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Sensory Interventions

Olive Healy, Rhona Dempsey, Helena Lydon, and Leanne Grealish

Difficulties in processing sensory inputs known as sensory processing difficulties 
are recognized as a core diagnostic feature of autism in the latest Diagnostic and 
Statistical Manual of Mental Disorders (American Psychiatric Association, 2013). 
The sensory characteristics seen across autism are considered heterogeneous. Any 
of the senses may be over- or under-sensitive (hyper or hypo), or a combination, and 
these sensitivities are fluid and variable temporally and contextually, for any indi-
vidual. The idiosyncratic and dynamic nature of sensory difficulties experienced by 
autistic people renders approaches to address difficulties less than straightforward. 
Furthermore, measuring physiological changes can be impractical so in general 
there is a reliance on interpreting sensory processing difficulties through behavioral 
responses. An individual with hypersensitivity to a stimulus is likely to react quickly, 
in contrast to an individual with hyposensitivity who may respond slowly or not 
react to a stimulus. In an efficient system an individual will react in an adaptive 
manner appropriate to situational demands (Falkner, 2020; Lombard, 2015).

Sensory processing difficulties in autism are evident in early development and 
have been shown to predict diagnostic status later in childhood (Gliga et al., 2015; 
Robertson & Baron-Cohen, 2017; Turner-Brown et al., 2013). These sensory pro-
cessing difficulties may also predict higher-order deficits in social skills and cogni-
tion in adults (Robertson & Simmons, 2010; Tavassoli et al., 2014). Such difficulties, 
also referred to as “sensory behaviors” (Ben-Sasson et al., 2009; Kern et al., 2008; 
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Lane et  al., 2010; Rogers & Ozonoff, 2005) may manifest as unusual activities 
involving seeking or avoiding various types of auditory, tactile, visual or oral stim-
uli. In some instances, individuals may actively seek sensory stimulation within 
these sensory systems and in others there may be a lack of response to the presence 
of such stimuli (Lang et al., 2012). Sensory behaviors in autism may also include 
intense interest in specific objects or textures, for example (Weitlauf et al., 2017). 
Furthermore, the topography, frequency and severity of such unusual sensory related 
behaviors have been reported to vary significantly across individuals with autism 
spectrum disorder (ASD) (Rogers & Ozonoff, 2005).

Sensory stimulation influences a person’s arousal levels (Top Jr. et al., 2019). 
These sensory difficulties experienced by autistic people and heightened, or con-
versely, suppressed arousal levels can impact a person’s reaction or response to 
stimuli presented and the information received. Arousal levels can contribute to 
stress and anxiety experienced in everyday environments (Top Jr. et al., 2019). A 
person’s behavioral responses, movement, socialization and ability to cope with 
their environment can be affected, influencing all facets of life and daily living, and 
this can have a profound effect on a person’s wellbeing and life. These experiences 
can result in avoiding certain environments or situations (Lydon et al., 2013). As an 
example, an individual whose sensory systems are either overly sensitive or not 
responsive enough to register a stimulus might be fearful of moving or could experi-
ence a desire to push sensory experiences further, possibly in some cases leading to 
injury (Lydon et al., 2013). Some of the ways sensory processing difficulties might 
arise and manifest are presented in Table 1.

Table 1  Some examples of factors involved in sensory processing

Perceptual capacity is related to the degree of reactivity by an individual to sensory stimuli. A 
larger perceptual capacity relates to a higher sensory sensitivity (Brinkert & Remington, 2020).
Stimulus over-selectivity describes a phenomenon in which an individual responds only to a 
subset of the stimuli present in the environment and, thus, may restrict learning. Kelly and Reed 
(2021) found that over-selectivity was associated with IQ and stereotyped behavior but was not 
related to levels of cognitive flexibility in autistic individuals.
Robertson and Baron-Cohen (2017) describe the attention to sensory detail which can present 
for some autistic individuals as a relative bias to local more detailed features over the global 
features of “a sensory scene”. This is sometimes considered an advantage depending on task 
demands, however it can render a person unable to filter out extraneous information and to 
selectively attend.
Hyper- or hypo- reactivity to sensory stimuli may occur due to impaired regulation of central 
nervous system arousal (Baranek, 2002; Randell et al., 2019).
Hyper-reactivity might manifest in hypersensitivity to bright lights or certain light wavelengths. 
Certain sounds, smells and tastes may be overwhelming. Types of touch (light or deep pressure) 
can cause extreme discomfort.
Hyper-reactivity may sometimes be associated with aggression in an attempt by an individual 
to communicate discomfort due to being in an overstimulating environment (Pengelly et al., 
2009).
The sensory acuity a person has to a sensory stimulus describes their individual sensitivity to a 
stimulus. The degree of acuity varies from person to person and contextually.
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�Sensory Processing Disorder: Disputation and Consensus

