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Abstract Sensory difficulties are a commonly occurring
feature of autism spectrum disorders and are now included
as one manifestation of the ‘restricted, repetitive patterns of
behavior, interests, or activities’ diagnostic criteria of the
DSMS5 necessitating guidelines for comprehensive assess-
ment of these features. To facilitate the development of
such guidelines, this paper provides an overview of the
literature on sensory features in autism spectrum disorder.
We summarize the literature pertaining to: terminology,
current assessment practices, sensory development, and the
relationship of sensory features to core symptoms of aut-
ism. The paper concludes with recommendations for clin-
ical assessment of sensory features in Autism.
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Introduction
Reports of behaviors associated with difficulty processing

and integrating sensory information—hereafter referred to
as sensory features—in individuals with autism spectrum
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disorder (ASD) are frequently found in the literature
(Rogers et al. 2003; Minshew et al. 2002; Williams 1992,
1994; Rogers and Ozonoff 2005). Estimates of the preva-
lence of sensory features in ASD vary from 45 to 96 %.
(Leekam et al. 2007; Tomchek and Dunn 2007; Ben-Sas-
son et al. 2008). Variations in estimates are likely related to
the diversity of assessments utilized and the type of sensory
features evaluated. Importantly, some sensory features are
now included as one manifestation of the ‘restricted,
repetitive patterns of behavior, interests, or activities’
diagnostic criteria (Criteria B) of the DSM5 (APA 2013)
while others are not. Specifically, “hyper- or hypo-reac-
tivity to sensory input or unusual interest in sensory aspects
of the environment” qualifies as one of four sub-criteria
(two sub-criteria are required) on this diagnostic dimension
(APA 2013). Given the increased emphasis on sensory
features in diagnostic decision-making in ASD, it is timely
to reflect on current understandings of the manifestation of
sensory features in ASD, their relation to core features of
ASD, and common sensory assessment strategies.
Accordingly, this in this paper we provide an overview of
the literature in relation to the following key questions:

1. What is the common terminology used for sensory
features?

2. What are the common sensory features in ASD?

Do sensory features change with age?

4. How do sensory features relate to the core symptoms
of ASD?

5. What are the common clinical assessments available to
evaluate sensory features in ASD?

O8]

On the basis of our summary of the literature relative to
these questions, we conclude with suggestions for inclusion
in a comprehensive clinical assessment of sensory features
in ASD.
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Table 1 Common terms in the literature used to describe sensory features

Description

Terms used to describe hypo-reactivity

Poor registration/low registration

Sensory under-sensitivity; sensory
under-responsivity

Hyporesponsiveness

Hypo-reactivity

Hypo-sensitivity

Characterized by passive self-regulation strategy with diminished awareness or registration of sensory
stimuli and high sensory thresholds (Dunn 1997)

Diminished awareness of sensory input; may take a lengthened amount of time to respond to sensory
stimuli (Ben-Sasson et al. 2009; Oswald 2013)

Does not respond to sensory input (Miller et al. 2007; Oswald 2013; Zachor and Ben-Itzchak 2014)

Slower, diminished, or weakened reactions to sensory input (Ausderau et al. 2014a; Baranek et al. 2006;
Oswald 2013; Patten et al. 2013)

May need several or more intense cues to produce a response (Oswald 2013; Patten et al. 2013)
Exhibits under-reactivity in response to stimuli (Boyd et al. 2010)

Does not respond to sensory input or may require increased sensory stimuli to experience the input—may
include lack of reaction to temperature (hot/cold) or pain (Elwin et al. 2013; Oswald 2013)

Exhibits under-reactivity in response to sensory stimuli (Oswald 2013; Robertson and Simmons 2013)

Terms used to describe hyper-reactivity

Sensory sensitivity

Sensory defensiveness

Tactile defensiveness
Oral defensiveness
Visual defensiveness

Auditory defensiveness

Hyper-responsiveness

Hyper-reactivity

Sensory over-sensitivity/responsivity

Sensory hypersensitivity

Enhanced perception

Hypersensitive hearing,
oversensitivity to sound,
hyperacusis

Characterized by low sensory thresholds and a passive self-regulation strategy, often exhibiting
distractibility (Dunn 1997)

Exhibits over sensitivity that is often negative to sensory stimuli (Ayres 1964; Pfeiffer and Kinnealey
2003)

May demonstrate aversion or anxiety to gentle touch (Ayres 1964; Pfeiffer and Kinnealey 2003)
Exhibits intense reactions or anxiety to touch or textures (Ayres 1964; Pfeiffer and Kinnealey 2003)
Has increased sensitivity to particular foods or textures (Wilbarger and Wilbarger 1991)

Characterized by hyper sensitivity to light with feelings of discomfort or pain to light (Wilbarger and
Wilbarger 1991)

Has increased sensitivity to sounds (Wilbarger and Wilbarger 1991)

Has over-reactivity that tends to be negative to sensory stimuli (Boyd et al. 2010; Oswald 2013; Patten
et al. 2013)

May avoid stimulation (Oswald 2013; Patten et al. 2013)

Experiences intense reactions to certain sensory inputs or have increased focus on weak stimuli (Elwin
et al. 2013; Oswald 2013)

May have negative reactions to touch or experience stress from sounds (Elwin et al. 2013; Oswald 2013)

Exhibits an automatic and exaggerated response to sensory input (Miller et al. 2007; Oswald 2013;
Zachor and Ben-Itzchak 2014)

Response may be increased in duration, intensity, or reaction time (Ben-Sasson et al. 2013; Miller et al.
2007; Oswald 2013)

May avoid certain sensory stimuli or exhibit negative emotional responses, withdrawal, moodiness, or
aggressiveness (Ben-Sasson et al. 2013; Miller et al. 2007; Oswald 2013; Reynolds and Lane 2008)

Demonstrates increased reaction in response to sensory stimuli such as with input that other people may
ignore (Oswald 2013; Panagopoulos et al. 2013)

Over-reactivity to weakened stimuli (Oswald 2013; Panagopoulos et al. 2013)

Sensory stimuli may be overly intense such as lights that are overwhelmingly bright (Oswald 2013;
Robertson and Simmons 2013)

Increased awareness to specific sensory input, especially with certain perceptions like identifying the
perfect pitch (Ausderau et al. 2014a; Oswald 2013)

A subjective increased sensitivity to sounds with normal sounds being perceived as intolerably loud
(Lucker 2013; Oswald 2013)

