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Abstract: Autism spectrum disorders (ASD) are characterized by atypical cogni-
tive, social, emotional, and perceptual functioning. An increasing body of evi-
dence suggests that patients with ASD exhibit atypical perceptual and information
processing in the auditory, visual, and tactile domains. However, the detailed
characteristics of this atypical sensory functioning have not been fully elucidated.
This chapter provides a comprehensive review of recent research into sensory
processing in individuals with ASD, using a range of neuropsychological and neu-
rophysiological techniques. Electroencephalography studies have reported atypi-
cal electrophysiological findings during sensory processing of visual, auditory,
and tactile stimulation in individuals with ASD. In addition, functional magnetic
resonance imaging studies have begun to elucidate the neural areas underlying
these characteristic differences in sensory functioning. Several approaches, includ-
ing environmental design, and support for parents and teachers to understand
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and respond to atypical sensory characteristics associated with ASD have been
developed. Increasing understanding of the neurobiological processes underlying
sensory problems in patients with ASD will aid the development of new treatment
approaches.

Keywords: autism spectrum disorders; electroencephalography; functional mag-
netic resonance imaging; magnetoencephalography; sensory function

INTRODUCTION

Three classes of atypical perceptual phenomena have consistently been associated
with autism spectrum disorders (ASD): superior processing of fine detail (local
structure), either inferior processing of overall/global structure or an ability to
ignore disruptive global/contextual information, and impaired motion perception
(1). Atypical sensory features in ASD were first described by Kanner (2). Numerous
subsequent studies have documented the neurophysiological profiles of sensory
processing in ASD (2, 3). Unlike previous editions, the Diagnostic and Statistical
Manual of Mental Disorders, Fifth Edition (DSM-5) adopted sensory characteris-
tics as a diagnostic criterion for ASD (4). The DSM-5 assesses the atypical sensory
characteristics of ASD patients in terms of hypersensitivity or hypo-reactivity to
sensory input or abnormal interest in sensory aspects of the environment. Thus,
in the DSM-5, overlooking atypical sensory characteristics can cause problems in
the diagnostic process.

CLASSIFICATION OF SENSORY CHARACTERISTICS

Dunn’s Four Quadrant Model (5) is the best-known model for classifying the sen-
sory characteristics of ASD. In this model, sensory processing is based on two
major components: neurological thresholds and behavioral responses. Neurological
thresholds are response thresholds to sensory stimuli, expressed as a continuous
range from low to high. Each person has unique thresholds for responding to
sensory information, and thresholds may not be the same for all sensory modali-
ties. Behavioral responses are expressed in a continuous range, depending on
whether a passive or active strategy is selected for the stimulus. These two com-
ponents make up the four quadrants of the model (6), explaining the processing
of sensory information in children with ASD through an interaction between stim-
ulus volume and reactive behavior/self-regulation. Disruption of an individual’s
sensory processing ability can affect their daily life (7).

Sensory processing disorder (SPD) is defined as a condition in which a
person encounters problems in daily life related to processing and responding
to sensory information (8). Using a standardized sensory processing assessment
method such as Dunn’s Sensory Profile (9), clinicians typically consider scores
outside the first and second standard deviations as indicating likely or
suspected SPD. SPD has been reported to affect at least 5% of the general
population (10).
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The frequency of atypical sensory characteristics in children with ASD is esti-
mated at approximately 90%, and the frequency of auditory hypersensitivity is
reported to be 15-100% (11). Because the atypical sensory characteristics of chil-
dren with ASD vary greatly from person to person, supporters need to under-
stand the severity of symptoms and difficulties for each individual. Atypical
sensory features are found in multiple sensory domains (12). Sensory problems
in ASD have been reported to be associated with many of the core symptoms of
ASD and other symptoms such as anxiety, attention problems, self-injury, behav-
ioral problems, sleep disturbances, and gastrointestinal symptoms (13, 14).
Sensory problems have also been reported to be associated with emotional and
behavioral disruption and interference with daily functioning (5, 15). Therefore,
assessing sensory problems in infancy and providing appropriate care may be
helpful for later social behavioral development. Individuals with ASD show ele-
vated sensory modulation symptoms across ages and levels of severity. In addi-
tion, reported sensory differences between ASD and typical groups are highest for
participants aged 6-9 years (16), raising an important issue for school staff who
provide learning environments for children. Because sensory information forms a
component of higher-order social and cognitive functioning, atypical sensory
processing in children with ASD is not only a new additional component of the
diagnostic criteria but also an important cornerstone for characterizing and
understanding ASD (16).

