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Abstract

Children with autism spectrum disorders often exhibit co-occurring sensory processing problems and receive
interventions that target self-regulation. In current practice, sensory interventions apply different theoretic constructs,
focus on different goals, use a variety of sensory modalities, and involve markedly disparate procedures. Previous reviews
examined the effects of sensory interventions without acknowledging these inconsistencies. This systematic review
examined the research evidence (2000-2012) of two forms of sensory interventions, sensory integration therapy and
sensory-based intervention, for children with autism spectrum disorders and concurrent sensory processing problems.
A total of 19 studies were reviewed: 5 examined the effects of sensory integration therapy and 14 sensory-based
intervention. The studies defined sensory integration therapies as clinic-based interventions that use sensory-rich, child-
directed activities to improve a child’s adaptive responses to sensory experiences. Two randomized controlled trials
found positive effects for sensory integration therapy on child performance using Goal Attainment Scaling (effect sizes
ranging from .72 to 1.62); other studies (Levels llI-IV) found positive effects on reducing behaviors linked to sensory
problems. Sensory-based interventions are characterized as classroom-based interventions that use single-sensory
strategies, for example, weighted vests or therapy balls, to influence a child’s state of arousal. Few positive effects
were found in sensory-based intervention studies. Studies of sensory-based interventions suggest that they may not be
effective; however, they did not follow recommended protocols or target sensory processing problems. Although small
randomized controlled trials resulted in positive effects for sensory integration therapies, additional rigorous trials using
manualized protocols for sensory integration therapy are needed to evaluate effects for children with autism spectrum
disorders and sensory processing problems.
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Current estimates indicate that more than 80% of children
with autism spectrum disorders (ASD) exhibit co-occur-
ring sensory processing problems (Ben-Sasson et al.,
2009), and hyper- or hyporeactivity to sensory input is
now a diagnostic criterion for ASD in the Diagnostic and
Statistical Manual of Mental Disorders—Fifth Edition
(DSM-5; American Psychiatric Association, 2013).
Children who exhibit sensory hyperreactivity may respond
negatively to common sensory stimuli, including sounds,
touch, or movement. Their responses include distress,
avoidance, and hypervigilance (Mazurek et al., 2012;
Reynolds and Lane, 2008). Children who are hyporeac-
tive appear unaware or nonresponsive to sensory stimuli
that are salient to others (Miller et al., 2007a). A subgroup
of children who are hyporeactive exhibit sensory-seeking
behaviors (i.e. they appear to seek intense stimulation to

increase their arousal) that may manifest as restricted,
repetitive patterns of behavior (Ornitz, 1974; Schaaf et al.,
2011).

Historically, Kanner (1943) documented that children
with ASD had sensory fascinations with light and spinning
objects and oversensitivity to sounds and moving objects
(p. 245). More recently, researchers have documented that
children with ASD seek or avoid ordinary auditory, tactile,
or vestibular input (Baranek et al., 2006; Ben-Sasson et al.,
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2009; Rogers and Ozonoff, 2005), suggesting impairment
in sensory modulation across systems (Dahlgren and
Gillberg, 1989). Specific sensory modulation problems
reported by people with ASD (e.g. Grandin, 1992;
Williams, 1995) include hyperreactivity to touch or
sounds, hyporeactivity to auditory input, and unusual sen-
sory interests. The most common type of sensory modula-
tion problem in ASD appears to be hyporeactivity,
particularly in social contexts (Baranek et al., 2006). A
meta-analysis of sensory modulation symptoms in ASD
found that effect sizes for the differences between children
with and without ASD were greatest for hyporeactivity (d
=2.02) but also notable for hyperreactivity (d = 1.28) and
sensory-seeking (d = .83) (Ben-Sasson et al., 2009).
Although sensory processing problems appear to be greater
in childhood (Ben-Sasson et al., 2009), they are self-
reported to be lifelong (Grandin, 1995).

Sensory processing problems in ASD are believed to be
an underlying factor related to behavioral and/or func-
tional performance problems. Ornitz (1974) hypothesized
that sensory modulation problems are related to the stereo-
typic or repetitive behaviors displayed by children with
ASD, and that the stereotypic behaviors reflect the child’s
attempt to lower arousal (self-calm) or increase arousal
(sensory-seeking). Researchers have attributed repetitive
movements, such as rocking, twirling, or spinning behav-
iors, to sensory processing problems (Ornitz et al., 1978;
Rogers etal., 2003; Schaafet al., 2011). Joosten and Bundy
(2010) found that a sample of children with ASD and ste-
reotypical behaviors had significantly greater sensory pro-
cessing problems (d = 2.0) than do typical children. Rigid
behaviors (e.g. refusing to transition to a new activity, pre-
ferring a rigid routine) or preference for sameness may
also be motivated by hyper- or hyporeactivity (Lane et al.,
2010).

Sensory processing problems in ASD may also influ-
ence a child’s functional performance in daily activities,
such as eating, sleeping, and daily routines, including bath
time and bedtime behaviors (Schaaf et al., 2011). Children
with selective eating often have olfactory and/or gustatory
oversensitivities that can cause aversion to certain foods
(Leeckam et al., 2007; Paterson and Peck, 2011).
Hyperreactivity or aversion to tastes or smells can lead to
anxiety or rigidity about eating and these states can evolve
into disruptive and stress-producing behaviors at mealtime
(Cermak et al., 2010). Sensory processing problems can
also disrupt children’s sleeping patterns; Reynolds et al.
(2012) found that children with ASD and sensory modula-
tion problems have poor sleeping patterns, specifically
have difficulty falling asleep, and that these problems
appear to relate to sensory modulation. Between 50% and
80% of children with ASD have sleeping difficulties
(Richdale and Schreck, 2009) that seem to relate, at least
in part, to sensory processing problems (Klintwall et al.,
2011; Reynolds and Malow, 2011).

Sensory processing problems have also been linked to
anxiety in children with ASD. Green and Ben-Sasson
(2010) proposed a model to explain how hyperreactivity in
children with ASD can be characterized as hyper-attention
to sensory stimuli and overreaction to those stimuli.
Hyperreactivity can lead to overarousal, difficulty regulat-
ing negative emotion, and avoidance or negative responses
to everyday sensory stimuli. Over time, poor regulation of
arousal may result in anxiety (Bellini, 2006) and may be
particularly stressful for the nonverbal child who lacks
communication skills to express his or her anxiety (Green
and Ben-Sasson, 2010). In a large sample of children with
ASD and gastrointestinal problems, sensory hyperreactiv-
ity correlated with anxiety levels, and hyperreactivity and
anxiety uniquely contributed to gastrointestinal symptoms
(Mazurek et al., 2012).

Although studies have demonstrated that sensory pro-
cessing problems can influence the behavior of children
with ASD, the relationships among sensory-driven behav-
iors, arousal, self-regulation, attention, activity levels, and
stereotypic behaviors are not well understood. When sen-
sory processing problems are believed to influence a
child’s behavior, interventions that use sensory modalities
to support self-regulation, promote optimal arousal,
improve behavioral organization, and lower overreactivity
are often recommended.

Interventions for sensory processing
disorders

Despite wide recognition of sensory processing problems
and their effects on life participation for individuals with
ASD, sensory interventions have been inconsistently
defined and refer to widely varied practices. As found in
the literature and in practice, sensory interventions use a
variety of sensory modalities (e.g. vestibular, somatosen-
sory, and auditory), target behaviors that may or may not
be associated with sensory processing disorder, involve a
continuum of passive to active child participation, and are
applied in different contexts. These interventions arise
from different conceptualizations about sensory integra-
tion and sensory processing as neurological and physio-
logical functions that influence behavior. Furthermore,
they use a variety of methods (e.g. sensory integration
therapy (SIT) (Ayres, 1972), massage (Field et al., 1997),
and auditory integration training (Bettison, 1996)). This
variation in sensory interventions combined with incon-
sistent use of terminology has resulted in considerable
confusion for parents, practitioners, and researchers. With
disparate and sometimes conflicting rationale for using
sensory interventions for ASD, researchers have hypothe-
sized that they can inhibit stereotypical behaviors (e.g.
Davis et al., 2011), reduce self-injurious behaviors (e.g.
Devlin et al., 2009; Smith, et al. 2005), improve attention
to task (e.g. Watling and Dietz, 2007), increase sitting time
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(e.g. Hodgetts et al., 2010; Schilling and Schwartz, 2004),
elicit adaptive responses (Schaaf et al., 2013), and improve
sensory motor performance (Fazlioglu and Baran, 2008).
Although researchers have applied sensory interventions
to improve behaviors hypothesized to reflect self-regula-
tion, most studies did not use neurophysiological measures
and many did not include sensory processing measures
(e.g. Bonggat and Hall, 2010; Kane et al., 2004). Despite
inconsistency in the research literature, sensory interven-
tions are among the services most requested by parents of
children with ASD (Green et al., 2006). Over 60% of chil-
dren with ASD receive sensory interventions, often in
combination with other therapies, making it one of the
most common types of service for ASD (Green et al.,
2006). With incomplete and contradictory findings from
research, the field lacks consensus as to what sensory
interventions families should seek and practitioners can
recommend.

To increase understanding of the different types of sen-
sory interventions and to assess the evidence, we distin-
guish SIT, a clinic-based, child-centered intervention
originally developed by Ayres, that provides play-based
activities with enhanced sensation to elicit and reinforce
the child adaptive responses, and sensory-based interven-
tion (SBI), structured, adult-directed sensory strategies
that are integrated into the child’s daily routine to improve
behavioral regulation.

