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Investigating Atypical Multisensory Processing in Individuals with 
Autism Spectrum Disorders 
Justin Siemann

Blending information from multiple senses together into a perceptual Gestalt is necessary to understand the 
world. Autism spectrum disorders (ASD) are classically defined by a triad of symptoms, although sensory 
impairments have been consistently reported as well. Recently, there has been an increased interest in how 
individuals with ASD combine and integrate information from multiple senses. This article discusses current 
topics in ASD including neurobiology and sensory impairments with a focus on how atypical processing of 
multisensory information may be related to the symptoms found in ASD. 
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Autism Spectrum Disorders: Overview 

Autism spectrum disorders are complex neu-
rodevelopmental disorders characterized by 
repetitive or restricted behaviors, impairments 
in language and communication, and deficits 
in social or reciprocal behavior1. Currently, it 
is estimated that 1 in 88 individuals is diag-
nosed with an ASD and that males are 4 times 
more likely to be diagnosed than females2. 
Diagnoses of ASD normally occur by 3 years 
of age, but clinical symptoms may be present 
earlier in development. Based on the DSM-
IV, Autism, Asperger’s syndrome, and Perva-
sive Developmental Disorder Not Otherwise 
Specified (PDD-NOS) are three disorders that 
fall within this spectrum. Individuals with 
autism can be further characterized as either 
classic or high functioning based on IQ mea-
sures. Asperger’s syndrome and PDD-NOS 
differ from autism in that individuals with As-
perger’s do not have delays in communication 
and individuals with PDD-NOS either lack 
impairments in communication or repetitive 
behaviors or present mild forms of the triad 
of symptoms3. While DSM-IV classification is 
currently in use it should be recognized that 
the proposed draft of the DSM-V modifies the 
definition of ASD. 

Neurobiological and Neurophysiological 

Findings in ASD

In order to investigate possible causes for the 
symptoms found in autism spectrum disor-
ders, there have been a variety of studies that 
have focused on determining the neurobiol-
ogy of ASD. Autism has been characterized 
by multiple descriptions of atypical structural 
and functional connections within the brain. A 
consistent finding is that children with autism 
tend to have larger brains and greater head 
circumferences that increase in the first few 
years of development, then reaches a plateau 
and growth slows later in life4, 5. It is thought 
that this overgrowth occurs during a critical 
time period in the development of the fron-
tal and temporal lobes, but does not seem to 
impact the occipital lobes6. This thought stems 
from atypical morphology demonstrated by 
an increase in cerebral grey and white matter 
in the frontal and temporal regions7. Another 
developmental finding in ASD is altered mini-
columnar structure. A cortical minicolumn 
is the fundamental unit in the cortex that is 
comprised of excitatory pyramidal cells sur-
rounded by inhibitory interneurons8. Post-
mortem studies revealed that in the frontal 
and temporal lobes, there were increased 
numbers of minicolumns, pyramidal neurons 
in the minicolumnar structure, and the over-
all structure was narrower in individuals with 

Functional connectiv-
ity: 
A process used to describe 
how well brain regions 
are connected based on 
the temporal synchroni-
zation of the activity be-
tween these areas.
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autism8, 9. More excitatory pyramidal neurons along with a 
greater number of narrower minicolumns could result in 
over activation of neurons, leading to local cortical con-
nections more likely and long range connections less likely 
to develop10. These neurobiological and structural findings 
prompted the investigation of possible altered functional 
connections between specific brain regions in ASD. There 
have been numerous studies demonstrating a reduced 
functional connectivity between multiple brain regions in 
individuals with ASD11-17. It was shown that the function-
al connectivity between Broca and Wernicke’s areas, two 
regions used for speech, was reduced in individuals with 
ASD compared to typically developed controls18. Based on 
impaired long range connections between regions used for 
speech processing, this finding provides neurological evi-
dence for possible deficits in communication in ASD. 

Autism Spectrum Disorders: Theories

In order to explain the neurobiology along with the symp-
toms found in this heterogeneous disorder a multitude of 
theories have been proposed. Weak central coherence, the 
temporal binding deficit hypothesis, the cortical undercon-
nectivity theory, and an imbalance of excitation/inhibition 
signaling are relevant theories in explaining disturbances 
found in ASD19. 