EVALUATION METHODS

There are several methods for quantifying atypical sensory deficits in patients with
ASD. In this section, we summarize recent findings regarding each method.

Questionnaire-based evaluations and behavioral observation
methods

The Sensory Profile (17) is a standardized scale used to record the way children
with ASD respond to sensory experiences. Dunn et al. used the Sensory Profile to
show that children with ASD have difficulty responding appropriately to stimuli
and regulating their emotional responses (18). Watling et al. reported that 85% of
young children with ASD scored lower than non-autistic children on at least one
of the elements of the Sensory Profile (19). In addition, several studies have
reported that children with autism have lower scores on the Under-responsive/
Seeks Sensation, Auditory Filtering, and Tactile Sensitivity sections of the Short
Sensory Profile (SSP) (20, 21).

Studies with young children have reported significant correlations between
SSP scores and stereotyped interest and behavior scores on the Autism Diagnostic
Observation Schedule (ADOS), but no correlations have been found with social
and communication scores on the ADOS (22, 23). Similarly, one study reported
correlations between sensory processing scores on the SSP and repetitive and
restricted behavior scores on the ADOS, but not with social and communication
scores on the ADOS, in children with autism (24). Rating scales such as the



Morimoto Y et al.

Aberrant Behavior Checklist-Community (ABC-C) (25) and Vineland Adaptive
Behavior Scales (VABS) (26) are commonly used to quantify problematic, abnor-
mal, and adaptive behaviors in ASD patients. Using the ABC-C, Green et al.
reported that young developmentally disabled children exhibit persistent and
high frequencies of abnormal behavior (27). Jasmin et al. used the VABS to inves-
tigate the relationship between sensory processing and daily living skills in chil-
dren with ASD and found that sensory avoidance was significantly correlated with
daily living skills (28).

Neuropsychological acoustic startle reactivity test

In studies of sensitivity to sensory stimuli in ASD, the acoustic startle response has
been used as an objective measure of sensitivity to auditory stimuli. In ASD, an
increase in startle magnitude, which indicates greater auditory sensitivity, has
been reported in both adults and children (29-31). However, there are no other
reports of a general increase in the magnitude of the startle response in ASD sub-
jects (32-36). In a study that took into account the severity of ASD, increased
startle magnitude was reported to be specific to individuals with high-functioning
ASD (29). Adult ASD subjects have been reported to show increased startle
responses to pleasant stimuli, but not to neutral or unpleasant stimuli (37, 38).
In addition, ASD subjects have been reported to exhibit not only an increase in
startle magnitude, but also an increase in startle latency (39).

Like startle magnitude, the severity of ASD symptoms may influence startle
latency. High-functioning individuals with ASD have been reported to exhibit
greater startle magnitude but no change in startle latency (32). Overall, these
studies suggest increased sensitivity to auditory stimuli and altered sensory pro-
cessing in ASD subjects. However, further research is needed to clarify which
stimuli and parameters have the greatest impact on the sensory responses of ASD
subjects.

Prepulse inhibition (PPI) is an additional startle measure that has been inves-
tigated in ASD, taking advantage of the acoustic startle response to quantify sen-
sorimotor gating. In studies of adults and children with autism, multiple studies
have reported unchanged PPI (29, 31, 36, 39, 40). However, other studies have
reported decreased PPI in adults (33, 41). In addition, one study reported a slight
increase in PPI levels at 76 dB prepulse in autistic children aged 8-12 years (42).
Although it is possible that heterogeneity in experimental design between studies
has prevented reliable detection of subtle PPI disturbances in ASD, there is cur-
rently little evidence to suggest that changes in PPI are a robust feature of ASD.

Auditory electroencephalography

Orekhova and Stroganova recently reviewed auditory event-related potential
(ERP) studies in ASD, suggesting the potential hypothesis that the dampening of
responses of ASD patients to unattended sensory events is related to a deficit in
rapid arousal processes (43). Donkers et al. sought to relate auditory ERPs to pat-
terns of sensory symptoms in children with ASD aged 4 to 12 years with a range
of levels of cognitive ability. The researchers reported that, although there was no
ERP component that predicted sensory symptom patterns, there were complex
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associations between auditory ERPs and sensory symptom patterns, and both
bottom-up (early sensory) and top-down (attention) influences on the severity of
sensory symptoms in ASD (44).