Terms used to describe unusual sensory behaviors

Sensation avoiding

Characterized by low sensory thresholds and an active self-regulation strategy, often avoiding or
withdrawing from activities (Dunn 1997)
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Table 1 continued

Description

Sensation seeking
1997)

Characterized by high sensory thresholds and an active self-regulation strategy (Boyd et al. 2010; Dunn

Actively engages in activities to acquire sensory stimulation and craves an increased amount of input or a
certain kind of stimuli (Boyd et al. 2010; Miller et al. 2007; Robertson and Simmons 2013)

Sensory interests, repetitions and
seeking behaviors

Terms for sensory perception

Craves or exhibits increased interest in intense and repetitive sensory input such as touching various
textures (Ausderau et al. 2014a; Oswald 2013)

The ability to perceive and interpret the qualities of sensory information for use (O’Riordan and Passetti

2006)

The interpretation of sensation (Schmidt 1985)

Organization, identification and interpretation of sensory information to understand the environment

(AOTA 2008)
Terms for sensory integration or multisensory integration

Sensory integration

The organization of sensory information for use (Ayres 1979)

Merging of multiple sources of sensory input (Iarocci and McDonald 2006)

Multisensory integration

The ability to bind sensory information across multiple modalities as a means of assimilating spatially

and temporally concurrent information (Donohue et al. 2012; Russo et al. 2010)

What is the Common Terminology for Sensory
Features?

One of the barriers to understanding and assessing sensory
features associated with ASD relates to the variance in
terminology used between and within the multiple disci-
plines studying this topic. Table 1 presents common terms
used to describe sensory features in the clinical literature
and the synonyms found in the literature for these terms.
Briefly, hyper-reactivity as used in the DSMS5, is similar to
the terms hyper-responsivity, sensory sensitivity, over-
responsive, over-reactivity, or low threshold; and hypo-
reactivity is synonymous with under-responsiveness,
under-reactivity, poor registration, or high threshold. The
phrase “unusual interest in sensory aspects of the envi-
ronment” used in the DSMS is akin to terms such as sen-
sory seeking, sensory craving, sensory interests and
repetitions, or sensory preoccupation. Additional sensory
features have been identified in the ASD literature but are
not named in the DSMS5. These include: difficulties with
sensory perception (Smith Roley et al., in press; Donnellan
et al. 2013); and sensory integration (larocci and
McDonald 2006; Stevenson et al. 2014; Donohue et al.
2012). Thus, in this paper we use the DSMS5 terminology of
hyper-reactivity, hypo-reactivity, and unusual sensory
interests; and also include sensory perception, and sensory
integration to describe sensory features because these
appear in the literature. We intentionally do not use the
term “sensory processing” because this term has been used
to describe both sensory reactivity and sensory perception
and thus adds confusion for interpretation and analysis of
the existing literature.
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What are the Common Sensory Features in ASD?

Based on the terminology literature above, we broadly
classified the studies examining sensory features in ASD
into the following categories: (1) sensory reactivity (hyper-
or hypo-reactivity) and unusual sensory interests; (2) sen-
sory perception; or (3) sensory integration.

Sensory Reactivity and Unusual Sensory Interests

This literature is mainly based on assessments that utilize
proxy or self-report of behaviors although experimental
paradigms using objective markers of sensory reactivity are
also emerging. In regard to studies using proxy/self-report,
a meta-analysis of 14 studies (Ben-Sasson et al. 2009)
concluded that: (1) parents of children with ASD report
more difficulties in these areas than parents of typically
developing controls and other clinical groups; and (2)
hypo-reactivity was the most prevalent type. These findings
are supported by a number of other studies (Baranek et al.
2006, 2007; Ben-Sasson et al. 2008; Rogers and Ozonoff
2005). More recently, Ausderau et al. (2012, 2013, 2014a,
b) reported data from more than 1,200 individuals with
ASD aged 2-12 years using the Sensory Experience
Questionnaire (Baranek et al. 2006). A confirmatory factor
analysis revealed four sensory response patterns: hypo-
reactivity, hyper-reactivity, sensory interests and repeti-
tions, and enhanced perception (a newly defined sensory
feature). Next, a Latent Profile Analysis was conducted to
further characterize these sensory features. Four distinct
profiles were found: (1) Mild (29 %)—children who pre-
sented with very few sensory features; (2) Extreme-Mixed



J Autism Dev Disord (2015) 45:1380-1395

1383

(17 %)——children who presented with a high frequency of
all types of sensory features; (3) Sensitive-Distressed
(28 %)—-children who displayed a low frequency of unu-
sual sensory interests and repetitions and hypo-reactivity,
but a high frequency of hyper-reactivity and enhanced
perception; and (4) Attenuated-Preoccupied (17 %)—chil-
dren with a high frequency of unusual sensory interests and
repetitions and hypo-reactivity but a low frequency of
hyper-reactivity and enhanced perception (Ausderau et al.
2014b).

Lane et al. (2010, 2011, 2014) using cluster analysis
methodology and the Short Sensory Profile (McIntosh et al.
1999b) reported findings similar to Ausderau’s in children
with ASD aged 2-10 years. They identified four distinct
sensory subtypes characterized as: (1) Sensory Adaptive—
sensory features were not clinically significant; (2) Taste/
Smell Sensitive—extreme taste/smell sensitivity and
moderate levels of hypo-reactivity, seeking and auditory
filtering difficulty; (3) Postural Inattentive—extreme low
energy weak' features and moderate levels of hypo-reac-
tivity, seeking and auditory filtering difficulty; and (4)
Generalized Sensory Difference—high levels of features
reported in all sensory domains (Lane et al. 2014). Com-
mon to all children with ASD were features of hypo-
reactivity, sensory seeking behaviors and auditory filtering
difficulties. Like Ausderau et al. (2014b), sensory subtypes
varied on severity, from low to high, and some children
with ASD did not demonstrate any difficulties with sensory
reactivity (characterized as “sensory adaptive”).