Central coherence is based on the concept that individu-
als are capable of processing and combining information 
for a higher level of understanding20. The theory of weak 
central coherence (WCC) states that individuals with au-
tism have impairments in integrating information from a 
local or detailed perspective to a more global concept21. If 
there is a preference for local over global processing, this 
may explain aspects of restricted interests and could cause 
the global meaning of social situations and communica-
tion to be impaired. Brock’s temporal binding deficit hy-
pothesis tried to explain weak central coherence by look-
ing at potential timing deficits. This theory proposed that 
long range connections between brain regions may not be 
as temporally correlated as brain regions that are in closer 
proximity, which could result in intact local, but impaired 
global processing22. The cortical underconnectivity theory 
explained this concept in more detail, when functional 
magnetic resonance imaging (fMRI) studies demonstrated 
that long distance connections between brain regions were 
less functionally connected in individuals with autism18, 

23. The cortical underconnectivity theory has been consis-
tently used to describe atypical processing found in ASD. 

Just et al proposed this theory by using an fMRI sentence 
comprehension task to demonstrate atypical functional 
connectivity in individuals with ASD18. This theory com-
pliments the previous two theories because it provides a 
possible reason for global information processing deficits 
since this type of processing requires the proper timing and 
integration of information from multiple brain regions24. A 
final explanation is a possible imbalance of the ratio of ex-
citation/inhibition signaling in the brain. This is supported 
by post-mortem studies in ASD patients demonstrating an 
increased number of excitatory pyramidal cells4, 10, 25. While 
no one theory can explain all of the symptoms, there are 
aspects from all of these theories that may lend to greater 
insights in explaining the impairments that are seen in in-
dividuals with ASD.  

Sensory Impairments in ASD

In addition to the three classical symptoms that impact 
individuals with autism, sensory abnormalities have been 
consistently observed and reported. Sensory dysfunction is 
not one of the classic symptoms of autism spectrum dis-
orders, yet it is found to impact up to 85% of individuals 
with ASD26. Kanner first reported children with autism 
spectrum disorders to have sensory disruptions and to date 
there have been a number of studies demonstrating atypical 
sensitivity to sensory stimuli26, 27. Individuals can be hyper- 
or hyposensitive to a variety of different stimuli spanning 
multiple modalities28, 29. Using a visual stimulus as an ex-
ample, individuals with ASD may immediately cover their 
eyes or stare at bright lights for long periods of time, de-
pending on the individual’s sensitivity to the stimulus. This 
dysfunction can be further classified as either sensory aver-
sion or sensory seeking behavior. Depending on the type of 
behavior, individuals with autism spectrum disorders may 
be highly sensitive to or engaged in stimuli that may be con-
sidered mundane. Based on these observations, there have 
been several studies that have correlated sensory impair-
ments with ASD severity30-33. Of all the sensory modalities 
impacted, dysfunctions in the visual and auditory domains 
have been studied most extensively. One reason for why 
this may be the case is that these modalities are needed for 
communication as well as understanding aspects of social 
behavior. A consistent finding is that individuals with ASD 
tend to perform well on visual tasks that require the pro-
cessing of individual features34, 35. For example, individuals 
with ASD can excel on the Embedded Figures and Block 
Design tasks which are timed and require the identification 
of smaller objects within a larger figure or the recreation 
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of a detailed pattern using a set of blocks20, 21, respectively. 
While there are reports of enhanced performance on tasks 
requiring the identification of specific features there have 
been observations demonstrating impaired global process-
ing when these local features are needed to be combined. 
For instance, individuals with autism typically are less ac-
curate in identifying biological motion, motion coherence, 
and visual form compared to controls36-38. An interesting 
finding from these studies however, was that while the high 
functioning autism group showed deficits in these areas, 
individuals with Asperger’s syndrome performed as well as 
typically developed individuals, which speaks to the het-
erogeneity of ASD37-38. Similar to the findings in the visual 
domain, it is known that depending on the task, individuals 
with ASD perform atypically compared to controls in the 
auditory domain as well39. For example, it has been shown 
that individuals with ASD tend to excel on tasks that re-
quire pitch discrimination specifically of musical tones40, 41. 

Enhanced visual and auditory discrimination to detailed 
information, yet overall impaired global processing in these 
modalities are consistent findings in ASD. Communica-
tion and behaving in social contexts require a high level of 
global processing and if individuals with ASD have deficits 
in this type of processing this could result in information 
being lost or improperly understood. Besides the possible 
impaired processing, both communication and social be-
haviors require the appropriate combination of sensory 
information from multiple modalities. Based on these ob-
servations and studies describing unisensory dysfunction 
in ASD, there has been an increased focus in determining 
how multisensory integration may be impacted when sen-
sory stimuli are combined. 