Visual electroencephalography

Previous findings regarding visual processing in ASD have been mixed. Isler et al.
reported that ASD patients are characterized by hypersensitivity to flashing light
stimuli, strong and fast initial visual evoked responses, and slow recovery from
stimuli (45). Frey et al. assessed sensory responses to stimuli presented in the
visual center and visual periphery, reporting that ASD patients exhibit enhanced
sensory responses to the visual periphery (46). Visual evoked responses to grating
stimuli suggest a dissociation between hyper- and hypo-responsiveness based on
spatial frequency, with high and low spatial frequency stimuli yielding increased
and decreased responses, respectively (47, 48). Studies of visual evoked responses
to grating stimuli suggest that reactivity increases with high spatial frequency
stimuli, whereas it decreases with low spatial frequency stimuli (47, 48). In addi-
tion, one study suggested that hypo-responsiveness may be restricted to the right
hemisphere (48). In studies using a visual oddity task to investigate the late com-
ponents of visual processing, cortical hypersensitivity to visual change was found
regardless of whether the task was active in high-functioning ASD (49) or passive
in ASD patients with various levels of cognitive ability (50). Milne et al. used elec-
troencephalography to analyze brain processes in visual perception and reported
that ASD patients and controls exhibited different processing in the striate or
extrastriate cortex and cingulate gyrus (51). It has also been reported that the
synchrony of visual areas between the right and left hemispheres is reduced in
patients with ASD (52).

Tactile electroencephalography

Cascio et al. reported that early neural responses to tactile stimuli were associated
with tactile hyper-responsiveness, while slightly later neural responses were asso-
ciated with tactile hypo-responsiveness, and speculated that higher-order pro-
cesses, such as attention allocation and emotional value assignment, may be
involved (53).

In summary, recent EEG studies have demonstrated differences in the timing
of responses to auditory, visual, and tactile input in patients with ASD. Furthermore,
these findings suggest that both bottom-up and top-down processes are affected.
Future attempts to correlate EEG with sensory stimuli may be useful for building
a model for integrating neural and symptom perspectives.

Auditory functional magnetic resonance imaging

Compared with EEG, relatively few functional magnetic resonance imaging (fMRI)
studies have examined neural responses to sensory stimuli. Gomot et al. reported
two auditory oddball fMRI studies on passive and active listening tasks (54, 55).
Children and adolescents with ASD exhibited less brain activation during passive
tasks and greater brain activation during active tasks in response to deviant and
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novel stimuli. These results demonstrate the presence of attention-dependent
atypicality (both hypo-responsiveness (54) and hyper-responsiveness (55)) to
auditory stimuli in ASD patients.

Visual fMRI

An fMRI study of visual stimulation in children with ASD, their healthy siblings,
and controls reported decreased activation of attentional networks in children
with ASD (56). Clery et al. used fMRI to analyze visual change detection in groups
of adults with and without ASD, and reported that adults with ASD exhibited
increased activation in the visual cortex and decreased activation in the frontal
lobe in response to deviant and novel stimuli (57). Ohta et al. used fMRI to inves-
tigate sensory filtering in response to irrelevant visual distractors during a visual
target detection task and reported that visual disturbances had less impact on
visual cortex activity in ASD patients compared with controls (58).

Tactile fMRI

Kaiser et al. examined neural responses to arm or palm touch and reported
increased responses in the primary somatosensory cortex and insular cortex and
increased reactivity to non-social contact in patients with ASD (59). Cascio et al.
reported increased activation of attentional areas in ASD patients compared with
controls, when presented with disagreeable rather than pleasant tactile stimuli
(60). These findings suggest that ASD patients exhibit increased neural reactivity
to tactile stimuli compared with healthy individuals. However, the detailed mech-
anisms by which this hyperreactivity is triggered remain unclear.

Multiple fMRI Modalities

Green et al. reported greater activation of primary sensory cortex, amygdala,
hippocampus, and orbitofrontal cortex in patients with ASD, compared with con-
trols, when presented with aversive auditory and tactile stimuli during fMRI scans
(61). They conducted an additional analysis of the specific role of visual and tac-
tile sensory hypersensitivity symptoms in ASD, highlighting the importance of
sensorilimbic hypersensitivity and prefrontal downregulation of amygdala in the
symptoms (62).

In summary, very few fMRI studies have examined neural response patterns to
sensory stimuli. However, the studies presented above have the potential to
increase current understanding of how the brain responds when processing audi-
tory, visual, and tactile stimuli. Although fMRI studies of sensory stimuli have
consistently reported atypical response patterns in ASD patients, some have
reported increased responsiveness, while others have reported reduced respon-
siveness. Thus, more comprehensive findings will be needed to clarify this issue.

