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This article provides an introduction and overview of sensory integration
theory as it is used in occupational therapy practice for children with develop-
mental disabilities. This review of the theoretical tenets of the theory, its histor-
ical foundations, and early research provides the reader with a basis for explor-
ing current uses and applications. The key principles of the sensory integrative
approach, including concepts such as “the just right challenge” and “the
adaptive response” as conceptualized by A. Jean Ayres, the theory’s founder,
are presented to familiarize the reader with the approach. The state of research
in this area is presented, including studies underway to further delineate the
subtypes of sensory integrative dysfunction, the neurobiological mechanisms
of poor sensory processing, advances in theory development, and the devel-
opment of a fidelity measure for use in intervention studies. Finally, this article
reviews the current state of the evidence to support this approach and suggests
that consensual knowledge and empirical research are needed to further elu-
cidate the theory and its utility for a variety of children with developmental
disabilities. This is especially critical given the public pressure by parents of
children with autism and other developmental disabilities to obtain services and
who have anecdotally noted the utility of sensory integration therapy for help-
ing their children function more independently. Key limiting factors to research
include lack of funding, paucity of doctorate trained clinicians and researchers
in occupational therapy, and the inherent heterogeneity of the population of
children affected by sensory integrative dysfunction. A call to action for occu-
pational therapy researchers, funding agencies, and other professions is made
to support ongoing efforts and to develop initiatives that will lead to better
diagnoses and effective intervention for sensory integrative dysfunction, which
will improve the lives of children and their families. © 2005 Wiley-Liss, Inc.
MRDD Research Reviews 2005;11:143–148.
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Occupational therapy with a sensory integration ap-
proach (OT/SI) is designed to guide intervention for
children who have significant difficulty processing sen-

sory information, which restricts participation in daily life ac-
tivities. The theory of sensory integration was developed by A.
Jean Ayres [Ayres, 1972, 1979, 1989], an occupational therapist
with postdoctoral training in educational psychology and neu-
roscience. Guided by her roots in the clinical field of occupa-
tional therapy (OT), Ayres developed the theory of sensory
integration to explicate potential relationships between the neu-
ral processes of receiving, modulating, and integrating sensory
input and the resulting output: adaptive behavior. The theory
postulates that adequate processing and integration of sensory

information is an important substrate for adaptive behavior.
Given its focus on adaptive behavior and functional skills, this
approach is most frequently utilized by occupational therapists as
part of a total program of occupational therapy. The goal of
intervention is to improve the ability to process and integrate
sensory information and to provide a basis for improved inde-
pendence and participation in daily life activities, play, and
school tasks.

HISTORICAL PERSPECTIVES AND
NEUROBIOLOGICAL ROOTS

Ayres’ work was prompted by her clinical observations of
children with learning disabilities, many of whom she noted
displayed perceptual, sensory, and motor difficulties. Hypothe-
sizing that “learning is a function of the brain [and] learning
disorders . . . reflect some deviation in neural functions [Ayres,
1972],” Ayres developed a theoretical model, the theory of
Sensory Integration (SI). This theory; based on principles from
neuroscience, biology, psychology, and education, hypothesizes
that some children with learning disorders experience difficulty
processing and integrating sensory information and that this, in
turn, affects their behavior and learning. She theorized that the
behavior and learning problems were, in part, due to faulty
integration of sensory information and inability of higher centers
to modulate and regulate lower brain sensory–motor centers
[Ayres, 1972].

The theory is based on principles from neuroscience,
developmental psychology, occupational therapy, and educa-
tion: 1) sensorimotor development is an important substrate for
learning; 2) the interaction of the individual with the environ-
ment shapes brain development; 3) the nervous system is capable
of change (plasticity); and 4) meaningful sensory–motor activity
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is a powerful mediator of plasticity. Al-
though new findings and knowledge
demonstrate that the nervous system is
even more complex and integrated than
Ayres and others believed at the time,
many of the principles that Ayres built
the theory of sensory integration upon
are still held in high regard. This knowl-
edge has been strengthened by research
demonstrating that structural, molecular,
and cellular changes in neural functions
are possible and that meaningful sensory
motor activities can be mediators of plas-
ticity [Merzenich et al., 1984; Greenough
et al., 1987; Kandel and Jessell, 1995; Kem-
permann and Gage, 1999; McKenzie, et
al., 2003].

To examine and field test her the-
ory of SI, Ayres created a battery of tests,
the Southern California Sensory Integra-
tion tests, which evaluated sensory pro-
cessing, sensory motor, and perceptual
motor skills. Using these tests, she con-
ducted a number of cluster and factor
analytic studies to further define the the-
ory. She found clusters of symptoms that
fell into meaningful patterns that de-
scribed clinical samples of the children,
which served to guide intervention strat-
egies [Ayres, 1979, 1989]. For example, a
factor termed “developmental dyspraxia”
was consistently identified in children
who seemed to have difficulty creating
ideas for, planning, and carrying out new
motor activities and processing tactile
and other somatosensory information.

THE SENSORY INTEGRATIVE
APPROACH

Professionals who use the sensory
integrative approach follow a set of prin-
ciples, based on sensory integration the-
ory, that guide the therapists’ clinical rea-
soning skills. These principles are
operationalized in therapy to include
concepts such as “Active Sensory–Motor
Experiences,” “the Just Right Chal-
lenge,” “the Adaptive Response,” “Ac-
tive Participation,” and “Child-Direc-
tion.” These principles are further
defined and delineated in Table 1. The
intervention is unique in that it addresses
the underlying substrates of dysfunction
rather than just the functional difficulties
itself. Ayres [1972] states:

A sensory integrative approach to treating learning
disorders differs from many other approaches in that
it does not teach specific skills. . . . Rather, the
objective is to enhance the brain’s . . . capacity to
perceive, remember, and motor plan [as a basis for
learning]. . . Therapy is considered a supplement,
not a substitute to formal classroom instruction. . .

Therapy provides opportunities for
engagement in sensory motor activities
rich in tactile, vestibular, and propriocep-

tive sensations. The therapeutic environ-
ment is designed to tap into the child’s
inner drive to play. The therapist uses
keen observation skills to observe and
interpret the child’s behaviors and inter-
ests and then creates a playful environ-
ment in which the child actively pursues
achievable challenges [Bundy et al.,
2002; Kimball, 1993; Smith-Roley and
Spitzer, 2001; Schaaf and Smith-Roley,
in press]. For example, occupational
therapy using a sensory integrative ap-
proach for a child with developmental
dyspraxia and poor body awareness
might include facilitating the child
climbing across a low platform to access a
large area filled with colorful balls (ball
pit), then completing an unfamiliar ob-
stacle course that consists of climbing up
a rope ladder attached to the wall, jump-
ing into large pillows that have a variety
of textures, and then pulling him/herself
out of the pillows using a rope attached
to the opposite wall. Thus, the child is
guided through challenging and fun ac-
tivities designed to stimulate and inte-
grate sensory systems, challenge their
motor systems, and facilitate integration
of sensory, motor, cognitive, and percep-
tual skills.

Astute observation of the child’s
ability to process and utilize sensory in-
formation during these playful activities is
a key skill of therapists trained in the
sensory integrative approach and a fea-
ture that distinguishes this approach from
others. The therapist observes the child’s
responses during the activity and in-
creases or decreases the sensory and mo-
tor demands to create a challenging and
therapeutic environment. In keeping
with the theory, goals and progress are
recorded in the observable changes in the
child’s ability to participate in sensory-
based activities, regulate arousal level,
improvement in sensory motor skills, and

improvement in ability to participate in-
dependently in daily life activities. In ad-
dition to direct intervention with the
child, the therapist interacts and collabo-
rates with parents, teachers, and others
who are involved with the child to 1)
help them understand the child’s behav-
ior from a sensory perspective, 2) adapt
the environment to the needs of the
child, 3) create needed sensory and mo-
tor experiences throughout their day in
their natural environments, and 4) assure
that therapy is helping the child become
more functional in their daily life activi-
ties.

USEFUL POPULATIONS FOR
THE SI APPROACH

Although the original theory was
developed for children with learning dis-
abilities, Ayres recognized the utility of
the theory for other clinical populations.
For example, Ayres and Tickle [1980]
applied the theory to children with au-
tism and noted that it helped decrease
tactile and other sensitivities to stimuli
that interfere with their ability to play,
learn, and interact. Since that time, sen-
sory integrative principles have also been
applied to various populations, including
infants born at risk and/or with regula-
tory disorders, children with autistic
spectrum disorders, fragile X syndrome,
attention deficit disorder (ADHD) [Og-
nibene, 2002], and children from envi-
ronmentally deprived situations [Cer-
mack, 2001].

A high frequency (80–90%) of
sensory processing problems are reported
in children with autism spectrum disor-
ders [Ornitz; 1974; O’Neill and Jones,
1997; Kientz and Dunn, 1997; Huebner,
2001]. Poor sensory processing may con-
tribute to the maladaptive behavioral
profile of these children and impact on
their ability to participate in social,

Table 1. Key Principles of the Sensory Integrative Approach

Principle Description

Just Right Challenge The therapist creates playful activities with achievable challenges; the
activities incorporate a challenge but the child is always successful.

The Adaptive
Response

In response to the Just Right Challenge, the child adapts their
behavior with new and useful strategies, thus furthering
development

Active Engagement The therapist’s artful creation of challenging, yet playful, sensory-
rich environments entice the child to participate actively in play;
the methods of play incorporate new and advanced abilities that
increase the child’s repertoire of skills and processing.

Child Directed The therapist constantly observes the child’s behavior and reads their
behavioral cues, thus following the child’s lead or suggestions.
The therapist uses the child’s cues to create enticing, sensory-rich
activities.
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school, and home activities [Anzalone
and Williamson, 2000; DeGangi, 2000;
Schaaf et al., 2002]. Children with autism
often demonstrate extreme aversion to or
excessive seeking of sensory stimuli,
avoidance of noisy situations, unusual
preoccupation with smells or visual stim-
uli, or fearfulness of typical activities that
involve touch, sounds, and movement
[Kientz and Dunn, 1997; Huebner,
2001; Mailloux, 2001; Mailloux and
Smith Roley, 2001]. Whether these ab-
errant behaviors arise as a mechanism to
maintain arousal [Ayres, 1979; Ornitz,
1989], to limit distraction to other stim-
uli, or because the children are self-ab-
sorbed by sensation, the net effect is lim-
itation of the child’s ability to participate
in school, home, and play activities with
their family and peers. Self-reports from
individuals on the autistic spectrum con-
firm these findings and are powerful in
terms of describing the impact of sensory
dysfunction on participation in daily life
activities [Williams, 1992, 1994;
Grandin, 1995; O’Neill and Jones, 1997].
These descriptions portray how over- or
underresponsiveness to the typical sensa-
tions of daily life pervade behavior and
limit the individual’s ability to participate
fully in society. For example, Grandin
[1995], a high-functioning individual di-
agnosed with autism, articulates how her
unusual processing of auditory, visual,
and tactile information makes it difficult
for her process more than one stimulus
simultaneously, which impacts her ability
to socially interact. As a result, she does
not enjoy or participate in many typical
activities with others.

UPDATES IN THEORY AND
PRACTICE

Since its conception in the late
1960s, Ayres’ original theoretical princi-
ples have been extended, updated, and
advanced based on advancements in sci-
ence and clinical practice. One recent
development is the proposed grouping of
SI into three classic patterns, each of
which consist of several subtypes: Sen-
sory Modulation Disorder, Sensory Dis-
crimination Disorder, and Sensory-based
Motor Disorders as demonstrated in Fig-
ure 1. The authors suggest that delineat-
ing these subtypes is crucial so that ho-
mogenous groups may be identified to
guide intervention and research related to
describing the phenotypes of sensory
processing disorder and evaluating the ef-
fectiveness of intervention with this pop-
ulation.

The pattern of poor sensory mod-
ulation has been most frequently dis-
cussed in the literature. Defined as “a

problem in the capacity to regulate . . .
response to sensory input in a graded . . .
manner. . . [that] disrupts ability to
achieve and maintain and an optimal
range of performance necessary to adapt
to challenges in life” [Miller and Lane,
2000], children with poor sensory mod-
ulation are reported to over or underre-
spond to normal levels of stimuli in their
environment. Efforts at screening for
poor sensory modulation have been
made easier by the Sensory Profile
[Dunn, 1999a, 1999b], The Infant Tod-
dler Sensory Profile [Dunn, 2002], and
the Adult Sensory Profile [Brown and
Dunn, 2002]. These tools are parent/self
questionnaires that describe responses to
sensation during daily life activities.

In an effort to identify the under-
lying mechanisms of poor sensory mod-
ulation, Miller, et al. [2005] completed a
series of studies examining autonomic
nervous system functioning in children
with poor sensory modulation. They
have shown that children with severe
hyperresponsivity and Fragile X syn-
drome have markers of sympathetic dys-
function evidenced by electrodermal ac-
tivity with significantly increased
amplitudes, more frequent responses, and
less habituation than matched controls
[Miller et al., 1999]. They also studied
children with poor sensory modulation
and no other developmental diagnosis
identified clinically. These children also
showed significant markers of sympa-
thetic dysfunction [McIntosh et al.,
1999]. In addition to sympathetic mark-
ers of sensory dysfunction, parasympa-
thetic markers have been evaluated
[Schaaf et al., 2003], suggesting that the
functioning of the sympathetic and para-
sympathetic systems should be consid-
ered together when trying to understand
the contribution of the autonomic ner-
vous system to poor sensory modulation.
Studies of children diagnosed with atten-
tion deficit disorders showed a range of
responses in regard to sensory processing

with about two-thirds of the sample
showing symptoms of poor sensory pro-
cessing [Mangeot et al., 2001]. Approxi-
mately 40% of the sample of children
with poor sensory modulation also had
symptoms of attentional deficits [Ahn et
al., 2004]. This population had different
sympathetic markers of sensory reactivity
[Roley, et al., 2005] and decreased re-
sponse inhibition in the presence of nor-
mal sensory habituation [Ognibene,
2002].