Studies that used objective markers of sensory reactivity
such as evoked related potentials, skin conductance,
threshold testing or imaging technology, are emerging and
provide some insight into the potential mechanisms of
sensory hyper or hypo reactivity in ASD. For example, in
the auditory domain, mechanisms of hyper-reactivity
identified are failure of the normal inhibitory mechanism
(Perry et al. 2007), over-activity of the sympathetic ner-
vous system (McAlonan et al. 2002; Chang et al. 2012),
and difficulty with selective attention to specific low-level
features of stimuli (Jarvinen et al. 2007; Russo et al. 2010).
Green (2014) showed that subjects with ASD and parent-
rated hyper-reactivity in the visual and auditory systems
had greater activation in the primary sensory cortices, the
amygdala, hippocampus and orbital-frontal cortex in
response to mildly aversive auditory and visual stimuli on
fMRI suggesting a fundamental difference in brain
response to these sensations in comparison to typically
developing controls. Regarding somatosensory reactivity,
Cascio et al. (2012) work suggest that adults with ASD
showed diminished cortical responses (measured by

' Low Energy Weak is suggestive of postural (proprioceptive)
difficulties.

changes in brain blood oxygenation level-dependent sig-
nal—BOLD) to pleasant and neutral textured stimuli, but
exaggerated responses to unpleasant stimuli in comparison
to a control group. For a full review of the experimental
literature on sensory reactivity, the reader is referred to
Marco et al. (2011). Of note, many of the participants in
these studies presented with more than one type of sensory
reactivity (e.g., hypo and hyper-reactivity) and more than
one sensory modality was affected (e.g., tactile and
auditory).

In summary, descriptions of sensory reactivity and
unusual sensory interests based on proxy report of observed
behaviors and objective markers consistently report that
children with ASD experience greater difficulties in these
areas than their typically developing or non-ASD devel-
opmentally delayed peers. Although hypo-reactivity is the
most consistent feature reported in children with ASD,
there is no single characteristic type that is consistently
associated with ASD. Of note, initial findings suggest that
modalities such as audition, pain, taste—smell, propriocep-
tion, and movement may discriminate individuals with
ASD from other clinical groups (Klintwall et al. 2011;
Lane et al. 2010, 2011; Rogers and Ozonoff 2005); how-
ever, more data is needed to support these findings. Further,
recent data suggests that some children with ASD (between
25 and 40 %) do not experience any clinically significant
differences in sensory reactivity while others are reported
as having extreme difficulties in this area (Ausderau et al.
2014a, b; Lane et al. 2014).

Sensory Perception

Studies that measure sensory perception in ASD examine
the ability to recognize and interpret sensory stimuli. These
include examination of event-related potentials or cortical
processing during sensory stimulation and, thus, provide
guidance for understanding the mechanisms associated
with recognition and interpretation of sensation as well as
differences in ASD and other populations. The majority of
studies investigate auditory, visual and tactile perception,
but there is also emerging data on proprioceptive percep-
tion in ASD. We summarize the literature here and direct
the reader to the primary sources for more in-depth
information.

Auditory Perception

Neurophysiological studies of auditory perception consis-
tently show that individuals with ASD have difficulties
with sustained auditory attention (Magnee et al. 2011),
orientation to auditory stimuli (éeponiene et al. 2003),
delay in higher order cortical auditory processing (Novick
et al. 1980; Boddaert et al. 2004; Kwon et al. 2007),
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dysfunction at preconscious stages of cortical auditory
discrimination (Tecchio et al. 2003), and/or decreased
detection and processing (Courchesne et al. 1984; Jansson-
Verkasalo et al. 2003). One of the most frequently exam-
ined areas of auditory perception in ASD relates to novelty
detection or mismatched negativity (MMN; Jeste and
Nelson 2009). In these studies, investigators use event-
related potentials or MEG to examine the ability of indi-
viduals with ASD to discriminate a novel auditory stimulus
in a stream of familiar auditory stimuli. These studies have
reported mixed findings but in general, found that indi-
viduals with ASD display attenuated responses to novel
speech sounds but enhanced responses to non-speech
sounds (Kuhl et al. 2005; Lepistd et al. 2005). Of note,
studies have been limited to older, higher-functioning
individuals with ASD and variations in the findings have
been observed in relation to verbal ability (Kuhl et al.
2005). In a recent study by Ludlow et al. (2014), variance
in MMN amplitude was observed as a function of auditory
sensitivity as measured by the Adult/Adolescent Sensory
Profile and thus, additional research is required to elucidate
the relationship between sensory reactivity and sensory
perception impairments. Thus, while there is consensus
regarding the presence of auditory perception difficulties in
ASD, there is a lack of clarity regarding the mechanisms
underlying these difficulties. Further, it is uncertain whe-
ther auditory perception is impaired independently, or in
relation to attention (e.g., inability to adequately attend to
auditory sensations), or to a core deficit in multisensory
integration (e.g., difficulty processing auditory sensations
when presented simultaneously with other sensations such
as visual). Additional studies that factor out these specific
aspects of auditory perception in ASD are needed using
innovative protocols that manipulate attention and stimuli
salience to inform a clinical assessment protocol.

Visual Perception

Much of the literature relating to the visual system in ASD
has focused on visual attention and eye gaze and less on
perceptual elements such as acuity and contrast detection.
There is now robust evidence suggesting that individuals
with ASD show differences in visual tracking, visual
attention and eye gaze when compared to their typically
developing peers and those with non-ASD developmental
disabilities (Behrmann et al. 2006). These differences are
particularly pronounced in social situations such as face
processing and are hypothesized to be one possible
mechanism of social impairment in ASD (McPartland et al.
2011). Further, differences in eye gaze patterns have been
shown as a promising early marker of ASD risk in infants
and toddlers (Deconinck et al. 2013). In particular, young
children with higher risk for ASD show difficulties
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disengaging visual attention and fixate their eye gaze on
one region of the face rather than scanning the whole face
(Alie et al. 2011; Elsabbagh et al. 2013; Shic et al. 2008).
Additionally, while static visual perception (e.g., embed-
ded figure tasks) and tasks that require attention to details
are found to be enhanced in ASD (Shah and Frith 1983;
O’Riordan et al. 2001; Plaisted et al. 1998), there are
deficits in visual perception of biological motion, particu-
larly in tasks that convey emotion (Blake et al. 2003;
Hubert et al. 2006) suggesting their difficulties lie in
attending to emotional states. With regard to visual acuity,
Ashwin et al. (2009) showed that individuals with ASD had
better visual acuity than controls (n = 30; ages
19—64 years) but this finding is controversial due to
methodological issues. The reader is referred to Simmons
et al. (2009) for a comprehensive review of vision in ASD.

