Gable, 2001;
Grant & Davis, 1997). Three Ph.D. researchers and one doctoral student with expertise in
the clinical manifestations of sensory features in ASD followed established guidelines to
conduct an exhaustive review of all items (Blue, Marrero, & Black, 2008; Fitzner, 2007;
Gould, Moore, McGuire, & Stebbins, 2008) and proceeded in two steps: (a) researchers
were divided into two pairs and each pair categorized items for two of the four assessments
(to ensure that each assessment was reviewed by at least two evaluators) with each evaluator
categorizing items independently; and (b) evaluators compared results and resolved any
disagreements via a consensus across evaluators. Results of this process were consistent
with the original conceptual models outlined by the primary authors of the instruments.

The SP contributed a total of 64 items (hyporesponsiveness (10), hyperresponsiveness (29),
sensory seeking (25)), the SEQ contributed 33 items (hyporesponsiveness (6)
hyperresponsiveness (14) sensory seeking (13)), the TDDT-R contributed 39 items
(hyporesponsiveness (1) hyperresponsiveness (31) sensory seeking (7)), and the SPA
contributed 31 items (hyporesponsiveness (7) hyperresponsiveness (17) sensory seeking
(7)). Scores were transformed to ensure each item was scored on a 5-point scale with
concordant valence across all four assessments (score of 1 being least severe sensory
symptoms and a score of 5 being most severe). A mean score was derived for each sensory
construct on each separate assessment.

A factor analytic model was used to confirm the three sensory constructs
(hyporesponsiveness, hyperresponsiveness, and sensory seeking) using the four assessments
described above (SP, SEQ, TDDT, SPA), and adjusting for rater bias. The CFA model
enables measurement that yields stronger construct scores that are more accurate than a
single measure. By using two parent and two direct observation measures to estimate each
sensory construct, the construct score estimates were are able to control for rater bias. A
detailed description of the methodology is also reported in Watson et al. (2011). A graphic
depiction of the final model is illustrated in Figure 1. The goal of CFA is to determine how
well a proposed model explains observed data. Fit indices indicated this model fit the data
well. A non-significant Xz indicated that the implied and observed covariances were not
significantly different, a RMSEA value of less than 0.06 indicated a relatively small amount
of error, and a CFI value close to 1 indicated a good fit compared to a null model. From this
model factor scores were derived for all children. These factor scores were then used in all
subsequent analyses of sensory features.

Statistical Analysis

Temperament of ASD group—The two research questions were addressed through
statistical analysis. The first question considered how the ASD group compared to the DD
and typically developing groups with respect to the nine dimensions of temperament. An
ANOVA with follow-up pair-wise comparisons was used to compare the ASD, DD and the
typically developing (TD) children from the original BSQ normative study (Carey &
McDevitt, 1978).
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Temperament and sensory features—To investigate the second research question of
how sensory features relate to temperament in children with ASD, nine repeated measures
regression models were fit, one for each dimension of temperament, with 3 repeated
measures per subject for the sensory constructs (hyporesponsiveness, hyperresponsiveness,
and sensory seeking). Each model included a continuous dependent variable (sensory
construct score) and an independent variable (a categorical variable indicating which
sensory construct the sensory score represented), as well as covariates (temperament, mental
age, chronological age, and gender). Interactions between the sensory score indicator,
temperament, and group were investigated to assess for variability in the relationship
between the sensory score and temperament. Two-degree-of-freedom ~tests were used to
determine if the relationship between temperament and sensory features varied significantly
among the three sensory constructs. Non-significant interactions were removed to aid
interpretation. Construct specific effects were only examined if the 2-way interaction
between the categorical sensory construct variable (independent variable) and temperament
(covariate) was significant; otherwise only main effects are reported. This statistical
approach is a known variant of the MANOVA approach in that it relaxes the assumptions
about sphericity (e.g., it does not assume that the correlations between hyporesponsiveness,
hyperresponsiveness and sensory seeking are equal; Gueorguieva, Krystal, 2004).

The ASD group displayed BSQ subscale scores that were significantly different from
typically developing children and more similar to children with DD (see Table 2 and Figure
2). The ASD group differed significantly from the typically developing normative group
(Carey & McDevitt, 1978) on eight out of nine BSQ subscales. Consistent with hypotheses,
significant differences included activity (p <.001), rhythmicity (p < .001), approach (p <.
001), adaptability (p < .001), intensity (p < .001), persistence (p <.001), distractibility (p <.
001), and threshold (p < .001). Only the mood subscale did not display significant
differences between the ASD group and the typically developing group. The ASD group
significantly differed from the DD group on approach (p = .018), showing more withdrawal,
and on distractibility (o =.004), showing less distractibility.