The most recent contribution to
practice and to advance research is the
efforts of the Sensory Processing Disor-
ders Scientific Workgroup [SPD, 2004],
a multidisciplinary group of established
leaders in developmental psychobiology
research. The group is studying diverse
aspects of atypical sensory processing, in-
cluding central metabolic differences us-
ing proton magnetic spectroscopy, phys-
iological correlates of early perceptual
processing, sensory gating evoked poten-
tial (P50) discrimination, and genetic fac-
tors that relate to the etiology, for exam-
ple. Additional research questions posed
by this workgroup relate to differences in
dopamine D2 receptor binding availabil-
ity, presynaptic dopamine synthesis, and
serotonin receptor availability in SMD,
and pharmacological agents for treatment
of children with poor sensory processing.

PREVALENCE
Although clinicians and educators

have speculated that the prevalence of
children affected by poor sensory modu-
lation is high, the true numbers have only
recently been appreciated. Miller and
colleagues conducted a survey to estimate
rates of sensory processing disorders in
incoming kindergartners from one sub-
urban U.S. public school district [Ahn et
al., 2004]. The Short Sensory Profile, a
carefully researched version [McIntosh et
al., 1999] of the Sensory Profile parent-
report screening tool, was utilized. A
conservative estimate of prevalence was

Fig. 1. Proposed patterns of sensory processing disorder [Miller, 2004]. [Color figure can be
viewed in the online issue, which is available at www.interscience.wiley.com].
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made, assuming that all nonrespondents
failed to meet positive criteria for SMD.
Approximately 5% of the kindergarten
enrollment met screening criteria for sen-
sory processing disorders.

EVIDENCE SUPPORTING THE
THEORY, PRINCIPLES, AND
PRACTICE OF SI

General knowledge and empirical
research are needed to validate a new area
of clinical investigation. To develop con-
sensus, a state of “equipoise” (Kuhn
Structure of Scientific Revolution) must
be reached. Equipoise is a state of agree-
ment within the community for whom
the issue has meaning, such as families
with children affected, researchers, clini-
cians, and scholars. To achieve this state,
empirical research must be conducted
and findings must be generalized to the
people who are stakeholders. The re-
searchers and stakeholders build a com-
munity based on a consensus of beliefs.
An excellent method to generate confi-
dence in a new methodology is by rep-
lication of treatment effects.

Currently, efforts to facilitate con-
sensus regarding the merits of OT using a
sensory integrative approach are under-
way. One reason for the lag in this area is
that the science of OT is relatively new
compared to fields such as psychology
and medicine with longer traditions of
research and trained scientists. OT is his-
torically a field of service provision, so
efforts have mainly focused on practice
issues. Many case studies detailing the use
and effectiveness of OT using a sensory
integrative approach have been published
in the peer-reviewed literature with ex-
amples of strategies that might have util-
ity for clinicians and for generating hy-
potheses [Schaaf, et al., 1987; Case-Smith
and Bryan, 1999; Linderman and Stew-
art, 1999; Baranek, 2002; Mulligan,
2003a, 2003b]. As the number of occu-
pational therapists with doctoral level
training increases, the availability of re-
search scholars who can implement inde-
pendent research grows, and the funding
for this type of research is expanded, new
research to facilitate consensus will ex-
pand.

The best route to establishing a
consensus is convergence of results from
multiple studies and replication [Ziman,
1968]. Public acceptance of the princi-
ples of SI also encourages empirical re-
search. For OT/SI this has been sup-
ported by several factors. First,
individuals affected by autism began to
verbalize the impact of poor sensory pro-
cessing on behavior and function
[Grandin, 1986; Williams, 1992, 1994;

Grandin, 1995]. These verbal individuals
provided new insight into how sensory
over- or underresponsiveness limits their
own ability to function effectively in
their various roles and daily life activities.
They report the importance of interven-
tion strategies to address their own atyp-
ical sensory processing. Second, the pop-
ular best seller, The Out of Sync Child
[Kranowitz, 1998], rekindled interest in
OT using a sensory integration approach.
Parents identified with the descriptions
provided in the Kranowitz book and be-
gan to seek treatment approaches that
addressed sensory issues. They began
pushing from the consumer side for ser-
vices based on a desire to help their child
rather than waiting for analysis of scien-
tific evidence.

Although public awareness and ac-
ceptance of OT using a sensory integra-
tive approach increased, a tension be-
tween the push for services and empirical
science supporting this approach re-
mained. Until empirical consensus is
reached about the effectiveness of this
approach, the practice will not be widely
accepted by the broader scientific com-
munity, and the consensus will be limited
to the therapeutic community. Fortu-
nately, the efforts described in this article
are actively working to close the gap
between practice and research.

It is interesting to note that, al-
though controversy regarding the effec-
tiveness of OT using a sensory integra-
tion approach exists, over 80 studies have
been conducted that measure some as-
pect of the effectiveness of this approach
for intervention. About half of the studies
demonstrate some type of treatment ef-
fectiveness. Two metaanalyses [Otten-
bacher, 1982; Vargas and Camilli, 1999]
and four research reports [Palatojko, et al.
1992; Arendt et al., 1988; Hoehn and
Baumeister, 1994] have been published
summarizing these outcome studies.
Some of the syntheses concluded that the
approach is effective and other syntheses
suggest the intervention was equally ef-
fective as other approaches.

At this point in time, interpretation
of the findings of these 80 studies is dif-
ficult due to three methodological limi-
tations. The first key challenge for OT
researchers is defining the independent
variable (the treatment) in a manner that
is replicable. As this intervention ap-
proach is individualized (often compared
to the way psychotherapy is individual-
ized), standardization of treatment has
been a challenge to outcome research.
Recent progress to define the interven-
tion has been made by a multisite re-
search group funded by an NIH R21

planning grant. This group completed a
thorough review of existing treatment
resources and developed a treatment pro-
tocol and a “Fidelity to Treatment Mea-
sure” to evaluate whether the therapy
that is administered is true to the princi-
ples established in the literature for the
treatment. The Fidelity Scale evaluates
constructs related to the intervention
provided, details the training of the per-
sons administering the intervention, and
specifies the environment in which the
treatment is conducted.

A second key challenge to inter-
preting existing research that evaluates
the effectiveness of OT using a sensory
integrative approach is 1) dependent
measures used in previous research were
not related to the purpose of the inter-
vention; 2) researchers did not utilize a
theoretical base to explain the how the
putative mechanisms of the treatment are
measured by the specific outcomes uti-
lized; and 3) multiple outcomes were uti-
lized instead of specifically targeted out-
comes to the surmised mechanisms of
treatment.

In addition, research has been con-
ducted on ”sensory integration“ as an
isolated modality rather than embedding
it in the context of a full OT program
[Polatajko et al., 1992] as was originally
intended. Ayres always used an occupa-
tional frame of reference in providing
intervention [Ayres, 1972, 1979, 1989].
This means that the goals of therapy are
always functional abilities and routines,
include “occupations” of early childhood
such as sleeping, eating, dressing, playing,
interacting with others, learning, and so
on, and embody key concepts such as
active participation and the just right
challenge. Thus, these studies, while in-
teresting, are not informing the public
about OT using a sensory integrative ap-
proach. Next, few studies establish a the-
oretical basis for their hypotheses, citing
instead the question, “Does sensory inte-
grative treatment work?,” which is a sim-
plistic and atheoretical question. Finally,
in existing research many studies use
multiple outcome measures with no
good explanation of how the outcomes
relate to the suspected effects of treat-
ment and utilize [Densem et al., 1989] a
“fishing expedition” approach hoping to
find something that might be statistically
significant. The statistical result of this
type of study is that the strength of the
treatment is likely to be reduced because
there is no hypothesis about the relation
between the treatment and outcomes.
Researchers run the risk of nonsignificant
and uninterpretable results [Ottenbacher,
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1991], hence some of the findings of
nonsignificance are difficult to interpret.

The multisite R21 research team
working on the challenge of treatment
replication is also working on a system-
atic way to apply goal attainment scaling
(GAS) as a primary outcome measure for
effectiveness studies. GAS provides a
means to establish intervention goals that
are specifically relevant to individuals and
their families and that allow comparison
of achievement across diverse desired
functional outcomes. GAS in combina-
tion with physiological outcome mea-
sures will provide a method for measur-
ing effectiveness that will increase the
integrity, strength, and replicability of fu-
ture effectiveness studies.

The third key challenge relates to
the homogeneity of the samples studied.
A limitation of previous studies was the
difficulty in defining a homogenous
group. The heterogeneity of samples in
previous research increased within-group
variability and reduced the probability of
finding significant group differences.
Now with the publication of the Sensory
Profiles and the physiological paradigm,
the Sensory Challenge Protocol [Miller
et al., 1999], which suggests electroder-
mal activity criteria for inclusion in spe-
cific sensory processing subtypes, future
studies can define their samples in a man-
ner that allows replication across sties.

The limitations in previous studies
result in the absence of consensus in the
field regarding the effectiveness of SI in-
terventions. The field is using lessons
learned to improve future studies, mov-
ing the research forward. Careful exam-
ination of the approximately 80 previous
studies reveals that important contribu-
tions to the study of sensory processing
disorder have been made. Given the cur-
rent level of research, diverse findings are
not surprising. This inconsistency is pre-
dictable, given the variation in sample
characteristics, intervention methods and
duration, and outcomes measured. The
knowledge base in this field is in its in-
fancy and substantial work is needed be-
fore enough rigorous empirical data are
available to proffer valid conclusions
about the effectiveness of this interven-
tion approach.

In conclusion, significant progress
has been made in defining homogenous
subgroups for analysis, in describing a
replicable treatment, and in choosing
valid outcome measures. However, gaps
exist in knowledge related to sensory
processing disorder and the effectiveness
of occupational therapy in ameliorating
this condition. Hence, in the field of
occupational therapy, we have a clear and

exciting challenge to action. The field
offers tremendous promise. Studies are
underway to elucidate the underlying
mechanisms of the impairment, to define
the phenotypic characteristics of the dis-
order, to discriminate the disorder from
other developmental disorders (e.g.,
ADHD and autism), and to evaluate the
effectiveness of OT services in remediat-
ing the dysfunction. New research with
stronger empirical standards is forthcom-
ing. We are on the cusp of an explosion
of knowledge in this area providing rig-
orous scientific data to move the field
forward. Scientists and practitioners alike
must promote research that leads to bet-
ter diagnoses and effective interventions,
improving the lives of children and their
families. f
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A Case Study of Effectiveness

KEY WORDS
• effectiveness
• occupational therapy
• pediatric
• sensory integration
• sensory processing

Children with poor sensory processing often have difficulty regulating their
responses to sensation. Lane, Miller, and Hanft (2000) described this as sensory

modulation disorder, an inability to “regulate and organize the degree, intensity,
and nature of response to sensory input in a graded and adaptive manner” (p. 1).
Occupational therapy intervention for this population uses principles from sensory
integration theory and focuses on engagement in child-directed, sensory-rich expe-
riences that are individually designed to address each child’s specific sensory needs
(Ayres, 1979). The therapist artfully engineers and adjusts the sensory qualities of
the environment, promoting self-direction and play while facilitating adaptive
responses in motor, affective, social, language, and cognitive areas; creating the
“just-right challenge”; and tapping the child’s inner drive (Ayres, 1972; Schaaf &
Smith Roley, 2006). “The goal of intervention is to improve the child’s ability to
process and integrate sensory information as a basis for enhanced independence
and participation in daily life activities, play (including social participation) and
school tasks” (Schaaf & Miller, 2005, p. 2).

The ability to modulate sensory information provides a foundation for mean-
ingful and purposeful participation in a full range of daily occupations, and there-
fore, people with poor sensory modulation often have problems successfully meet-
ing the challenges of everyday life (Lane et al., 2000). They demonstrate extreme
hyporesponsivity or hyperresponsivity to typical levels of sensory input and exhibit
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unusual patterns of sensation seeking or avoiding that
impede full participation in everyday activities such as
dressing, playing, mealtime, bath time, and social interac-
tion with others (Dunn, 1997). Frequently, extreme emo-
tional states such as anxiety, depression, anger, and hostility
also are present (Schaaf & Smith Roley, 2006). Parents
report that poor social participation, self-regulation, and
perceived competence are key difficulties experienced by
their children (Cohn, Miller, & Tickle-Degnen, 2000).

Although occupational therapy using a sensory integra-
tive approach (OT-SI) is widely used for children with poor
sensory modulation, evidence supporting its value and
effectiveness is controversial and inconclusive. Efficacy
studies have shown varying results (see Miller [2003] and
Mulligan [2003] for reviews) partly due to the heterogene-
ity of the population, lack of strict adherence to the princi-
ples of sensory integration theory and treatment, and use of
outcome measures that are not “occupation” based. Given
these issues, one strategy for evaluating the effectiveness of
intervention for this population is the case study approach.
This approach allows the researcher to provide an in-depth
analysis of a person’s intervention outcomes and changes in
behavior as a consequence of intervention and allows the
use of multiple methods of data collection to explain the
complexity of the case (DePoy & Gitlin, 1998). Although
the case study approach does not allow generalization of
findings, it informs clinical practice by explicating clinical
problems and useful solutions.