SIT

SIT is a clinic-based intervention that uses play activities
and sensory-enhanced interactions to elicit the child’s
adaptive responses. The therapist creates activities that
engage the child’s participation and challenge the child’s
sensory processing and motor planning skills (Ayres,
1972; Koomar and Bundy, 2002; Parham and Mailloux,
2010). Using gross motor activities that activate the ves-
tibular and somatosensory systems (Mailloux and Roley,
2010), the goal of SIT is to increase the child’s ability to
integrate sensory information, thereby demonstrating
more organized and adaptive behaviors, including
increased joint attention, social skill, motor planning, and
perceptual skill (Baranek, 2002). The therapist designs a
“just-right” skill challenge (i.e. an activity that requires the
child’s highest developmental skills) from the child’s rep-
ertoire of emerging skills and supports the child’s adaptive
response to the challenge (Vygotsky, 1978; Watling et al.,
2011). Traditional SIT is provided in a clinic with specially
designed equipment (e.g. swings, therapy balls, inner
tubes, trampolines, and climbing walls) that can provide
vestibular and proprioceptive challenges embedded in
playful, goal-directed activities.

A widely used fidelity measure defines the active ingre-
dients or essential elements of clinic-based SIT (Parham
et al., 2007, 2011). Each element is individualized to the

child and targets specific objectives. The 10 essential ele-
ments are as follows: (a) ensuring safety, (b) presenting a
range of sensory opportunities (specifically tactile, pro-
prioceptive, and vestibular), (c) using activity and arrang-
ing the environment to help the child maintain
self-regulation and alertness, (d) challenging postural,
ocular, oral, or bilateral motor control, (e) is challenging
praxis and organization of behavior, (f) collaborating with
the child on activity choices, (g) tailoring activities to pre-
sent the “just-right challenge,” (h) ensuring that activities
are successful, (i) supporting the child’s intrinsic motiva-
tion to play, and (j) establishing a therapeutic alliance with
the child (Parham et al., 2007, 2011).

In addition to working directly with the child, the thera-
pist reframes the child’s behaviors to the parent or clinician
using a sensory processing perspective (Bundy, 2002;
Parham and Mailloux, 2010). Explaining the possible links
between sensory processing and challenging behaviors,
then recommending strategies that target the child’s hyper-
or hyporeactivity, can help caregivers and other treatment
providers develop different approaches to accommodate the
child’s needs. By modifying the child’s environments or
routines to support self-regulation, the child can more fully
participate in everyday activities. Recommended modifica-
tions to the child’s daily routines or environments often pro-
mote a balance of active and quiet activities and opportunities
for the child to participate in preferred sensory experiences
(e.g. swinging in the backyard or neighborhood playground,
climbing on a gym set, supervised trampoline jumping, and
quiet rhythmic rocking in a low lit bedroom).

SBIs

SBIs are adult-directed sensory modalities that are applied
to the child to improve behaviors associated with modula-
tion disorders. SBIs require less engagement of the child
and are intended to fit into the child’s daily routine. For the
purposes of this review, similar to Lang et al. (2012) and
May Benson and Koomar (2010), only SBIs that activate
somatosensory and vestibular systems and are believed to
promote behavioral regulation were included, for example,
brushing, massage, swinging, bouncing on a therapy ball,
or wearing a vest. As in SIT, these interventions are based
on the hypothesis that the efficiency with which the child’s
nervous system interprets and uses sensory information
can be enhanced through systematic application of sensa-
tion to promote change in arousal state (Parham and
Mailloux, 2010). SBIs, like SIT, are based on neuroscience
models (e.g. Kandel et al., 2000; Lane, 2002) and clinical
observations (Mailloux and Roley, 2010) supporting that
certain types of sensory input, for example, deep touch and
rocking, are calming and organizing, and that rhythmic
application of touch (e.g. brushing) or vestibular sensation
(e.g. linear swinging) has an organizing effect that pro-
motes self-regulation (Ayres, 1979; Parham and Mailloux,
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2010). A key feature of these techniques is that they are
designed to influence the child’s state of arousal, most
often to lower a high arousal state such as agitation, hyper-
activity, or self-stimulating behaviors.

Most SBIs, such as weighted blankets, pressure vests,
brushing, and sitting on a ball, are used in the child’s natu-
ral environment (rather than a clinic), are integrated into
the child’s daily routine (i.e. used as needed according to
the child’s arousal), and are applied by family members,
teachers, or aides (i.e. an occupational or physical therapist
does not administer) (e.g. Wilbarger and Wilbarger, 2002).
SBIs have evolved from therapists observing how children
respond to the sensation (Ayres, 1972; Koomar and Bundy,
2002); therefore, the sensory techniques have not been
systematically developed through research into a manual-
ized intervention. Most research studies on SBIs have
examined the effects of a single-sensory strategy on behav-
iors that reflect the child’s arousal or self-regulation.

For purposes of this systematic review, we define SBIs
as those that (a) are based on specific assessment of the
child’s performance, development, and sensory needs; (b)
include stated goals of self-regulation and related behavio-
ral outcomes; and (c¢) require the child’s active participa-
tion. Examples of sensory interventions that meet these
criteria include sitting on a therapy ball, swinging, and
wearing a pressure or weighted vest when used to promote
calming, enhance self-regulation, or improve behavior.
Evidence-based practice guidelines and fidelity measures
have not been developed for these interventions. These
interventions have been recommended or applied by edu-
cators, psychologists, occupational therapists, and para-
professionals, often without a specific protocol.

Systematic reviews of SIT and SBI

Previous systematic SIT reviews using samples of children
with learning disabilities, attention deficit hyperactivity
disorder (ADHD), and developmental coordination disor-
der have reported moderate effect sizes for motor and aca-
demic outcomes when SIT was compared to no treatment
(Polatajko et al., 1992; Vargas and Camilli, 1999). These
reviews concluded that SITs were as effective as alterna-
tive treatments (e.g. no different than perceptual motor
activities) (Vargas and Camilli, 1999).

For SIT with children with ASD, three relevant system-
atic reviews examined sensory motor (Baranek, 2002),
occupational therapy interventions (Case-Smith and
Arbesman, 2008), and SBIs (Lang et al., 2012). The two
former reviews defined SIT and SBI broadly, including
auditory integration therapy (electronically filtered music
through high-resolution head phones) and motor activity/
exercise (Baranek, 2002; Case-Smith and Arbesman,
2008), that are excluded in the current review. Using these
more inclusive definitions of SIT and SBI, Case-Smith and
Arbesman (2008) and Baranek (2002) found low-level

evidence (Levels III and IV) that these interventions
improved social interaction, increased purposeful play,
and reduced hyperreactivity in young children. Each
review concluded that the evidence for SIT and SBI was
uncertain, noting that sensory intervention studies demon-
strated methodological constraints, including convenience
samples, observer bias, and inadequate controls (Baranek,
2002; Case-Smith and Arbesman, 2008). These research-
ers recommended that future SIT/SBI research focus on
functional outcomes (in addition to sensory processing
measures), link physiological and functional measures,
and include long-term outcomes. In a recent review that
combined SIT and SBI, Lang et al. (2012) appraised 25
studies of SIT (n=5) and SBI (n =20 (10 examined use of
a weighted vest)). Like the other reviews, the majority of
findings were “suggestive” given that 19 studies used sin-
gle-subject design (Level IV evidence).

The current systematic review updates these reviews,
focuses on interventions that activate the somatosensory and
vestibular systems, and differentiates between SIT, based on
the original work of Ayres and manualized by Parham et al.
(2011), and SBI, that applies specific types of sensory input
hypothesized to effect self-regulation. This review also dif-
fers from Lang et al. (2012) by including only studies in
which the participants had evidence of sensory processing
problems (eliminating research that applied SBIs to behav-
iors that were not linked to sensory processing measures).

Purpose of this study

Given the evidence for co-occurring sensory processing
problems in children with ASD and the need to identify the
evidence base for sensory interventions, this systematic
review examined the following research question: What is
the effectiveness of SIT and SBIs for children with ASD
and co-occurring sensory processing problems on self-
regulation and behavior?

Methods

Literature search

Several strategies were used to identify studies for this
review. A computerized search of references published
between 2000 and 2012 was conducted using the follow-
ing electronic databases: WorldCat (Social Sciences
Abstracts, Academic OneFile, and Academic Search
Complete); MEDLINE, ERIC, CINAHL, and the
Psychology & Behavioral Sciences Collection. Reference
lists from identified articles, systematic reviews, and prac-
tice guidelines for SBIs (Watling et al., 2011) were hand
searched to ensure that a comprehensive list of relevant
articles was considered for inclusion.

Various combinations of the following key words and
search terms were used to identify pertinent articles:
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Titles/Abstracts identified and
assessed for inclusion (N = 1540)

Excluded (n = 1450)
" Did not meet inclusion criteria #1-3:

v

- Peer-reviewed
- Ages3-21
- Studied SIT or SBI

Abstracts eligible for
review (n = 90)

Excluded (n =71)

“ Did not meet inclusion criterion #4, 5
- Diagnosed with ASD
- Targeted self-regulation

Full-Text Review (n = 19)
5 SIT studies
14 SBI studies

Figure |. Flow diagram outlining results of published literature search and included studies.
SIT: sensory integration therapy; SBI: sensory-based intervention; ASD: autism spectrum disorder.

sensory integration, sensory processing, sensory-based,
sensory, psychiatry, psychology, self-regulation, mental
health, occupational therapy, developmental disorder, and
autism. Inclusion criteria were as follows: (a) peer-
reviewed studies published in English, (b) participants
were youth aged 3-21 years, (c) an SIT or SBI was stud-
ied, (d) participants were diagnosed with ASD, and (¢) the
intervention systematically (i.c. was based on stated goals)
targeted self-regulation and arousal state.

A total of 1540 references were identified through the
original search process (see Figure 1). Based upon title and
abstract screening, 1450 articles were excluded as they did
not meet inclusion criteria #1-3. The remaining 90
abstracts were reviewed. Of those, 71 were excluded
because they did not meet inclusion criterion #4 or 5. The
remaining 19 studies were selected for full text review by
J.C.-S. and L.L.W.