Somatosensory Perception

Data on somatosensory processing in ASD includes studies
of responses to tactile and vibratory stimulation using
electrophysiological markers of sensitivity, perception, and
discrimination. In regard to sensitivity, there is some evi-
dence that individuals with ASD are more perceptive of
vibratory stimulation (Cascio et al. 2008; Blakemore et al.
2006); but similar to typical controls on measures of tactile
sensitivity. Further, Cascio et al. (2008) found no differ-
ences in tactile perception in high functioning adults with
ASD (ages 25-40) in comparison to controls using nylon
filaments that delivered forces from .005 to 448 g. Cortical
responses to tactile stimuli, however, have been found to
distinguish ASD from control or other clinical populations.
For example, Marco et al. (2012) reported that male sub-
jects with ASD (ages 7-11) had smaller cortical response
amplitude in the left somatosensory cortex as measured by
magneto encephalography (MEG) to slow and deviant
tactile stimuli delivered to the right hand during an oddball
paradigm. In a clinical study, Smith Roley et al., (in press)
showed that children with ASD, aged 4-11 years, showed
significant difficulties with somatosensory perception in
comparison to normed scores on the Sensory Integration
and Praxis Tests (Ayres 1989). They found a relationship
between somatosensory perception and social participation
and other activities of daily living tasks.

In terms of tactile discrimination (observation of
response rates to various textures), O’Riordan and Passetti
(2006) found no difference in tactile discrimination
between 12 high functioning children with autism and 12
typically developing controls (mean age = 8§ years,
7 months). Tannan et al. (2008) found that adults with ASD
had significantly poorer ability to discriminate amplitudes
of simultaneous tactile stimuli on the dorsum of the hand
after adaptation in comparison to controls (p < .01). They
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suggest that this finding provides further support that
individuals with ASD have an inhibitory deficit in that they
are unable to sufficiently inhibit un-necessary or irrelevant
stimuli.

In summary, the literature on somatosensory perception
suggests that individuals with ASD are similar to typical
controls in terms of response thresholds to tactile stimu-
lation and texture discrimination. However, there is
emerging evidence to suggest that processing of tactile
information may be diminished at the cortical level (Marco
et al. 2012). These data underscore the importance of
evaluating somatosensory perception together with reac-
tivity, and behavioral responses to tactile sensations within
the context of usual, everyday activities.

Proprioception

Proprioception is the sense of body position and movement
(Sherrington 1906) and, as such, contributes to the ability
to use the body effectively to act and interact with the
environment (Blanche and Schaaf 2001). Early studies of
proprioceptive in ASD (Weimer et al. 2001; Molloy et al.
2003) suggested that the motor “clumsiness” in individuals
with ASD was related to poor proprioceptive perception
and over-reliance on visual information. However, more
recent evidence suggests the contrary. Haswell et al. (2009)
and Izawa et al. (2012) showed that individuals with ASD
have a greater reliance on proprioception to perform skilled
motor learning tasks. The researchers suggest that indi-
viduals with ASD form stronger than normal representation
of internal models of action between self-generated motor
commands and proprioception (Izawa et al. 2012). Fuentes
et al. (2011) also showed that individuals with ASD have
adequate use of proprioceptive cues for motor learning
tasks despite their self-report of proprioceptive related
difficulties on the Adult Sensory Profile (Brown and Dunn
2002). They suggest that differences in cortical organiza-
tion and integration of proprioceptive information may
account for the difficulties with body awareness reported in
the ASD literature. It may be that individuals with ASD
rely more on “proximal” or near senses such as proprio-
ception, than distal senses such as vision to direct move-
ments and actions (Fuentes et al. 2011).

The more recent literature on proprioception suggests
that individuals with ASD have enhanced proprioceptive
perception and that they favor proprioception over visual
sensations for motor learning; however, the application of
this literature to functional performance is just beginning to
emerge. In terms of proprioceptive perception and func-
tion, Smith Roley et al., (in press) found that dyspraxia
may be related to poor proprioceptive perception in func-
tional motor tasks. Thus, it will be important to include
measurement of proprioception as part of a comprehensive

clinical assessment of sensory processing in ASD using
observational assessment, and to interpret behaviors that
may be related to proprioception during skilled motor
learning tasks and everyday tasks such as sitting posture,
balance responses, and use of body during play (Blanche
et al. 2012).

Sensory Integration

Several authors have shown that individuals with ASD
have difficulty with sensory integration (also referred to as
MSI in the experimental literature) or managing multiple
stimuli simultaneously (Ayres 1979; Ayres and Tickle
1980; see Iarocci and McDonald 2006 for review). Don-
ohue et al. (2012) report that adults with autism show
abnormal temporal binding of multisensory stimuli and
thus demonstrate MSI difficulties. In this study, a simul-
taneity judgment task was used where an auditory beep and
a visual pattern are presented over a broad range of stim-
ulus onset asynchronies. This task evaluated whether
multisensory stimuli would be bound together when they
are presented in close temporal proximity. Typically,
simultaneously perceived stimuli are bound together when
they are presented within 150 ms of each other (i.e., tem-
poral window of integration), and when the visual stimulus
comes slightly before the auditory stimulus. They found
that individuals with ASD had a broader temporal window
of integration, suggesting abnormal binding of multisen-
sory stimuli. This finding is consistent with Foss-Feig et al.
(2010) and Kwakye et al. (2011). Further, Donohue et al.
(2012) found that as autism symptoms increased (measured
by the Autism Spectrum Quotient questionnaire; Baron-
Cohen et al. 2001), the bias for auditory-first presentations
was greater. The finding of auditory preference over visual
during multisensory processing in ASD is similar to that of
Williams et al. (2004), who found that subjects with ASD
had greater dependence on auditory over visual during the
McGurk task where concordant and discordant auditory
and visual speech sounds are presented.

In terms of integration of multisensory stimuli, Russo
et al. (2010) and Brandwein et al. (2013) measured event-
related potentials during the combination of auditory and
tactile stimuli and found that the typical neural enhance-
ment (larger response with concordant stimuli) present
during multisensory stimuli presentation was absent in
children with ASD. Similarly, Courchesne et al. (1984)
found a reduction in response amplitude in subjects with
ASD when concurrent auditory and visual stimuli were
presented. In terms of the proposed mechanisms of action,
Oberman and Ramachandran (2008) suggest that it may be
the inability of the mirror neuron system to utilize infor-
mation for imitation, action, and higher level cognitive
functions that impacts multisensory integration; whereas
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Stein and Stanford (2008) suggest that a general impair-
ment in connectivity impacts the brain’s ability to rapidly
exchange and process information. Similarly, Chang et al.
2014; Marco et al. (2011, 2012) showed that individuals
with ASD with sensory impairments show decreased con-
nectivity in areas related to sensory perception and tracts
thought to sub serve social-emotional processing. Although
they did not study multisensory integration directly, their
findings suggest that multisensory integrative skills needed
for higher level functioning are impaired in children with
ASD and may be related cortical connectivity and impaired
white matter microstructure.

