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COMMENTARY

Toward an Interdisciplinary Approach to Understanding Sensory
Function in Autism Spectrum Disorder

Carissa J. Cascio, Tiffany Woynaroski, Grace T. Baranek, and Mark T. Wallace

Heightened interest in sensory function in persons with autism spectrum disorder (ASD) presents an unprecedented
opportunity for impactful, interdisciplinary work between neuroscientists and clinical practitioners for whom sensory
processing is a focus. In spite of this promise, and a number of overlapping perspectives on sensory function in per-
sons with ASD, neuroscientists and clinical practitioners are faced with significant practical barriers to transcending
disciplinary silos. These barriers include divergent goals, values, and approaches that shape each discipline, as well as
different lexical conventions. This commentary is itself an interdisciplinary effort to describe the shared perspectives,
and to conceptualize a framework that may guide future investigation in this area. We summarize progress to date
and issue a call for clinical practitioners and neuroscientists to expand cross-disciplinary dialogue and to capitalize on
the complementary strengths of each field to unveil the links between neural and behavioral manifestations of sen-
sory differences in persons with ASD. Joining forces to face these challenges in a truly interdisciplinary way will lead
to more clinically informed neuroscientific investigation of sensory function, and better translation of those findings
to clinical practice. Likewise, a more coordinated effort may shed light not only on how current approaches to treat-
ing sensory processing differences affect brain and behavioral responses to sensory stimuli in individuals with ASD,
but also on whether such approaches translate to gains in broader characteristics associated with ASD. It is our hope
that such interdisciplinary undertakings will ultimately converge to improve assessment and interventions for persons
with ASD. Autism Res 2016, 0: 000–000. VC 2016 International Society for Autism Research, Wiley Periodicals, Inc.

Keywords: sensory processing; sensory integration; multisensory; autism; collaboration

Introduction

As interest in sensory function in autism spectrum disor-

der (ASD) has grown among researchers across diverse

fields, the potential to form truly interdisciplinary collab-

orations is brimming, but has yet to be fully realized. Clin-

ical practitioners and neuroscientists both actively address

sensory function in persons with ASD, but as yet both

groups work largely independently of one another [see

Baum, Stevenson, & Wallace, in press; Schaaf & Lane,

2015 for reviews from each perspective]. A collaborative,

interdisciplinary approach will undoubtedly enhance

both groups’ efforts, but there are significant practical bar-

riers to transcending disciplinary silos. While neuroscient-

ists and clinical practitioners have a number of

overlapping perspectives on sensory function in persons

with ASD, there are important differences that define their

disciplinary landscapes. Our goal is to describe these dif-

ferences, as well as to highlight the commonalities, across

disciplines with the hope that it will foster conversation

and facilitate further interdisciplinary work in this area.

Sensory neuroscience encompasses myriad approaches,

but here, to keep the discussion tractable, we focus on

human psychophysics and neuroimaging. Likewise, we

focus on occupational therapy (OT), a clinical discipline

with expertise in the assessment and treatment of sensory

challenges that affect the everyday lives of persons with

ASD, while acknowledging that many other clinical disci-

plines are also relevant. We highlight divergent goals, values,

approaches, and terminology, as well as shared perspectives

that constitute a conceptual framework spanning the two

disciplines. We review findings from recent interdisciplinary

studies of sensory processing in ASD, point to some pressing

needs for future research, and offer specific recommenda-

tions to guide such cross-disciplinary endeavors.

Divergent Goals, Values, Approaches,
and Terminology

Although there is growing overlap in perspectives across

disciplines, as will be described below, the majority of
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neuroscientists focus primarily on research, whereas the

majority of OTs focus primarily on clinical practice. As

such, each field has a set of core values and goals that

influences its work at every level, from theory to prac-

tice. In drawing these contrasts, we do not wish to sug-

gest that the tenets of one field are more or less

valuable, or that these distinctions are absolute, as

clinician-scientists with formal research training may

operate with a foot in both worlds. However, as very

few professionals have extensive formal training in

both fields, we expect that an improved understanding

of the importance of each field’s fundamental goals,

values, approaches, and lexicons will facilitate interdis-

ciplinary efforts.