Next, the relationship between temperament and sensory features was considered for the
ASD group (7= 54). There were main effects for the temperament subscales of approach
and mood, such that increased sensory features (for the three sensory constructs combined)
were associated with increased withdrawal (on the approach subscale; p=.002) and more
negative mood (p = .014). Three regression models yielded significant ~tests for interaction
terms (temperament by sensory construct) specifically on the dimensions of adaptability,
threshold, and distractibility. Follow-up tests revealed significant associations between
sensory hyporesponsiveness and slowness to adapt (on the adaptability dimension; p=.001),
low reactivity (on the threshold dimension; p=.038) and low distractibility (p <.001).
Contrary to our hypotheses, hyperresponsiveness and sensory seeking constructs were not
differentially related to any of the dimensions of temperament. Complete results from the
regression analysis are summarized in Table 3.

Discussion

Temperament Profiles in ASD

Based on previous characterizations of temperament in children with ASD using Thomas
and Chess” model (Bailey, et al., 2000; Bieberich & Morgan, 2004; Garon et al., 2009;
Hatton, et al., 1999; Hepburn & Stone, 2006), we hypothesized that the ASD group would
be more active, more withdrawn, less adaptive, less intense in their reactions, and less
sensitive to environmental stimuli compared to the typically developing group. It also was
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expected that the ASD group would be more withdrawn on the approach dimension
compared to the DD group. Although all of these hypotheses were confirmed, the ASD
group was distinct from the typically developing group on additional temperament
dimensions not previously documented in the literature. These included lower rhythmicity
and lower distractibility.

The temperament scores of the ASD group closely mirrored the findings in the only other
published study to describe the BSQ temperament profile of a large group (7= 110) of
children with ASD in detail (Hepburn & Stone, 2006), demonstrating replication of their
findings across all but one subscale. The convergent findings across studies suggest that
dimensions of temperament, as a whole, provide useful information and distinguish ASD
children, as a group, from children with typical development, even when controlling for
developmental variables and gender.

However, previous studies using the BSQ have not directly compared temperament in
children with ASD to children with other DD; thus, the specificity of these temperament
profiles to ASD was unknown. Our results indicated that distinctions between ASD and DD
were less apparent than they were with the TD comparison group. Nonetheless, approach
and distractibility were two temperament scales displaying statistically significant
differences between these two clinical groups. The difference between the ASD and DD
groups in approach was hypothesized. Differences in approach may reflect core deficits in
ASD (APA, 2000), particularly with respect to aberrant responses to novel objects, people,
and situations. Additionally, statistically significant differences emerged between the two
groups on the distractibility scale, which was unanticipated. Research suggests that orienting
and attention mechanisms may be disrupted in ASD, causing perseverative patterns in visual
fixation and difficulties in disengagement from a central stimulus (Landry & Bryson, 2004);
these deficits may manifest as over-focused attention or less distractibility. Thus, these two
dimensions (distractibility and approach) may reflect a specific temperamental profile of
children with ASD (as a group) that reflects core features of this disorder, and has particular
utility in differential diagnosis for children with ASD versus other DD.

Associations between Sensory Features and Temperament in ASD

The two dimensions that distinguished the ASD group from the DD group (distractibility
and approach) were significantly associated with sensory responsiveness. These associations
are of particular interest, because differences in sensory responsiveness may explain
differences in temperament that are specific to ASD.

As hypothesized, hyporesponsiveness was most associated with distractibility. Two
explanations are considered. First, children who are less responsive to sensory stimuli may
simply be more difficult to distract. An alternative explanation may be that some children
with ASD who are hyporesponsive may be difficult to engage at all, or may be overfocused
on irrelevant stimuli and have trouble disengaging attention (Ben-Sasson et al., 2008;
Landry & Bryson, 2004). Although the BSQ distractibility subscale is intended to measure
how external stimuli “distract’ a child from whatever behavior s/he is currently engaged in,
all of the questions in this subscale assume (perhaps incorrectly) that the child is already
engaged before the “distractor’ is presented. Experimental designs using gap-overlap tasks
could shed more light on disaggregating aspects of visual engagement and disengagement
that may be related to specific neural mechanisms (Van der Geest, Kemner, Verbaten, &
Van Engeland, 2002) and testing differential associations with sensory responsive patterns
and temperament profiles in children with ASD.