Methods
A descriptive case study design was used to evaluate the
effectiveness of OT-SI. A history and occupational profile
(Schaaf & Smith Roley, 2006) revealed that many of the par-
ticipant child’s presenting problems could be related to sen-
sory avoidance and hypersensitivity to sensation. To further
assess this hypothesis, the Sensory Profile (Dunn, 1999), an
interview with the parent, a review of previous evaluation
reports, and systematic observation of behaviors were per-
formed. Based on assessment data, specific goals were devel-
oped and reviewed with the child’s mother to assure that the
goals were meeting identified and appropriate areas of con-
cern. Documentation of progress toward goals was collected
and charted weekly. A parent interview was conducted dur-
ing the final month of intervention to obtain input about
the child’s past and present occupational concerns and the
success of the OT-SI program in meeting his needs.

Participant

J was a 4-year-old male who lived with his parents and older
brother in a suburban area. He was born after a full-term

pregnancy with no birth or early infancy complications. J’s
mother described him as a hesitant child who stayed close
and rarely wandered or got into things. At about 2 years of
age, when J’s language lagged, his parents contacted the
local early intervention agency and were provided with
speech and language therapy, occupational therapy, and
educational support services. The focus of intervention was
a developmental approach that facilitated skill development
through the use of developmentally appropriate activities.
In reflecting on J’s development, J’s mother noted,

The summer that he turned 2, he stood out . . . compared
to other kids. He was running around saying the alphabet,
that’s all he would do. He was completely obsessed with
numbers and letters. He could say his ABCs forward and
backward, but he couldn’t say “Mom, juice.” He had a few
words that referred to everything. I started to notice . . . lots
of issues with him, lots of texture aversions. If we were
walking in the grass, he would not take two steps forward.
He would put his feet in the ground and not move until
someone picked him up . . . because he did not like the feel
of that. And it just broke our hearts to see him not find joy
but fear and major blocks with things that should be nor-
mal, everyday, fun childhood play things. (J’s mother, per-
sonal communication, July 25, 2002)

After 1 year of early intervention, a comprehensive
reevaluation found that, although some improvements were
noted, J still had substantial needs in his expressive language
skills and his overall social, emotional, behavioral, motor,
and sensory development. J was still hesitant to participate
in new activities and avoided sensory activities, which was
affecting his ability to participate in social contexts or to
play independently. In addition, J’s mother now noticed
oral sensory sensitivities as well as movement and auditory
sensitivity:

He never explored anything orally. He would never take a
pacifier, he absolutely refused to take a bottle. . . . He
drooled much longer than a child should . . . and he had
major texture aversions to foods. He had such a limited
diet, it was scary. I remembered slicing pears and putting
them on a plate, and [him] physically start shaking from
the texture, and flinging it [across the room]. . . . He never
sought out movement. . . . He would not go up or down
our stairs. As a parent, it was wonderful: I didn’t need any
gates, he was scared to death, and he wouldn’t explore any
of that. Playground was really tough for him. He would cir-
cle around and never really climb on anything. Kids would
ask him to, he would say no, shut his eyes, and walk away.
That was the hardest for me, seeing him struggle so much
with something he should be enjoying. [Socially] he never
really interacted with a lot of kids. He was so overwhelmed
with anyone he didn’t know well. He never was the kind of
kid that would flip out or get angry; instead, he would shut
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down and he would block out noises and sounds and stim-
uli that bothered him. (J’s mother, personal communica-
tion, July 25, 2002)

J’s mother decided to seek additional occupational
therapy services, specifically OT-SI. The primary therapist
was certified in the Sensory Integrative Process by the Uni-
versity of Southern California/Western Psychological Ser-
vices and had 20 years of experience using the sensory inte-
grative frame of reference as part of her occupational
therapy practice.

Measures

The Sensory Profile (Dunn, 1999) was used to assess J’s
behaviors and their potential sensory basis. The Sensory
Profile is a measure of children’s responses to sensory events
in daily life that provides data about how patterns in sen-
sory development might be contributing to, or creating bar-
riers to, performance in daily life (Dunn, 1999). The Sen-
sory Profile’s content validity is reported at 63%, and
construct validity is rated as moderate (see Dunn, 1999, for
more details). J scored in the definite difference range on 5
of the 14 category sections and 3 out of 8 factors, and in the
probable difference range on 3 of the categories and 2 of the
factors as detailed in Table 1. J was not administered the
Sensory Integration and Praxis Tests because he was unable
to manage the complex directions associated with this test
at this time.

Goals for therapy were developed in collaboration with
J’s mother and focused on improving sensory processing as
a basis for enhanced ability to participate in everyday activ-
ities. In keeping with the theory of sensory integration and
the practice guidelines for occupational therapy (American
Occupational Therapy Association, 2002), goals were based
on assessment findings and focused on occupation-based
outcomes and the underlying sensory components that had
an impact on these (Mailloux, 2006). J’s goals are detailed
in Figure 1.

Goal attainment scaling was used to document, quantify,
and compare progress on each goal. The system for develop-
ing the goal attainment scale followed the recommendations
in the literature (Kiresuk, Smith, & Cardillo, 1994; Mailloux
et al., 2007; Ottenbacher & Cusick, 1990). The rating for
each goal for every session was determined by reviewing
weekly progress notes to determine the scaled rank.

Assessment Findings

The occupational therapy assessment of J’s strengths and
needs indicated that J demonstrated notable deficits in sen-
sory processing that were affecting his ability to participate
optimally in social, play, and home activities. Specifically, he
demonstrated hyperresponsivity to tactile, vestibular, oral–
sensory, and auditory stimuli; a limited food repertoire;
exaggerated emotional, behavioral, and fear responses to
sensation and everyday activities; and expressive language
delays. His occupational therapy report summarized:

J is a shy and quiet 41/2-year-old child referred for an occu-
pational therapy evaluation to assess sensory integrative and
praxis abilities and needs, and to determine if delays in
these areas may be affecting his participation in age-
appropriate activities. Specifically, his mother notes that he
has excessive fear reactions to typical movement/play activ-
ities (such as playground equipment), limited strategies for
play and interaction with others, a significantly limited
food repertoire, and delayed communication skills. He has
a supportive family, enjoys ball skills, and demonstrates
emerging language and communication skills. J is inter-
ested in play, but is very hesitant and fearful to engage in
many gross motor play activities such as climbing and
jumping. He primarily uses vision to explore his environ-
ment and is a passive, observant child. When coaxed to
play, however, and provided with play ideas, J engages hes-
itantly. Assessment findings indicate that poor sensory pro-
cessing contributes to described difficulties. Specifically, he
demonstrates sensitivity and fear of movement activities,
and excessive sensitivity to auditory stimuli and tactile sen-
sations in his mouth and on his body. In addition, he
demonstrates a moderate dyspraxia in that he has difficulty
creating ideas and schemes for play and movement activi-
ties. (R. Schaaf, personal communication, July 28, 2002)
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Table 1. Sensory Profile Test Scores for J
Category/Section Difference Rating

Sensory Processing
Auditory Processing Probable
Visual Processing Probable
Vestibular Processing Typical
Touch Processing Definite
Multisensory Probable
Oral Sensory Typical

Modulation Processing
Sensory Related to Endurance/Tone Definite
Modulation to Body Position/Movement Definite
Modulation of Movement/Activity Level Typical
Modulation of Sensory Input/Emotional Definite
Modulation of Visual Input Typical

Behavioral/Emotional Responses
Emotional/Social Responses Definite
Behavioral Outcomes of Sensory Processing Probable
Thresholds of Responses Typical

Factors
Sensory Seeking Typical
Emotionally Reactive Definite
Low Endurance/Tone Definite
Oral Sensory Sensitivity Typical
Inattention/Distractibility Typical
Poor Registration Probable
Sensory Sensitivity Definite
Sedentary Probable
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–1
J requires assistance to
complete a 1-step activity

0
J will request and perform a
simple motor activity

1
J will independently request
and complete a 2-step
sequence

2
J will independently request
and complete a 3- to 4-step
sequence

3
J will independently request
and complete a 4- to 6-step
sequence during session

1. J will demonstrate an increase in sensory and motor skills as a basis for independent participation in age-appropriate home, school, and community activities.
Measurement: 80% of the time as observed by the therapist and reported by parents.

–1
J will participate in 5 min of
vestibular activities during
OT session

0
J will participate in 10 min
of vestibular activities with
support from parent or 
therapist during OT session

1
J will participate in 15 min
of vestibular activities with
support from parent or 
therapist during OT session

2
J will participate in 20 min
of vestibular activities with
minimal support from 
parent or therapist 

3
J will participate in age-
appropriate activities that
have a vestibular component
(swings, playground activi-
ties) at home/community
settings

2. J will participate in vestibular activities without fear reactivity as a basis for age-appropriate play with peers.
Measurement: 80% of the time as observed by the therapist and reported by parents.

–1
J will refuse to eat nonpre-
ferred food during oral–
motor session

0
J will take 1 bite of nonpre-
ferred food and participate
in oral motor play for 5 min
during session

1
J will participate in oral–
motor play (whistles, bub-
bles) for 10 min with peer

2
J will choose nonpreferred
food initially during snack
session and will participate
in oral–motor play for 
15 min

3
J will tolerate preferred/non-
preferred foods interchange-
ably throughout snack ses-
sion and participate in oral–
motor play independently

3. J will participate in a variety of oral sensory activities as a basis for expanded food repertoire and increased participation in mealtime and snack time.
Measurement: 80% of the time as observed by the therapist and reported by parents.

–1
J will initiate social interac-
tion with peer with direction
and prompting

0
J will initiate 1 social inter-
action with peer during OT
session

1
J will tolerate 15 min of
social interaction with peer 

2
J will have a 10-min conver-
sation with peer during OT
session 

3
J will initiate 3 or 4 social
situations with peer to pro-
mote social awareness and
interaction

4. J will demonstrate improved social development as a basis for participation in play with peers.
Measurement: 80% of the time as observed by the therapist and reported by parents.

–1
J requires moderate physi-
cal assistance to snip paper
and to maintain proper scis-
sor positioning

0
J requires minimal physical
assistance to snip paper and
to maintain proper scissor
positioning

1
J requires moderate verbal
cues to snip paper in proper
direction and to maintain
proper scissor positioning

2
J requires minimal verbal
cues to snip paper in proper
direction and to maintain
proper scissor positioning

3
J can independently cut
across paper and maintain
proper scissor positioning
throughout

5. J will demonstrate age-appropriate fine-motor skills as a basis for participation in school activities.
Measurement: 80% of the time as observed by the therapist and reported by parents.

Cutting/Hand Manipulation/Grip Strength

–1
J requires maximum assis-
tance in throwing and catch-
ing a ball from 10-feet 
distance

0
J requires moderate assis-
tance in throwing and catch-
ing a ball from 10-feet 
distance

1
J requires minimal assis-
tance in throwing and catch-
ing a ball from 10-feet 
distance

2
J requires minimal assis-
tance in throwing and catch-
ing a ball from 15–20-feet
distance

3
J can throw and catch a ball
independently from 15–20-
feet distance

Hand Strength/Visual Motor Coordination

Note. OT = occupational therapy. Each of J’s five main goals were ranked and scaled according to the following scale: –1 = J has regressed from his previous treat-
ment session in this particular goal; 0 = current level of functioning at start of treatment; 1 = reflects incremental progress in the specified goal; 2 = reflects signifi-
cant progress in the specified goal; 3 = J has attained this goal.

Figure 1. Goals and goal attainment scale for J.



Based on the assessment results, direct OT-SI was rec-
ommended once per week with frequent consultation and
collaboration with J’s mother (weekly) and J’s preschool
teacher (monthly). Direct, individual therapy was aimed at
remediation of the underlying sensory hypersensitivities.
Consultation with the teacher was accomplished through
the use of phone conversation and a notebook that J’s
mother relayed to the school weekly. Therapy was provided
in an OT-SI clinic consistent with the criteria outlined by
Parham and colleagues. (2007), Schaaf and Smith Roley
(2006), and Slavik and Chew (1990). A typical treatment
session is outlined in Table 2.

Results

Goal Attainment Scales

Visual inspection of J’s goal attainment scales (using Excel
line graphs) shows that J attained his target level in each
of the 5 occupational therapy goals as depicted in Figure
2. To summarize, J (a) demonstrated improvements in
motor planning and participation in age-appropriate

activities, (b) decreased fear reactivity to movement
(vestibular) activities and participation in age-appropriate
playground equipment, (c) decreased oral–sensory sensi-
tivity and expanded his repertoire of food and participa-
tion with family and peers at mealtime, (d) improved
social development and began to initiate social play with
peers, and (e) improved manual exploration and partici-
pation in age-appropriate fine and visual–motor and play
activities.

J’s improvements in his ability to tolerate and process
sensory input were striking and apparent in home, com-
munity, and clinic environments. His decrease in fear of
movement and tactile stimuli set the stage for participation
in age-appropriate play, thus enhancing socialization oppor-
tunities. During his occupational therapy sessions, he pro-
gressed from unwillingness to participate in climbing and
movement activities to playfully enjoying such activities. J
was observed joyfully playing on swings, climbing up, and
participating in a variety of sensorimotor activities. Simi-
larly, he tolerated oral–sensory stimuli and ate a variety of
foods, thus enabling him to participate more successfully in
mealtime activities.
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Activity Purpose Example Comments

Warm-up To ensure that the child is comfortable
and relaxed for play

Greeting and playful interactions: “Hi,
J, did you come to play with (X)
today?” “What would you like to play
with today?”1

Favorite game is tossing bean bags at
a large stuffed bear in attempt to
knock it over.  

Active sensory motor play with a
focus on multisensory input

To decrease sensory sensitivities and
increase praxis

Swinging on space bag and crashing
into large pillows and bolsters. Space
bag is set low to ground to offset any
fear that J might have and to encour-
age independence during this activity.