Thus, there is evidence suggesting that sensory inte-
gration/MSI is both different and inefficient in ASD when
compared to typical controls. Further, impairment in MSI
impacts the magnitude, latency, and timing of response to
sensory stimuli. Clearly, sensory integration/MSI is crucial
for many simple and complex activities ranging from
focusing on the salient aspects of stimuli for attention to the
integration of auditory and visual stimuli for speech com-
prehension. Hence, it is likely that these differences affect
behavior and learning in individuals with ASD and thus, is
an important area for assessment.

In total, the literature on common sensory features in
ASD shows that individuals with ASD experience a range
of sensory features that may limit functional performance.
Reports from both clinical and experimental literature are
suggestive of core sensory deficits in reactivity, perception
and integration across many of the sensory systems. The
interaction of these features with specific functional and
behavioral profiles is yet to be elucidated and should be the
focus of future research.

Do Sensory Features Change with Age?

A key component of the DSMS5 criteria for diagnosis of
ASD is the presence of symptoms (including sensory fea-
tures) in early childhood even before the full clinical
manifestation of ASD has emerged. Thus, it is pertinent to
consider the literature that examines early sensory features
associated with ASD and their developmental course to
inform a model of best practice assessment.

Studies investigating early sensory features associated
with ASD use both retrospective and prospective method-
ologies. Reports based on retrospective home video ana-
lysis suggest that some sensory features are associated with
a later diagnosis of autism, for example, lack of response to
name and poor visual attention and orientation (Baranek
1999a), excessive mouthing, and social touch aversions
(Goldsmith et al. 2006; Brock et al. 2012). In addition,
hypo-reactivity was associated with slowness to adapt;
sensory defensiveness was associated with fearfulness and
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anxiety; and increased frequency of sensory features was
associated with a more negative mood and withdrawal
behaviors.

Regarding the developmental trajectory of sensory fea-
tures, there is some evidence in the literature that sensory
features change and may lessen throughout the course of
development in individuals with ASD. In a meta-analytic
study, Ben-Sasson et al. (2009) reported that sensory
hyper-reactivity and seeking increased from 0 to 6 years;
peaked between the ages of 6-9 years; and then decreased
after 9 years of age. Kern et al. (2007) reported differences
on performance during sensory tasks between younger
children with and without ASD but these differences
lessened with age and adults with ASD performed more
similarly to same-aged typical controls.

While a need for further research remains, studies
examining early development in infants at-risk for autism
suggest that sensory features may be one factor that dis-
criminates ASD in early development (Baranek 1999b;
Garon et al. 2009; Lane and Heathcock 2014). Continued
research in this area is required to identify which of these
markers are most salient and promising for ASD detection.
Given that sensory features change across periods of
development when autism diagnosis is likely (2-5 years of
age), clinical assessment protocols will need to be sensitive
to these age-related differences and provide strategies to
capture autism-specific deviations.

Do sensory Features Relate to the Core Symptoms
of ASD?

Although atypical sensory features are thought to impact a
variety of behaviors including anxiety (Reynolds and Lane
2009), activity level (Hochhauser and Engel-Yeger 2010),
daily living skills (Jasmin et al. 2009), arousal regulation
and sleep (Goldman et al. 2009), in keeping with our
central aims, only the data on sensory features and the core
symptoms of ASD will be presented in this paper.

Sensory Features and Restricted and Repetitive
Behaviors (RRBs)

A number of researchers show a relationship between
RRBs and sensory reactivity. Boyd et al. (2010), using a
combination of observational and parent report measures of
sensory reactivity, found that greater hyper-reactivity to
sensation was related to greater RRBs (stereotypies, com-
pulsions, and rituals/sameness behaviors) in both ASD and
developmentally delayed subjects. In an earlier study of
individuals with high functioning autism, Boyd et al.
(2009) also found that particular types of repetitive
behavior (i.e., stereotypies and compulsions) were related
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to sensory reactivity in autism. Similarly, Gabriels et al.
(2008) reported a relationship between high rates of RRBs
and abnormal sensory responses in a subgroup of 70
school-aged children with ASD; and Duerden et al. (2012),
using hierarchical regression analysis, found that abnormal
sensory reactivity was a significant predictor of self-inju-
rious behavior, explaining 12 % of the variance in their
sample of 250 children and adolescents with ASD (mean
age = 88 months). While multiple studies have reported
associations between sensory reactivity and RRBs, none
have demonstrated a cause and effect relationship. Eluci-
dation of the specific impact of sensory features on RRBs is
required to guide clinical assessment protocols and to
better understand the mechanism by which sensory features
affect RRBs in autism.

Sensory Features and Social Communication

Difficulties with sensory reactivity have also been linked to
impairments in social communication skills in children
with ASD. A number of studies report moderate to strong
associations between sensory features and various dimen-
sions of social engagement (Hilton et al. 2007, 2010; Baker
et al. 2008; Ashburner et al. 2008; Lane et al. 2010; Rey-
nolds et al. 2011; Watson et al. 2011; Hochhauser and
Engel-Yeger 2010). For example, Hilton et al. (2007, 2010)
reported statistically significant correlations (r = —.5 to .8)
between measures of sensory hyper-reactivity and social
cognition, social communication and social motivation in
school-age children with high functioning autism. Further,
scores on multi-sensory integration, oral, olfactory and
touch processing were the strongest predictors of social
impairment. Similarly, Ashburner et al. (2008) and Lane
et al. (2010) found a relationship between poor auditory
filtering and excessive sensory seeking and social adaptive
problems particularly in school settings. Reynolds et al.
(2011) reported that children (either with or without aut-
ism) demonstrating behaviors associated with hyper-reac-
tivity were less competent in the performance of social
activities than their peers without these sensory features;
and Hochhauser and Engel-Yeger (2010) found that chil-
dren with greater levels of sensory sensitivity demonstrated
lower quality activity participation in relation to social
engagement. Smith Roley et al., (in press) found that low
scores on tests of tactile and vestibular perception were
significantly related to poor scores on social participation
subtest.