Slower, or more cautious approach, was also associated with increased sensory features
across all three sensory constructs. Approach is defined as a child’s “initial reaction to any
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new stimulus, be it food, people, places, toys, or procedures” (Thomas, Chess, & Birch,
1968, p. 20). Thus, more extreme sensory features were associated with increased
withdrawal around novel physical or social events. For example, a child who is
hyporesponsive may not register or attend to a new sensory stimulus in the environment and
would be less likely to approach that stimulus or initiate joint attention with others in
response to that stimulus. In contrast, a child who is hyperresponsive might approach less to
avoid or attenuate an aversive sensory response.

Other dimensions of temperament that did not distinguish the ASD group from the DD
group (adaptability, mood, and threshold) were also significantly associated with sensory
responsiveness. While these associations may not explain ASD-specific temperament, they
do illuminate potential intersections between sensory features and temperament in children
with developmental disabilities including ASD.

Hyporesponsiveness was associated with adaptability in the predicted direction (slowness to
adapt). This suggests that children who have atypical sensory responsiveness (specifically
more hyporesponsive behaviors) may have a narrower optimal level of engagement with
their environment and thus may take a longer time to adjust to change, and modify their
behaviors in response to social expectations (Baranek et al., 2006). This finding is consistent
with other literature describing behavioral rigidities and over-adherence to rules and rituals
(Mooney et al., 2009; Turner et al., 2009; Volkmar et al., 2004), suggesting that cognitive
rigidity and sensory-based behaviors are strongly associated and may have a common
neurological cause (Carcani-Rathwell et al., 2006).

Mood was significantly correlated with all three sensory response patterns, suggesting that
high levels of sensory features, regardless of the nature of these features, are associated with
increased withdrawal and more negative mood. Several studies demonstrate that a pattern of
sensory hyperresponsiveness is characterized by aversion to stimuli often expressed by
negative emotional reactions (Baranek et al., 2006; Ben-Sasson et al., 2008; Kientz & Dunn,
1997) and/or anxiety (Green, Ben-Sasson, Soto, & Carter, 2011), which is consistent with
the presence of increased negative mood, as we hypothesized. However, it was surprising
that the other two sensory response patterns (hyporesponsiveness and seeking) were also
significantly associated with more negative mood. Although the mood subscale on the BSQ
taps how a child responds affectively (positively or negatively to a given stimulus), closer
inspection of the items indicated that the majority (8 of the 12 items) involved a social
stimulus. Thus, it is plausible that children with ASD who display high levels of
hyporesponsive behaviors would be perceived by caregivers as having less positive affect
during social situations, even if they do not show an aversive reaction to the social stimulus
per se. Similarly, it is plausible that high levels of sensory seeking behaviors may result in
negative emotional reactions if caregivers attempt to engage the child with stimuli other than
the child’s own idiosyncratic fascinations. It was noteworthy that despite the tendency for
sensory seeking behaviors to be construed as pleasurable in some biographical accounts of
persons with ASD (e.g., Grandin & Groden, 2006) this pattern was associated with negative
rather than positive mood on the temperament measure.

We hypothesized that the threshold of responsiveness dimension of temperament would be
correlated with both sensory hypo- and hyperresponsive patterns. We found a significant
association between the threshold subscale and hyporesponsiveness, but not between
threshold and hyperresponsiveness. Because children with ASD display both
hyporesponsive and hyperresponsive behaviors, but tend toward more hyporesponsive
patterns that distinguish them from other groups (Baranek et al., 2006), collapsing these
constructs onto a single continuum on the temperament measure may have obscured the
association of threshold with hyperresponsiveness more so than for hyporesponsiveness.
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Contrary to expectations, we did not find statistically significant associations between some
dimensions of temperament (activity, rhythmicity, intensity) and patterns of sensory
responsiveness. The absence of certain associations was especially surprising. For example,
one would expect that sensory responsiveness would be strongly associated with activity
level, or the intensity of response to a given stimuli. Despite the logic of this expectation, the
findings appear to suggest that some dimensions of temperament have less of a relationship
with sensory processing in children with ASD than others. One plausible explanation for the
lack of associations with all temperament dimensions is measurement error. The measures of
different temperament dimensions are extremely variable in their reliability as measured by
test-retest (r= 0.67-0.94; McDevitt & Carey, 1996). Perhaps the original hypothesis that all
temperament dimensions are associated with sensory constructs is true, but that some
associations were obscured as a result of less reliable measures. Overall, the trend of the
results seems to support this. Four of the five most reliable measures of temperament
dimensions (7> .80; McDevitt & Carey) were found to be associated with sensory
constructs, while three of the four least reliable measures (r< .80; McDevitt & Carey) were
not found to be associated with sensory constructs.