Goals, Values, and Approaches of the Neuroscientist
in a Research Setting

The primary goal of neuroscientists is to use the scien-

tific method to accurately describe sensory function in

ASD and its neural basis. As such, central values include

reductionism and objectivism. To achieve this goal,

neuroscientists hold tightly to fidelity and rigor in stim-

ulus control and delivery and in response measurement.

In psychophysical experiments, research participants

are asked to sustain attention to carefully controlled

stimuli and react accurately and quickly to target stim-

uli or stimulus properties, while otherwise remaining

quiet and sedentary. Performance is usually measured

in accuracy and/or reaction time and is often coupled

with non-invasive measures of neural response (e.g.,

with EEG or fMRI). This experimental approach lends

itself well to precise, objective measurement and can

provide significant insights into differences in how the

brain responds to a given sensory stimulus, but because

ecological validity is often sacrificed for tight stimulus

control, translation presents a challenge and measured

responses are not easily linked to everyday function.

Goals, Values, and Approaches of the Occupational
Therapist in a Clinical Setting

Rather than describe sensory function, the primary goal

of the OT is to assess how sensory differences, along

with other individual factors, may impact daily life for

persons with ASD, and how interventions may be

implemented to influence sensory function or accom-

modate sensory dysfunction. The ultimate goal is to

facilitate engagement and support participation in

health-promoting “occupations” (i.e., engagement in

meaningful daily life activities). Thus, central values

include the therapist–client relationship, purposeful

activity, and participation. To achieve their goals, OT

practitioners adhere to theoretical frameworks, ethical

principles, and evidence-based practice guidelines.

Interventions are necessarily personalized to the goals

and needs of clients, whereas the tight control of varia-

bles that an experimental setting requires is not a pri-

mary objective. For example, in a sensory integration

framework for ASD treatment, goals may include help-

ing the child to maintain attention and regulate emo-

tional responses to sensory input, or to coordinate

sensory input with motor responses during functional

activities such as play or self-care. This focus on active

engagement is in contrast to the quiet, sedentary envi-

ronment used by neuroscientists to isolate responses to

a given sensory stimulus. Outcomes are measured

through standardized and non-standardized tests, clini-

cal observations, and caregiver reports/interviews, and

often tracked via individualized treatment plans. This

clinical approach is ecologically strong and rich in con-

text, but because client needs are prioritized, it does

not necessarily include precise quantification of sensory

functions or direct correlation with neural mechanisms.

Differences in Terminology

Differences in terminology pose another practical bar-

rier to interdisciplinary dialogue and collaboration. For

the purposes of illustrating the problem, we consider

differences in defining “multisensory integration”

across fields. For OT, multisensory integration refers to

the organization of various types of sensations neces-

sary to support performance in daily activities (e.g.,

writing, eating, socializing). Since such activities typi-

cally involve motoric action (i.e., praxis), the tactile,

proprioceptive, and vestibular modalities are considered

integral. An example of a sensory integration goal in a

clinically oriented investigation may thus be “improved

praxis and tactile processing for putting on socks

independently,” operationalized as the pre–post treat-

ment change in the level of independence achieved in

putting on socks as quantified by a behaviorally anch-

ored clinical rating scale [Schaaf et al., 2014].

In contrast, neuroscientists define multisensory integra-

tion as the influence of one sensory system on another

that results in a behavioral or perceptual change (e.g., the

visual influence of a moving mouth on perception of a

spoken syllable). Thus, the emphasis is on characterizing

specific changes in perception in response to particular

sensory combinations, not on holistic performance in

actions of daily life. For example, in psychophysical stud-

ies conducted by neuroscientists, multisensory integration

may be operationalized as the gain in processing speed or

accuracy for stimuli presented in multisensory (e.g.,

audiovisual) versus unisensory (e.g., auditory or visual

only) contexts. Although it is beyond the scope of this

commentary to propose a common lexicon, we use this

striking example to illustrate the pressing need for mem-

bers of both fields to provide clear conceptual and

2 Cascio et al./Toward an interdisciplinary approach INSAR



operational definitions for terminology when engaging in

cross-disciplinary scientific communication.