Analysis

J.C.-S. and L.L.W. analyzed the studies that met inclu-
sion criteria and extracted the following data: (a)
research objectives, (b) research design, (¢) participant
characteristics, (d) intervention, (¢) outcome measures,

and (e) findings. We used criteria developed for both
rehabilitation and psychology research as these studies
are published in the medical, education, and psychology
literature. Overall rigor of the methodology was rated
according to PEDro scale (De Morton, 2009), com-
monly used in occupational therapy (the field most
likely to provide sensory interventions) or physical
therapy to judge the rigor of clinical trials (see Center
for Evidence-Based Medicine Levels of Evidence
(http://www.cebm.net) and Physiotherapy Evidence
Database (http://www.pedro.org.au)). The PEDro scale
has 10 criteria that are scored 1 for “yes” or 0 for “no”
and summed as x/10. We also used the psychology
guidelines for evidence-based treatments (Chambless
and Hollon, 1998; Nathan and Gorman, 2007) to rate
rigor of each study (Types 1-6). The authors rated the
studies independently, compared and discussed scores,
and agreed on consensus scores. Table 1 presents the
criteria used to analyze the studies.

Study characteristics are summarized in Table 2.
Findings were synthesized in terms of type of intervention
and effects on targeted outcomes. An average effect size
was not calculated, as 15 of 19 studies used single-subject
or case report designs.
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Table I. Common systems to describe levels of evidence and criteria used to analyze studies in psychology and occupational

therapy.

Randomized controlled trial
(RCT) criteria (Chambless
and Hollon, 1998; Nathan and

Types of studies (Chambless
and Hollon, 1998; Nathan
and Gorman, 2007)

Levels of evidence (Center
for Evidence-Based Medicine)

PEDro scale (Physiotherapy
Evidence Database), scores
range from 0 to 10

Gorman, 2007)

Should include:

Comparison groups with
random assignment

Type |: most rigorous,
randomized, prospective
clinical trial that meets all

e Blinded assessments criteria

e Clear inclusion and Type 2: clinical trial, at
exclusion criteria least one aspect of the

e Standardized assessment Type | study is missing

e Adequate sample size for Type 3: clinical trial that is
statistical power methodologically limited,

e Intervention manual for example, a pilot study

e Fidelity measure or open trial

Clearly described statistical
methods
Follow-up measures

Type 4: review of
published data, for
example, meta-analyses

Random allocation used
Allocation concealed
Groups comparable at
baseline

Blinding of participants
Blinding of all study
therapists

Blinding of all assessors
who measured at least
one key outcome
Outcome measures
obtained from more than
85% of the initial sample
Intent-to-treat analyses

Level I: systematic review
(of RCTs) or RCT
conducted

Level II: systematic review
of cohort studies; low-
quality RCT; individual
cohort study; outcomes
research

Level Ill: systematic
review of case-control
studies; individual case-
control study

Level |V: case series;
poor quality case-control

e Type 5: reviews that do
not include secondary
data analyses

e Type 6: case studies,
essays, and opinion papers

used studies
e Between-group statistical e Level V: expert opinion
comparisons reported without explicit critical
e Pre/post-measures and appraisal
measures of variability
reported (or effect sizes
reported)

Center for Evidence-Based Medicine (http://www.cebm.net) (Chambless and Hollon, 1998; Nathan and Gorman, 2007); Physiotherapy Evidence

Database PEDro scale (http://www.pedro.org.au).

Results

A total of 19 studies published since 2000 met inclusion
criteria. Five examined the effects of SIT and 14 examined
the effects of a SBI on children with ASD and sensory pro-
cessing problems (see Table 2).

SIT effects

Two of the five SIT studies were randomized controlled
trials (RCTs); one RCT compared SIT to usual care, one
compared SIT to a fine motor activity protocol, and one
was a case report. All five studies used participants with
ASD and sensory processing disorders and applied a man-
ualized SIT approach based on the original work of Ayres
(1972, 1979). Four studies (Pfeiffer et al., 2011; Schaaf
et al., 2012; Schaaf et al., 2013; Watling and Dietz, 2007)
documented high fidelity using the published fidelity
measure described earlier (Parham et al., 2007). RCT
results suggest that SIT is associated with positive effects
as measured by the child’s performance on Goal
Attainment Scaling (GAS) (Pfeiffer et al., 2011; Schaaf
et al., 2013), decreased autistic mannerisms (Pfeiffer
et al., 2011), and improved (i.e. less caregiver assistance
required) self-care and social function (Schaaf et al.,
2013). Treatment effects on GAS, as rated by a blinded

therapist who interviewed the parents, were moderate to
high (Pfeiffer et al. (n = .36) and Schaaf et al. (d = 1.17)),
reflecting child improvement on targeted goals as meas-
ured by teachers and parents. Schaaf and her colleagues
also demonstrated moderate effects on sensory perceptual
behaviors (d = .6).

In the nonrandomized SIT trial, seven children with
low-functioning ASD who exhibited self-injurious and
self-stimulating behaviors received alternating SIT and
behavioral intervention conditions (Smith et al., 2005).
The children showed fewer problem behaviors 1 h after
SIT than 1 h after behavioral interventions (p = .02) and
problem behaviors declined from weeks 1 to 4 (p = .04),
suggesting that in children with sensory processing prob-
lems, SIT may reduce self-injurious and self-stimulating
behaviors more than behavioral interventions. In the case
report by Schaaf et al. (2012), a 5-year-old with ASD and
ADHD improved in ritualistic behaviors, resistance to
change, specific fears, and individualized goals as meas-
ured by the GAS. Using an ABAB single-subject design
with four preschool children, Watling and Dietz (2007)
examined the immediate effects of SIT compared to a
baseline condition on engagement and behavior during a
tabletop activity but found no effect for SIT. These authors
noted that a ceiling effect limited their ability to detect
change in performance.

Downloaded from aut.sagepub.com at University of Ulster Library on February 2, 2015


http://aut.sagepub.com/

Case-Smith et al.

(panunuop)

iqesiq [eauswdojpAsg Yyum
S[ENPIAIPU| JOJ—PasiAaY AIOIUBAU| |§

Joy sornawoydAsd jo yoe| pue ‘Sulpullq

ou ‘ayIs [ed1ul]d 3j3uls ‘aozis ajdwes
|leWS SpN|aul suone3IWI "SpoyIRW
[eonsiIels paquidsap A|ea|d ‘uonipuod
|o3u0d sapn|pul uISa "S199Y° MO
pa1iodad 10U auam

erep dn-mo|jo4 *dnoud aued jensn ayn

Jo uonduiidsap panwi| pue ‘ozis ajdwes

Jlews ‘((SyD) seJnseaw 1iodau-qusaed
ay3 padJasiuiwpe 1sidesays papuilq
& y3noyje) Suipuilq Jo >ae| apnjdul
SUONEIIWIT *SSINSEIW INOJ JO OMY
SSOUdE | O/|S PaAISd3. Jeyd dnoud sy
10} 51294J3 9ANIsod 21eIPOW 01 MO

a|qezijesauad

J0U 2.k Apns ased & woudy s3uipuly
'sJolAeyaq sAndepe pue sduew.ioped
Jojow Auosuss ul syuswaroldwi
SpeW plIYd 3y "PIM | 40} | O
/IS 8uimo||o4 p|Iy> duo uj sasueyd jo
uondiudsap papiaoud Apnis ased siy|

saunseawl
dn-moj|o} ou pue ‘QSy YaIm usJpjiyd
Yaim asn oy paudisap Ajesyidads Jou

9J9M $|00) BWI} A0 mwmcmr_u 2Jnseaw

01 pays!|qeIsa 30U ||-LSNO PUE [NdS

SpN|oul SUOIIEIIWIT "SPOYISW [BIISIIEIS
paqLIosap AJ4ea|d> pue ‘aunsesw Aapy

._NJCNE UOIIUSAIRIUI ‘JUSBISSISSE
PazZipJepuels ‘eliallid UoISN|IXd
pU® uoISN[DUl JB3|D ‘JUBLUSSISSE

Papul|q QuUaWUSISSE WOPUEJ SIpN|dUl

U319 'S109J2 91BISPOW 01 MO

(%¢) pasea.oul gss

‘UOIIUBAJRIUI [0JIUOD BY) JdYe Y |
(%] 1) paseaJdap gss ul Aduanbauy
‘]IS 3sod y | auswies.nsod Jo -aud
syuedidnued |je Joy 9|qels paurewad
SJOIABYSq snolinful-jos pue
Sunenwns-yag "dnous o.1iuod pue
dnoug ]| aya usamiaq pasedwod
9J9M JUBWIIBA.ID ISYE UIW ()9 pue
“usunes.nsod uswies.aieud

19S pue gss jo a3eusdusy

ssueoyudis payseouadde | gaad

a3 uo sadUBIRYI ‘SIVA Y2 Aq
paJnseaw se sJolAeyaq aAndepe ul
Jap 20u pip sdnoug ay) (€0 = ¢
‘800" = d ‘]d3d) uomduny [e1og pue
3JeD) J|9S 0) ddURISISSE UDAIZDIBD
{(€00° = d) Buijedg JusWUIENY [BOD)
uo DN uey atow Apuedyiusis
paroudwi dnoud | O/|S 3yl
SIUBWIBARIYDE

pa3dadxa-uey3-1139q Sunedipul ‘g9
SBM 34025 | SIY ‘SYD Y3 uQ ‘sJeo4
oly1dadg pue ‘93uryD) 01 SdURISISSY
pue swsieniry ul |ggdd @Yz uo
paroaduwil aH *] 4| 3y jo SIs
sixe.d 9Al pue S)[SeI UOIBUIWIIDSIP
9|11981 9Al UO paAoadwi pjiyd Y]
WdS 40 T-SaVA

UO punoj saduaJayip UCNUC_CM_w ON
‘II-LSNO 343 40 SYS jo sa[edsqns
J9UI0 USDMID] SOIURIRYIP
uedyudis oN *(1€1°0 = 9zIs 1999
‘0" > d) dnoug |4 ueyy swisidUURW
J1snNe Jama) pase.asuowap dnoud
IS ‘S¥S UO "(09€°0 = 22Is 199y2

‘10" > d) s4aydeas pue (5710 =

9715 1939 ‘|0 > d) sauaued 4Aq
paied se JuswaAoadwi Juediyiu
aJow pajensuowsp dnous |§

‘SyD uo parosduwi sdnous yrog

S[eAIS]UI S-G | 1B SUOJABYSQq Sholinful

-J|9s 40 uonenWs-}|as Suned ‘uonusAIUl 3sod
Y | ulw G| pue ‘uonusAIIUl JS)E 3uo| UIW G|
‘uonuaAuul 03 Jolud 3uo| uiw G| :sadey ospIA
‘sanyjiqesiq [eauswdoeAs YUAA S[ENPIAIPU]|
104—PasiAay AI0IUSAU] |§ B2 S2NSDIW SWODINQ
JusWIER.D

J9)JB Y | UIW G| JOj PUB JUBUIED.I) JBE UIW G|
10} quaunea.y 01 Jolid ulw G| Joj Udel OdPIA
‘(}oam Jad sswin § ‘ulw g ‘Aluo ¢ pue | sP9aM)
$)99M }, JAO SUOISSaS [ENPIAIPU| *(Bunlim pue
‘8uli0]0d ‘8un.os) we.goud jeuoneonpa sauaip
03 pajeja.l sanIARde dol|qes :UonIpuod [0.U0D)
uswies.)