In the most rigorous study to date, Watson et al. (2011)
examined the differential relationship between sensory
features and social-communicative and language compe-
tence in children with autism and developmental disability.
Hypo-reactivity was positively related to the severity of
social-communication difficulties in both autism and

developmental disability and negatively associated with
language and social-adaptive skills. Sensory seeking was
positively related to social-communication difficulties in
autism and negatively associated with language skills in
both groups. These findings suggest that the relationship of
sensory seeking and hypo-reactivity to social-communica-
tion may extend across diagnoses. However, contrary to
previous studies, hyper-reactivity was not related to any of
the social-communication or language dimensions. These
differences in relation to hyper-reactivity and social-com-
munication may be related to the approach used for mea-
surement of sensory features as Watson et al. (2011)
derived a composite score for each sensory type (hyper-,
hypo-reactivity and unusual sensory behaviors/sensory
seeking) based on parent report and direct observation
measures, whereas other studies used parent report alone.
In summary, a number of studies explored the relation-
ship between social, language and communication compe-
tence, RRB’s, and sensory features in ASD. Although cause
and effect has not been established, it appears that perfor-
mance in these areas is related; in particular that hypo-
reactivity and unusual sensory interests are related to poor
social communication. Thus, assessment of sensory features
may provide insight into the type and nature of social
communicative difficulties in individuals with ASD.

What Are the Common Clinical Assessments Currently
Utilized to Evaluate Sensory Features in ASD?

There are a number of clinical tools available to assess
sensory features in ASD and these are listed in Table 2.
Here we focus on assessments that are solely devoted to
assessment of sensory features and again group them by
measures of sensory reactivity and unusual sensory inter-
ests, measures of sensory perception, and measures of
multisensory integration. Although tools such as the Aut-
ism Diagnostic Observation Scale (Lord et al. 2000) and
the Childhood Autism Rating Scale (Schopler and Van
Bourgondien 2010) contain specific items that gather
information about sensory features, they are not included
here as their focus is not exclusively on sensory features.
Similarly, assessments that evaluate only one sensory area
such as the Test of Visual Motor Integration (Beery et al.
2010) are not included as we limit our discussion to
comprehensive measures of sensory features.

Clinical Assessments of Sensory Reactivity
and Unusual Sensory Interests

Most of the published measures of sensory reactivity and

unusual sensory interests utilize self or proxy report to assess
behavioral responses to sensation during daily activities.

@ Springer



J Autism Dev Disord (2015) 45:1380-1395

1388

1apIostp Surssaooxd A1osuas jo sadAiqns Aynuopr

0} padofoAop 21om pue Juryads AIosuas pue Ajiarsuodsarropun KI10suds
‘KIATSUOdSQIIOA0 AIOSUQS Jo suorjeoyrsse[d pasodoid ay) 03 payuly are
SO[BOS 9SAY, "9[BIS YOSUAS Y} Pim uonounfuod ur pasn Apuanbaig st
UOTYM “JUSWISSASSY JOSUSS PISLq-UOTIEAIISQO ‘PAI)STUTIIPE-ISUTIIEXD
AU) YA PIIR[ALIOD ST JYOSUAS ) ‘A[[BUONIPPY ‘SUrewop AI10Suas
odnnur ur Ayrarsuodsar-1oa0 samseawr A[[eogroads jey) s ay) jo
Q[eosqns B SI ‘(YOSuS) 9[edS ANAISUOdSAIIOAQ AIOSUIS Y, "UIP[IYD

(JuowISsassy

JOsuas)
j10dar 10a11g

(soreos Surssaooid

(1107 U20Y2S $800T 'T¢ 30 UI0YDS)

AnAnoear K10SUG) pue synpe ur A[e1eredas UBWOP AIOSUSS [BNPIAIPUL (OB S1BN[BAD (4Osuag) safeos Aatsuodsay-19aQ A1osusg
KI0SUQS ON yodar Axoidjjuareq 03 pouSIsop JuQWISSAsse 110daI-J[3s B ST 9[edS (dS) uIssad0Id AI0Suag oy ], S9[BOS FUISSAV0I] AIOSUS Y],
(Sunyess A1osuas pue ‘ssoudarsuodsarrodAy/odAy
o'T) suroped asuodsal pue sIXOJU0D ‘SANI[BPOW AIOSUIS SSOIOR SUOIORAI
AJOsuas [ensnun s p[Iyo ay) Jo sorouonboiy somseouwr jey) arreuuonsonb
j10do1 10ATS0IRD WAYI-C © ST OFS [EUISLIO dY], "uonnqrisip
10J 9[qe[IeA® 194 jou s1 pue pado[aaap Auadar arowr A[uo si (°'¢ OIS UL
o1o1dwos 01 uondoorad pooueyuo pue ‘sioraeyeq Junjess pue ‘suonrjedor
‘sysa1ur A10suds ‘ssauaarsuodsarradAy ‘ssouaarsuodsarodAy :suroped
(s1eak 9) ur 0z-¢1—O8HS 9suodsal INOJ JO QUO OJUI PAZLINIBIRYD I8 PUB $1x91u0d Jydnnuw
Sfpuowr 7/-9 pauodar 50158 passaIppe Are saIMIEA) AI0SUIS AL, “SANI[IqESIp [eIuawdooAap
‘OdS  jou swip jo |3 IO/pUB WISTINE )M USIP[IYD UL S3INJRIJ AIOSUSS 0] PIIR[AI SIOIARYIq (F10T ‘T10T ‘T8 1@ 9MrT
£1anoear s1eak 71-¢ —0'¢ wonenbgS  pup Kouonbayy oy amseaw o) ‘eep oanEIEnb pur oess odA1MANIT (9007 ‘[B 10 YOURIEG ‘q ‘BH[OT ‘[E 10 NEISpSOY)
K10sU9g SOX :0'¢ uonenbgs  1odar Axoxdpuareq ' 30q sosn Jeyy arreuuonsanb 1oardores way-go1 B ST 0°¢ OIS UL (0°¢ OHAS) 0°¢ 2areuonson) seouarradxyg A1osuag
suorjesuas re[nqnsaa pue uondadordoid
AW «£101p15n3-K101085[0 *2[1198) “AIONPNE “[ENSIA O] PATR[AI SIOIABYIQ SSISSE
01 Ut gg—¢1 01 ‘SIUAWUOIIAUF [00YdS (£) pue woolsse]) (7) ‘Qwoy (]) Surpnyour
Aprewrrxoxdde  gyy105 Sunes ajeredos a1t sasn S QYL “SIUSWUONAUD ojdNU SSOIOE
Ky1Amyoean (9-3] sopein) SOMBL  Gurssaooid K10suas 01 a1e[aI Koy SE “o[eos adA)-11oyI] © Sulsn ‘sI01ARYaq (L00T 'Te 12 weyIed /007 ‘T 10 Yoaueyny
K10suag ON sIeak 71—G 1odoy Axoigauareq sossasse jey) arreuuonsenb Axoxdsjuored pardjsiurwipe-jios e st JNJS UL -IIMIA) (JNJS) 2InsedJy] Surssadold A10suag
(sypuowr 9¢—/, uonensisar mof
pue syjuow 9 (t) pue ‘KIIAnISULs AI10SUIS () ‘SUIPIOAR UONESUIS (7) ‘TUNYIs AIOSuas
—uyg S (1) opnpour sar10g)ed Inoj ayJ, "Suruonouny Aprep Junoedwr oq Aew
I9[ppoOlAuBIUL SWA)SAS AI10Suds Yorym Ajnuapt d[oy jey) sa10ds jueipenb 1noj sproik
16911 31 Jey) ur SuIssed01d AIOSuaS Jo [OPOJAl S uun( Yim sapIourod Js oyl
:dS Juedssjope erdwoo suodar 10 suoneneAd
NINPY 0} U Gg—GJ APISINO SB [[oM SB ‘UONBAIISQO IoAISared Jo indur oy 10j smojfe (200T uun() ds Io[ppoluejul
1ok [1:p1-¢ Kroyewrxoxdde yorym ‘ds JIo[ppoL/Aueju] Woll-84 IO -9¢ € pue JS I[NPe/Iuds[opy (L00Z
{(dSs) 1yoid SAEL way-g7[ ® {(dSS)  uunQ pue JOYowo], {q ‘ee61 ¢ 32 YSOIUIOIN
K1osuag (Juoosa[ope[npe)  [00} SUIUARIOS WAYI-]¢ B JuIpn[oul suolsIdA d[dnnuw jo pasudwos st Js {8661 UUN( pue JOWIH ‘700 S[IUR(] pue uung
Kanoear JIoy§ pue yodoy-J1oS 10 Ay, "9J1] AepAI1oAd ur Suruonouny joedwr JeY) SJUIAD AIOSUIS 0) asuodsar 200 uun ‘zpog uung pue umoig) (4SS)
K10suag SOX  9[goid Atosuas 1odoy Axoidaudred SaInseaw Jey) aIreuuonsonb pordsturpe-jjos wWI-GZ [ © SI S YL d[yo1d AIosuag 110y§ pue (4S) d[yoid AIosuag
LBIep
uLou
snooJ SV oSuer oSy uonenSIUIpPY uondrose JUQISSISSY