Shared Perspectives
Perspective 1: Atypical Behavioral Responses to Sensory
Stimuli are a Consequence of Atypical Neural Processing
of Sensory Input in Individuals With ASD

Despite these differences in goals, values, approaches,

and terminology, neuroscientists and clinical practi-

tioners have a number of shared perspectives regarding

sensory function in ASD. First, both neuroscientists and

OTs generally assume that atypical behavioral responses

to sensory stimuli in persons with ASD result, at least in

part, from differences in the structure and/or function

of brain regions responsible for the processing of sen-

sory information. These presumed neural differences

are thought to lead to altered sensation and/or percep-

tion, which in turn are thought to give rise to atypical

behavioral response patterns, such as hyper- or hypores-

ponsiveness to, or unusual interest in, sensory stimuli.

Perspective 2: Differences in Sensory Function May Explain
Higher-Level Deficits in Individuals With ASD

Second, both OT and neuroscience adopt a hierarchical

framework for conceptualizing sensory function, such

that basic sensory representations provide a foundation

for higher-level cognitive, linguistic, social, and adapt-

ive abilities that impact an individual’s ability to

engage and participate in meaningful life activities. His-

torically, OT interventions based on Ayres’ influential

sensory integration model [Ayres, 1979] emphasized an

across-modalities perspective, with proximal senses (ves-

tibular, tactile, proprioceptive) forming a developmen-

tal foundation upon which more distal senses (visual,

auditory) and more complex functions (perception,

attention, cognition, praxis) depend. In contrast, neuro-

science has historically placed a greater emphasis on

describing structure and function within-modalities.

More recently, though, the OT and neuroscience

fields have begun to converge in their approach to

understanding this hierarchy of sensory function. Mul-

tisensory neuroscience has yielded new insights into

how the statistical characteristics of combined stimuli,

such as their spatial and temporal relationship, influ-

ence the manner in which they are integrated by the

nervous system, as well as how more complex proc-

esses, such as attention, shape basic sensory integration

[Murray & Wallace, 2011]. Similarly, newer formula-

tions in OT recognize the importance of multisensory

integration for coherent perception and action, empha-

sizing the contextual nature of real-world human expe-

riences. As within neuroscience, both sensory and

cognitive factors are considered in how a person with

ASD responds to, and modulates, incoming sensory

information to support participation in daily life

[American Occupational Therapy Association, 2014].

Perspective 3: Sensory Function May Be Malleable
With Treatment

Both OTs and neuroscientists operate with the belief

that sensory function in individuals with ASD is suscep-

tible to environmental influences and is thus malleable

with treatment. In accordance with the previously

stated perspective, improvements in sensory function

should then translate to effects on higher-level deficits

associated with ASD. The broader interdisciplinary com-

munity of clinicians working with individuals with ASD

is focused largely on these “higher-level” abilities, such

as social interaction and engagement, language and

communication, and/or other adaptive behaviors, on

which sensory differences are believed to produce cas-

cading effects. Based on the aforementioned set of

shared perspectives, we have proposed a framework by

which we might conceptualize sensory function in ASD

(depicted in Fig. 1).

Inroads, Challenges, and Future Directions

At present, there are varying degrees of support for

these three perspectives, and thus for the conceptual

framework, that we have set forth. Here, we review the

evidence to date and provide some concrete suggestions

for future interdisciplinary efforts.

Figure 1. A proposed interdisciplinary framework for conceptu-
alizing sensory function in ASD. Targeted treatment of basic or
“foundational” sensory differences in ASD should yield effects
on sensory function, and translate to improvements in “higher-
level” abilities in individuals with ASD. Sensory function may be
measured by neuroscientific and/or clinical measures or, ideally,
both. Higher-level functions include the full range of cognitive,
linguistic, social, and adaptive abilities that impact an individ-
ual’s ability to engage and participate in meaningful life
activities.