Therapist sets up environment with J’s
needs in mind and then observes
child, following the child’s cues, to
select activity.2

Active sensory motor play with a
focus on praxis

To decrease sensory sensitivities,
improve awareness of body, and
increase praxis

Therapist helps J create a “bridge”
(two triangular climbing devices with a
flat bolster suspended between them).
J climbs up ladder (with assistance),
climbs onto bolster, and then jumps
into large “crash pad” (pillows).3

Therapist vigilantly observes J’s reac-
tions and actions, encouraging J as
needed but allowing for as much 
self-direction and independence as
possible.4

Snack with a focus on socialization To decrease oral sensitivities, expand
food repertoire, and enhance 
socialization

J brings a snack to share with another
child. J sets up snack, invites other
child, and participates in snack.

Mother packs food and beverage that
J enjoys in addition to one or two
foods that J is not familiar with or
usually avoids.

Table 2. A Typical OT-SI Treatment Session for J

Note. OT-SI = occupational therapy with a sensory integration approach. Activities are upgraded and downgraded to meet the child’s needs and to ensure success.
Therapy is contextualized in sensory-rich play and taps into the child’s inner drive for competence (Ayres, 1979). The therapist artfully and skillfully creates enticing,
achievable challenges for the child to promote the ability to process and integrate sensory information and observes adaptive responses to these challenges.
1If no response:  “I have your favorite game ready. Do you want to play?”
2Upgrade—Add tactile and motor planning component (count to 3 and “crash” into pillows).
3If child is not willing to climb up to bridge, therapist downgrades by lowering bridge.
4Therapist uses playful language (singing) or pretend play (climbing into spaceship).
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Parent Interview

The parent interview conducted during the final month of
occupational therapy services revealed substantial improve-
ments in J’s occupational performance and participation. J’s
mother described how his improvements in sensory pro-
cessing allowed him to participate in age-appropriate activ-
ities more successfully, complete self-care activities indepen-
dently, socially interact with family and peers more
effectively, and perform more successfully in school. She
also noted the positive impact these improvements had on
their family routines:

He is [now] able to withstand different textures,
tactile/touch things that he wasn’t able to before. We are
able to go to the beach, and J will play and walk in the
sand. He [is doing things now] that originally he said he

would never do: go down a slide, climb, jump off some-
thing. I get such gratification out of watching him play on
the playground . . . he’s a totally different kid. . . . [Before
therapy] he was scared of sound. That was probably one of
the things that improved the fastest for him. . . . [He] had
some pretty noticeable severe sensory issues that I was not
educated about before he started his [OT-SI], and the work
they have done with him has just been phenomenal. (J’s
mother, personal communication, July 25, 2002)

Although the Sensory Profile is not designed as a
posttest assessment, it was completed after 10 months of
intervention as a reassessment tool to determine any further
areas of need for J. At this time, J showed typical perfor-
mance in all but 3 subtests where he showed only a proba-
ble difference, suggesting that poor sensory processing was
no longer a factor for J.

Figure 2. Goals and goal attainment scales. J demonstrated visible improvements in all goals.

Goal #1 - Sensory and motor skills as a basis for 
participation

Goal #2 - Tolerate vestibular activities without fear
reaction as a basis for participation

Goal #3 - Tolerate oral–sensory as a basis for
participation in meals

Goal #5 - Improve fine motor manipulation
for participation in school

Goal #6 - Improve visual–motor coordination for
school and play activities

Treatment Session Treatment Session

Treatment Session Treatment Session

Treatment Session Treatment Session

Goal #4 - Increase social development as a basis for
participation in play with peers
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Discussion
This article presents a case study report of a child with poor
sensory modulation and occupational performance deficits,
and details improvements in occupational performance dur-
ing 10 months of OT-SI. Most important, this case provides
a model of occupational therapy intervention rooted in the-
ory-based clinical reasoning, exemplifying the use of sensory
integration theory to address the underlying issues affecting
occupational performance and the tenets of occupational
therapy practice to guide the assessment, intervention, and
outcome measurement. Thus, this report illustrates best
practice and a contemporary model for clinical research.

Second, this case contributes to the evidence for using
a sensory integrative approach within occupational therapy,
demonstrating, as Ayres (1979) intended, the interrelation-
ships among sensory processing, behavior, and occupational
performance. Ayres clearly articulated in her theory of sen-
sory integration that inadequate sensory integration affects
behavior and development. She stated, “If the brain does a
poor job of integrating sensations, this will interfere with
many things in life. There will be more effort and difficulty,
and less success and satisfaction” (Ayres, 1979, p. 7).
Clearly, J’s behavior, development, and participation were
adversely affected by poor sensory processing, and thus the
theory of sensory integration provides the basis for an inter-
vention program.

Last, this case exemplifies a systematic method of data
collection and analysis that may be useful in the clinical set-
ting for evaluating outcomes of occupational therapy. We
occupational therapists have a professional responsibility to
monitor and evaluate our effectiveness. Pressure from out-
side sources—including funding agencies, administrators,
and parents—demand that we demonstrate whether occu-
pational therapy is helping children participate more suc-
cessfully in their various life environments (e.g., school,
home, community), and this case provides a model for
doing so.

Limitations

Although this case provides information that can be useful
for clinicians working with children who have poor sensory
processing, because it is a case report the results cannot be
generalized to the population of children with poor sensory
processing. Additional studies are needed to validate the
findings. Nevertheless, as suggested by DePoy and Gitlin
(1998), this limitation is somewhat offset by the ability of
this type of research to provide a guide for clinical practice
and to validate theory. A second limitation is related to the
validity and reliability of data collection methods. Assess-
ment data relied mainly on parent report, history taking,

interview, and chart review and, as such, there is limited
objective assessment data. The study would be strengthened
by adding newly developed pretest and posttest measures of
occupational performance and sensory behaviors such as
the Miller Function and Participation Scale (Miller, 2006)
(see King et al., in press, for additional suggestions). Finally,
best practice includes not only direct intervention, but also
thoughtful consideration of the environmental factors that
influence behavior and learning, and consideration of the
multiple environments in which children participate, and
thus this study would be strengthened by greater collabora-
tion with the classroom teacher and adaptations to the
classroom environment to facilitate sensory processing and
participation. ▲
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Abstract This study evaluated a manualized intervention

for sensory difficulties for children with autism, ages

4–8 years, using a randomized trial design. Diagnosis of

autism was confirmed using gold standard measures.

Results show that the children in the treatment group

(n = 17) who received 30 sessions of the occupational

therapy intervention scored significantly higher

(p = 0.003, d = 1.2) on Goal Attainment Scales (primary

outcome), and also scored significantly better on measures

of caregiver assistance in self-care (p = 0.008 d = 0.9)

and socialization (p = 0.04, d = 0.7) than the Usual Care

control group (n = 15). The study shows high rigor in its

measurement of treatment fidelity and use of a manualized

protocol, and provides support for the use of this inter-

vention for children with autism. Findings are discussed in

terms of their implications for practice and future research.

Keywords Autism spectrum disorders �
Intervention � Sensory functions

Introduction

Difficulty processing, integrating and responding to sen-

sory stimuli has been described as a feature of autism

spectrum disorders (ASD) since the disorder was first

identified. Current estimates show that between 45 and

96 % of children with ASD demonstrate these sensory

difficulties (Ben-Sasson et al. 2009; Lane et al. 2010) and

sensory features (i.e.: hyper- or hypo reactivity to sensory

input or unusual interest in the sensory aspects of the

environment) are now included as one of four possible

manifestations of ‘Restricted, Repetitive Patterns of

Behavior, Interests, or Activities’ (American Psychiatric

Association 2013). Families report that behaviors associ-

ated with difficulty processing and integrating sensory

information create social isolation for them and their child,

restrict participation in daily living activities (Schaaf et al.

2011) and impact social engagement (Hilton et al. 2007,

2010; Baker et al. 2008; Ashburner et al. 2008; Reynolds

et al. 2011; Watson et al. 2011; Hochhauser and Engel-

Yeger 2010). Consequently, interventions to address

problems associated with difficulty processing sensory

information, such as occupational therapy using sensory
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integration (OT/SI), (Ayres 1972, 1979, 1989) are among

the most often requested services by parents of children

with ASD (Mandell et al. 2005; Green et al. 2006; Goin-

Kochel et al. 2009). There is emerging evidence regarding

positive outcomes of OT/SI for children with ASD (Pfeiffer

et al. 2011; Fazlioglu and Baran 2008; and see Schaaf 2011

for a review), however, methodological limitations pre-

clude definitive conclusions. Hence, there is the need for a

rigorous study of OT/SI that includes a manualized pro-

tocol and measurement of treatment adherence (Case-

Smith and Arbesman 2008; Watling et al. 2011). Fortu-

nately, a validated measure of treatment fidelity that

describes the key principles of the sensory integrative

approach and provides guidelines for best practice is now

available (Parham et al. 2011, 2007; May-Benson et al., in

press). Importantly, this measure provides a means to

evaluate the fidelity of OT/SI in a clinical trial while

assuring internal and external validity; a standard that is

followed in the current study.

A second advancement that enhances the testing of

this intervention is data showing that Goal Attainment

Scaling (GAS) is a useful outcome measure for studies of

interventions for ASD (Ruble et al. 2012). GAS is used

to measure functional and meaningful aspects of an

individual’s progress (Mailloux et al. 2007; Kiresuk et al.

1994). In autism, inherent heterogeneity often confounds

findings, and thus, it is important to utilize outcome

measures that are sensitive to individual outcomes. GAS

has been shown to be a substantive and sensitive

approach to evaluate progress on individualized goals in

randomized controlled trials of psychosocial interventions

for children with autism provided that specific quality

indicators are present. These include that goals are

independently rated, evaluated for equivalence between

groups (comparability), scaled with equidistance, have

measurable criteria, and clear, identifiable benchmarks

(Ruble et al. 2012), recommendations that we followed in

this study. A further strength of using GAS is that it

provides a means to identify and measure outcomes that

are parent-chosen and thus, meaningful to family. Given

the increased emphasis on measurement of outcomes that

are meaningful to the client or family (PCORI, http://

www.pcori.org), the use of GAS provides a model for

best practice.

Given the need for a rigorous randomized trial of OT/

SI for individuals with ASD, the primary purpose of this

study is to evaluate the efficacy of OT/SI following a

manualized protocol on individual goal attainment (pri-

mary outcome) in comparison to usual care (UC). The

secondary purpose was to evaluate the impact of this

approach on the child’s sensory behaviors, adaptive

behaviors and functional skills.

Methods

Participants

Thirty-two children participated in this study. A conve-

nience sample of eligible families was recruited from the

children’s hospital where the study took place and the

surrounding community. Families were eligible to partici-

pate if their child: (1) was between the ages of 4.0 and 7.11

at the time of enrollment, (2) had a diagnosis of an autism

spectrum disorder from a licensed psychologist based on

the results of the Autism Diagnostic Interview-Revised

(ADI-R) (Lord et al. 1994) and the Autism Diagnostic

Observation Schedule (ADOS) (Lord et al. 1999), (3) had a

non-verbal cognitive level of [65 (this IQ cut score is

based on findings from an earlier study where we assessed

the feasibility of conducting this intervention with children

with ASD—Schaaf Benevides et al. 2012); (4) demon-

strated difficulty processing and integrating sensory infor-

mation as measured by the Sensory Profile (SP—Dunn

1999; 3 or more subscales or total test score in the definite

difference range) or the Sensory Integration and Praxis

Test (SIPT- Ayres 1989; score of\-1.0 on 3 or more

subtests); and (5) parents were willing to attend 3 weekly

sessions for the duration of the 10-week study period and to

refrain from initiation of any new treatments including

medications during the study period.

Child characteristics are also shown in Table 1 below

for the treatment (n = 17) and UC control group (n = 15).

In keeping with current gender prevalence estimates of

ASD (CDC, 2009), the majority of the participants in both

groups were boys (Treatment: 14 males, 3 females; UC: 12

males, 3 females) and Caucasian (treatment: 16 White, 1

not-reported; UC: 13 White, 2 Asian). Highest parent-

reported level of education in both groups was similar, with

11 (65 %) parents in the treatment group reporting a 4-year

college degree or higher, and nine (60 %) parents in the

UC group reporting a 4-year degree or higher. Age, autism

severity, cognitive level, and non-study related services

were similar between the two groups. Non-project services,

or ‘‘usual care’’ (UC) received during the study period was

similar between the groups and documented by parents

logging their child’s weekly services in hours per week.

Usual care included non-study related services such as

speech and language services, behavioral interventions,

educational program and other therapies as described in

Table 1.

Overview and Timeline

Data for this randomized clinical trial were collected at a

single project site in central New Jersey, between 2010 and

1494 J Autism Dev Disord (2014) 44:1493–1506
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2012. The study was approved by the first author’s research

ethics committee. Figure 1 provides an overview of the

recruitment, enrollment, randomization and retention flow.

Following phone screening for eligibility with interested

parents, child participants were scheduled for confirmation

of autism diagnosis using the ADOS and the ADI-R and,

for children who did not have a current cognitive assess-

ment (within the past 12 months) confirmation of cognitive

level was also completed by the psychologist on the hos-

pital’s autism diagnostic team. If the child met inclusion

criteria, parental consent, child assent, and permission to

videotape treatment sessions was obtained following the

approved procedures. Next, independent evaluators, trained

in the administration of the assessments, conducted the pre-

intervention assessments. These blinded evaluators (n = 2)

were highly experienced therapists who had been licensed

to practice occupational therapy for a mean of 28 years

(range 26–30 years), and who had experience with working

with children with ASD (mean = 19 years, ran-

ge = 16–22 years). These evaluators also were trained and

certified in the use of the SIPT for an average of 12.5 years

(range = 9–16 years).