SV Ul soInjedj AJOSUas JO SQINSeaw [BOIUI[O JUALIN)) T d[qel

pringer

A's



1389

I[NWIS 9[1308) JO UOTBZI[Ed0T L]
ersayisaydeIn ‘9]

uoneOYNUAPI 133Ul G|
vIsayIsauly] ‘v

uondoored w10} [enuely ‘¢
sixexd 1e1Q 71

srxeld Surouonboeg 171

Koeooe I0J0I "0

pringer

A

J Autism Dev Disord (2015) 45:1380-1395

snwige)sAu K1ejonsod ‘6
stxexd [euononnsuo)) g
pai0os oq PUBUILIOD [BQIOA UO SIXRI] °/
ued $)89) L] Ay} JO UOTIBUIPIO0D JOJOW [BIJe[lg 9
uoneUIqUIOd Aue sixeld [eImsod g
put pazi[nn aq ued Suikdoo usisa( -
Suni0os 1endwo)) 5 ’ < 5 v
Qoueeq Sunyem/Surpur)g
srorduon o1 1eq Buryreay/Surpueis ¢
y g Ajorewnrxoidde uondoorad punois am31 g
sayeL uoneziensia 20edg ‘|
uopeIzaul $159) pIZIpIEpUE)S :opnpour
£1osuag paseq UOoTyM §189) PIZIpIepur)s paseq-ooueuniofrad /] Jo SILIAS B yInoiy)
uondoorad -9ouewIoyrad suonoe [eneds-fensia pue ‘Suruuerd Jojow ‘uoneurpiood ‘uondadrad (6861 SQIAY)
K10suag ON SIedK [1:8—¥ y10dar 10a11g 1oy ndur A10suds 9)eIIour 0) AJI[Iqe S,PIIYo € saInseaw [JIS oYL (1LdIS) $Iso, stxelq pue uorei3ou] AI10suog
jerdwod
01 Ut 0 (¢—1) [PWLIOU 0] (ISIOAPR)
Aporewrrxoxdde () WOIJ Pajel PUB PIAIISQO IR ‘UOHR[NWNS IR[NGHSIA PUB [O1UOD
uoneI3aut SOYEL I0JOW-IB[NO0 “UOTJBISIUT J[1OR)-[ENSIA ‘Suonouny Iojow aAndepe
A1osuag [00} [BUOTIBAIISQO omssaxd doop SUIA[OAUT “I[NWNS 0] SUONORIY S1SI) PAIAISTUILIPR
Ananoeal PaSBQ-UOLISILID -IQUIWIEXS JO SOLIAS B YSNOIY) SIUBIUL UL AJTANORAI pue Surssaoold (q ‘6861 urdsusaln pue 1Fuena()
JENIENN ON syjuowr g1—f :0dor Joa11(  AIOSUSS QINSEAW 0} PAsn J[eIS SUNLI PAOUSISJOI-UOLISILD © ST [ISL UL  (LISL) SIueju] ur suonouny KIOsusg Jo 1S9 oYL,
cerep
wou
snoo SV o3uer o3y uonensSIuIpy uondioseg JUQWISSASSY

penunuod g dqe],



1390

J Autism Dev Disord (2015) 45:1380-1395

These include: (1) the Sensory Profile (Dunn 1999) and its
various permutations such as The Infant Toddler Sensory
Profile (Dunn 2002), The Short Sensory Profile (McIntosh
et al. 1999b) and The Adolescent and Adult Sensory Profile
(Brown and Dunn 2002), and (2) the Sensory Processing
Measure (SPM; Parham et al. 2007) including the SPM
Home and School forms and the SPM—Preschool (Miller-
Kuhaneck et al. 2010). Collectively, these questionnaires
consider similar behaviors to assess sensory reactivity
although the SPM includes sections on praxis and social
participation; and the SP provides analysis of threshold (high
or low) and emotional social responses. In a small study
comparing the two instruments in children with ASD ages
4-7 years, found poor to fair agreement between the tools
and thus recommend selection of the tool based upon the
specific needs of their cohort.