It was also surprising that there were no statistically significant (differential) main effects
between hyperresponsiveness or sensory seeking and any of the temperament subscales.
However, it appears from the results of the analyses (Table 3) that hyperresponsiveness may
in fact be related to some temperament traits, but that the statistical power and precision of
measurement in this study were not sufficient to detect a statistically significant association.
Sensory seeking, on the other hand, does not appear to be related to most of the
temperament subscales at all. While hyporesponsiveness and hyperresponsiveness are both
associated with sensory seeking behaviors and temperament, sensory seeking and
temperament are not strongly related to each other. Perhaps sensory seeking behavior is a
strategy that enables children with autism to modulate between hypo- and
hyperreponsiveness (Baranek et al., 2007), but the use of this strategy is independent of
child temperament.

Implications for shared mechanisms underlying sensory features and temperament traits

in ASD

Two temperament traits, approach and distractibility, distinguish the ASD group from the
DD and typical group, and are related to sensory responsiveness. These associations may
offer insight into possible shared mechanisms that underlie sensory features and
temperament traits in ASD.

As mentioned previously, withdrawal (particularly to social stimuli) in children with ASD
that was found to be associated with sensory responsiveness, generalized across the three
sensory patterns measured in this study. Physiological studies of infants have directly linked
dysregulation in stress-sensitive systems (e.g., hypothalamic-pituitary-adrenocortical;
sympathetic adrenomedullary) to sensory reactivity and arousal (particularly
hyperresponsiveness), as well as increased behavioral inhibition to novelty and fearfulness
later in childhood (for a review see Martin & Fox, 2006). In children with ASD, such
temperamental characteristics may be more extreme than in comparison groups because of
biologically-based differences affecting neural connectivity. In addition, children with ASD
may be less likely to benefit from the social context to moderate their responses in stressful
or fearful situations. Future studies could address limitations in parent-report questionnaires
by including physiological measures (e.g., cortisol, electrodermal responses, heart rate,
electroencephalography) to further determine the role of stress reactivity and/or fear
conditioning as a common underlying cause of sensory features (across constructs) that may
be specifically linked with social withdrawal.
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Neuroscience research suggests that emotionally salient events may modulate attention and
enhance sensory processing not only for negative events but also potentially for positive
events (Vuilleumier, 2005). Thus, difficulties in the integration of neural mechanisms
supporting attention modulation and/or affective salience (e.g., amygdala with projections to
various subcortical and cortical networks) may have particular relevance for understanding
linkages between a pattern of sensory hyporesponsiveness, and several dimensions of
temperament (e.g., less distractibility and less approach) found in this study. Deficits in the
amygdala and hippocampal regions are often implicated in the pathogenesis of core features
in ASD (Baron-Cohen et al., 2000; Dalton et al., 2005; Dawson et al., 2004, Schulkin, 2007;
Sweeten, Posey, Shekhar, & McDougle, 2002). Thus, further research testing how emotional
biases affect the selection of sensory inputs in children with ASD who demonstrate high
levels of sensory hyporesponsiveness as well as over-focused attention, and social
withdrawal may help elucidate common neural mechanisms.

Furthermore, neurologically-based differences in stimulus-reward systems in ASD may play
a central role in disruption of motivational processes that support approach to novel sensory
stimuli, positive emotion, and increased exploration (Dawson, Osterling, Rinaldi, Carver, &
McPartland, 2001). In typical development, brain circuitry associated with reward
processing may be shaped to guide responses to environmental stimuli through a complex
integrative process. Encoding responses to stimuli as pleasant or aversive in turn guides
behavior towards that particular type of stimulus, whether it is social or non-social.
Typically developing children develop neural pathways that naturally reinforce sensations of
pleasure and reward, with the exploration of their social environment and interactions with
other people effectively shaping the way that children behave and respond to their
environment (Rubia et al., 2006). Children with ASD, however, tend to have difficulty
forming similar rules for stimulus-reward associations, especially in regard to social
information (Dawson, Osterling, Rinaldi, Carver, & McPartland, 2001; Dawson, Meltzoff,
Osterling, Rinaldi, & Brown, 1998; Dawson et al., 2005; Schultz, 2005). Further research in
this area may illuminate how the lack of more positive, rewarding associations with social
experiences can negatively impact these reward networks that might underlie both sensory
features and temperament.