The sensory processing difficulties described above have been proposed to consti-
tute a proliferation of symptoms constituting a condition or indeed a “diagnosis” of 
Sensory Processing Disorder (SPD). There are many references in the literature on 
autism symptomology and intervention for this assumed condition (May-Benson & 
Koomar, 2008; Parham et al., 2007a). Concisely, it is a condition espoused predomi-
nantly within the field and practice of occupational therapy and has been proposed 
to arise from a flawed neurological “integration” of specific types of sensory stimuli 
including items of varying textures, sounds and appearances. To date, SPD does not 
have an entry in either the Diagnostic and Statistical Manual of Mental Disorders 
5th edition (DSM5; APA, 2013) or the World Health Organisation’s Classification 
of Diseases 11th edition (ICD-11; World Health Organization, 2018). Credibility of 
the disorder within the fields of psychology and psychiatry remains controversial. 
Despite this, there is an assumption that SPD is a legitimate diagnosis among many 
health and educational professionals. As a result, parents of autistic children fre-
quently receive information and resource intensive recommendations from health 
and educational professionals in this regard.

The American Academy of Pediatrics (AAP) which is considered a significant 
influential organisation on policy creation conducted a review that concluded 
“because there is no universally accepted framework for diagnosis, sensory process-
ing disorder generally should not be diagnosed.” (AAP, 2012, p. 1186). However, 
there remains a questionable position purported that sensory processing issues play 
a role in the development of disability suggesting that this questionable disorder 
plays a causal role in progressing children’s disabilities in autism and other disor-
ders (Dunn et al., 2016; Watts et al., 2016).

The DSM5 (APA, 2013) lists sensory issues as being correlated with ASD not a 
potential contributing factor to the cause of ASD. The AAP states that “it is unclear 
whether children who present with sensory-based problems have an actual disorder 
of the sensory pathways of the brain or whether these deficits are characteristics 
associated with other developmental and behavioral disorders” (AAP, 2012, 
p. 1186). If clinical practice in the field of autism intervention is to be led by empiri-
cal evidence, then it must be concluded that the evidence for the existence of SPD 
is currently weak. Considering sensory processing difficulties as correlates of ASD 
may provide a focus on behaviour rather than condition, and so behavioural assess-
ment involving for instance functional analysis, would be considered the gold stan-
dard starting point for any therapeutic intervention to address specific concerns. 
This type of focus shifts the emphasis away from potential fallible explanations 
underlying putative labelling such as SPD towards a consideration of behavior as 
discrete functional components. It shifts the focus also from topography to underly-
ing cause of specific sensory related behaviors in a particular context. A dependency 
on behaviour outcomes as a proxy for estimating underlying sensory difficulties is 
imperfect and requires thorough and complete analyses to optimise accuracy with 
regard to interpretation. Behaviors sometimes assumed to be rooted in sensory 
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processing difficulties are possibly an emerging pattern acquired through repetition 
and have become habit forming rather than as a response to sensory stimuli. This 
focus may also provide practitioners the opportunity to discriminate between differ-
ent aspects of sensory-seeking or sensory-reducing associated behaviours and the 
context in which they occur. The presence of such behaviors in a person’s vast rep-
ertoire of responses may or may not be connected, i.e., they may or may not share 
any functional properties.

We argue that assembling under- and oversensitivity responses to sensory stim-
uli, under a banner such as SPD limits, and possibly obscures, the context of inter-
pretation and fails to enrich our understanding of the reasons why such responding 
occurs. If a child is seeking tactile stimulation for instance, there may be several 
possibilities within a given context as to why this is occurring. Similarly, when a 
person avoids social contact, a number of contextual factors may be influencing 
such avoidance. These factors or variables are often fluid, changing across environ-
mental contexts and time periods all requiring scrutiny to determine their impact on 
a person’s automatic or determined response patterns. Nowadays, the view of autism 
as a “conceptual organising principle” is well challenged and some have argued that 
“attempts at a single explanation for the symptoms of autism have failed” (Happé 
et al., 2006, p. 1218).

Understanding how responses to sensory input occurs is important. The senses 
encompass the faculties by which a person perceives a stimulus. Senses relay any 
information received by a person’s central nervous system via auditory, ocular, tac-
tile, gustatory, and olfactory systems (Glass et al., 2014). The central nervous sys-
tem receives, registers, organizes and assimilates the information received from 
multiple sensory inputs simultaneously and this processing equips a person with 
knowledge, to act on, based around their internal state and their surrounding envi-
ronment. The manner in which the information input from the senses to the central 
nervous system is received, registered, organized and assimilated is affected for a 
person with sensory processing difficulties, and this in turn affects the person’s 
internalized (covert) and externalized (overt) responses or reactions (Miller 
et al., 2007).