J9)B Y | UIW G| JOj PUB QUSUIED.I) JBYE UIW G|
10} quaunea.) 01 Jolid ulw G| Joj udeI OdPIA
‘(}oam Jad sawin G ‘Ui Qg ‘AU 4 pUB T SHIIAA)
‘andui Jejngnsaa pue ‘@Andedolidoud ‘ejnoel jo
AaireA e uipnpou ¢ |§ ul 93e3ua uonuaIAU|
SEVA ‘19aAd ‘IQ3d ‘s|eos pazienpiaipul

8uisn sajeds JuswWuleIIE [BOS 1S2NSDAL W0OINQO
Sumes Alunwwod ul sadIAIRS | O

[euonipe.a paAizdad dnoud aued [ensn sy 'syeam
01 40} >2am sawn ¢ papiroid sem uonuaAlIul
9y "BIISIID A[OPY I9W PUB UORUSAISIUI

oY1 papiroad | O pasuadl| 9.4y IUSWIBSL
Adeaay [euonednddo/|§ pazijenuew & paAleda.L
dnoJ3 uonusAIUl BYL UL USUP|IYD) (UONUSAIRIY|

SAVA {18AQQAd *LdIS 's|eos pazienpiaipul

Buisn sajeds JuswuleIE. [BOS :$2NSDAL AWOdINO
(110 “1e 39 wey.ed) sansesw A3pY |S/LO
oy Suisn A5BanddE %G°G6 SeMm ANBPI4 "$HP9M (|
J0j >@am Jad sawn ¢ uonuaAIRlul Y3 papiro.ad
s1O om]| usunea.y Adessys jeuonednaoo

/IS P3ZI|EnueW B PaAIada. PlIYD) {UONUSAIRIY|

N

‘T-SAVA ‘SVD ‘II-LSNO ‘WdS :$34nsp3wi awionnQ
uoneinp

19'3U0D 104 paydaely Indul A1osuas a|13de 4o
‘Je|ngnsaA ‘aandssorido.d Apog-||ny spiao.d Jou
PIP SRIIANDY ‘S)e.d |4 PUE ‘Suntim pue Suime.p
‘[euonon.Isuod Suissappe |4 :dnous jo.auod
‘porsad

>[99M-9 JBAO ‘YdBD UIW Gy ‘suolssas 8| (] [0T)
‘e 39 weyJed Aq pauyap se |§ :dnous [eauswiiadxy
UONUSAIU|

61—8 so3e ‘(ajewsy

€ ‘SeW §) / = N ‘SJOlIARYSq
snoln|ul-j|as pue uone|NwWns
-J[2s yam Ajiqesip [en1ds||Laul
punojoud Jo a.aAss Jo/pue
add Il 1A WE3D “01/§ =
2.402s 01q3d ‘(papuliq 10u)
[el13 |0.3U0D pazZIWOpUEIUOU
‘dnou8-oma :¢ adA|

(51 = u) dnous

aJed [ensn (/| = u) dnoud |g
£8—96 sade ‘zg = N ‘(so[ewsy 9
‘S3[eW 97) ‘ASY PIM UIpIyD
| 19497 Wg3D

‘01/9 = 9402s 043 ‘eInsesw
A)japYy ‘uonusAlSIUl paziEnuUBW
‘(papuilq 30U QuaWwuBIsse
wopued) 1Y i 2dA |

syiuow g9 = a8e | =
u‘gHAay pue sy Yim piyd
A 19A7 WE3D “01/€ =

94025 043 o4nsesw Aepy
‘UOI3UBAIRIUI paZIjenuUBW
40dau ased g adA )

(z1=v)

dnoug (W4)

Jojow aul (o = u) dnoug |g
71—9 so3e ‘(sjewsy g ‘Orew

T€) L€ = N 'ASV YIm uaapiiyd
| 9497 WG3D ‘01/9 = 34035
04@a3d ‘(puq [3uis quawugisse
wopuel) ]y 30pd g adA |

N pue

aad punojouad/auass yaim
yanoA ur (1gs pue gss) solaeyaq
snownui-jjas pue Sunejnwis-jas
Uo uonusAJalUl |0JJUOD B pue
11S Jo s199y° aya aJedwiod o]

aJed
[ensn 03 uosiiedwod ur sy
Y2IM UBUPI|IYD UO UONRUSAIIUI
IS JO S303Y3 3Y3 @eN|RBAS O

Anouyip Suissedoud

AJ4osuas pue Sy Yaim pjiyd auo
uo yoeoudde aaneasanul Alosuas
e 3uisn Adeaay [euonednaoo

JO 512943 Y31 2e8NSAAUI O |

asv

YIIM USJP|IYD Ul SUORUSAIIUL

|S JO SSOUBAIIIRYD SSDUPPE pue
‘saunseaw awodino aeludoudde
Ayuapi ‘A1|iqisea) auIwIRIdp O

(s002)
‘e 38 ywg

(€102)
‘e 39 jeeyds

(z102)
‘e 39 jeeyds

(1102
‘[ 39 J419)d

LIS

uonela.udiaiuy)

synsoy

S9JNSE3aW SWOIIN0O pue UonUaAJRU|

sauedipnaed/udisap/Buney

s9An9IqO

Apmg

"SJU9ISS|OPE pUB UR.IP|IYD 40} (S|gS) SuonuaAIIUl paseq-Alosuas pue (] |S) Adeisya uonei3oaul A1osuss Jo Aded1e aya SulUILUEX 9DUSPIAS S JO AJewwng T d|qe ]

Downloaded from aut.sagepub.com at University of Ulster Library on February 2, 2015


http://aut.sagepub.com/

Autism

(3ou pip 1gS

‘sisA|eue [eUOIIdUN) PASN UOIUSAIRIUI
[eJO1ARYSq) UORUSAIRIUI JO uonedl|dde
ajeJadsap pue ‘uipul|q Jo d)de|
‘(sauedionaed unoy) sjdwes |ews ‘(sAep
01) uonuaaalul jo poliad 1ioys e
SpN|pul suoneIWI |gS UBYL SIOIARYSq
Suiuajeyd SupnpaJ ul 9ANJAYS

9JOW SBM UONUSAISIUI [BJOIARYSY

Suipuilq ou ‘(sAep 9|) uonuaAIul
W.I91-140Ys dpN[dul SUONEIIWIT

‘Ajuo yoeoudde |eiolreyaq aya oy
uonuaAialul Jo 3ulio|iel pue sisAjeue
Jeuonouny "s1293 |gS Ueyl Jaeaud
9J9M UONUSAIIUI [BIOIABYS] JO $103)]
Suipuiq

40 >e| pue aduo pajjdde Ajuo sem
UONUIAIIUI 3Y2 YdIYM Ul USISap gy
Ue Jo asn apn|dul suonelwl ‘pariodad
3J49M P|Iyd U0 .10} s3uIpuly S1233 ON|
SSIIAIIDE WOO.ISSE|D

Aq pasuanpur Ajy3iy si Joiaeyaq

1895-U| "[ENUBW UORUSAIDIUI OU pUe
‘Papul|q 30U uoneNeAd ‘azis ajdwes
|lews Spn|oul SUOHEIIWIT 'SI934)3 ON|

sJnseaw A1[aply ou pue ‘pspul|q 30U
UONEN|EAS ‘UoNEINp APNIS 1I0YS ‘pasn
9J9M S||Bq YdIyM Ul AJIAIIDE pUB IXSIU0D
Jo Aoua1sisuod Jo yae| ‘azis s|dwes |ews
apnjoul suoleIWI 109y8 aAnIsod oN

|suuos.Jad Apnas pue suaAigs.ed

Aq pap.odaJ suoneAsasqo ul Suipuliq
ou pue ‘saseyd gy Jo uoneanp ioys
9uawade3dus Suneu ul suonedldwod
‘9z1s a|dwes ||ews apn|dul suonewI
‘anseaw Aaply e pue ‘jod010.4d
UO[IUSAIIUI PJBPUEIS ‘BLIDILID UOISN|IXD
Juoisnpaul Jespd ‘saseyd suljsseq

oM sapnpul udisa(] s199) ON|

jueoyudis

10U DJ9M SI|NS. 3SAY] ‘UBABIMOY
‘tuonIpuod |gs aya ul Jaydiy Apydys
3J9M S[9A3] |0S1210D) *(UonUBAIRIUI
Jo sAep (| 01 auleseq Aep-g &
Sursedwod) uonusAISIUI [BIOIABYS]
aya Sulnp ueys |gs aya Sulnp
1918343 2J49M sJolAeyaq Suiduajieyd

19S 32 Sulnp Uyl UONUBAISIUL
|eJ0IABYDq 33 3uLINp S.JOlABYaq
snoLIn(ul-J|as Jama} paa1qIyxs pliyD

pasn aJam sanbiuyday Suiysnuaq
UBYM SUOIIIPUOD JUBLLISSISSE SSOJOR
padueyoun paurewa. AdA10a.915