Multisensory Integration and Temporal Processing 

Multisensory integration can be described as the merging 
of sensory information from different modalities42. Stud-
ies have shown that the combination of information from 
multiple senses can produce behavioral enhancements that 
can increase accuracy and reduce reaction times43. Three 
principles: space, time, and effectiveness are used to de-
scribe multisensory integration43. Stimuli from different 
modalities that are presented in close temporal and/or spa-
tial proximity can result in a maximal multisensory gain44, 

45. The enhancement seen in behavior from the combina-
tion of multiple stimuli compared to one of the sensory 
stimuli presented alone describes multisensory gain43. One 
effective way to measure multisensory integration is by us-

ing cross modal illusions. These illusions can produce in-
teresting behavioral responses based on how one modality 
affects another. For example, the sound induced flash illu-
sion demonstrates that the auditory domain can alter the 
visual information that is perceived by individuals46. In this 
illusion when two auditory beeps are played in close tem-
poral proximity to a single visual flash, most individuals 
perceive multiple visual flashes46, 47. Also, it was shown that 
as the presentation of the second beep is further delayed in 
time, participants are less likely to perceive the illusion48. 
Therefore, this illusion not only utilizes the temporal prin-
ciple of multisensory integration, but also demonstrates 
the concept of a multisensory temporal binding window 
(TBW). The multisensory TBW can be described as the 
time interval in which two cross modal stimuli are bound 
together as a single unified perceived event49. 

It was demonstrated that individuals with ASD performed 
comparable to typically developed controls for the sound 
induced illusion, which illustrates that there is intact multi-
sensory integration for simple cross modal stimuli49. How-
ever, using this illusion, it appears that children with ASD 
have an extended temporal binding window50, 51. Foss-Feig 
et al showed that individuals with ASD perceived this il-
lusion more often when the presentations of the second 
beep were delayed for longer periods of time51. This study 
demonstrated a multisensory temporal binding window 
for individuals with ASD that was almost twice as wide as 
that of typically developed controls. An extended TBW and 
overall atypical temporal processing could impact commu-
nication and the proper understanding of social behaviors, 
both of which are known to be impaired in autism spec-
trum disorders. Importantly, it is known that the multisen-
sory temporal binding windows tend to be wider for chil-
dren in general and it is possible to narrow the TBW with 
the implementation of multisensory training paradigms52, 

53. The plasticity of the TBW may allow for future develop-
ments of remediation tools for individuals with ASD. 

In general, there have been a variety of studies support-
ing the findings of temporal deficits when individuals 
with ASD are asked to process multisensory information54, 

55. Bebko et al simultaneously showed children identi-
cal videos on two monitors with the only difference be-
ing that one of the video tracks was temporally delayed55. 
This study demonstrated that while typically developed 
children preferentially looked at the videos that were syn-
chronous, children with autism did not have a preference 
looking at either video, specifically when the stimuli were 
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speech related. This suggests that the ASD group may not 
have noticed that one of the videos was temporally out of 
synchrony, which was why there was no preferential look-
ing for this group. If long range connections between brain 
regions in ASD are not as temporally correlated as in typi-
cally developed individuals then this could explain some of 
these results especially when more complex stimuli such as 
speech were used. Overall, these findings suggest that there 
are multisensory and temporal deficits in autism spectrum 
disorders, which will likely have a major impact on com-
munication and speech comprehension. 

Communication in ASD 

The integration of visual and auditory information makes 
speech naturally, multisensory. With the known impair-
ments of communication in autism, speech and audiovisu-
al integration have been greatly studied topics. It has been 
shown that individuals with ASD tend to perform worse 
on audiovisual tasks that use human faces and voices, but 
perform typically on tasks using non-human stimuli56. One 
task that uses human speech stimuli to measure multi-
sensory integration is the McGurk effect. In this illusion, 
participants see an individual’s face and lips move to form 
the utterance of /ga/, while simultaneously hearing the ut-
terance /ba/ which tends to cause participants to report 
the perception of hearing /da/57. The McGurk effect can 
be thought of as a measure of multisensory integration be-
cause the McGurk percept of /da/ represents a fusion of 
both visual and auditory information. Similar to the sound 
induced flash illusion the McGurk effect is temporally re-
stricted58. Multiple studies have shown that children with 
ASD tend to perceive the McGurk illusion less often than 
typically developed individuals59, 60. This would suggest a 
possible impairment in multisensory integration since the 
fused percept was reported less often. An interesting find-
ing however was that adolescents and adults with ASD per-
ceived this illusion as often as typically developed individ-
uals, which suggests that these impairments may improve 
over time60, 61. 