INSAR Cascio et al./Toward an interdisciplinary approach 3



Perspective 1: Clear Headway in Characterizing Sensory
Function and Some Progress in Linking Neural and
Behavioral Atypicalities in Individuals With ASD

Great progress has been made in characterizing sensory

differences in ASD [Ausderau et al., 2014; Baranek, Lit-

tle, Parham, Ausderau, & Sabatos-Devito, 2014; Baum

et al., in press; Schaaf & Lane, 2015], undoubtedly con-

tributing to the recognition of sensory features in the

most recent revision of the diagnostic criteria [Ameri-

can Psychiatric Association, 2013]. Much of this pro-

gress has come from neuroscience or clinical research

teams working in isolation, but some attempts have

been made to bridge these two perspectives in research.

Studies seeking to correlate clinical assessments of sen-

sory reactivity and/or unusual sensory interest with psy-

chophysical and brain-based measures (i.e., EEG and

fMRI) have uncovered connections between experimen-

tal/neural and clinical measures of sensory function in

ASD [e.g., Cascio, Gu, Schauder, Key, & Yoder, 2015;

Donkers et al., 2013; Green et al., 2015; Ludlow et al.,

2014; Marco et al., 2012; Woynaroski et al., 2013]. Such

findings help us to understand how performance on

controlled laboratory tasks relates to behavioral reactiv-

ity, and point toward possible avenues for intervention

to influence or accommodate challenging sensory dif-

ferences in individuals with ASD.

However, the picture in regards to anticipated links

between neural and clinical measures of sensory func-

tion is quite complex. Such links are sometimes not

observed [e.g., Woynaroski et al., 2013], are weaker than

expected [e.g., Brandwein et al., 2015; Haigh, Minshew,

Heeger, Dinstein, & Behrmann, 2015; Hardan et al.,

2008], or are difficult to interpret conceptually, such as

an association between sensory seeking behavior and vis-

ual accuracy [e.g., Stewart et al., 2015]. One possible

explanation for the frequent failure to find theoretically

based associations is that our present measurement sys-

tem/s are problematic (i.e., are not quantifying con-

structs in a way that is reliable and/or valid). Second, it

is possible that the theory on which the anticipated

associations are based is in need of modification.

Regarding the first possibility, most neuroscientifi-

cally oriented studies to date that have incorporated

clinical measures of sensory function have relied nearly

exclusively on parent- or self-report measures. These

measures can be administered very easily, are available

for a broad range of age and functioning levels, and

provide insight into generalized responses to a much

wider range of sensory experiences than can be pre-

sented in a laboratory setting. However, such question-

naires are not typically constructed to isolate the

behavioral patterns within single sensory modalities

(e.g., auditory hyperresponsiveness), which we might

expect would most readily be mapped to a psychophysi-

cal or neural outcome variable (e.g., decreased auditory

thresholds). The breadth of these parent/self-port meas-

ures also often reflects attentional and affective aspects

of perception and behavioral response that are less

likely to correlate directly with basic sensory processes

assessed in the controlled laboratory setting [Tavassoli,

Hoekstra, & Baron-Cohen, 2014].

Some studies have incorporated observational measures

of sensory function. For example, the Sensory Processing

Assessment [SPA; Baranek, 1999] has been used success-

fully to link both brain structure [Pryweller et al., 2014]

and function [Donkers et al., 2013] with clinical indices of

sensory response patterns in children with ASD. However,

observational measures are considerably more labor-

intensive than parent- and self-reports, and available

observational measures are primarily geared toward devel-

opmentally younger children with ASD and thus may not

be valid for older and/or higher functioning individuals

who most commonly comprise the samples of psycho-

physical and neuroimaging studies. As such, the develop-

ment and validation of new observational measures

represents an important direction for future research.

It is additionally worth noting that psychophysical

and neuroimaging approaches present unique chal-

lenges in this population, as they generally impose

heavy demands on sustained attention, verbal compre-

hension of task instructions, and motor response, all of

which are impacted by ASD. This limits the range of

the spectrum that can be studied with these experimen-

tal paradigms. Care should be taken by neuroscientists

to control for these limitations even in high function-

ing samples, and to seek alternative experimental para-

digms or to adapt existing ones for use in a broader

range of individuals with ASD. One example of the lat-

ter approach used an adapted psychophysical task in

combination with an observational measure of sensory

function, revealing a dissociation between reported ver-

sus observed sensory responses in younger/less verbal

children with ASD [Cascio, Lorenzi, & Baranek, 2013].