JoIABY3q
1eas-u; ajeluidoudde uo 1090
Je[ILIS B DARY |[B ISOA OU PUE ‘SISIA
Pa1y31am-uou ‘s159A PIYSIDAA
Buissadoud Auosuas

40 suuea3ed Jay3o Joy ueys andul
aAndadoluidoad—ienqnsan ya9s
oyMm uaJp|iyd Joj areridoadde suow
aq Aew Jreyd |eq Adesay e reyy
1s933ns sasA[eue [enplAlpu| “(3usapnas
SUO J0j PapP.J0J3. 10U JOIARYSq
1895-J0-1N0) SSB| PEY JYIoUuE

9|Iym “JoIARYSq 18s-Ul 4931833 pRY
JUSPNIS SUO :pAJOU dUI|9SEq WO}
sa3ueyd OU ‘sIUIPNIS 33.4Y) 104
uawage3ua pue JolABYDq Je3S-Ul
10y s3|nsau Jo Adu1sIsuod oN

'S9NSEIW Y3 SSO.IDE 1099
> & patodad suoyine ay |
‘aro.adwi Jou pip JuswaSedus yum
PS.Jaj491ul BY) SJIOIABYSQ paJisapun
Jo jJuswade3us sl JO saunses),|

|0S12102 AQ PaJNSESW SB S|9AS| SS.1S LIOIABYSq
Buidus|jeyd jo Aduanba.y :sainspaw awodnnQp
SISA[BUE [EJOIABYDQ [BUOIIDUNS UO PISE] UORIPUOD
a1esado—uonuaAianul [edolreyaq Buiysniq

pue ‘agn1 mayd ‘Sequeaq yum aunssaud desp
‘suoissaidwod aulol “9edjuelq ul Suiddeam ‘sjjeq
Adeaayy ‘Suidwin( ‘Buiuims—|gs :uonuaau|
S[BAJ21UI S-Q| Ul PRJNSESW SE SIOIABYSq
SNOLIN[UI-J|3S JO 92UBINIDQ :$3NSDALU AW0DINQ
JUBWIADIOJUIDI

pue ‘sysanba. ‘sisAjeue [eUORIUN}—UONUSAIIUI
[edolAeyaq ‘uoissaadwod ulol pue ‘Buiysn.q
‘aqm mayd ‘Buimedd ‘Buidwinl ‘Buppou ‘Sequeaq
Yam saanssaad desp ‘BuiBuims—|gs :uonuaau|
auoje pue ‘Ae|d ‘9|qiSuey

‘PUBLLSP ‘UONUSIIB—SUONIPUOD JUSWISSISSE DAl
Bulnp Joiaeyaq 21dA109.93s :$94NSDAW BWI0OINQ
dn-moj|o} Ypuow-g pue ‘Buiysn.q JO S)ePM §
‘auljaseq SuIMO||0f pasn sem Sulysniq :UoRUIAIA|
JolAeYaq Jeas-ul aeridoadde

JO UONEINP PAAIISQO :S2UNSDAW SUI0IINQ

(Dg) 3s9A pa1ySiom
£(g) 3y31om ou ‘1594 () ISSA OU :UONUIAIANU|

5/Se1 40 U3Ydea) 01 SUIpUSIIE 10U JO/pUE 1B3S

JO 1IN0 3w JO uoijeJnp |e10] Sa/nsball awod1nQ)
(318ue g & 1€ se2Wy| pue sdiy

YaIM punoJs uo ejy 1994) awn dJ1d ssepd 3urinp
sareyd |[eq Adeasyy parejul ‘pazis Ajjenpialpul

UO JBS UBIP|IYD ‘SHOOM § 1O} :UONUIAIDIU|

UOI1BAISSGO 103.1p
y3nouya paunseaw a4am saniAnde |nyasodand
Jo Aejd ur Juswade3us pue Juswade3us dsey
YIIM BULISLISIUI SIOIABYS(] :S9INSDIW dWODINQ
Sujuoseau [esuld

3uj03uo pue ‘sI0IABYDq JO SUONEBAISSQO ‘Al0aL)
IS ‘PIlY> Yoes jo s3nsa. oiyo.d Alosuas aya uo
paseq 949M suolssas | | “(poriad uondsjjod
eaep) A3Anoe dols|qes uiw-Q| & Aq pamoj|o}
SEM UOISSS UDBT [99M Jad Ssuoissas ulw-Qy
99.y) sem aseyd yoeg usunea.l pue ‘suljeseq
‘uoneziJel|iwe—saseyd 93.4Y3 :UORUIAIU]

| 1—9 sa8e ‘(sjew)

¥ =N ‘ASV YIm us.pjiyd

Al [PAST N30

‘0]/f = 9403s 0uq3d 99lgns
-3|3uis auljaseq ajdnjnw :g adA

0] 23e

{(orrw) | = N ‘ASV UMM PIIYD
Al 1PA9T WG3D ‘01 /€ = 2405

04Q3d “223lqns-sj3uis :¢ adA |

 28e

(orew) | = N ‘@SV YMM PIIYD
Al [PAST |NG3D *01/T = 84035
04Qq3d 229lgns-aj3urs :¢ adA )
6—G sa3e {(ajeway | ‘Oew

T) € = N ASY Yam ua.ippiyd
Al [PAST N30

01/ = 9402s 0134 “223[gns
-3|3uis auljaseq ajdnjnw :g adA

pa1iodau

a3e ou ‘(sojew) 9 = N ‘ASV
9J9A3S 01 91BJSPOW UM SpE.s
151 01 USLIBSISPUD| Ul USJIP|IYD
Al [PA37 ING3D “01/€

= 24025 043d ‘udissg 123(qns
-9|3uis auljaseq ajdnjnwi :g adA]

p—¢ sade {(sajew)

¥ = N 'ASV yam ua.pjiyd

Al [PA37 ING3D “01/€

= 94025 043 ‘udisap 123[qns
-9|3uis auljaseq ajdnjnwi :g adA]

Jolaeyaq Buiuajjeyd jo sajed

UO UO[USAJSIUI [BIOIABYS] B PUB (1100
LIS Jo s199y0 ay1 aJedwod o] ‘e 39 ulAsQ
JolAeyaq snotnful
-J|9S JO S9IBJ UO SUONUSAIIUI
[e401ARY3q pUE | |S JO S109Y9 (6007)
aAne.tedwod sy 91e3Ns9AUl O SR
asy yum
Aoq e jo Jolaeyaq padhiosums
uo |0d0104d Buiysnuaq e (1100
JO 5109)0 a3 9zAjeue o | ‘e 19 siAeQq
J0lABY3q JBSS-U
areludoudde uy pagelus awn jo
JUNOWE 33 UO SISOA paaydiom (6000)
0 10edwi ay3 S3eN[RAS O ‘[e 39 X0
JuswaZesua pue JoIABYSq
1e3s-Ul Uo sJreyd ||eq Adesayy (0107
4O 1099 Y3 duUIWEXd O ‘e 19 ||21eSeg
19S

sanIAnde
doia|qea Burinp sJaolAeyaq
PaJISapuN JO 92USLINII0
a3 Jo ul auswadedus s pjIyd
ayy s109ye Hjsea dois|qer
240J2q AjoreIpawwl ]|
s3JAy ul uonedidn.ed
JayIaym aulwexa o

(z007) 21@
pue SuipeaA

uonersudasiu|

sinsay

S9JNSE3W 3WO02IN0 pue UoIJU3AJIRIU|

syuedipnaed/udissp/Buney

saAn2slqO Apmg

(penunuo)) -z 31qeL

Downloaded from aut.sagepub.com at University of Ulster Library on February 2, 2015


http://aut.sagepub.com/

Case-Smith et al.

(panunuoy)

1USWISSSSE Papul|q JO e

pue ‘(sauednJed unoy) sjdwes |jews
‘(SUOISS9S 934Y2) SUI[SWI UONUSAISIUI
110Ys B SpN|Dul SUONEIIWIT "SI08Y9 ON
dn-moj|o4 ou pue ‘pauiwiarapadd yidus|
aseyd ‘s|dwes snousgowoy ‘sioireyaq
1934e1 109|9s A|uo pa1ednsaAul ‘9zis
o|dwes |[ews apnjoul suonelwI|
“8ulpul|q J91BJ PUB UOMIPUOD [0.IIUOD
sapnpul udisa( "JolAeyaq aAndepe
Suirouduwi 03 yoroudde sjos aya aq
10U p|NOYS INQ ‘USJP|IYD SWOS 10}
uonuaAJaul Jo Jusuodwod s|qeans e
9q Aew 5159A PIYSIOAA "S1990 MO
9z1s a|dwes |jews pue sJolAeyaq

JO sisAjeue euonduny ou apnjaul
SUOI3EIIWIT "UOIIPUOD JUBWIES.IY O3
uaJp|Iyd/sJaied jo Sulpullq sapn|dul
ugiseq "A||eonewsIsAs paJoluow pue
14014d & paulyep saWo2IN0 paJisap
pue JolAey3q 198..1 JO siskeue
[euonduny & :paajdwod aq asnw
Suimo|jo} aya ‘sasaA paaySiam 3uisn
uaym e s1sa8ns Apmg 's109yd oN

Papul|q 20U UONEN[BAS pUE ‘SuMas
SUO U] IS3A JO 3sn ‘azis d|dwes |jews
SpNjoUl SUOPEIIWIT "SPOYISW [BISIIEIS
PaqLIdsap A|Je3[d ‘UonIpuod |00
sopnpul UISoq 'SI9YD 91ISPO|

dn-mojjo) ou

pue ‘Buipul|q ou ‘@JNseawW pazipJepuels
-uou e Jo asn ‘aunseaw Aaply €

JO 5E| ‘UoUBAIRIUI AIOSUSS B3 JO
uondlidsap pajiwi| 9pnjaul SUOREIIWIT
‘1amod [eonspels arenbape quawudisse
wopued sapnpul udiseaq "ozijedauad