Following the completion of the initial assessments, the

independent evaluators analyzed the assessment data

(assessments are listed below) and met with the parents to

identify five goals that would be addressed during the study

period. These goals were scaled according to GAS Meth-

odology (Kiresuk et al. 1994). To maintain a level of

objectivity, parents did not view the goal attainment scales

upon their completion or during the study period.

Table 1 Child characteristics

and non-study services received

FET fisher exact test
a One participant randomized to

treatment had a combined IQ of

65 (non-verbal IQ = 55 and a

verbal IQ = 77)
b One participant in the control

group reported receiving 240 h

of behavioral support in school

OT/SI

n = 17

Usual care

n = 15

p

Age (mos)

Mean (SD) 71.35 (14.90) 72.33 (10.81) t(30) = 0.21, p = 0.84

Range 56–86 62–83

Full scale IQ

Mean (SD) 89.75 (18.74) 91.86 (11.93) t(28) = 0.36, p = 0.72

Range 59–123 64–109

Non-verbal IQa

Mean (SD) 91.87 (17.48) 95.00 (10.03) t(28) = 0.60, p = 0.55

Range 55–119 31–79

Verbal IQ

Mean (SD) 93.56 (18.33) 93.79 (14.26) t(28) = 0.04, p = 0.97

Range 63–135 69–114

ADOS autism severity score

Mean (SD) 7.76 (1.6) 8.40 (1.6) t(30) = 1.09, p = 0.28

Range 5–10 6–10

Other servicesa

Total behavioral treatments (ABA home, ABA school, in hours)

Mean (SD) 8.94 (19.38) 23.3 (63.00) U = 112.0, p = 0.77

Median 0 0

Range (hours) 0–72 0–240b

Frequency of children receiving 5 3

Occupational therapy, school (hours)

Mean (SD) 10.95 (14.81) 10.78 (9.29) U = 110.0, p = 0.50

Median 8 10

Range 0–45 0–32

Frequency of children receiving 8 12

Pharmacological treatments (f)

Not on medications 13 12 FET, p = 0.99

On medications 4 3

Clonadine 1 0

Antidepressant 0 3

Methylphenidate 2 1

Adderal 1 0
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Independent evaluators remained blind to child allocation

during the study period and post-testing phases, and com-

pleted the post-intervention assessments using the same

assessment battery.

Randomization, Allocation Concealment

and Implementation

Once goals were identified and scaled, children were ran-

domly assigned using random number generations provided

by the study statistician to either the treatment or UC control

group using random permuted blocks within four strata1

based on cognitive level (hereafter referred to as IQ) and

autism severity score (high IQ/high severity, low IQ/low

severity, high IQ/low severity, low IQ/high severity). A high

IQ was classified as a score of 85 or higher and low IQ was

classified as below 84. Autism severity was determined with

the ADOS using procedures to calculate severity scores

described by Gotham et al. (2009), in which a lower severity

score indicates less severity of autism features. A severity

score of 6–10 was scored as ‘‘high severity;’’ a score of 4–5

as ‘‘low severity.’’ In total, eight children were randomized

in the low IQ/high severity strata, one child randomized in

the low IQ/low severity strata, 22 randomized in the high IQ/

high severity strata, and one randomized in the high IQ/low

severity strata. The randomization sequence and opaque

envelopes with randomization allocation group (treatment

or UC) were generated by the Division of Biostatistics and

remained concealed until the child’s strata was determined

using the criteria outlined above. Children were randomized

by the second author or principal investigator in order of

completion of pre-test assessment and goal scaling. The

number of days between enrollment and randomization was

not significantly different between the treatment group

(M = 30.5, SD = 14) and UC Control group (M = 35.4,

SD = 8), t(30) = 1.18, p = 0.25.

Participant children randomly allocated to the treatment

group received the intervention three times per week in

1-hour sessions for 10 weeks. All parents were instructed

to continue with their child’s usual weekly treatments and

to document their child’s non-study related treatments on a

Assessed for eligibility 
ADOS, ADI-R, IQ

(n=61) Excluded At Screening (n=28)
Not meeting inclusion criteria (n=10)
Declined to participate (n=3)
Other reasons (n=15; e.g. distance too far)

Analyzed  (n=17)

Lost to follow-up or discontinued 
(n=0)

Allocated and Received OT/SI 
intervention (n=17)

Lost to follow-up (n=2)
Parent unable to attend post-test 

with child and completed GAS
interview by phone (n=1)

Parent did not complete post-
testing  (n=1)

Allocated and Received Usual Care 
(n=15)

Analyzed (n=14 GAS, n=13
Secondary outcome measures) 
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Randomized (n=32)
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Consent Interview & Pre-testing 
SIPT, SP, PEDI, PDDBI

(n=33)

Goals Identified and Scaled (GAS)
Enrolled, excluded after consent prior to 

randomization due to medication changes 
(n=1)

Fig. 1 Participant recruitment, enrollment, randomization and retention

1 Although we randomized based on these strata, we did not complete

subgroup analyses based on strata due to small sample size.
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treatment log and to report weekly if any unusual events

occurred in their child’s lives (e.g. vacation, new baby).

Following the study period, both groups underwent post

assessment by the independent evaluators at a different

location to further ensure blinding. Information on sub-

jects’ completion of allocated intervention and attrition is

displayed in Fig. 1. Participant recruitment, enrollment,

randomization and retention.

Intervention

Children in the treatment group received a manualized OT/SI

intervention (Schaaf et al. 2011; Schaaf and Mailloux, in

preparation) that followed the principles of sensory inte-

gration as outlined by Ayres (1972, 1979, 2005) and

described in detail by Schaaf et al. (2009); Parham and

Mailloux (2010); Parham et al. (2011, 2007); Mailloux and

Smith Roley (2010); Schaaf et al. (2012); and Schaaf and

Nightlinger (2007). The reader is referred to these sources for

an in-depth description. The manualization of the interven-

tion and examination of the treatment manual’s adherence to

fidelity was conducted in a feasibility study prior to this trial,

and results are described elsewhere (Schaaf et al. 2012).

Importantly, following the Data Driven Decision Making

Process (Schaaf et al. 2011; Schaaf and Blanche 2012) out-

lined in the intervention manual, assessment data were used

to develop hypotheses about the sensory motor factors

affecting the child’s functional behaviors and individually-

tailored sensory motor activities were developed to address

these factors. For example, if assessment data showed that

the goal of ‘‘participate in a play activity with a peer for

10 min’’ may be related to poor tactile processing and praxis

(hypothesis), individually- tailored sensory motor activities

were designed to address tactile discrimination and improve

praxis. Individually-tailored treatment activities might

include activities such as using a carpeted scooter board

while in the prone position to pull oneself up a ramp, then

working to turn the scooter board around to ride down the

ramp and land in a cushioned area of mats and pillows that

are covered with various textures. In this activity, the child is

experiencing total body tactile and proprioceptive sensations

(from scooter board texture, actively moving muscles

against resistance, and landing in textured mats and pillows)

to increase body awareness and using this enhanced sensory

input to plan body movements during the scooter board

activity. Of note, the intervention is contextualized in play

with active involvement of the child and conducted in a large

gym equipped with mats, a variety of suspended swings,

large balls, a climbing wall, carpeted barrels, large inner

tubes and foam blocks with opportunities for active, guided,

sensory motor play. The therapist facilitates the child’s

ability to participate in the sensory-motor experiences in

adaptive ways (e.g.: use a trapeze swing to experience

proprioceptive and vestibular sensations to increase body

awareness and then organize the body to hold onto the swing

and jump into a large ball pit). It should be noted that this

treatment is not designed to be a comprehensive treatment

for autism, but rather part of a comprehensive program that

includes educational, behavioral and medical services.

The intervention was delivered by three registered,

licensed occupational therapists with extensive experience

working with children with ASD (mean years of experi-

ence = 15, range 12–20 years), with certification in sen-

sory integration,2 and who were trained on the manualized

intervention. In addition, the interventionists received

3-day training by the third author and weekly consultations

with the first author to discuss challenges and questions.

Fidelity

Fidelity checks were utilized in this study to accomplish two

purposes: (1) to monitor and improve provider use of the

intervention manual procedures while minimizing drift in

provision of services, and (2) ensure the external validity of

the study procedures by documenting provider adherence to

principles of intervention (Bellg et al. 2004). Treatment

fidelity was confirmed using the Fidelity Measure discussed

above (Parham et al. 2007). This measure has strong inter-

rater reliability (0.99 for total score), with individual item

inter-rater reliability ranging from 0.94 to 0.99. Validity for

the measure is also strong as raters were accurately able to

distinguish the manualized intervention sessions from other

intervention approaches with 92 % accuracy. A score above

80/100 is considered acceptable fidelity and distinguishes

this intervention from others (Parham, et al. 2007). In this

study, all treatment sessions were videotaped and a random

selection of 10 % (n = 51) were evaluated and rated. The

mean fidelity score was 90.1 (SD = 9, Range = 53–100).

Regarding the few sessions that did not reach a score of 80,

additional training and consultation was provided to the

therapists to support their adherence to the intervention.

Measures

Phenotypic Measures

Autism Diagnosis

Autism diagnosis was confirmed by non-study psycholo-

gists in the autism clinic at treatment site using the ADI-R

2 Certification in sensory integration requires participation in 120 h

of post-graduate course work offered and 40 hours of practice under

the guidance of an experienced clinician trained in sensory integration

(Parham et al. 2007).
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(Lord et al. 1994) and the ADOS-G (Lord et al. 1999). The

ADI-R is a semi-structured parent interview used to diag-

nose children with autism spectrum disorders and, in con-

junction with the ADOS, is considered to be a gold-

standard assessment for the diagnosis of ASD. The ADI-R

has established validity and reliability with trained

administrators (Lecavalier et al. 2006; Lord et al. 1994).

The ADOS is a well-established diagnostic instrument that

codes the child’s behaviors during play and interactions

with the examiner. This assessment also has demonstrated

validity and reliability when administered by trained

professionals.

Cognition

Children who met criteria for an ASD diagnosis and who

were interested in the study underwent cognitive testing.

Measurement of cognitive level was completed using the

Stanford-Binet-V (Roid 2003), the Differential Abilities

Scale-II (Elliott 2007), or the Wechsler Preschool and Pri-

mary Scale of Intelligence-III (WPPSI) (Wechsler 2003).3

Sensory Assessments

Eligible participants were evaluated by independent occu-

pational therapy evaluators to identify and describe diffi-

culties processing and integrating sensory information

using the Sensory Integration and Praxis Test (SIPT)

(Ayres 1989) and the Sensory Profile (Dunn 1999).

The Sensory Integration and Praxis Tests (SIPT) are

group of 17 tests that measure a child’s sensory motor

abilities in the areas of tactile perception, motor planning,

visual-perception, vestibular and proprioceptive processing

and awareness (Ayres 1989). The SIPT is the gold standard

for assessing sensory integration and praxis, and is stan-

dardized on nearly 2,000 children 4–8 years 11 months.

This assessment produces standard scores for normative

age groups on each of the 17 tests, was administered to all

participants and findings were used to generate hypotheses

about the sensory motor factors affecting the identified

goals.

The Sensory Profile is a 125-item parent report of a

child’s sensory behaviors using a Likert-scale format to

quantify the frequency of occurrence of behaviors. The

Sensory Profile is appropriate for children ages 3–10 years,

and was standardized on over 1,200 children with and

without disabilities. Content and construct validity has

been established. Responses are summarized in six sensory

processing domains of Auditory Processing, Visual Pro-

cessing, Vestibular Processing, Touch Processing,

Multisensory Processing, Oral Sensory Processing, five

modulation areas, and three domains describing a child’s

emotional and behavioral responses to sensation. The

Sensory Profile was administered to all participants to

characterize their sensory reactivity (i.e.: over/under

responsiveness, seeking or avoidance) in the areas listed

above and findings were used to generate hypotheses about

sensory factors affecting identified goals.

Primary Outcome Measure: Goal Attainment Scaling

Goal Attainment Scaling (GAS) provides a standardized

means to capture the diversity of meaningful, functional

outcomes (Kiresuk and Sherman 1968). It provides a sys-

tematic process for identification of goals that are specifi-

cally relevant to individuals and their families and has been

shown to be a promising outcome measure in ASD (Ruble

et al. 2012). GAS has been used extensively for outcome

measurement (Ruble et al. 2010; Pfeiffer et al. 2011; Miller

et al. 2007; Mailloux et al. 2007) and is shown to be a valid

and reliable method for measurement of progress on indi-

vidualized goals for children with ASD (Ruble et al. 2012;

Palisano et al. 1992). For example, Ruble et al. (2012)

report good reliability when objectives are clearly mea-

surable finding average intra class correlation between 2

study samples of 0.98 (CI 0.74–0.99) for measurability,

0.96 (CI 0.74–0.99) for equi-distance, and 0.77 (CI

0.65–0.99) for difficulty. In a study of 65 infants ages,

3–30 months, Palisano et al. (1992) found that GAS is

valid as a responsive measure of motor change for infants

with motor delays as ‘‘neither type or category of goals

influenced the therapists’ ability to select outcomes that the

infants were capable of achieving’’ within the 6 month

intervention period (p 335). Ruble et al. (2012) concludes

that GAS is a ‘‘promising ideographic approach for mea-

suring intervention effectiveness’’ (p 1983). These authors

recommend using a GAS template to assure goals are

standardized and systematic to create reliable and valid

goals, and to conduct technical checks that assess the

qualities of the goal scaling to assure methodological

soundness, strategies that we utilized in the current study.

A technical check was completed by the second author on

each GAS to assure that it met all quality markers using a

technical checklist that included items based on GAS lit-

erature such as ‘‘The desired behavior/skills is observable

and measurable with criteria of frequency and duration; the

projected level of performance is based on the child’s

current level and scaled with intervals that represent

equidistance.’’ A mathematical method is used to calculate

a T-score that represents the extent to which the goals are

met (Ottenbacher and Cusick 1990) and thus, although the

goals are different for each participant, the score is

standardized.