In addition to a decreased McGurk percept, studies have 
found that children with ASD tend to perform worse on 
the visual only condition59. This is demonstrated by an 
impaired ability to lip read, which would mean that indi-
viduals with ASD may not benefit from the added visual 
information especially in a noisy environment in order to 
understand speech appropriately62, 63. Smith et al presented 
individuals with sentences within varying levels of noise 

and participants were asked to identify specific words 
when the words were only heard or were seen and heard 
simultaneously62. This study demonstrated that individu-
als with ASD performed typically compared to controls on 
the auditory only condition, but were worse at identifying 
words when both audio and visual information were pre-
sented. Impaired multisensory and audiovisual integration 
in noisy environments, similar to those in the real world, 
could be one explanation for the communication impair-
ments that are found in ASD. Recently, it has been shown 
that throughout typical development children can improve 
on speech in noise tasks64. In addition to this finding it was 
demonstrated that after training on a lip reading paradigm, 
individuals with ASD reported the McGurk percept as of-
ten as controls59. These findings provide evidence that this 
type of training may be another possible remediation tool 
for individuals with ASD, which may be the most beneficial 
if implemented earlier during development. 

Overall, it has been shown that there are multiple levels 
of sensory dysfunction in autism spectrum disorders. Not 
only are there unisensory deficits, but multisensory impair-
ments are also apparent. Atypical multisensory and tempo-
ral processing have been most evident in individuals with 
ASD especially as the stimuli become more complex and 
related to language. As studies have further characterized 
this sensory dysfunction, a few examples of possible reme-
diation tools to improve multisensory integration, tempo-
ral processing, and speech comprehension have also been 
described. Multiple behavioral findings have described 
atypical unisensory and multisensory processing in ASD, 
which have been insightful in order to better understand 
this disorder. 

Concluding Remarks

ASD is a heterogeneous neurodevelopmental disorder 
that impacts many aspects of an individual’s life. Although 
multiple reports have described atypical structural and 
functional connections in ASD, there have not been many 
neurophysiological studies investigating deficits in multi-
sensory integration and the brain regions that are poten-
tially impacted. Russo et al published one of the first stud-
ies describing impairments in multisensory integration 
using EEG measures. This investigation demonstrated that 
multisensory integration within individuals with ASD was 
present specifically at later time intervals compared to typi-
cally developed individuals65. This further suggests that in-
dividuals with ASD are capable of integrating stimuli from 
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multiple modalities, yet temporal impairments are still 
evident. This study again supports the various findings of 
atypical multisensory and temporal processing. Based on 
functional imaging studies with typically developed indi-
viduals, one brain region that has been implicated in mul-
tisensory integration and temporal processing is the supe-
rior temporal sulcus66-69. This makes this region a potential 
area of interest in investigating multisensory impairments 
in ASD. Although there have been few neurophysiological 
studies describing multisensory and temporal processing 
in autism spectrum disorders, this allows for the opportu-
nities of innovative research studies to be pursued.

The primary goal of this review was not only to give an 
overview of autism spectrum disorders and theories that 
have been used to explain these disorders, but also to spe-
cifically demonstrate how impairments in multisensory in-
tegration and temporal processing may relate to the com-
mon symptoms that characterize ASD. There have been 
numerous findings of atypical processing and sensitivity 
to unisensory stimuli spanning a variety of modalities. By 
studying how combinations of sensory stimuli are per-
ceived, investigators have been able to further characterize 
the impairments in multisensory integration in individu-
als with ASD. Deficits in multisensory integration have led 
to findings of impaired temporal processing, which have 
generated an increased interest on how this could impact 
symptoms in ASD such as communication. This knowledge 
has generated behavioral studies focused on modulating 
audiovisual and speech stimuli. In addition to character-
izing ASD behaviorally, there have been a variety of stud-
ies devoted to determining the neurobiology of ASD and 
how atypical development may impact connections and 
activity between brain regions in these disorders. A large 
number of neurophysiological studies have now character-
ized structural and functional impairments in individuals 
with ASD, but only a few have investigated multisensory 
processing. Additional studies that help to characterize 
atypical multisensory processing will not only improve our 
understanding of the impairments, but will also raise the 
possibility of developing better remediation tools for indi-
viduals with ASD in the future. 
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