01 JNJIYIP S.E SINSDY *SI129Y0 Suo.g

159A B SulIBAM JO UONIdUNY
® Se AJBA J0U pIp »SE1 01 UolUSME
pue AdA109.93s Jo 92uLIINDQO

SUOIIBAIDSQO
O3PIA UM [|]9M puodsa.iod Jou pIp
$9.402s | -|9D "sauedidn.ed sAl oy
2Andayaul pue sauedipnaed sauyy
10} JolARYRq Y[seI-HO Sulses.d9p Ul
BA1323)40 BJ9M SISO “sauedidiued
9913 10} 1BSS-UI SWII UO 10343 ON|

Adk1osum1s [equan

Pasea.Jdap paIBIISUOWSP PJIyd
suQ "uedidnued suo Joj pases.oul
9)EJ 1IBS| "9SBIUI3P 10U PIp e
1483y Jo sJolAeyaq padAioausis
J1i010wW ‘syuedionued e Suowy
auedidnJaed suo o) uonuaAIUL
SulInp pasesJdul uoneNWNS-§[3S
"POAOWIS. SEA UORUSAISIUI UBYM
POSEa.ID9p PaulBWS. ‘USJP|IYD OMY
10y} ‘puE UONEINWIS-}|3S Pasea.dap
pamoys siuedidiied aAl Jo 1IN0
N0 "159A 33 SulIBOM B[IYM djsel
UO SWI pUB SUONDE.ISIP JO Jaquinu
paseaudap pamoys sauedpnued ||y

(10°>d‘g€°611 = 4) 2wn x dnoag
10} sU0IABYDq AIOSUDS UO SID9Yd
uonoeaaul Juedyiudis A|[eansnelg

S[EAJ21UI UjW-| U] 3UlINP 5SE) 0) UONU3IE
pue AdA103.493s JO S2US.INID0 :2INSDIW SLI0IINQ

1S9A OU 10 As9A paaySiam
-UoU © ‘IS9A PaIYSIam € SUlIBOM (UONUSAIU|

A3jiqe| [euonows pue ‘AjAisindul ‘ssaussa|Isad
914 01 Pasn Sem | -|HD) WalI-(| dY | Ieas-ul
SWI PUE JOIABYSQ >|SBI-4JO INSEaW 03 pasn
SEM UONBAISS]O 31D9.IP :$2INSDAW BWI0dINQ
3yB1am Apoq s,pIyd JO %01 %S & PAySIom
s159A (q) ‘saySiom jo ade|d Ul s|jeq Weojolkig
YIIM 159A sso3ySiom & Sulieam () :uonuaasau|

9)eJ 14eay SulINSEaW o) Pasn Sem

Jojjuow a3ed Jueay pue AdA1oausis oy papod
9J9M SUOISSIS _uUn_Nqu—.u; :Sanspaw awod1InQ
3yBiam Apoq s,pIyd JO %01 %S & PaySiom
5159A (q) ‘sayS1am jo ade|d ul sjjeq Weojolig
Y2IM 159A ssoaySiam & Sulieam (&) :uonuaasau|

¢— sade
‘(oreway g ‘ofew €) § = N ‘dSV Y3m UJp|IyD

159A pa1ySIom B SULIBSM UOAUSAIRIU|

swo|qo.d uissadoud Aiosuas

SUIWLISI9P 01 pash sem (sJaydaeasad aya Aq
P1B2.D ISIPIBYD B) WSIINY YUAA USIP[IYD J04
W.I04 uonen[eAg AJOSUSS B3 $INSDIW dWOdINQ
wishny Im usJappiys

Joj w04 uonenjeay Alosuag sy Aq panyiuapl
SJOIABYS(] JO10W Pa19S8.e) Yors) 01 pasn os|e
2Jam (uondunxa pue ‘quswadojuia. ‘Sundwoud)
$918918.41S [BJOIABYSg "SUnNOJ A|Iep S,p|Iyd oY1
O)jul pale.ISaUl SEM JBU] SINIANDE AIOSUDS
PaZI[enpIAIpUI JO 195 B AQ Pamo||0} uoissaldwod
aulol pue Suiysn.q Jo s|Npayds & sapn|du|

191 AJosuag Yy | ,, UO paseq :UoUIAIdU|

| 1-8 soSe {(o[eway 7 ‘djew

0 ¥ = N ASV Yum ua.pjiyd
Al IPAST NG3D
‘01/7 = 94035 0uQ3d “229[gns
-9|3uis auljaseq ojdnjnwi :g adA)

01—¢ so3e ‘(ajewsy

T ‘Sfew 8) 0| = N ‘ASY 949A3s
03 21BJSPOW YIIM UBUP|IYD

Al [PAST N30

‘01/§ = 94035 o34 229[gns
-3|3uis auljaseq ajdnjnw :g adA

01—} sa8e ‘(sjeway | ‘OreW §) 9
= N ‘ASY 249A3s YIMm UaJp|IyD
Al IPAS7 WG3D

01/§ = 2403s 0ia3d 23lqns
-9|3uls suljaseq a|dnjnw :¢ adA)

UOIIBAISSQO
323.1p YSnoJyl paJnsesw auem
SJOIABYDq A101B|NWIIS-J|3S pue
‘SUO[}DBJISIP JO JSqUINU |SE)
UO BWII :$3NSDIW WOdINQ

Al [PAST N30

‘01/€ = 9402s 0u1q3d “223[gns
-9|3uis suljaseq a|dnjnw :¢ adA )

(g1 = u) dnou8 jos3uod

(g1 = u) dnoug uonuaaiau|

| |-, so3e (s[ewa} 9 ‘Bew

¥7) 0€ = N ‘ASV YIm uauppiyd
11 19737 ING3D ‘01/9 = 3405
04Q3d ‘(pepullq 30u Quswudisse
wopued) ] DY g 2dA|

3jse3 01 uonuse pue AdA1osusls
UO 153A pa1y3iom e Suliesm

JO 5109)40 B3 d3BN|RAD O
AjpAnonpoud

2Jow uonduUNy 01 SV YMm
US.p|IYd 3|qeUS 01 |00 € SEB
SISOA PA1YS3IOM MBIA SIUBISISSE
|eUONEINPS pUE SJI3YdE]
J3Y19YMm 91BN[EAS 01 oW 3unils
SOSEA.IDUI PUE IOIABYS] SBI-}O
S9SBO.IDSP 1SIA PaIY3iom €
y3nouyz andui A1osuas aunssaud
-U2N01 JSYIDYM SUIWEXD O |

9)e 2UBBY UO SISAA paiySiam
JO 10949 B3 3593 03 pue QSY
Y3IM USJP|IYD Ul SJOIABYSq
padA10a.a3s uo sIsaA payySlom
JO 53090 B3 1e8nSOAUI O]

adsy Yam uauppiyd [ooydsaud
SAl} JO SIOIABYSq AJ0IB|NWIAS
-J|9s pue >jse1 03 uonuane
Uo 159A paysiom e 3ulieam
4O S3109Y49 B3 duIWEXd O

USJP|IY 213SIANE JO JudWILD.I}
PUE JUSWISSISSE Ul 3sN .10} | |S JO
weugoud e 1591 pue dojpAsp o

(#002)

‘e 39 auey|

(0107)
‘e 39 s1393poH

(1107)
‘[e 39 s1393poH

(1007) '3
Aleq-[o1494

(8007) ue.reg
pue nj3oljze4

uonela.udaaiul

s)nsay

S9JNSEBW SWOIINO puk UOIJUSAJIRIU|

syuedipnaed/udisap/Buney

s9An9IqO

Apmg

(penunuo)) -z s1qeL

Downloaded from aut.sagepub.com at University of Ulster Library on February 2, 2015


http://aut.sagepub.com/

Autism

10

‘sauleping (£007) UBW.IOD pue UeyIeN Uo paseq udisap Apnis jo 3ulpod :2dA | ‘Buiew uoISIISP [BD1UID W.IOJUI 01 S[BlA] JO ssaujnjasn pue Aijenb sy

93pn[ 01 paudisap (g66|) 2JEds 04g3d dY? Uo paseq Suned e :210ds 043 ‘oseqere 2uapiag AdesayroisAyd ayp :04q3d Xapu| 3[e.ol Sunuadey :||d 19Ydes | —Xapu| [eqO[S) S I3UUOY) | -|D7) ‘UONEBPIEIDI [BIUBW Y|
LI0IARYDq AJOIR|NWIIS-}9S :gSS ‘AI03UDAU| A31|IqeSI JO UOREBN[RAT JLIBIPR (|QId 9-1BD [ensh :DN tIapJosip A3iAndeIadAy 301ep uonuse :qHQY AI10IUsAU| [elolARYDg J9p.osI [e3uswdo|aAs dAIseAIRd |9Add (SIsoL
sixedd pue | 1] dIS asidesayy [euonednddo ;| O ‘aJnses)y 3uissed0.d AIosuas i\ dS ($9|edS [edolAryag aAndepy PUBDUIA [SGVA 259 Sulusaudg [edi8ojoanaN MRIND :[|-1LSNO ‘9]edS ssauaAisuodsay [e120g :SyS Buljeds
JUBWUIENY [BOD) SO (| | 07) SUIDIPS| PISEg-92USPIAT 10} US1USD) SY3 WO.) SSUISPIN3 UO Paseq U031 JO [9A3] :[9AT |GTD ‘[Bl43 P3)|0JIUOD PSZIWOPURI ;| DY ‘SI9PJOSIp Wwn.dads wsnne Sy ‘uone.3sul A1osuss :|g

syuedidnued ssoude saunsesw aesadsap
pue ‘3ulpul|q JO >3] ‘SWe.) SWI 1I0Ys
‘a)dwes |[ews apnjoul suonelwI]
's1094)9 ou pey |gs Y1 ‘auedidnued suo
Joy :Buipuodsau 109,402 JaySiy Yaim
paiedosse sem Suims ‘syuedidnaed