Given the complexity involved in processing sensory information there are 
clearly many ways information reception and output can be flawed which can 
impact on associate arousal levels and behavioural reactivity. This lack of overt 
reaction to specific stimuli such as speech, loud noises and pain (described as hypo-
reactivity) and heightened sensitivity, agitation or distress in response to particular 
textures or to everyday noises (described as hyper-reactivity) have previously been 
described in autistic individuals (Liss et al., 2006). Atypical behavioral reactions are 
considered characteristic of autism and oftentimes used as criteria that distinguish 
the condition from other developmental disorders (Klintwall et al., 2011; Wiggins 
et al., 2009). Such reactions can manifest as internalizing and externalizing behav-
iours that complicate participation for example in typical leisure, social and educa-
tional activities (Reynolds et al., 2011; Tseng et al., 2011). Several researchers have 
hypothesized that deviations in physiological reactivity may underlie sensory/
behavioural issues in autism, wherein hyper-arousal is associated with experiences 
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of fear, anxiety and avoidance (e.g., Dalton et al., 2005) and hypo-arousal is associ-
ated with feelings of dullness, under-stimulation and sensory seeking (e.g., Rogers 
& Ozonoff, 2005). A further discussion of the evidence relating to whether physio-
logical reactivity is typical in the autistic population and the specific factors which 
may differentiate autistic individuals who present with atypical physiological reac-
tivity from those who do not is provided by Lydon et al. (2016).

Sensory processing and behavioral reactivity are important in order to navigate 
everyday living and life with ease. Successful coordination and integration of mul-
tiple information inputs prepares a person for an appropriate reaction, thus enabling 
them, for example, to walk, run, work, learn etc. It is unsurprising that people with 
a disability, parents, education and health professionals turn to methods in an effort 
to address sensory difficulties which may be associated with distress, hyper- or 
hypo-reactivity.

The hypothesis that sensory related behaviors or sensory processing difficulties 
are caused by a defect in the nervous system in which sensory stimuli are processed 
and integrated in some anomalous fashion resulting in “sensory integrative dysfunc-
tion” and “dysregulation” is popular (Schaaf & Miller, 2005). Challenges to this 
hypothesis continue however, given that the specific nature of impairment within 
the nervous system and how it precisely impacts sensory processing abilities 
remains under question (e.g., Iarocci & McDonald, 2006; Lane & Schaaf, 2010). 
The hypothesis extends to claim that providing specific forms and appropriate “dos-
ages” of sensory stimulation may improve an individual’s neuroplasticity augment-
ing their ability to process multi-sensory stimuli. Providing sensory interventions, it 
is claimed, improves the nervous system, reduces perceived problem behaviors and 
facilitates more coherent skill acquisition (Baranek, 2002; Lane et al., 2010; Schaaf 
& Miller, 2005). The next section of this chapter will provide an overview of such 
sensory interventions involving the underlying theory, a description of their imple-
mentation with autistic persons, and supporting evidence for their usage to date.

�Sensory Interventions

It is only where sensory processing difficulties are at a level that significantly and 
detrimentally impact on daily life and wellbeing that sensory interventions should 
be considered. These interventions are designed to commonly address perceived 
sensory processing difficulties in order to improve a person’s interaction within 
various contexts or environments. To our knowledge, research to date has examined 
the use of sensory interventions incorporating various kinds of sensory experiences 
with autistic people to address a range of behavioral outcomes including for exam-
ple, attention, cognitive abilities and distressed behaviours. This body of research 
has leveraged a range of interventions which incorporate sensory experiences in an 
attempt to address sensory related behaviors. For example, in addition to the inter-
ventions we discuss further, the range of available interventions also spans the pro-
posal of music therapy (Geretsegger et al., 2014), school-based sensory interventions 
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(e.g., Galpin et al., 2018; Mills et al., 2016), environmental enrichment (Woo et al., 
2015; Woo & Leon, 2013), visual therapy (e.g., Carmody et al., 2001), a variety of 
individual touch-based approaches, tactile-based tasks and many more as ways of 
improving autistic persons’ ability to better navigate their environment. The out-
comes of a number of systematic literature reviews on the topic of sensory interven-
tions have also varied largely but overall result in identification of a lack of 
consistency in mechanisms and outcomes targeted. Given the scant research and 
largely absent evidence base for some proposed sensory interventions (such as those 
listed) these are not described below.

We will now consider some of the more commonly cited interventions and pro-
vide further detail under the headings of Sensory Integration, sensory based inter-
ventions, and Auditory Integration Therapy.

�Sensory Integration: Theory and Description

Sensory Integration was first proposed by Jean Ayres in the 1970s. The therapy was 
developed to assist individuals with perceived sensory processing difficulties. Ayres 
(1979) speculated that the sensory system could develop over time, like other 
aspects of development (e.g., motor, language, etc). The hypothesis was formed that 
by providing appropriate “types and dosages” of sensory stimulation (e.g., auditory, 
visual, proprioceptive, vestibular), the nervous system may begin processing sen-
sory stimuli more efficiently (Baranek, 2002; Lane et al., 2010; Schaaf & Miller, 
2005). Numerous studies have documented the application of sensory integration in 
autistic populations (Lang et al., 2012).