Assessments of sensory reactivity under development
include The Sensory Experience Questionnaire (Baranek
et al. 2006), the Sensory Processing Assessment (SPA;
Baranek 1999b), and the Sensory Processing Scales (SP
Scales; Schoen et al. 2008). These tools vary in the choice
of respondents; environments assessed; availability to cli-
nicians; and the availability of ASD-specific normative
data as described in Table 2. The SPA and the SP Scales
are observational assessments of sensory reactivity instru-
ments that have been utilized in research and have not yet
been published for general use, however, they hold promise
for providing objective data about sensory reactivity to
supplement questionnaires in the future.

Clinical Assessments of Sensory Perception
and Integration

The most established broad-based clinical assessment of
sensory perception and integration is the Sensory Integra-
tion and Praxis Test (SIPT—Ayres 1989). The SIPT is
standardized on children ages 4.0-8.11 and yields a stan-
dardized Z score for each subtest as well as a graphic
representation of the child’s patterns of scores in relation to
others in the normative sample. Although more data is
needed, the SIPT holds promise for use as part of a clinical
assessment protocol for sensory perception and multisen-
sory integration in ASD. Schaaf et al. (2013) and Smith
Roley et al., (in press) utilized the SIPT with subjects with
ASD demonstrating its feasibility and utility for this pop-
ulation. Of note, the SIPT also assesses sensory integration
via subtests that evaluate visual motor integration, tactile-
motor integration, and vestibular-postural integration. The
Test of Sensory Functions in Infants (DeGangi and
Greenspan 1989b), which assesses tactile, vestibular, visual
and proprioceptive perception and integration in children
ages 0—18 months, is also currently available but has not
been utilized for children with ASD.

@ Springer

Conclusions

This paper provides an overview of our current under-
standing of sensory features in ASD and makes specific
recommendations for clinical assessment. Several key
points can be drawn from the literature presented:

e Sensory features in ASD are pervasive and critical to
understanding the behavioral and functional profile of
individuals with this disorder.

e Evaluation of sensory features in individuals with ASD
is an important part of the characterization process and
is also important for guiding treatment protocols.

e No single sensory feature is consistently present in
ASD and thus, no single clinical instrument that
comprehensively the range of sensory features in
ASD is currently available.

e There is a range of sensory features in ASD that may be
broadly classified as difficulties in sensory reactivity,
sensory perception and multisensory integration.

e Sensory features are likely to contribute to specific
behavioral and functional profiles in ASD.

e Sensory features may be apparent in early childhood
prior to autism diagnosis and therefore, assessment of
these features may enhance the sensitivity and speci-
ficity of autism screening tools.

e There is a paucity of research that directly relates
sensory features to the core clinical symptoms of ASD
but researchers hypothesize that they may be related to
the RRB’s and social communication deficits observed
clinically in ASD.

e There is emerging evidence of distinct multisensory
integration impairments in ASD that impact the ability
to attend to salient stimuli in the environment and adapt
responses to suit changes in the environment.

e A range of clinical assessment tools have been or are
being developed to assess sensory features in popula-
tions such as ASD but there is no single clinical
instrument that assesses all aspects of sensory features.

e Current clinical assessment strategies are limited by an
over-reliance on parent/proxy-report methodologies
that assess sensory reactivity and unusual sensory
interests but do not assess sensory perception or sensory
integration.

On the basis of these findings, the following recom-
mendations are made for comprehensive assessment of
sensory features in ASD:

1. A dual approach
A dual approach to the clinical assessment of sensory
features and their impact on behavior over time in
various contexts is needed. It is recommended that this
include both parent/proxy report of sensory features in
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context and direct, observational measurement. This
dual approach will allow for precise characterization of
the sensory features in conjunction with measurement
of their impact on daily function.

2. A comprehensive approach
Clinical assessment of sensory features in ASD must
adopt a comprehensive approach that includes assess-
ment of sensory reactivity, sensory perception, and
sensory integration. Further, data should include
information about: (a) the frequency of occurrence of
sensory features (high to low occurrence), (b) the fype
of sensory features displayed (i.e., hyper-reactivity,
hypo-reactivity, poor perception, discrimination and
multisensory integration, and unusual sensory inter-
ests), and (c) the specific sensory modalities affected
(i.e., tactile, auditory, etc.).

3. A developmentally sensitive approach
The literature shows that sensory features emerge early
and change over time. Thus, clinical assessment
protocols should be sensitive to age and developmental
trends. Further, sensory features should be re-evaluated
at regular intervals after diagnosis to detect changing
sensory profiles in association with intervention and
development.

4. An inter-professional approach
Given the multi-dimensional nature of sensory features
in ASD, it will be useful for an inter-professional team
with expertise in ASD, sensory features and their
impact on function be utilized for both diagnostic
purposes and treatment planning. For treatment plan-
ning, this might include professionals from multiple
disciplines including psychology, education and occu-
pational therapy. In particular, occupational therapists
have a rich history of expertise in sensory features and
their impact on daily living skills, play, socialization
and other everyday behaviors.

Future Directions

This paper provides an overview of our current under-
standing of sensory features in ASD and makes specific
recommendations for clinical assessment. Several gaps in
our knowledge are identified and areas requiring further
research are highlighted. Clearly, recommendations for
clinical assessment of sensory features in ASD are urgently
needed as sensory features inform diagnosis of individuals
with ASD and align with the DSM5 diagnostic criteria.
Comprehensive assessment data can also be useful to guide
the implementation and testing of tailored interventions
designed to address sensory features and improve function,
behavior, and quality of life for individuals with ASD and

their families. Additional research is required to achieve
this aim and it is particularly important to incorporate
techniques from experimental paradigms assessing sensory
functioning into direct assessment protocols to enhance the
precision of in identifying salient sensory features. This
will require the translation of experimental paradigms into
clinic-ready protocols. Also, performance on measures of
sensory features should be linked to their impact on autism
behaviors, such as RRBs and social communication, as
well as other behaviors such as anxiety, sleep, daily living
skills, motor learning, and ultimately, participation in life
situations. It will be important to conduct research that
investigates the relationship of sensory features to these
behaviors to guide the interpretation of assessment data,
plan targeted therapy, and predict likely outcomes.
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