oM .0y ‘Buipuodsal 193400

Jaysiy paaejad [|eq aya uo Supunoq
juedidnaed auo 104 "s19949 Paxi|y

saanseaw dn-moj|o} pue A1japl JO e
puE ‘papul|q 30U UOIIBN[EAS ‘UOIIPUOD
JUaWiIea.) 01 JudWuSIsse ‘9zis ajdwes

|lEWS SpN[dUl SUONEIIWIT "UORIPUOD
|043u0d sapnpaul udisa(] *s319943 YSiH

JUSWISSISSE papul|q JO
5|2€| puE “JOIABYSq Ul dJUELIEA [BIIUSIOd

40 >oe| ‘ajdwes [jews apnpul SUOHEIIWIT
'suolAeyaq d1dL10a.a1s Jo wajqoid may

P&y P|Iyd SUQ P|IY> SUO 10} S193Y°

OU PUE P|IYd SUO 10} SI3Y3 PaxI|\]

saunseaw dn-moj|o}

pue A11[9p1) JO >IB| PUEB ‘W1SAS SNOAJSU
uo 129y° |ewndo .oy papasu aunssaud
dssp jo 3unowe spiroad Jou Aew
Apms aya uy pasn s1saA ‘azis s|dwes
|lews SpNjoul SUONEIIWIT 'S199)d ON

dsel
Jlwapede ay3 01 Jorid uonenwns
AJOsuas 01 paie[a. J0U SEM SSEL
Sjwapede 031 ulpuodsad 1334400

s|leq Adeaayy a3 jo asn Sulnp
JOlABY3q 1B3S-Ul put JudWagedus

u1 JuswaAoaduwi payJew pakeldsip
sauedipnued |je 1eya 91Bd1pUI SINSSY
sa11ANdE 9|qed 3ulinp

uonedipnied syr Joj Juswaesus
SUISBO.DUI 10} DAIDDYD JOU DIOM
SISOA 3| "UIOM SBM 1SIA dYI UBYM
paseatdap JojAeyaq d1dA10a4a3s pue
pasea.dul Jolaeyaq wajqo.d ‘pjiyd
J3Y10 92 U] 'SUONIPUOD USIMIS]
auedidn.ed suo .oy JoiAeyaq
wsa|qo.d .o ‘Joireyaq d1dA10a.91s
QuawaBedus ul sadUBIBYIP
J11BWISAS OU 3U9M U3y |

sJaylow
INojJ JO INO 93.Y3 104 3UBdYIUSIS 30U
aJ9M |Id Ul saueyd) ‘ASY Yum
SJ3|pPPO1 Ul uonuaNe Julof asea.dul
Jo sJoireyaq unadwod wajqo.d
9SB3.UD3P 10U PIP SISIA PAIYSIDAA

Sy|se) djwapede
01 3ulpuodsau 129,102 :2JNSDIW SWOdINQD

AuAnoe pa1adiel B 24049q UlW G 10} ||Bq

3s1249%a U uo 3uPUNOQq 40 SulBUIMS UONUIAIIU|
SJOlABYDq JusWZeSud

pue 3unyis sunsesw 01 pasn sem Suljdwes
aw-[eaJ AIeIUSWIOW :S3INSDIW SWOdINQ

3uneas .oy |[eq AdeJays pany Ajjenpiaipul
ue 3uisn uSISSp [EMBIPYIIM 1LONUIAIU|

P|ly> 93s 01 3|qeun (3) pue ‘JoiAeyaq wa|qo.d
(p) ‘4o1reyaq d1dhroaueis () uswadedusuou (q)
‘uswaSedus (&) :SUORIPUOD [0JIUOD Y3 IO ISOA
ay3 SuLIBOM USYM JIOIABYD] S2NSDIW dWOINQ
1S9A OU pue

‘JY319M OU L2IM ISIA B ‘IS9A paIy3iom & SuLieam
“UULNQEOU 9J9M SUONIPUOd 93J4Y3 :uonuUaAIU|

syauow
£€—/7 s93e {(3[eW) = N ‘WSHNE YUM USJIPIYD

159A pa1ySIom B SUlIBIM UOAUSAIRIU|

/—9 sa3e {(ajew)

¥ =N ‘ASV YIm us.pjiyd

Al IPAS7 WE3D

01/€ = 240s 0i3d 293lqns
-9|3uls suljaseq a|dnjnw :¢ adA )

p—¢ sade ‘(ajew)

¥ = N ‘ASV YIMm uaJp|iyd

Al IPAT ING3D

‘01/€ = 2409s 0u3d 23lqns
-3|3uis auljaseq ajdnjnw :g adA

G 93e {(ayew)

T = N ‘AsV Yum usupjiyd

Al [PAST NG3D

01/ = 94025 0134 “229[qns
-9|3uis auljaseq ajdnjnw :g adA
uopuane Julof

Yam 219dwiod 1.y SUOIABY3q
pue uonus3e JUIof sunseaw o3
Pasn Sem UOIIRAISSO 10810
‘aeqow 3unua.ed painseaw
1INd Y2 :$3nspaw 3wodnQ

Al [PAST NG3D

01/ = 94025 o134 222[gns
-9|3uls suljaseq a|dnjnw :¢ adA )

3uipuodsau 3234400
pue sa1ANE AJOSUds
usamiaq diysuone|au

132Uny e si
[euonduNy e sl 3Byl (o o

J3Y3ayMm aulwILlLp O] pUE 31y UBA
JolABYaq

1e35-Ul pue Juswa3esus uo ($002)

Suness se s|eq Adesay jo Z3UBMYDS

$109)49 a3 93e31SdAUI O | pue 3uljiyas

Aejop |eauswdojarsp

Jo wsine yaim usJpjiyd Sunok
J0 2uawa3eSus Uo 1s9A paIy3lem
€ JO asn ay) sulwexa o |

(0102)

‘e 32 MoydIay

uonela.udaaiul

synsay

S9JNSEBW SWOIINO puk UOIJUSAJIRIU|

sauedipnaed/udisap/Buney

SJ3|ppol

Ul uonuaIe Julof Ul asER.IDUI
U pa)el|Ioe) SISOA PIYSIdM Jo (0102)
3sN 3Y3 J3YIBYM SUIWEXd O | ‘[e 32 Mo
s9AR9IqO Apmg

(penunuo)) -z ajqeL

Downloaded from aut.sagepub.com at University of Ulster Library on February 2, 2015


http://aut.sagepub.com/

Case-Smith et al.

SBI effects

A total of 14 studies that applied SBI met our criteria (we
excluded eight studies that were included by Lang et al.
(2012) because the participants did not have evidence of
sensory processing problems (no baseline measures of
sensory processing)). Thirteen studies used single-subject
design; seven studies examined the effects of a weighted
vest (Cox et al., 2009; Fertel-Daly et al., 2001; Hodgetts
et al., 2010, 2011; Kane et al., 2004; Leew et al., 2010;
Reichow et al., 2010), two examined sitting on therapy
balls (Bagatell et al., 2010; Schilling and Schwartz, 2004),
one evaluated brushing (Davis et al., 2011), and three
examined multiple-sensory strategies (Devlin et al., 2009,
2011; Van Rie and Heflin, 2009). For all but one study
(Davis et al., 2011), the interventions took place in schools
and educational centers. One study from Turkey (Fazlioglu
and Baran, 2008) examined a multisensory intervention in
a randomized trial of 30 children with ASD (15 interven-
tions and 15 controls). An educator applied a “sensory
diet” protocol, exposing the children to different sensa-
tions and practicing specific movements.

Outcomes provide very limited evidence of positive
effects. Seven studies, each using multiple baseline single-
subject design, examined the effects of a weighted vest on
children with ASD and sensory processing problems. Six
of the seven studies included a non-weighted vest condi-
tion and four studies included a control (no vest) condi-
tion. In each, behaviors were measured across multiple
phases of wearing the weighted vest. Only one study (n =
5) demonstrated a positive effect on children’s attention
and mixed effects on distractibility (Fertel-Daly et al.,
2001). Of the six studies that demonstrated no effects
when wearing a weighted vest, five measured stereotypic
behaviors (Cox et al., 2009; Hodgetts et al., 2010, 2011;
Kane et al., 2004; Reichow et al., 2010) and three meas-
ured attention or engagement (Kane et al., 2004; Leew
et al., 2010; Reichow et al., 2010).

Two multiple baseline single-subject studies of therapy
balls showed mixed effects (Bagatell et al., 2010; Schilling
and Schwartz, 2004). In both studies, young children (3—7
years) with ASD sat on therapy balls during classroom
activities to support their self-regulation. Schilling and
Schwartz (2004) found that all of the children (n =4) dem-
onstrated more in-seat and engaged behaviors when sitting
on the therapy ball. Bagatell et al. (2010) found that sitting
on a ball resulted in increased in-seat behavior for one
child, no effects for four children, and decreased in-seat
behavior for one child. Engagement was highly variable
and was not affected by sitting on a ball. In an ABA single-
subject design study, Davis et al. found no effects on ste-
reotypical behavior from administration of a brushing
protocol.

Four studies used a combination of different types of
vestibular stimulation, for example, swinging or bouncing

(Van Rie and Heflin, 2009) or a sensory diet of primarily
brushing, swinging, and jumping (Devlin et al., 2009,
2011; Fazlioglu and Baran, 2008). Two studies by Devlin
et al. found no effects from the multisensory stimulation
on self-injurious behaviors; one study (Van Rie and Heflin,
2009) demonstrated positive effects on behaviors related
to self-regulation. Van Rie and Heflin (2009) examined
students’ correct responses to academic tasks immediately
following swinging or bouncing and found that three of
four made more correct responds during the sensory stimu-
lation condition. Fazlioglu and Baran found a strong effect
(d = 2.1) in reducing sensory problems; however, limita-
tions of this RCT include no report of blinded evaluation
or use of a fidelity measure and limited description of the
SBIs. In addition, they used behavioral techniques, includ-
ing modeling, prompting, cueing, and fading that likely
confounded the intervention effects. These studies lacked
standardized or blinded evaluation, fidelity measures, and
a manualized or standardized intervention protocol for
SBI, limiting replication and generalization.