In 2011, Parham and colleagues developed the Ayres Sensory Integration Fidelity 
Measure which outlines ten essential characteristics of an effective sensory integra-
tion session (see Table 2). Ayres Sensory Integration (ASI) is trademarked (Parham 
et al., 2011) and is distinct from other sensory integration therapies and “sensory 
based interventions”. Sensory integration in this section of the chapter refers to 
those interventions which are associated with Ayres’ prescribed method. ASI is 
typically administered by trained Occupational Therapists (OT) or by paraprofes-
sionals trained by an OT to implement the activities and techniques in clinic settings 
(Dempsey & Foreman, 2001). Schaaf and Blanche (2011) proposed that in order to 
meet the “gold standard” in designing sensory integration for an individual, an 
assessment of sensory processing entails: (a) Sensory Integration and Praxis Test 
(Ayres, 1989); (b) Sensory Profile (Dunn, 1999); (c) Sensory Processing Measures 
(Parham et al., 2007b); and (d) structured clinical observations (Blanche, 2010).

Ayres’ Sensory Integration Fidelity Measure, based on the trademark “Ayres 
Sensory Integration”, outlines 10 essential characteristics of an effective sensory 
integration session (Parham et al., 2011; see Table 2). According to Parham et al. 
(2011) it is these 10 components of the intervention that distinguishes it from other 
sensory based interventions or sensory integration therapies. Additional distinctions 
are suggested which depend on “clinic-based” delivery and “multisensory input” 
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Table 2  Ten proposed essential characteristics of an effective sensory integration session (Adapted 
from Parham et al., 2011)

Characteristic

1. Ensures physical safety.
2. Presents sensory opportunities.
3. Helps the child to attain and maintain appropriate levels of alertness.
4. Challenges postural, ocular, oral, or bilateral motor control.
5. Challenges praxis and organization of behavior.
6. Collaborates in activity choice.
7. Tailors activity to present just-right challenge.
8. Ensures that activities are successful.
9. Supports child’s intrinsic motivation to play.
10. Establishes a therapeutic alliance.

for ASI versus “non clinic-based” delivery and “a variety of sensory strategies” for 
sensory based interventions or sensory integration therapies. Whether we consider 
these distinctions as meaningful or superficial will be discussed further at the end of 
this section of the chapter.

�Sensory Integration: Evidence-Base

In 2012, Lang and colleagues provided a systematic literature review of sensory 
integration therapy for autism spectrum disorders. Certainty of evidence was exam-
ined for 25 included studies. It was concluded by the authors that evidence for the 
use of Sensory Integration methods to educate or address difficulties in autistic chil-
dren is not apparent. In recent years there has been a move by practitioners in the 
field of Sensory Integration to draw a clearer distinction between ASI and Sensory 
Integration and other sensory based interventions which was noted as a shortcoming 
of the 2012 literature review described. As a result, this has yielded a new wave of 
systematic reviews to examine the extant evidence base and to report the findings 
separately for Sensory Integration termed ASI. Two such reviews (see Table 3) have 
been reported by Case-Smith et  al. (2014) and Watling and Hauer (2015). The 
review by Case-Smith and colleagues examined the effects of ASI on children with 
sensory processing difficulties. The second review by Watling and Hauer (2015) 
examined the effects of ASI on performance in daily activities and occupations for 
autistic children. However, the authors of both reviews highlighted the variability of 
outcome measures across studies as a limiting factor prohibiting the identification 
of a precise benefit of intervention. Other limitations of included studies involved 
limited or no follow-up measures, difficulties in interpreting meaningful changes in 
behavior due to the types of measures employed and insubstantial blinding methods 
employed. Finally, Schoen et al. (2019); see Table 3) undertook a systematic litera-
ture review to examine the outcomes of ASI for children with a diagnosis of ASD 
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Table 3  Three systematic literature reviews with studies examining Ayres Sensory Integration 
extracted

Studies and Findings Case-Smith et al. (2014)

(i) Two RCT studies, (ii) one group design with a comparison group (treatment as usual), (iii) 
one single subject research design and (iv) one case report.
of which:
 �� –  One study reported no effect; one reported low effect; two reported low to moderate 

effects (i.e., improvement was noted in two of the four measures), and the case study 
reported positive findings which were not generalizable.

Studies and Findings Watling and Hauer (2015)
(i) four studies utilizing Ayres Sensory Integration
Studies reported positive effects on individualized goals for autistic individuals,
(ii) three RCT studies and one single subject research design
the RCT studies were identified as showing low risk of bias; improvements were noted on 
measures of sensory and motor skills for children receiving sensory integration compared with 
other interventions; various limitations of studies were reported.
Studies and Findings Schoen et al. (2019)
(i) Three studies examining ASI of which:
 �� –  one RCT study met 100% CEC criteria for evidence-based practice
 �� –  one RCT study met 85% CEC criteria
 �� –  one study met 50% CEC criteria
The authors concluded that ASI meets the CEC criteria for evidence-based practice.

ASI Ayres sensory integration, CEC Council for exceptional children

with a measured IQ above 65 and concluded that it met the criteria for evidence-
based practice according to the Council for Exceptional Children (CEC, 2014).