3 One child was tested with the Woodcock-Johnson Test of

Achievement.
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Goals for each child were identified by the independent

evaluators using a standard series of questions with the

parent and then scaled with equally spaced probability

intervals according to the procedures recommended by

Kiresuk et al. (1994); Ruble et al. (2012); and Mailloux

et al. (2007). To scale each goal, the independent evaluator

describes the child’s current level of functioning for the

specific goal and then scales it for expected level of

attainment over the 10 week period (improvement) and

down (regression). The probability distance between the

levels of the scale is equal and equally distributed around

the predicted level of performance. A score of ‘‘0’’ is used

for expected level of attainment during the 10-week period,

with scores of -1 and -2 denoting less and much less than

expected level of attainment respectively; while ?1 and ?2

denote better and much better level of attainment than

expected. Following the intervention period, the indepen-

dent evaluators who were blind to group assignment con-

ducted a standardized interview with the parents and asked

parents to rate their child’s goals. A summary of the type of

goals identified by parents for this study are shown in

Table 2; and a sample GAS is displayed in Fig. 2.

Secondary Outcome Measure

Pediatric Evaluation of Disability Inventory: The Pediatric

Evaluation of Disability Inventory (PEDI; Haley et al.

1992) was used to evaluate a child’s self-care, mobility,

and social function skills. Additionally, this assessment

evaluates the amount of caregiver assistance and modifi-

cation that is needed for the child to participate fully. The

PEDI has been used in pediatric intervention studies, and

has good psychometric properties for use as an outcome

measure. Construct validity has been supported (Haley

et al. 1992), and it has been used in intervention studies for

children with ASD (Wong et al. 2010). Additionally, the

assessment has high internal consistency, and excellent

inter-rater reliability.

Pervasive Developmental Disorders Behavior Inventory

(PDDBI): The PDDBI (Cohen et al. 2003) is a standardized

assessment normed on children with autism or PDD

between the ages of 18 months and 12 years, 5 months.

This assessment evaluates the severity of a child’s autism

behaviors on a number of parent-reported domains. For the

purposes of this study, we chose a priori to evaluate a

child’s outcomes on the domains most aligned with the

targeted focus of treatment, specifically Sensory/Perceptual

Approach (S/P Approach), Ritualisms/Resistance to

Change (R/R), and Arousal Regulation Problems (Arouse)

domains. The PDDBI has strong parent-reported test–retest

validity over a 6-month interval (S/P Approach r = 0.63,

R/R r = 0.82, Arouse r = 0.82), and has demonstrated

construct, criterion and concurrent validity.

Vineland Adaptive Behavior Scales-II (Parent Report):

The Vineland Adaptive Behavior Scales II (VABS-II)

(Sparrow et al. 2005) was used to assess adaptive behaviors

needed for participation in home, school and community

activities at pre and post assessment. The VABS-II is a

standardized, norm-referenced measure that evaluates

adaptive behavior in four domains: Communication Skills

(Receptive, Expressive, Written), Daily Living Skills

(Personal, Domestic, Community), Socialization Skills

(Interpersonal Relationships, Play and Leisure, Coping),

and Motor Skills (Gross, Fine). It has good subdomain

reliability with approximately 75 % of subdomain scores

having a value of 0.75 or greater. Inter-rater reliability is

considered good for a sample aged 7–18 years, and ranges

from 0.81 to 0.71 for domain and subdomain scores, and is

even higher for younger children (0.83). Internal consis-

tency is considered good at 0.80 and test-re-test reliability

is high, exceeding 0.85 (Sparrow et al. 2005).

Sample Size

The study was designed to gather preliminary efficacy

information about the intervention with respect to the pri-

mary outcome of GAS. For this primary outcome measure

we calculated power to detect different effect sizes for a

given sample size. With 32 subjects we have 78 % power

to detect an effect size of 1, and greater than 80 % power to

detect effect sizes greater than 1 using a two-sample t test

with a two-sided type-I error rate of 5 %.

Results

Our main goal was to evaluate the effects of the inter-

vention on parent-reported, individual goal attainment

using GAS (primary outcome). Secondarily, we evaluated

the effects of the intervention on sensory behaviors, func-

tional and adaptive behaviors using the PDDBI, PEDI, and

the VABS II. Normality of primary and secondary outcome

measures was evaluated prior to evaluating group differ-

ences. Scores on these secondary outcomes were not nor-

mally distributed and thus, non-parametric statistical tests

were used to account for violation of the assumption of

normality. In addition, although differences in baseline

scores were not significantly different between the groups,

on some outcomes differences within groups at baseline

would be considered clinically meaningful. To account for

variability in baseline scores, we used change scores in the

analyses. Given the range of pre-treatment scores, within-

person change was viewed as the most clinically relevant

post-treatment score. An alpha of 0.05 was used for all

comparisons. Data reported represents numbers of subjects

with complete data sets (see reasons for attrition in Fig. 1).
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Evaluation of Treatment Effects on Goal Attainment

To test the main effect of the treatment, we conducted a

two-tailed independent samples t-test to evaluate the dif-

ference in goal attainment between the groups. Results

revealed a significant difference between the treatment

(M = 56.53, SD = 12.38, n = 17) and UC (M = 42.71,

SD = 11.21, n = 14) groups on the GAS with the treat-

ment group achieving significantly higher scores

(t(23) = -3.23, p = 0.003, ES = 1.2).

Evaluation of Treatment Effects on Functional

Behaviors

To test the effect of the treatment on functional behaviors

we compared the change from baseline to end of treatment

for each of the PEDI subscales using the Wilcoxon Rank

Sum test. We used median change scores to control for

non-normal distributions. Results reveal significantly

greater change (improvement) for the treatment group in

comparison to the UC control group on Self-Care Care-

giver Assistance subtest (p = 0.008) and Social Function

Caregiver Assistance (p = 0.039). Of note, the treatment

group also showed greater improvement on the Social

Functions subtest (p = 0.097) and the Self-Care Functional

Skills subtest (p = 0.198). The findings from the PEDI are

displayed in Table 3. In addition to reporting median

change scores, we also report mean and standard deviations

for each subscale as these were used to calculate effect

sizes.

Evaluation of Treatment Effects on Autism Behaviors

To test the effects of the treatment on sensory/perceptual

approach behaviors, arousal regulation and ritualism/

resistance to change, we compared the change from base-

line to the end of treatment on these PDDBI subscales

using the Wilcoxon Rank Sum test. Given that lower scores

indicate a decrease in autism behaviors, a greater negative

change scores indicates a better response. As shown in

Table 3, there were no significant differences in autism

behaviors at post-treatment between the groups, although

changes for the treatment group approached significance in

the Sensory Perceptual Behaviors Subscale (p = 0.064)

Table 2 Frequency (f) of goal type by study group

Type of goal OT/SI (f) Usual care (f)

Self-care 27 25

Play 16 15

Sitting 12 9

Daily routine participation 7 1

Fine motor 5 1

Meal participation 1 0

Community participation 4 2

Communication 2 1

Self-stimulatory behaviors 3 3

Emotional regulation 3 6

Gross motor/praxis 2 3

Safety 1 2

Sleep 1 3

Impulsive behaviors 1 0

Inappropriate touching 0 4

Sample goals (italicized portion represents goal)

The child is sensitive to auditory stimuli and wakes during the night

easily. Goal: Improve auditory process as a basis for sleeping through

the night without getting out of bed for 7–8 h per night

This child hates touching food and uses a napkin to cover his food

before touching it. Goal: Decrease tactile sensitivity as a basis for

eating with his fork and spoon for 50 % of the meal as appropriate

This child has oral-sensory sensitivity and a limited food repertoire.

Goal Decrease oral sensitivity and will try 5 new foods

This child has dyspraxia and poor tactile processing. Goal: Improve

praxis and tactile processing as a basis for putting on socks

independently

This child has tactile sensitivity and avoids contact with others. Goal:

Decrease tactile sensitivity so child can tolerate play with sibling for

5 min without supervision

Goal: Decrease sensory sensitivity to the oral area as a basis for tooth brushing.

Current Performance: It takes over 20 to 30 minutes each day for tooth brushing with assistance from mother.
Tooth brushing is unpleasant for JH and often there is whining and crying. 

-2   (much less than expected level of attainment) Will brush teeth within a 17-20 minute time frame 

-1   (less than expected level of attainment) Will brush teeth within a 13-16 minute time frame 

0   (expected level of attainment) Will brush teeth within a 9 -12 minute time frame 

+1   (better than expected level of attainment) Will brush teeth within a 5-8 minute time frame 

+2   (much better than expected level of attainment) Will brush teeth within a 1-4 minute time frame 

Fig. 2 Sample goal attainment scale
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(indicating a decrease in autism behaviors) and were also

lower in the Arousal Regulation subscale (0.38).

Evaluation of Treatment Effects on Adaptive Behaviors

To test the effects of the treatment on adaptive behaviors

we compared the change in standard scores from baseline

to the end of treatment each of the Vineland-II subscales

and the Adaptive Behavior Composite Score using the

Wilcoxon Rank Sum test. As shown in Table 3 there were

no significant differences in adaptive behaviors, although

the treatment group improved more than the UC Controls

in all subscales.

Discussion

Interventions to address difficulty processing and inte-

grating sensory information are frequently used as part of a

comprehensive approach for individuals with ASD. How-

ever, the evidence is compromised by methodological

limitations in existing studies. Thus, there is a need for

more evidence with a well-characterized sample using a

manualized protocol following the principles of sensory

integration and measurement of fidelity. The current study

is one of the first randomized trials to meet this level of

rigor (Table 4).

Our main finding is that subjects with ASD who were

randomized to treatment scored significantly higher on our

primary outcome measure, GAS, than those who received

UC. Secondarily, we found that the children in the treat-

ment group scored as needing significantly less caregiver

assistance during self-care and social activities and showed

a trend toward higher skills in these areas. Further, sensory

behaviors in the treatment group decreased more than in

the UC group and this difference approached significance

(Table 5).

The primary outcome for this study was the score

obtained on GAS and we found that the children receiving

the treatment scored significantly higher (p = 0.003) than

the controls on goal attainment with an effect size of 1.2.

Our finding is consistent with Pfeiffer et al. (2011) who

found that children with ASD who participated in 6-week

program of occupational therapy using sensory integration

made significantly greater gains in their individualized goal

attainment scale scores in comparison to those who

Table 3 Group differences on change in standard scores on pediatric evaluation of disabilities inventory

Control Experimental Significance Effect Sizea

Median Mean SD Median Mean SD

Functional skillsb

Self-care 1.7 1.12 5.6 3.7 10.2 22.6 0.198 0.5

Mobility 0 6.38 15.1 0 6.57 23.8 0.69 0.0

Social 1.1 4.4 13.8 4 9.3 17.4 0.097 0.3

Caregiver assistance

Self-care 1.3 -0.43 8.6 12.2 16.6 23 0.008** 0.9

Mobility 0 0.22 11.8 0 4.8 24.1 0.68 0.2

Social 0 -1.8 19 13.5 14.4 23.4 0.039* 0.7

a Mean and standard deviations are based on raw scores. Effect size is presented using the difference in means divided by the pooled standard

deviation
b Functional Skills represent actual skills completed by child whereas caregiver assistance represents the amount of assistance that the caregiver

provides

** p \ 0.001; * p \ 0.05

Table 4 Group differences on change scores of pervasive developmental disorders behavioral inventory

Control Experimental Significance Effect sizea

Median Mean SD Median Mean SD

S/P Approach -0.05 -0.67 5.9 -5 -5.9 10.8 0.06 -0.6

R/R -2 -1.77 6.3 -2 -6.5 13.7 0.57 -0.4

Arouse -3 -3.3 6.0 -6 -7.1 11.6 0.38 -0.4

S/P Approach sensory/perceptual approach, R/R ritualisms/resistance to change, Arouse arousal regulation problems
a Effect size is presented using the difference in means divided by the pooled standard deviation
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received a fine motor intervention. Goal attainment scaling

is a method to individualize and quantify goals for clinical

populations. It has been used extensively in the clinical

literature, and is recommended as an outcome measure in

randomized control trials of psychosocial interventions in

ASD (Ruble et al. 2012) such as the current study. Of note,

the procedures we utilized in constructing scaled goals

were consistent with the recently published recommenda-

tions of for its use (Ruble et al. 2012) including that:

benchmarks were carefully constructed, goals were scaled

at equal intervals, and rating of goals post intervention was

based on parent interview by an independent evaluator

blind to study condition. Although adherence to these

conditions increases the reliability and validity of GAS

(Ruble, et al. 2012) our findings must be interpreted with

caution given that the parents were not blind to the

intervention.

Two valuable aspects of GAS are that it provided a

means to individualize goals based on each child’s indi-

vidual needs and to identify areas that are important to the

parents. Individualization is an important aspect of treat-

ment given the heterogeneity and developmental nature of

ASD as it is likely that each child has a unique set of pre-

treatment characteristics that impact the choice of goals

and outcomes (Stahmer et al. 2011). Further, utilization of

goals that are important and meaningful to the parents

assures that the primary stakeholders (families of children

with ASD) needs are being addressed. This is an important

aspect of any intervention and is in keeping with contem-

porary trends in intervention research (PCORI 2013;

Melnyk and Morrison-Beedy 2012). For the current study,

individual goals were based on parent-identified areas of

need and assessment data that were established prior to

treatment allocation. Many of the goals for the treatment

and UC controls were similar in type as shown in Table 2.