Magnetoencephalography (MEG)

Several MEG studies have examined sensory processing in ASD. Resolution at
50 ms post-stimulus (M50) and at 100 ms post-stimulus (M100) are important
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targets for MEG studies. Roberts et al. performed an MEG study on auditory
processing and reported that the M100 latency was delayed in ASD patients
(63). The P100 component at around 100 ms after stimulation is the most
prominent component of the auditory evoked magnetic field response in chil-
dren (64). Orekhova et al. reported atypical hemispheric lateralization of the
P100 in ASD patients measured using MEG in a paired click paradigm (65).
Marco et al. used a finger-tapping paradigm to examine the timing and ampli-
tude of responses in primary somatosensory cortex and reported that children
with ASD exhibited reduced amplitude in the left and right cerebral hemispheres
and prolonged latency in the right hemisphere (66). These MEG-based sensory
stimulation studies indicate that there may be differences in the maturity and
laterality of sensory processing in ASD patients. However, the number of MEG-
based sensory stimulation studies is still small, and more research will be needed
to clarify this issue.

TREATMENT OF SENSORY PROBLEMS

Treatment plans for atypical sensory problems in children with ASD can include
behavioral interventions, other therapies, medications, or a combination of these
approaches. In this section, we present some common treatment options.

Interventions targeting sensory problems in ASD

A number of sensory-based interventions have been investigated for treating sen-
sory problems in ASD: (i) sensory integration-based interventions; (ii) environ-
mental enrichment-based interventions; (iii) auditory integration-based
interventions; (iv) music therapy-based interventions; (v) massage-based inter-
ventions; and (vi) other/additional interventions outside the broader categories.
Although these therapies are considered effective, few studies have validated their
efficacy (67, 68). A variety of methods have been developed for treating sensory
challenges. These interventions are expected to produce improvements for atypi-
cal sensory deficits and ASD symptoms in ASD patients. However, to date, no
evidence-based interventions have been reported to provide long-term and suffi-
clent improvement.

Caregivers’ understanding of symptoms and cooperative attitudes
toward treatment

Patients and their supporters need to have an accurate understanding of the char-
acteristics of sensory problems. In cases where ASD children and their families are
unaware of atypical sensory problems, more detailed and specific explanations
need to be provided. Teachers must be aware of the sensory challenges of students
with ASD and the resulting anxiety and social life difficulties they may experience.
When teachers understand both the social and sensory needs of ASD students,
they can make the necessary adjustments (e.g., avoiding crowded spaces and loud
noises) to reduce the stress of ASD students.
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Emotional stabilization of patients

Pfeiffer et al. reported an association between sensory sensitivity and anxiety in
children and teens with ASD (69). This result is consistent with the results of a
study of children in Japan (70). A recent study by Joosten and Bundy reported
that children with ASD and intellectual disability demonstrated sensory process-
ing abilities that likely contributed to increased anxiety (71). Another study
reported that, when ASD patients with sensory hypersensitivity experience high
anxiety, their hypersensitivity becomes even more pronounced (72). Because
sensory sensitivity and anxiety have been suggested to exacerbate each other,
therapists should consider environmental adaptations that minimize sensory
discomfort and help the patient feel safe and comfortable (e.g., sensitivity to
light and sound).

Using tools to reduce sensory stimuli

Tools to reduce sensory stimuli that induce discomfort and inappropriate behavior
in ASD patients can be relatively easily implemented. For patients with visual sen-
sitivity, the use of sunglasses may be helpful. Similarly, for patients with hearing
sensitivity, earplugs or noise-canceling earphones may be helpful. Tkuta et al.
reported the supportive effects of standard earmuffs and noise-canceling head-
phones on auditory stimulation in children with ASD (73). However, patients with
coexisting tactile hypersensitivity may find it difficult to use such devices for a long
period of time. Thus, the development of tools with good usability is important.

CONCLUSION

This chapter provides a general description of the assessment and support for
sensory issues in ASD patients. When providing support for sensory difficulties in
ASD patients, understanding not only the biological characteristics but also the
psychological and social aspects of these phenomena can enable more effective
support. Supporters (e.g., medical personnel, teachers, and daycare staff) need to
understand the individual’s situation and create environments where individuals
with ASD can feel comfortable learning coping skills. Few neurophysiological
studies have examined sensory problems, and there is a lack of established evi-
dence for supportive methods. Therefore, a better understanding of the neurobio-
logical aspects of sensory problems in individuals with ASD will aid the
development of new treatments.
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