At present, the only guiding document with respect to Sensory Integration is the 
fidelity measure developed by Parham et al. (2011). This document provides practi-
tioners and researchers with recommendations for structural and process elements 
of ASI but is not widely used within research (Pfeiffer et al., 2011; Schaaf et al., 
2014) and only a small number of published studies have reported to incorporate the 
10 “essential” principles of an effective sensory integration session. In addition, this 
fidelity measure does not provide information on recommended duration or fre-
quency of intervention. Interventions described in the reviews in Table  2 varied 
significantly in duration making direct comparisons across studies difficult. 
Therefore, it is required that Sensory Integration/ASI practitioners develop clearer 
guidelines for practice in relation to the duration and frequency of intervention, to 
support more vigorous recommendations. In addition, guidelines for implementa-
tion would enable more consistent and reliable application.

A recent reiteration of analysis and evaluation of the intervention literature 
related to evidence-based practices for autistic children and adolescents revealed 
that ASI may be considered a new evidence-based practice category (Hume et al., 
2021). This finding is based on what the authors refer to as three published group 
designs. In this “third generation review” of evidence, ASI is specifically described 
as “interventions that target a person’s ability to integrate sensory information 
(visual, auditory, tactile, proprioceptive, and vestibular) from their body and envi-
ronment in order to respond using organized and adaptive behavior” (online ahead 
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of print). However, the three studies incorporated to determine this outcome were 
not detailed in the review. According to Weitlauf et al. (2017) and previous reviews 
of sensory integration (Lang et al., 2012), low to moderate empirical support for 
studies on the effectiveness of this intervention is demonstrated. However, in line 
with Hume et al. (2021), reviews which identified manualized sensory integration 
interventions from sensory based interventions reported stronger evidence.

It appears that a separation of Sensory Integration from other sensory based 
interventions or sensory integration therapies based on the fidelity measures pro-
posed by Parham et al. (2011) facilitates proponents of this intervention to distin-
guish studies that do not result in benefits to autistic individuals and determine that 
they are not “true sensory integration” interventions. We have concerns with this 
position. First, the inherent difficulties are elucidated on closer examination of the 
10 proposed checklist items (Table 2). Many other sensory based interventions or 
sensory integration therapies reported in the literature meet several (or all) of the 
criteria e.g., ensuring physical safety, presenting sensory opportunities, requiring a 
level of “alertness”, and establishing a therapeutic alliance. Second, Parham et al. 
(2011) have not presented evidence for differentiating “true sensory integration” 
based on a differential mechanism of action due to setting type (e.g., clinic vs 
school-based). We argue that this categorization requirement is not well empirically 
supported. Third, categorizing Sensory Integration by its utility of “multisensory 
input” provided through a multitude of strategies is not a meaningful and well-
defined distinction from other sensory based interventions. These sensory based 
interventions are addressed in the next section.

�Sensory Based Interventions: Theory and Description

Similar to Sensory Integration, sensory-based interventions are based on neurosci-
ence models which hypothesize that an individual’s nervous systems’ ability to pro-
cess sensory information can be enhanced through the application of sensations to 
promote change in arousal state (Case-Smith et  al., 2014). Sensory based inter
ventions are used with the intention of producing short term effects on what are 
referred to as “self-regulation”, “attention”, or “behavioral organization” (Watling 
et al., 2011).

Sensory based interventions involve the delivery of sensory activities or experi-
ences. However, it has been proposed that they do not meet all of the characteristics 
of the fidelity measure set out by Parham et al. (2011) and are distinguishable by 
one of the following: (a) somatosensory and vestibular activities are provided but 
suspension equipment is not used; (b) typically involve the delivery of one tech-
nique associated with Sensory Integration (e.g., body brushing, massage, swinging, 
bouncing on a therapy ball); (b) adult lead and passively applied requiring minimum 
engagement from the child; or (d) focused on cognitive outcomes. These interven-
tions are typically delivered by a family member, teacher or carer and are designed 
to be used in the natural environment and integrated into daily routines in a 
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systematic manner across the day or as deemed necessary in response to a child’s 
self-regulation, often referred to as a “Sensory Diet” (Watling & Hauer, 2015).

Sensory Based Interventions: Evidence-Base
In 2012, Lang and colleagues completed a systematic literature review which 

included Sensory Integration and sensory based interventions specific to autistic 
children. However, Lang et al. did not separately analyse studies relating to Sensory 
Integration and sensory based interventions. Subsequently reviews by Case-Smith 
et al. (2014) and Watling and Hauer (2015) have separately evaluated the outcomes 
for both Sensory Integration and sensory based interventions for autistic children. 
Case-Smith et al. (2014) examined the effect of sensory based interventions on sen-
sory processing difficulties for autistic children across 14 included studies. A num-
ber of outcome variables were measured including attention or engagement, 
responding to tasks, self-regulation, stereotypical and self-injurious behaviors. 
Overall, the review by Case-Smith et al. (2014) concluded that outcomes provided 
limited evidence of positive effect for sensory based interventions.

Similarly, Watling and Hauer (2015) examined the effects of sensory based inter-
ventions on improving performance in daily life activities and occupations for autis-
tic children, across 18 included studies. The authors subdivided their analysis to 
evaluate multisensory interventions (included two or more sensory stimuli), single 
sensory interventions or modifications to the sensory environment. Overall, the 
authors concluded that at best sensory based interventions offered mixed results and 
also highlighted two key limitations of the related literature: (a) A wide variety of 
strategies used may render the category sensory based interventions undefined, and 
(b) the subdivision of strategies within sensory based interventions may not be ade-
quately sensitive, concluding that each strategy should instead be evaluated 
separately.