The most frequent goals were related to self-care including

goals such as greater independence in dressing, feeding,

toileting or grooming activities (treatment = 27,

UC = 25). The second and third most frequent goals were

about play (treatment = 16, UC = 15); and sitting for

participation in activities such as synagogue or dinner (OT/

SI = 12, UC = 9). There were some minor differences in

goal type between the groups; the treatment group had

more goals related to fine motor skills (OT/SI = 5,

UC = 1) and participation in daily routines (treat-

ment = 7, UC = 1); whereas the usual care group had

more goals related to emotional regulation (treatment = 3,

UC = 6), sleep (treatment = 1, UC = 3) and inappropri-

ate touching (treatment = 0, UC = 4).

A second aspect of individualization that is important

for ASD research and practice is that intervention strategies

were tailored to each child’s assessed areas of need. In this

study, the Data Driven Decision Making Process (Schaaf,

in press; Schaaf et al. 2012; Schaaf and Benevides 2011;

Schaaf and Blanche 2012) was used to individually tailor

treatment activities to address the specific sensory-motor

factors that were hypothesized to be affecting each par-

ticipant’s goal attainment and functional skills. The treat-

ment utilizes individually tailored sensory motor activities

at the just right challenge with a playful approach to

facilitate the child’s adaptation to promote function. Thus,

the focus of treatment is on each individual’s sensory

motor factors hypothesized to be impacting function, but

importantly, the expected outcomes are functional behav-

iors. It is likely that this individualization was an important

aspect of the positive findings of this study, and should be

modeled in future studies.

In terms of functional behaviors, the children in the

treatment group significantly decreased their need for

caregiver assistance on self-care and social activities in

comparison to the UC controls on the PEDI. In addition,

they also showed a trend toward improvement in self-care

and social skills. Thus, not only did the caregivers rate the

children in the treatment group as needing less assistance

from them in these activities, they also rated their skill

level higher. These secondary outcome data should be

interpreted with caution given that we completed multiple

comparisons, however, these findings are consistent with

the philosophy of the treatment approach—that adequate

processing and integration of sensory information provides

Table 5 Group differences on change in in standard scores on vineland adaptive behavior scales—II

Control Experimental Significance Effect sizea

Median Mean SD Median Mean SD

Communication 1 -3.38 18.6 1 5.06 10.9 0.20 0.6

Daily living

Skills 0 -3.0 18.5 4 4.2 11.6 0.18 0.5

Socialization -2 -6.7 21.8 3 3.8 11.8 0.29 0.6

Composite 0 0.0 8.1 2 15.1 44.7 0.30 0.4

a Mean and standard deviations are based on raw scores. Effect size is presented using the difference in means divided by the pooled standard

deviation
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an important foundation for participation in functional,

meaningful activities (Ayres 2005). Of note, the PEDI has

been shown to have good reliability and validity as an

outcome measure of functional behaviors (Nichols and

Case-Smith 1996).

In terms of the sensory-motor factors that may underlie

these findings, in this cohort many participants in both

groups showed deficits in sensory modulation and praxis

(measured via the Sensory Profile and the SIPT), and thus,

the intervention was tailored to address these areas.

Improvements in sensory modulation and praxis skills

therefore, may underlie the gains seen in self-care and

social skills. In regard to sensory modulation (over or

under-reactivity to typical levels of sensation), the indi-

vidually-tailored treatment for these children included a

focus on activities that facilitated sensory modulation and

regulation of behavioral responses to these sensory expe-

riences. As the child’s ability to modulate sensation

improved, it is likely that their behavioral regulation also

improved and subsequently they were better able to par-

ticipate in self-care and social activities. Interestingly, the

subjects in the treatment group did show a decreasing trend

of negative sensory behaviors on the Sensory Perceptual

Behaviors Subscale of the PDDBI and this approached

significance (p = 0.064), supporting this interpretation.

Similarly, it is possible that the intervention also had an

impact on praxis. Praxis involves the ability to conceive of,

plan, and organize goal-directed motor actions (Ayres

1989; Dziuk et al. 2007) and is related to adequate pro-

cessing and integration of body sensory information (tac-

tile, vestibular and proprioception). The intervention aimed

to facilitate body awareness and praxis through individu-

ally-tailored, active, sensory-motor activities rich in tactile,

proprioceptive and vestibular sensations. Many self-care

activities such as dressing require adequate body awareness

and thoughtful planning and execution of motor skills.

Thus, it is possible that improved body awareness and

praxis had a positive impact on ability to carry out these

self-care tasks. Similarly, social interactions require con-

stant processing of varied, often unpredictable sensations

and the need for spontaneous responses (i.e.: praxis) and

are likely affected by difficulty processing and integrating

sensory information related to the body (Hilton et al. 2007,

2010; Baker et al. 2008; Ashburner et al. 2008; Reynolds

et al. 2011; Watson et al. 2011; Hochhauser and Engel-

Yeger 2010). Thus, as the children’s praxis improved, it is

plausible that their ability to adaptively plan and carry out

social interaction activities also improved and they became

more independent. Further testing of these potential rela-

tionship is needed and in order to validate the idea that

improvements in sensory modulation and praxis were

related to improvements in functional skills, it will be

important in future studies to specifically measure any

changes in in these factors and their relationship to changes

in functional skills such as self-care and socialization. In

this study we were limited by the lack of instruments

validated to measure change in these factors for this pop-

ulation within our 10-week intervention period. The SIPT

is not recommended as a pre-post-test measure for periods

shorter than 8–12 months (Ayres 1989) and its utility for

shorter intervention periods has not been tested. Similarly,

the Sensory Profile has not been validated for use as a pre-

post assessment (Dunn 1999) although there is emerging

data that test–retest reliability of certain sub-scores may be

utilized in this way. Until these measures are validated for

use as outcome measures in shorter intervention periods, or

outcome measure to evaluate change in sensory functions

are validated, future studies should consider a longer

intervention period so that these assessments can be used to

measure change in sensory-motor skills and determine their

relationship to any changes in functional skills and adap-

tive behavior.

In terms of the proposed mechanism underlying the

positive findings in this study, one explanation is that the

intervention impacted neuroplasticity—the ability of the

nervous system to be shaped and influenced by experience. It

is well regarded in the neuro-developmental literature that

early sensory motor experiences promote neuroplasticity

and enhance the capacity of the brain to adapt to environ-

mental challenges (Shonkoff and Phillips 2000; Ayres 1972;

Dawson et al. 2012). Thus, it is possible that through the

process of neuroplasticity that the children became more

independent in their functional skills as their ability to pro-

cess and integrate sensory information improved. Further

testing of this assumption is needed using methods that

evaluate nervous system activity pre and post intervention.

There is some preliminary evidence that change in neural

activities results from enriched environments. For example,

Dawson et al. (2012) showed that more organized EEG

activity occurred in children with ASD who also made gains

in the Denver Early Start Program; and Miller et al. (2007)

showed that electrodermal activity, a measure of sympa-

thetic nervous system activity, showed a trend to decrease

(expected direction) following a sensory-enriched inter-

vention in subjects who were previously sensory hyper-

reactive. An important next step in this research will be to

measure changes in brain activity that may be concurrent

with improvements in adaptive behaviors and individual

goals as suggested by Schaaf et al. (2013).

In summary, our data provide preliminary support for

the efficacy of a manualized intervention designed to

address difficulties processing and integrating sensory

information for children with ASD. We show improve-

ments in our primary outcome—Goal Attainment as well

as our secondary outcome measures showing improve-

ments in self-care and social activities reflected by
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decreased caregiver assistance. These findings should be

interpreted cautiously until they are replicated in a larger

sample size. In addition, in future studies it would be useful

to include additional outcome measures that rely on direct

observation of goal attainment and sensory behaviors to

provide further validation of GAS findings. It will be

important to supplement parent reported data with direct

observational measures. It will also be important to include

a longer intervention period in future studies and follow-up

testing to determine if the observed changes are main-

tained. Finally, although we randomized subjects based on

autism severity and cognition, we were not able to include

these strata in our analysis due to our sample size. Future

studies would be strengthened by the inclusion of a larger

sample so that impact of potentially confounding variables

on treatment outcomes can be evaluated. Of note, almost

all of our participants (30 of 32 children, or 94 %) dem-

onstrated high severity of autism, and 22 or 68.75 % also

had high IQ. It would be useful if future studies utilizing

this intervention include children with low severity and/or

low cognition to determine if the findings from this study

are replicated with this sample. Similarly, our sample of

convenience resulted in a sample with little ethnic diversity

and future studies should make an effort to include par-

ticipants from more diverse backgrounds. Despite these

limitations, this study provides evidence that this inter-

vention may be a useful adjunct to a comprehensive

intervention program for individuals with ASD who have

functional and behavioral challenges related to difficulty

processing and integrating of sensory information.

Acknowledgment This Grant was funded by an Autism Speaks

Foundation Treatment Grant (#3797). The authors wish to thank the

Jefferson School of Health Professions and the Children’s Specialized

Hospital for their support of this project, and the families and children

who participated in this Project. The authors also with to thank the

Sensory Integration Research Collaborative for their contributions to

the manual used in this study: Teal Benevides, Erna Blanche,

Stephanie Bodison, Janice Burke, Ellen Cohn, Jane Koomar, Shelly

Lane, Teresa May Benson, Lucy Jane Miller, Diane Parham, Stacey

Reynolds, Roseann Schaaf, Sarah Schoen, Susanne Smith Roley.

Open Access This article is distributed under the terms of the

Creative Commons Attribution License which permits any use, dis-

tribution, and reproduction in any medium, provided the original

author(s) and the source are credited.

References

American Psychiatric Association. (2013). Diagnostic and Statistical

Manual of Mental Disorders, Fifth Edition. Arlington, VA,

American Psychiatric Association, Web. (Access date: 1 June

2013). dsm.psychiatryonline.org.

Ashburner, J., Ziviani, J., & Rodger, S. (2008). Sensory processing

and classroom emotional, behavioral, and educational outcomes

in children with autism spectrum disorder. The American

Journal of Occupational Therapy, 62(5), 564–573.

Ayres, A. J. (1972). Sensory integration and learning disorders. Los

Angeles: Western Psychological Services.

Ayres, A. J. (1979). Sensory integration and the child. Los Angeles,

CA: Western Psychological Services.

Ayres, A. J. (1989). The sensory integration and praxis tests. Los

Angeles, CA: Western Psychological Services.

Ayres, A. J. (2005). Sensory integration and the child, 25th

anniversary. Los Angeles, CA: Western Psychological Services.

Baker, A. E. Z., Lane, A., Angley, M. T., & Young, R. L. (2008). The

relationship between sensory processing patterns and behavioral

responsiveness in autistic disorder: A pilot study. Journal of

Autism and Developmental Disorders, 38(5), 867–875.

Bellg, A. J., Borrelli, B., Resnick, B., Hecht, J., Minicucci, D. S., Ory,

M., et al. (2004). Enhancing treatment fidelity in health behavior

change studies: Best practices and recommendations from the NIH

behavior change consortium. Health Psychology, 23(5), 443.

Ben-Sasson, A., Hen, L., Fluss, R., Cermak, S. A., Engel-Yeger, B., &

Gal, E. (2009). A metaanalysis of sensory modulation symptoms

in individuals with autism spectrum disorders. Journal of Autism

and Developmental Disorders, 39(1), 1–11.

Case-Smith, J., & Arbesman, M. (2008). Evidence-based review of

interventions for autism used in or of relevance to occupational

therapy. American Journal of Occupational Therapy, 62(4),

416–429. doi:10.5014/ajot.62.4.416.

Center for Disease Control and Prevention (2009). Prevalence of

autism spectrum disorders—Autism and Developmental Disabil-

ities Monitoring Network, United States, 2006. MMWR Surveil-

lance Summaries, 58, SS–10.

Cohen, I. L., Schmidt-Lackner, S., Romanczyk, R., & Sudhalter, V.

(2003). The PDD Behavior Inventory: A rating scale for

assessing response to intervention in children with pervasive

developmental disorder. Journal of Autism and Developmental

Disorders, 3, 31–45.

Dawson, G., Jones, E. J., Merkle, K., Venema, K., Lowy, R., Faja, S.,

et al. (2012). Early behavioral intervention is associated with

normalized brain activity in young children with autism. Journal

of the American Academy of Child and Adolescent Psychiatry,

51(11), 1150–1159. doi:10.1016/j.jaac.2012.08.018.

Dunn, W. (1999). The sensory profile. San Antonio: The Psycholog-

ical Corporation.

Dziuk, M. A., Larson, J. C. G., Apostu, A., Mahone, E. M., Denckla,

M. B., & Mostofsky, S. H. (2007). Dyspraxia in autism:

association with motor, social, and communicative deficits.

Developmental Medicine and Child Neurology, 49, 734–739.

doi:10.1111/j.1469-8749.2007.00734.x.

Elliott, C. (2007). Differential ability scales-second edition: Intro-

ductory and technical handbook. San Antonio, TX: The

Psychological Corporation.

Fazlioglu, Y., & Baran, G. (2008). A sensory integration therapy

program on sensory problems for children with autism. Percep-

tual Motor Skills, 106(2), 415–422.

Goin-Kochel, R. P., Mackintosh, V. H., & Myers, B. J. (2009).

Parental reports on the efficacy of treatments and therapies for

their children with autism spectrum disorders. Research in

Autism Spectrum Disorders, 3(2), 528–537. doi:10.1016/j.rasd.

2008.11.001.

Gotham, K., Pickles, A., & Lord, C. (2009). Standardizing ADOS

scores for a measure of severity in autism spectrum disorders.

Journal of Autism and Developmental Disorders, 39(5),

693–705.

Green, V. A., Pituch, K. A., Itchon, J., Choi, A., O’Reilly, M., &

Sigafoos, J. (2006). Internet survey of treatments used by parents

of children with autism. Research in Developmental Disabilities,

27(1), 70–84.