Discussion

As previously noted, SIT and SBI are among the most
widely used interventions for children with ASD. Although
families seek these interventions (Green et al., 2006), they
can be misunderstood by practitioners (Botts et al., 2008)
and have been defined differently by researchers (e.g.
Lang et al., 2012). Because SBIs designed to support a
child’s self-regulation are ideally implemented when the
child’s arousal is too high or low, effects may not result
when the strategies are applied using a protocol applied
once-a-day that does not consider the child’s arousal state.
SIT originated in the 1960s and 1970s (Ayres, 1972, 1979)
and is most often provided by occupational therapists. The
clinic-based approach focuses on the therapist—child rela-
tionship and uses play-based activities that provide a “just-
right” sensory motor challenge (scaffolding the child’s
emerging skills) to elicit adaptive responses in the child.
The therapist—child relationship and the systematic design
of activities that challenge the child while enhancing self-
regulation, for example, promoting optimal arousal, and
increasing appropriate behaviors, may be the primary
change-producing elements.

Using the criterion that SIT studies adhere to the pub-
lished rationale, purpose, and description of sensory inte-
gration intervention (Ayres, 1979; Bundy et al., 2002;
Parham et al., 2007), five studies were identified. The
RCTs that examined the effects of a manualized SIT found
meaningful positive effects (effect sizes ranging from .72
to 1.17) on GAS (the child’s individualized goals) (Pfeiffer
etal., 2011; Schaaf et al., 2013).

Because SIT activities focus on a child’s foundational
abilities to attend and learn (e.g. sensory integration, self-
regulation, and self-efficacy), rather than teach and
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practice specifically targeted behaviors, the immediate
treatment effects may be more diffuse than those of behav-
ioral interventions; it is unknown whether SIT has more
sustained and generalized effects. Recognizing that the
RCTs had small samples, SIT shows moderate effects on
parent- or teacher-reported measures. It is premature to
draw conclusions as to whether SIT for children with ASD,
which is designed to support a child’s intrinsic motivation
and sense of internal control, is ultimately effective. The
emphasis on play and child-centered activities may pro-
mote the child’s ability to generalize learning in play and
preferred activities. In practice, SIT is often combined with
behavioral, motor, and self-care approaches, and as such, a
comprehensive approach may produce desired outcomes.

SBIs are single-sensory strategies or a combination of
sensory strategies applied to the child, most often in the
school environment. Among the seven single-subject stud-
ies that applied a weighted vest, only one demonstrated
positive effects. Although these studies provide low-level
evidence, findings suggest that wearing a weighted vest
does not result in improved behavior (e.g. decreased ste-
reotypic behaviors, improved joint attention, or reduced
distractibility). The evidence for children sitting on balls
or for multisensory stimulation is limited and inconclusive
(c.g. Bagatell et al., 2010; Davis et al., 2011; Schilling and
Schwartz, 2004). Although one SBI study using multisen-
sory input found strong effects, its methodological limita-
tions reduce confidence in the findings (Fazlioglu and
Baran, 2008). Lack of blinded evaluation, limited descrip-
tion of the intervention and control conditions, use of a
non-standardized measure (checklist), and confounding
the “sensory diet” with behavioral techniques reduce the
certainty of findings (that were rated as “suggestive” by
Lang et al. (2012)). In sum, the evidence for SBI is insuf-
ficient to recommend their use.

As described in qualitative studies, parents may intui-
tively adapt their family’s routine and the home environ-
ment for children with sensory processing problems
(Bagby et al., 2012; Schaaf et al., 2011). In addition, occu-
pational therapists and other practitioners consult with
families to help them adapt their routines and environ-
ments to accommodate a child’s sensory processing diffi-
culties. For example, families adopt highly structured
routines, avoid highly stimulating environments, prepare
the child for transitions and potentially aversive sensory
experiences, develop strategies that support the child’s
self-regulation, and show flexibility when the child is una-
ble to cope. Persons with ASD and sensory processing
problems (e.g. Grandin, 1995; Williams, 1995) have
described how they adapted their environments and rou-
tines to meet their sensory needs. This systematic review
suggests that the use of single-sensory strategies (i.e. SBIs)
when implemented in school environments may not be
effective, particularly when they are not individualized to
the child’s sensory processing problem.

Limitations

By establishing a strict definition of sensory interventions,
only 19 studies met our inclusion criteria. Of these, only
three were RCTs (Type 3; Nathan and Gorman, 2007); the
majority of studies were multiple baseline single-subject
design. The studies did not use blinded evaluation, used
small samples, examined short-term interventions, and did
not examine retention of intervention gains.

Implications for research and practice

Children with ASD have sensory processing problems;
effective interventions to ameliorate the discomfort and
distress associated with these problems are needed.
Families report that managing the extreme sensory needs
of children with ASD can be highly stressful, given the
unpredictable nature of children’s responses to new
experiences and stimulating environments (Bagby et al.,
2012). When selecting interventions to support the
child’s self-regulation, the therapist’s roles and levels of
engagement and the intervention context should be con-
sidered. A key difference between SIT and SBI is the
role of the child (child-centered vs adult-directed).
Child-centered interventions that allow the child to initi-
ate and select activities are designed to enhance intrinsic
motivation, interest in the environment, and playful
intent. In the long term, child-directed interventions are
thought to build the child’s self-esteem and intrinsic
motivation to learn (Parham and Mailloux, 2010). Many
ASD interventions, including SBI, are adult-directed,
adhering to the rationale that children with ASD respond
to highly structured activities (Smith and Eikeseth,
2011). Adult-directed interventions can result in imme-
diate behavioral change (Odom et al. 2012), but may not
generalize to child-initiated behaviors across settings
(e.g. Kasari et al., 2006). A thoughtful approach that
alternates between and uses both approaches over time
may result in optimal outcomes (Kasari et al., 2006;
Landa, 2007).

While SIT is provided in a clinic environment, SBIs are
most often embedded in the school environment and
child’s daily routine. Our findings suggest that sensory
interventions applied in the school context may not have
benefit. Reasons for limited effectiveness may be a mis-
match between the goals and intent of SBI and the child’s
academic learning, lack of training of the adult who applied
and monitored the sensory strategies, misunderstanding of
how and for whom the sensory strategies would be benefi-
cial, and lack of potency. SIT allows the child and therapist
to focus on specific goals during one-on-one, sensory-
enhanced, play-based sessions that are individualized to
the child, suggesting more opportunities to affect behavior
and attain positive outcomes. Context, that is, clinic versus
school, may influence efficacy and be a salient variable to
consider when planning sensory interventions.
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Although clinicians and researchers have linked sen-
sory processing disorders to difficulties in maintaining
optimal arousal and regulating behavior (e.g. Miller et al.,
2007a), this relationship has not been well researched. To
understand how arousal and autonomic nervous system
function relate to behaviors indicating hyper and hypore-
activity, researchers have used a variety of physiological
measures (e.g. cortisol, galvanic skin response, and heart
rate variability) (e.g. Gabriels et al., 2013). Children with
ASD demonstrate greater between- and within-subject
variability in daily cortisol responses than children with-
out ASD, suggesting higher levels of dysregulated behav-
ior (Corbett et al., 2009). Low morning and elevated
evening cortisol imply a pattern of chronic stress and
cumulative stress throughout the day that is possibly
related to chronic overarousal. Consistent patterns of
arousal and hypo- or hyperreactivity have not been identi-
fied, and universally researchers have found high variance
in sensory processing and arousal patterns among chil-
dren with ASD (Ben-Sasson et al., 2009; Corbett et al.,
2009; Gabriels et al., 2013).

Recent SIT studies (e.g. Schaaf et al., 2013) have
included heart rate variability measures to examine how
intervention can influence basic arousal patterns. In a
sample of children with sensory processing problems,
Miller et al. (2007a) found changes in galvanic skin
response during SIT; however, variability was too high to
determine meaningful differences. By using physiologi-
cal measures in studies of SIT and SBI, future studies can
determine whether behavioral changes relate to physio-
logical changes, potentially linking sensory processing
and arousal to behavioral regulation. Physiological meas-
ures may allow discovery of how, or if, sensory interven-
tions influence arousal and moderate autonomic nervous
system functions and how physiological changes influ-
ence behavior.

SIT goals with children who have ASD (e.g. to pro-
mote self-regulation, self-efficacy, and optimal arousal)
complement the goals of other interventions or educa-
tional programs. It is most often used in combination
with behavioral or psychological interventions as part
of comprehensive programming. Future studies that
examine the effects SIT when combined with other
interventions can estimate the added benefit, if any, and
may reflect how SIT is most commonly applied in
practice.

Evidence for SBI for children with ASD is lacking.
Studies have not followed clinical protocols defining
how sensory strategies are carefully matched to the
child’s sensory processing problems (e.g. sitting on a ball
or jumping on a trampoline may benefit a child with
hyporeactivity to vestibular input), selected by the child
(or based on the child’s preferences), and carefully moni-
tored to gauge the child’s responses (see Bundy et al.,
2002; Watling et al., 2011).

Conclusion

Sensory processing problems are prevalent in children
with ASD; however, further research is needed to identify
how sensory processing, that is, hypo- and hyperreactivity,
affects arousal, relates to self-regulation, and influences
behavior. This systematic review of sensory interventions
found that SIT for children with ASD and sensory process-
ing problems demonstrates positive effects on the child’s
individualized goals; however, additional studies are
needed to confirm these results. Randomized trials using
blinded evaluation and larger samples are needed. SBIs
have almost no evidence of positive effects. Most SBI
studies lacked rigor and protocols varied widely. As spe-
cific protocols to improve sensory processing are devel-
oped and tested, they should target the child’s functional
performance and participation in eating, sleeping, daily
activities in home and school, and community activities.
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