In 2015, Wan Yanus, Liu, Bissett and Penkala conducted a systematic literature 
review to analyze sensory based interventions for children referencing behavioral 
problems as the primary outcome measure (Wan Yunus et al., 2015). Across 14 stud-
ies included in their review, the authors categorized three sensory based interven-
tions as tactile, proprioceptive and vestibular. The majority of participants in the 
included studies were autistic (180 of 298 participants) and although results were 
not analyzed for participant cohorts separately, conclusions drawn indicate that evi-
dence concerning the effectiveness of these interventions remains obscure.

Due to the methodological limitations of the available literature (e.g., variations 
in procedural implementation, small sample sizes, lack of blinded evaluations, etc.) 
it is not possible to draw conclusive findings with any certainty for any of the strate-
gies housed under the label sensory based interventions on an individual basis. A 
compounding limitation involves the variability in the outcomes measured across 
studies which prohibits conclusive findings on the effects of these specific sensory 
interventions on any aspect of functioning and the generalizability of these pro-
posed effects.
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�Auditory Integration Therapies: Theory and Description

Auditory Integration Therapies theorize that autistic individuals are unable to effi-
ciently process auditory input (Berard, 1993). The underlying theory offers the idea 
that irrespective of hearing ability, a person may be considered to have a sensitivity 
to certain frequencies of soundwaves which may be associated with a range of 
learning problems (Berard, 1993). Evidence on the mechanisms of Auditory 
Integration Therapy is not provided but it is claimed that it “re-educates” the hearing 
process and purports to exercise and tone the muscles in the ear in order to improve 
the brain’s ability to process sounds (Davis, 2007).

Interventions to overcome perceived auditory sensitivities are collectively called 
auditory integration therapies. They consist of Auditory Integration Training, 
Tomatis Sound Therapy and Samonas Sound Therapy, with the latter two emerging 
from modifications to Auditory Integration Therapy. The intended aim of all three 
methods is cited as being to overcome auditory processing deficits and improve 
concentration (Sinha et  al., 2006). Auditory Integration Therapy consists of 10 
hours of exposure to electronically modified music at a pre-specified decibel level, 
delivered using headphones across 10  days for an individual. The Auditory 
Integration Therapy equipment dampens sound frequencies to which the individual 
is said to be hypersensitive to and modulates sounds of high and low frequencies 
and intensities (Berard, 1993).

Tomatis Sound Therapy was developed by Alfred Tomatis and uses electroni-
cally modified human voice and music delivered through an “Electronic Ear” 
(Baumgaertel, 1999). Intervention is individualized with variations in the duration 
of therapy and scheduling of treatment blocks. Samonas Sound Therapy was a fur-
ther development of the Tomatis methods and involves listening to recordings of 
voices and sounds of nature through headphones. Guidelines for the implementa-
tion of all three interventions are vague. In contrast to Berard (1993), Sinha and 
colleagues cite that intensity of the intervention (duration and frequency) may vary 
for example at the discretion of individual therapists and the person’s perceived 
needs (Sinha et al., 2011).

�Auditory Integration Therapies: Evidence-Base

To date, two systematic literature reviews (Sinha et al., 2006; Sinha et al., 2011) 
have been undertaken to examine the evidence base for auditory integration thera-
pies for autistic individuals. The first, undertaken in 2006, identified six randomized 
control trials (RCTs) of Auditory Integration Therapy. Subsequently a Cochrane 
Review by Sinha et al. was published in 2011 and added one RCT of Tomatis Sound 
Therapy. Three of the six RCTs included in both reviews reported improvements in 
behavioral difficulties at three months for the groups who received Auditory 
Integration Therapy. The measure for behaviour was based on the Aberrant 
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Behaviour Checklist (Aman & Singh, 1986) however, total scores rather than sub-
scale scores were analyzed which is considered a limitation. In addition, method-
ological flaws, such as risk of bias, lack of allocation concealment, and blinding, 
were present across the studies. The one RCT which examined Tomatis Sound 
Therapy found no difference in outcomes. In summary, the reviews concluded that 
the respective studies included a wide range of variable outcome measures and 
reported mixed findings, thus, prohibiting a definitive conclusion or replication of 
findings.

The American Academy of Pediatrics (2016) states that Auditory Integration 
Therapy has not proved to be scientifically valid and suggests that currently avail-
able information does not support the claims that it may be considered an effica-
cious sensory intervention. Despite the absence of evidence to support its 
effectiveness, Auditory Integration Therapy continues to be implemented as a means 
to reduce specific sensory related behaviors, in particular stereotypy (LaFrance 
et al., 2015). Auditory Integration Therapy and sound therapies remain costly inter-
ventions which have a limited evidence base to support their use, and which also 
result in a loss of instructional time which could be devoted to other empirically 
supported interventions.