1504 J Autism Dev Disord (2014) 44:1493–1506

123

http://dx.doi.org/10.5014/ajot.62.4.416
http://dx.doi.org/10.1016/j.jaac.2012.08.018
http://dx.doi.org/10.1111/j.1469-8749.2007.00734.x
http://dx.doi.org/10.1016/j.rasd.2008.11.001
http://dx.doi.org/10.1016/j.rasd.2008.11.001


Haley, S. M., Coster, W. J., Ludlow, L. H., Haltiwanger, J. T., &

Andrellos, P. J. (1992). Pediatric evaluation of disability

inventory (PEDI) New England Medical Center Hospital,

Incorporated and PEDI Research Group.

Hilton, C., Graver, K., & LaVesser, P. (2007). Relationship between

social competence and sensory processing in children with high

functioning autism spectrum disorders. Research in Autism

Spectrum Disorders, 1, 164–173.

Hilton, C. L., Harper, J. D., Kueker, R. H., Lang, A. R., Abbacchi, A.

M., Todorov, A., et al. (2010). Sensory responsiveness as a

predictor of social severity in children with high functioning

autism spectrum disorders. Journal of Autism and Developmen-

tal Disorders, 40(8), 937–945.

Hochhauser, M., & Engel-Yeger, B. (2010). Sensory processing

abilities and their relation to participation in leisure activities

among children with high-functioning autism spectrum disorder

(HFASD). Research in Autism Spectrum Disorders, 4(4),

746–754.

Kiresuk, T. J., & Sherman, R. E. (1968). Goal attainment scaling: A

general method for evaluating community mental health pro-

grams. Community Mental Health Journal, 4(6), 443–453.

Kiresuk, T. J., Smith, A. E., & Cardillo, J. E. (1994). Goal attainment

scaling: Applications, theory, and measurement. Lawrence

Erlbaum Associates, Inc.

Lane, A. E., Young, R. L., Baker, A. E. Z., & Angley, M. T. (2010).

Sensory processing subtypes in autism: Association with adap-

tive behavior. Journal of Autism and Developmental Disorders,

40(1), 112–122.

Lecavalier, L., Aman, M. G., Scahill, L., McDougle, C. J., McCrac-

ken, J. T., Vitiello, B., et al. (2006). Validity of the autism

diagnostic interview-revised. Journal Information, 111, 3.

Lord, C., Rutter, M., & Couteur, A. (1994). Autism diagnostic

interview-revised: A revised version of a diagnostic interview for

caregivers of individuals with possible pervasive developmental

disorders. Journal of Autism and Developmental Disorders,

24(5), 659–685.

Lord, C., Rutter, M., DiLavore, P., & Risi, S. (2002). Autism diagnostic

observation schedule: ADOS Western Psychological Services.

Mailloux, Z., May-Benson, T., Summers, C. A., Miller, L. J., Brett-

Green, B., Burke, J. P., et al. (2007). The issue is—goal

attainment scaling as a measure of meaningful outcomes for

children with sensory integration disorders. American Journal of

Occupational Therapy, 61(2), 254–259.

Mailloux, Z., & Smith Roley, S. (2010). Sensory integration. In H.

Miller-Kuhaneck (Ed.), A Comprehensive Occupational Therapy

Approach (3rd ed., pp. 215–255). Rockville: AOTA.

Mandell, D. S., Novak, M. M., & Levy, S. (2005). Frequency and

correlates of treatment use among a community sample of

children with autism. CA: San Diego.

May-Benson, T. A., Smith Roley, S., Mailloux, Z., Parham, L. D.,

Koomar, J., Schaaf, R. C., et al. (in press). Structural elements of

the Ayres Sensory Integration intervention fidelity measure.

American Journal of Occupational Therapy.

Melnyk, B., & Morrison-Beedy, D. (2012). Intervention research.

New York: Springer.

Miller, L. J., Coll, J. R., & Schoen, S. A. (2007a). A randomized

controlled pilot study of the effectiveness of occupational

therapy for children with sensory modulation disorder. The

American Journal of Occupational Therapy, 61(2), 228–238.

Miller, L. J., Schoen, S. A., James, K., & Schaaf, R. C. (2007b).

Lessons learned: A pilot study of occupational therapy effec-

tiveness for children with sensory modulation disorder. Amer-

ican Journal of Occupational Therapy, 61(2), 161.

Nichols, D. S., & Case-Smith, J. (1996). Reliability and validity of the

pediatric evaluation of disability inventory. Pediatric Physical

Therapy, 8, 15–24.

Ottenbacher, K. J., & Cusick, A. (1990). Goal attainment scaling as a

method of clinical service evaluation. American Journal of

Occupational Therapy, 44(6), 519–525.

Palisano, R., Haley, S., & Brown, D. (1992). Goal attainment scaling

as a measure of change in infants with motor delay. Physical

Therapy, 72, 432–437.

Parham, D., Cohn, E. S., Spitzer, S., Koomar, J. A., Miller, L. J.,

Burke, J. P., et al. (2007). Fidelity in sensory integration

intervention research. The American Journal of Occupational

Therapy, 61(2), 216–227.

Parham, L. D., & Mailloux, Z. (2010). Sensory integration. In J. Case-

Smith, A. S. Allen, & P. N. Pratt (Eds.), Occupational therapy

for children (5th ed., pp. 356–411). St, Louis, MO: Elsevier.

Parham, L. D., Smith Roley, S., MayBenson Koomar, J. T., Brett-

Green, B., Burke, J. P., Cohn, E., et al. (2011). Development of a

fidelity measure for research on effectiveness of ayres sensory

integration�. The American Journal of Occupational Therapy,

65(2), 133–142. doi:10.5014/ajot.2011.000745.

Patient-Centered Outcomes Research Institute (PCORI). National

priorities for research and research agenda. Retrieved 6/1/2013

from www.pcori.org.

Peacock, E. (2012). Retrieved 12/5, 2012, from http://www.

autismspeaks.org/blog/2012/09/25/top-8-autism-therapies-reported-

parents.

Pfeiffer, B. A., Koenig, K., Kinnealey, M., Sheppard, M., &

Henderson, L. (2011). Effectiveness of sensory integration

interventions in children with autism spectrum disorders: A

pilot study. The American Journal of Occupational Therapy,

65(1), 76–85.

Psychiatric News. (2012). DSM 5 Final diagnostic criteria approved

by APA board of trustees. http://www.psychnews.org/files/DSM-

message.pdf. Retrieved 12 June 2012.

Reynolds, S., Bendixen, R. M., Lawrence, T., & Lane, S. J. (2011). A

pilot study examining activity participation, sensory responsive-

ness, and competence in children with high functioning autism

spectrum disorder. Journal of Autism and Developmental

Disorders, 41(11), 1496–1506.

Roid, G. H. (2003). Stanford-binet intelligence scales (5th ed.). Itasca,

IL: Riverside.

Ruble, L. A., Dalrymple, N. J., & McGrew, J. H. (2010). The effects

of consultation on individualized education program outcomes

for young children with autism: The collaborative model for

promoting competence and success. Journal of Early Interven-

tion, 32(4), 286–301.

Ruble, L., McGrew, J. H., & Toland, M. D. (2012). Goal attainment

scaling as an outcome measure in randomized controlled trials of

psychosocial interventions in autism. Journal of Autism and

Developmental Disorders, 42, 1–10.

Schaaf, R. C. (in press). Creating evidence through practice using

data-driven decision making. The American Journal of Occupa-

tional Therapy.

Schaaf, R. C. (2011). Interventions that address sensory dysfunction

for individuals with autism spectrum disorders: Preliminary

evidence for the superiority of sensory integration compared to

other sensory approaches. In B. Reichow, P. Doehring, D.

V. Cicchetti, & F. R. Volkmar (Eds.), Evidence-based practices

and treatments for children with autism (pp. 245–273). New

York: Springer.

Schaaf, R. C. & Benevides, T (2011). Analysis of behavior table for

sensory integration intervention. In R.C. Schaaf, E.I. Blanche, Z.

Mailloux, and the Sensory Integration Research Collaborative.

Intervention for Sensory Integration for Children with Autism.

Unpublished Manual.

Schaaf, R. C., Benevides, T., Kelly, D., & Mailloux, Z. (2012a).

Occupational therapy and sensory integration for children with

autism: A feasibility, safety, acceptability and fidelity study.

J Autism Dev Disord (2014) 44:1493–1506 1505

123

http://dx.doi.org/10.5014/ajot.2011.000745
http://www.pcori.org
http://www.autismspeaks.org/blog/2012/09/25/top-8-autism-therapies-reported-parents
http://www.autismspeaks.org/blog/2012/09/25/top-8-autism-therapies-reported-parents
http://www.autismspeaks.org/blog/2012/09/25/top-8-autism-therapies-reported-parents
http://www.psychnews.org/files/DSM-message.pdf
http://www.psychnews.org/files/DSM-message.pdf


Autism: The International Journal of Research and Practice,.

doi:10.1177/1362361311435157.

Schaaf, R. C., Benevides, T., Lieby, B., & Sendecki, J. (2013).

Autonomic dysregulation sensory stimulation in children with

autism spectrum disorder. Journal of Autism and Developmental

Disorders. doi:10.1007/s10803-013-1924-6.

Schaaf, R. C., & Blanche, E. I. (2012). Emerging as leaders in autism

research and practice: Using the data-driven intervention

process. The American Journal of Occupational Therapy,

66(5), 503–505.

Schaaf, R. C., Hunt, J., & Benevides, T. (2012b). Occupational

therapy using sensory integration to improve participation of a

child with autism: A case report. The American Journal of

Occupational Therapy, 66(5), 547–555.

Schaaf, R. C., & Mailloux, Z. (in preparation). A guidebook for Ayres

Sensory Integration. Bethesda: The American Occupational

Therapy Association.

Schaaf, R. C., & Nightlinger, K. (2007). Occupational therapy using a

sensory integrative approach: A case study of effectiveness.

American Journal of Occupational Therapy, 61, 239.

Schaaf, R. C., Blanche, E. I., Mailloux, Z. and the Sensory Integration

Research Collaborative (Benevides, T. Bodisin, S., Burke, J. P.,

Cohn, E., Koomar, J., Lane, S., May Benson, T., Miller, L. J.,

Parham, L. D., Reynolds, S., Schoen, S., Smith Roley, S (2011).

Intervention for Sensory Integration for Children with Autism

(InSInc). Unpublished Manual.

Schaaf, R., Schoen, S., Smith-Roley, S., Lane, S., Koomar, J., & May-

Benson, T. (2009). A frame of reference for sensory integration.

Frames of Reference for Pediatric Occupational Therapy. In P.

Kramer & J. Hinojosa (Eds.), Frames of reference in pediatric

occupational therapy (pp. 99–186). Philadelphia, PA: Lippin-

cott, Williams and Wilkins.

Schaaf, R. C., Toth-Cohen, S., Johnson, S. L., Outten, G., &

Benevides, T. W. (2011). The everyday routines of families of

children with autism examining the impact of sensory processing

difficulties on the family. Autism, 15(3), 373–389.

Shonkoff, J. P., & Phillips, D. (2000). From neurons to neighbor-

hoods: The science of early childhood development National

Academies Press.

Sparrow, S., Cicchetti, D., & Balla, D. (2005). Vineland adaptive

behavior scales: (Vineland II), survey interview form/caregiver

rating form. Livonia, MN: Pearson Assessments.

Stahmer, A. C., Schreibman, L., & Cunningham, A. B. (2011).

Toward a technology of treatment individualization for young

children with autism spectrum disorders. Brain Research, 1380,

229–239. doi:10.1016/j.brainres.2010.09.043.

Watling, R., Deitz, J., Kennay, E. M., & McLaughlin, J. (1999). Current

practice of occupational therapy for children with autism.

American Journal of Occupational Therapy, 53(5), 498–505.

Watling, R., Koenig, K., Davies, P., & Schaaf, R. (2011). Occupa-

tional therapy practice guidelines for children and adolescents

with difficulty processing and integrating sensory information.

Bethesda, MD: AOTA Press.

Watson, L. R., Patten, E., Baranek, G. T., Poe, M., Boyd, B. A.,

Freuler, A., et al. (2011). Differential associations between

sensory response patterns and language, social, and communi-

cation measures in children with autism or other developmental

disabilities. Journal of Speech, Language and Hearing Research,

54(6), 1562.

Weschler, D. (2003). Wechsler intelligence scale for children-forth

edition (WISC-IV) administration and scoring manual.

Wong, V. C. N., Chen, W. X., & Liu, W. L. (2010). Randomized

controlled trial of electro-acupuncture for autism spectrum

disorder. Alternative Medicine Review, 15(2), 136–146.

1506 J Autism Dev Disord (2014) 44:1493–1506

123

http://dx.doi.org/10.1177/1362361311435157
http://dx.doi.org/10.1007/s10803-013-1924-6
http://dx.doi.org/10.1016/j.brainres.2010.09.043



























































	ot_si_dd
	schaaf nightlinger 2007
	Schaaf_et al_Intervention_RCT_2014
	An Intervention for Sensory Difficulties in Children with Autism: A Randomized Trial
	Abstract
	Introduction
	Methods
	Participants
	Overview and Timeline
	Randomization, Allocation Concealment and Implementation
	Intervention
	Fidelity

	Measures
	Phenotypic Measures
	Autism Diagnosis
	Cognition
	Sensory Assessments
	Primary Outcome Measure: Goal Attainment Scaling
	Secondary Outcome Measure
	Sample Size


	Results
	Evaluation of Treatment Effects on Goal Attainment
	Evaluation of Treatment Effects on Functional Behaviors
	Evaluation of Treatment Effects on Autism Behaviors
	Evaluation of Treatment Effects on Adaptive Behaviors

	Discussion
	Acknowledgment
	References


	schaaf_interventions