One limitation of this study is reliance on a single parent-report instrument to measure
temperament based on the model developed by Thomas and Chess. Because the BSQ was
originally developed and tested on typically developing children (BSQ; McDevitt & Carey,
1996), some of the subscales may not capture information for children with ASD in the way
that the developers of the BSQ originally intended. Studies using other models and
multimodal measures may have provided more comprehensive insights for this population.
For example, temperament questionnaires rooted in the model created by Rothbart and
Derryberry (1981), which include regulation as a key component modulating reactivity, have
been shown to predict overall autism symptomology. Finally, our study presents a cross-
sectional representation of temperamental characteristics in children ages 36-84 months;
longitudinal studies are needed to determine the extent to which temperament traits (and
likewise their associations with sensory features and core features of ASD) are stable over
time.

Conclusions and Future Directions

Our findings indicate that children with ASD as a group can be distinguished on the basis of
two temperament characteristics (lower distractibility, and poorer approach) from children
with DD as well as TD children. Moreover, associations between sensory responsiveness
and five of the nine Thomas and Chess (1968) dimensions of temperament suggest much
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overlap between these constructs with implications for understanding core features of ASD,
particularly with respect to social withdrawal, negative affect, and over-focused attention.
Further research is needed to determine shared biological mechanisms that support sensory
processing, affect, and attention regulation systems and may be linked to later
developmental manifestations of personality and core features of ASD. In particular,
longitudinal studies with high risk infant populations could determine if early differences in
sensory processing and temperament may be risk factors for later phenotypic progressions in
ASD including deficits in social motivational processes.

Identification of associations between sensory response patterns, temperament traits, and
core features of ASD may also have implications for intervention. Future studies may also
take into consideration parental perceptions of their child’s temperament and teaching
responsive strategies that are more likely to promote social engagement, adaptation, and
learning. Likewise, focus on shifting parent’s negative perceptions of their child’s behaviors
towards more positive characteristics (Bostrom, Brorberg & Hwang, 2010) may be helpful
particularly for children with high levels of unusual sensory features concomitant with
difficult temperament (e.g., negative mood; social withdrawal). As associations among core
and associated features of ASD are increasingly identified and better understood,
interventions will be optimized to allow for improved outcomes.
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Factor Score Model
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Figure 2.

Mean BSQ Subscale Z-Scores for ASD (n = 54) and Developmental Delay (n = 33) Groups
Compared to Typically Developing Children (n = 350)

Note: Z-scores are based on norms from typically developing children (Carey & McDevitt,
1978). Bars characterize ASD and developmental disability groups in terms of standard
deviations relative to typically developing children. Scores greater than 0 indicate a more
‘difficult’ temperament than typically developing children, while scores less than 0 indicate
an ‘easier’ temperament than typically developing children. Error bars indicate 95%
confidence intervals for means calculated from a normal distribution.

*autism group subdomain score is significantly different than normed score for typically
developing children;

**autism group subdomain score is significantly different than both the normed score for
typically developing children and score for the developmental disability group.
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Descriptions of the Nine Dimensions of Temperament and BSQ Subscale Scoring
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Dimension Description@ Lower BSQ Higher BSQ
Scores Scores IndicateP
IndicateP
Activity The level, tempo, and frequency with which a motor component is present in a more inactive more active
child’s functioning.
Rhythmicity The degree of regularity of repetitive biological functions. more rhythmic more arrhythmic

Distractibility

The effectiveness of extraneous environmental stimuli in interfering with, or in
altering the direction of, the ongoing behavior.

less distractible

more distractible

Approach

The child’s initial reaction to any new stimulus, be it food, people, places, toys, or
procedures.

more approaching

more withdrawn

Adaptability

The ease or difficulty which the initial pattern of response can be modified in the
direction desired by the parents or others.

quicker to adapt

slower to adapt

Persistence

The child’s maintaining an activity in the face of obstacles to its continuation.

more persistent

less persistent

Threshold

The level of extrinsic stimulation that is necessary to evoke a discernable response.

more nonreactive

more sensitive

Intensity

The energy content of the response, irrespective of whether it is positive or
negative.

milder intensity

increased intensity

Mood

The amount of pleasant, joyful, friendly behavior as contrasted with unpleasant,
crying, unfriendly behavior.

more positive

more negative

Note: BSQ = Behavioral Style Questionnaire;

aDescriptions are quoted from Thomas, Chess, & Birch, 1968, p. 19-24;

chDevitt & Carey, 1996
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