�Comparing Sensory Interventions to Other Interventions

In clinical practice, for a behavior to be considered problematic is when it leads to 
substantial consequences for the person such as medical, physical or psychosocial 
impacts. In this instance assessment and subsequent intervention may be required. 
This means that a behavior should only be considered problematic if it is detrimen-
tal to the person (Woods & Houghton, 2016). Proponents of sensory interventions 
have theorized that behavioral problems in autistic children are associated with sen-
sory processing difficulties (Wan Yunus et  al., 2015). Under this thesis lies an 
assumption that particular behavioral responses in autism are a result of sensory 
seeking or sensory avoiding (Ben-Sasson et al., 2009). On this basis, sensory inter-
ventions are often recommended by health and educational professionals as a way 
of addressing behavioral problems caused by so-called dysfunction in sensory pro-
cessing (Case-Smith & Arbesman, 2008). In this section of the chapter, we address 
this contention of sensory interventions by presenting research that has specifically 
challenged the assumption that behavioral responses are a result of this proposed 
sensory dysfunction.

A body of research exists directly comparing the therapeutic effects of specific 
sensory interventions with other interventions for autistic individuals where specific 
behaviors have been determined to have significant detrimental impacts for an indi-
vidual. This section of the chapter will examine a number of these studies.

Devlin et al. (2011) sought to compare the effects of Sensory Integration and 
behavioral intervention on rates of challenging behaviour using an alternating treat-
ments design. A pre-intervention functional analysis demonstrated that the function 
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of participants’ challenging behavior was to escape demands or to access preferred 
items. Function-based behavioral interventions were developed as part of the behav-
ioural intervention phase for each participant. The findings of the study demon-
strated that individualized behavioral interventions targeting challenging behavior 
in tandem with functionally equivalent replacement behaviors was more effective 
than sensory integration in reducing challenging behavior.

The authors argued that incorporating functional analysis to determine the under-
lying context (motivation, outcomes, and environmental variables) for behavior that 
may be distressing for an individual supersedes assumptions that may arise in real-
world settings. Undertaking functional analysis and determining the underlying 
context for distressed behaviour was a more reliable and valid approach than form-
ing and acting on untested assumptions in real world settings. Assuming that spe-
cific behavioral reactivity is underscored by an impaired ability to deal with sensory 
information may result in unsuccessful intervention outcomes or indeed strengthen-
ing the occurrence and intensity of such behaviour in some cases (Devlin et al., 2011).

Quigley et al. (2011) compared a sensory based intervention to a behavioural 
intervention with three participants ranging in age from 4 to twelve years, with a 
diagnosis of autism and Attention Deficit Hyperactivity Disorder. Functional analy-
ses revealed that participant’s challenging behaviours (e.g., destruction of property, 
hitting others, kicking, biting own hand) functioned to escape demands or access 
preferred items. A single case research design, was used to evaluate the effects of 
wearing a weighted vest compared to functional communication training whereby 
difficult behaviour was replaced with more appropriate communication that 
achieved the same outcome for the individual. No decrease in challenging behav-
iour was observed with the introduction of weighted vests. However, functional 
communication training, resulted in a reduction in challenging behaviour for all 
participants. These results are consistent with previous findings, which demonstrate 
that single and multi-sensory based interventions were not effective in reducing 
rates of challenging behaviour observed in autistic children (Devlin et  al., 2009; 
Devlin et al., 2011). Together these studies highlight the importance and value of 
providing function-based interventions for specific behavioral responses and a need 
for further analyses of protocols to determine specific replacement behaviors.

In some cases, distressed behaviors shown by autistic individuals may not func-
tion to acquire some form of social reinforcement (i.e., attention, preferred items, 
escape demands/discomfort) described in the studies above. The analysis of behav-
ior maintained by automatic reinforcement (in the absence of the social environ-
ment e.g., hair pulling to produce sensations in the scalp or skin scratching to relieve 
irritation) has been well documented (Wacker et al., 2004). However, conceptual-
izing behavior as simply “automatically reinforcing” may be of limited use for 
intervention design (Cunningham & Schreibman, 2008; LeBlanc et  al., 2000; 
Vollmer et al., 1994). Observing another person’s sensory experiences is difficult 
because they occur internally. Researchers have suggested examining a relationship 
between physiology and sensory related behaviors that produce some changes in 
arousal levels to supplement the design of individualized intervention (Lydon et al., 
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2015). This suggestion is based on demonstrations of successful arousal-inducing 
(e.g., physical exercise; Lang et al., 2010) or de-arousing strategies (e.g., relaxation 
training protocols; Lynne Mullins & Christian, 2001) in impacting specific sensory 
related outcomes.

The identification of the internal variables which are positively or negatively 
reinforcing sensory related behaviors may allow for the development of function-
based behavioral intervention (Lydon et al., 2013). Behavioral interventions have 
been shown to be effective in improving outcomes where sensory related behavior 
is a function of alterations in internal states e.g., sensory extinction and access to 
noncontingent ‘matched’ stimuli that substitutes for the sensory stimulation pro-
duced by the behaviors. It may be argued that in cases where some form of sensory 
reinforcement is sought providing a person with an effective means of accessing 
such stimulation (e.g., utilizing functional communication training) would be ben-
eficial. Providing frequent free access to such sensory reinforcement may also be 
favorable (e.g., non-contingent reinforcement) or providing alternative activities or 
items that provide same/similar sensory pay offs may be useful (e.g., matched stim-
ulation). Each of these interventions could be tailored to meet a person’s prefer-
ences and needs once the underlying tenet(s) of the behavior have been discovered.