In regards to the second possible explanation, our

belief that neural responses to sensory stimuli should

map onto behavioral responses to sensory stimuli does

warrant closer scrutiny. Behavioral response patterns to

sensory stimuli could also result from neural differences

in arousal or higher order functions, such as attention,

that can greatly shape sensory function. Furthermore,

aberrant neural responses to sensory stimuli may not

necessarily manifest as atypical behaviors, since com-

pensatory or adaptive responses may develop over time.

Perspective 2: Emerging Evidence Relating Sensory Function
to “Higher-Level” Deficits in ASD

Several studies have further established links between

measures of sensory function and “higher-level” abilities,
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such as attention, social skills, communication, and spo-

ken language, in children with ASD [Brandwein et al.,

2015; Mongillo et al., 2008; Sabatos-Devito, Shipul, Bul-

lock, Belger, & Baranek, 2016; Watson et al., 2011; Woy-

naroski et al., 2013]. For example, integration of

auditory and visual stimuli has been found to covary

with communication symptom severity [Woynaroski

et al., 2013] and social skills [Lang et al., 2012; Mongillo

et al., 2008] in individuals with ASD. These findings pro-

vide some support for the assumption that atypical sen-

sory function contributes to the broader range of deficits

observed in individuals with ASD.

These results are, however, only correlational versus

causal in nature. Furthermore, few systematic, prospec-

tive studies have established temporal precedence for

the association between sensory differences and higher

order cognitive, linguistic, or social ability in ASD.

Thus, the proposal that sensory differences produce cas-

cading effects on other domains of deficit in ASD would

be greatly bolstered by longitudinal studies demonstrat-

ing that early sensory differences precede and predict

later impairments in cognitive, social, linguistic skill in

individuals with ASD.

Perspective 3: A Relative Lack of Evidence that Treatment
Improves Sensory Function in Individuals With ASD

At present, there is controversy over the strength of

empirical support for the efficacy of sensory-based inter-

ventions in children with ASD [see Case-Smith, Weaver,

& Fristad, 2015; Lang et al., 2012 for recent reviews].

Although several studies have been conducted, meth-

odological limitations preclude a high level of confi-

dence that most reported effects are causally related to

the treatment/s. Recent studies with improved internal

validity provide some increasing support for the notion

that treatment may improve sensory function and/or

higher-level abilities in children with ASD [e.g., Baranek

et al., in press; Schaaf et al., 2014]. However, larger rep-

lication studies that use observational and neurophysio-

logical measures to augment parent-report, and that

ensure that assessors are blind to treatment assignment,

are needed to expand upon promising findings. Thus,

the “treatment” aspect of our proposed framework is

presently still tenuous, and represents one of the most

pressing needs for future research.

What we need most are more well-controlled (i.e., inter-

nally valid) studies of treatment for sensory function in

individuals with ASD. Such studies could best test the

framework that we have proposed here by: (a) measuring

early effects of candidate interventions on targeted sensory

function/s, as comprehensively measured by a combina-

tion of neuroscientific and clinical measures; (b) measuring

later effects of the candidate intervention on higher-level

abilities, as measured by a comprehensive neuropsycholog-

ical battery; and (c) statistically testing whether any later

effects of treatment observed on “higher-level” abilities

that affect participation in life activities are mediated by

the earlier effects of treatment on basic sensory function.

Such studies, carried out by a broad interdisciplinary team

informing all aspects of the study, would greatly increase

our confidence in the assumptions that we espouse and

the framework for consideration of sensory function that

we have set forth.

Recommendations and Conclusions

The practical and conceptual differences that we have

highlighted here illustrate the obstacles to cross-

disciplinary collaboration and communication, but the

complementarity between fields also suggests enormous

synergistic potential for future interdisciplinary work.

We conclude with a call for experts from various disci-

plines to work together to test our shared perspectives:

the presumed link between behavioral and neural sen-

sory atypicalities in ASD, the foundational role of sen-

sory differences in higher-order deficits in ASD, and the

malleability of sensory function with exposure or treat-

ment. We envision the outcomes of successful cross-

disciplinary collaboration to be better translation of

empirical findings to clinical practice, as well as

improved assessment and intervention for persons with

ASD.
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