To date, there are still limitations in the number and types of studies comparing 
the efficacy of different intervention practices to address problem behavior rooted in 
sensory difficulties in autistic individuals. Where these direct comparisons have 
occurred, positive effects were reported for behavioral interventions to reduce sen-
sory responses maintained by a variety of identified functions displayed by autistic 
individuals (Patterson et  al., 2010). Where the function of sensory responses for 
autistic individuals is determined to be a need for unique sensory input or an attempt 
to avoid or remove specific sensory stimulation, we believe that an effective inter-
vention can be designed to meet those specific needs incorporating a range of com-
munication and adaptive skills.

Outcomes of specific sensory based interventions have also been compared to 
interventions other than function-based behavioral interventions. These include a 
fine motor skills intervention (Pfeiffer et al., 2011), manualized occupational ther-
apy (Schaaf et al., 2014), “usual care” (Fazlioğlu & Baran, 2008), and an eclectic 
group-based therapy including social skill training, communication training, kinetic 
activities, and child-parent play (Iwanaga et al., 2014). Overall findings from these 
studies indicate that sensory integration may result in improved outcomes when 
compared to usual care. While these small, short-term studies demonstrated 
improved outcomes on sensory related behaviors and motor skills in children receiv-
ing a sensory intervention, the difference in outcomes reported were typically not 
statistically significant. The reliance on parent report of outcomes in unblinded 
studies is also considered a limitation.
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�Conclusions

The heterogeneous sensory characteristics seen in autistic individuals have pre-
sented challenges in determining how to characterize corresponding sensory pro-
cessing difficulties and behavioral reactivity. The debate continues among the 
medical profession and the field of occupational therapy specifically as to how best 
to describe the distinctive nature of associated sensory processing difficulties in 
autistic populations and understand underlying contributing factors. An understand-
ing of these parameters is important as it feeds into determining how best to support 
individuals with sensory processing difficulties, where these are impacting nega-
tively. If clinical practice in the field of autism intervention is intended to be 
evidence-based, the evidence for sensory processing disorder to date is poor. 
Determining whether interventions for sensory related behaviors are necessary 
should involve a consideration of the idiosyncratic strengths and needs of the child 
or young person as well as family views and interpretations of the potential contex-
tual factors. Conducting functional behavioral assessments to assist in this process 
is recommended to develop comprehensive interventions grounded in science. 
Professionals from health, medicine, education, psychology as well as other thera-
pies must work with individuals and their families to determine whether sensory 
related behaviors displayed by an autistic person function to seek or avoid specific 
types of stimuli. When such unusual responses to achieve or avoid sensory stimula-
tion is reported by the individual themselves, or where necessary alongside their 
parents/carers/teachers to interfere with a person’s potential to flourish and thrive 
across environments, is an important factor in deciding to provide intervention. The 
rate and intensity of the responding can also play a role in this determination. 
Importantly, decisions in relation to selecting and implementing sensory interven-
tions need to be guided by clinical practice housed within an evidence-based prac-
tice decision making model.

We conclude that examining the underlying function of a particular behavior to 
determine if it is sensory related and considering sensory difficulties as part of the 
individualization of intervention services is advisable. Where the function of behav-
ioral responses for individuals is determined to be a need for unique sensory input, 
the clinical expertise of occupational therapists who work with autistic individuals 
may prove to be a valuable resource in designing comprehensive intervention 
(Patterson et al., 2010). Moreover, consultation with a Board Certified Behaviour 
Analyst (BCBA®) can aid in developing and implementing effective interventions 
that are person centred.

Some controversial sensory interventions have yet to develop a base of empirical 
evidence to support their use to reduce or improve sensory related behaviors in 
autistic individuals, yet they are being implemented in homes, schools and services 
internationally (Leong et  al., 2015). Parents receive conflicting and sometimes 
unqualified recommendations from professionals involved with their children. 
Following such recommendations may result in diverting resources from beneficial 
interventions. Identifying sensory processing difficulties and gaining insight into an 
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individual’s sensory needs and context can inform and tailor interventions to sup-
port the individual where sensory difficulties are impacting detrimentally. Any 
intervention should also have an evidence base before it can be considered.

From a clinical viewpoint diagnosis is critical in terms of driving intervention. A 
diagnosis aids understanding and informs intervention. There is no condition 
ascribed to sensory processing in the DSM5 as there is insufficient evidence and 
thus a lack of an informed or agreed basis to approach any individual needs. Indeed, 
making assumptions that are underscored by a presumed impaired ability to deal 
with sensory information could impact negatively in a number of ways. There is an 
urgent need for policy makers and clinicians to ensure they are knowledgeable in 
limitations of current practices and the implementation of others.
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