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SYNOPSIS

Investigations made in previous decades
about irregularities in auditory perception in
individuals with autism is reviewed and re-
vised clinical and theoretical implications are
provided. Emphasis is placed on the fact that
these auditory perception irregularities of
people with autism are very important for the
understanding of the symptoms, for the search
of its etiology, for the implementation of an
adequate treatment program, and for the
formulation of an adequate theoretical explana-
tion of the syndrome.
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INTRODUCTION

The aim of this review is to describe the
auditory alterations in autism and how they can be
a key factor for a better theoretical description for
the syndrome, for as an adequate diagnosis, and
for correct treatment of people with autism. These
auditory peculiarities led us to question again the
important role of brainstem alterations in the
etiology of the symptom of autism. It is necessary
to have a holistic vision that takes into
consideration sensorial modulation alterations
controlled by the brainstem, as well as cognitive
disturbances due to an incorrect development of
upper cortical structures.
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In people with autism the brain is structured in an
unusual fashion and this can imply problems with
social relationships. However, this can also permit
enhanced performance in basic perceptive tasks, as
in musical skills and others.

The study of perceptive alterations in autism
seems to have been left aside for some years. This
was partly caused by changes in diagnostic criteria,
and also by new emerging theoretical approaches.
But current research — which relies on more
powerful and efficient tools, both statistical and
neuroimaging, - underlines again the importance of
perceptive deficits among people with autism. Any
current theoretical explanation must bear these
deficits in mind in order to provide a holistic
explanation of both the etiology and the
patophisiology of this syndrome.

An exhaustive bibliographical research has been
carried out, as well as critical reading of the
resulting material, in the light of different explana-
tory theories on autism. There are some recent
reviews about some partial aspects of this question:
In the review by Rogers and Ozonoff /116/, they
reach the conclusion that sensorial symptoms are
more frequent and outstanding among children with
autism rather than among typically developed
children, but there is no clear evidence that these
symptoms make a clear difference in relation to
other Pervasive Development Disorders (PDD). The
review by Kellerman and Gorman /60/ states that
auditory perception studies in individuals with
autism find perceptive disorders which would be
related to both language alterations and the social
isolation observed among people with autism. The
present review attemps be more hollistic and
comprehensive.

DIAGNOSIS OF AUTISMAND AND AUDITORY
PERCEPTION ALTERATIONS

Ever since Kanner /58/ diagnosed autism in
1943, one of the big practical difficulties when
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forming experimental groups was a reliable diag-
nosis of autism which would be accepted by all
experts. The first diagnostic criteria included severe
disorders on relationships, language, perception,
motility and development /106/. Diagnosis based
on experienced professionals’ report used to be
frequent /105/. Afterwards, more standardized
diagnostic criteria began to be used, such as the
ones from the National Society of Autistic Children
/115/, which evaluated social, perceptive and
developmental disorders.

The change arrived with the DSM-III diagnostic
criteria (/2/ and subsequent editions). Diagnostic
criteria included communication disorders, social
disorders, as well as disturbances of response to
objects. This manual, which is used world-wide,
implied a high degree of agreement among different
researchers, and standardized experimental groups
into the same diagnosis.

However, Ornitz and colleagues /101/ com-
plained that sensorial modulation problems had
been little acknowledged by the DSM-III criteria.
They considered perceptive disorders very impor-
tant in diagnosis of autistic syndrome. One of the
possible reasons why perception disorders were not
used as diagnostic criteria in this manual could lie
in the fact that, although they are very common
among younger children with autism (up to 4
years), they are not as intense and easily observable
after this stage. Besides, brain and auditory explora-
tion techniques were not as widely developed in
1980 as they are now. It was therefore very
complicated to make sure that a child older than 6
years — who would very often refuse to cooperate -
suffered perception disorders.

In 1989 Ornitz complained again that sensorial
deficits were still not be included in the manual’s
new version, DSM-III-R /1/; on the other hand,
perceptive disorders were included in PDD criteria.
Therapists working with people with autism often
note their sensorial disorders. Some epidemiolo-
gical studies, such as Ornitz’s /97/ show the high
prevalence of this kind of disturbance in this
population: the parents of 242 people with autism
completed a survey, and Ornitz /97/ found that 155
of the children with autism had sensorial modula-
tion problems and 163 had social relationship
problems as well as bizarre response to objects.

These two variables were significantly closely
related and their extent matched the normal
distribution. Exclusion of sensorial problems from
the diagnostic criteria meant a radical change in the
approach of research on hearing and autism. Such
studies were very numerous in the first years, but
after a few decades interest in this question
diminished considerably.

However, the arrival of new research and
exploration methods, as well as the first contrasted
results that once more highlighted perception
disturbances, favored a renewed interest in this
field of research in the last years.

REPORTED DISTURBANCES
IN AUDITORY PERCEPTION

In 1967 Metz /79/ proved that the people with
autism that he studied preferred higher intensity
auditory stimulation. Later, Hermelin and Frith /50/
confirmed the existence of perceptive faults which
were not detectable in audiometric exploration.
Such faults were: lack of response to sounds,
inability to interpret auditory stimuli, and absence of
orientation reflex to such stimuli. They describe
how some people with autism cover their ears and
others use contact senses — touch and taste - to
explore objects, rather than sight and hearing.

Ornitz /99/ also observes the preference of
contact senses and he found an apparent pre-
dominance of the visual over the hearing in some
people with autism; this seems to be due to the
inability to respond to various senses at the same
time.

The investigation carried out by Reynolds and
colleagues /113/ showed that when exposed to
multiauditory stimuli, there appears to be a stimu-
lus hyperselectivity that causes the people with
autism who took part in their experiment to respond
to only one key rather than the whole complex
stimulus. Koegel and Schreibman /66/ found lack
of response to sounds. Ornitz and colleagues /102/
described various and apparently contradictory
responses to sensorial stimulation: hyposensitivity
to sounds, enhanced awareness of all background
sounds, and hypersensitivity to auditory stimuli,
depending on each person and situation. Gersten
/35/ found that some children with autism showed
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hyperselectivity. Abnormal auditory responses were
common among the children with autism studied
by Xi and colleagues /148/ who also found
significant differences in auditory filtering.

Mgller and colleagues /80/ reported a peculiar
phenomenon. There are two kinds of auditory path-
ways: the classical ones, which carry only auditory
input and end in the primary auditory cortex, and
the non-classical ones — extra-lemniscal, slower and
phylogenetically older — which end in the secondary
auditory cortex. In children without disorders, the
perception of sound intensity is altered by simul-
taneous electric stimulation on the medium nerve
of the wrist. This modal interaction fades during
childhood and is rare after 20 years old. But in the
group of adults with autism studied by Mgller and
colleagues /80/, this phenomenon was more intense
and persisted with age. This would support the idea
that some individuals with autism have abnormal
intermodal interactions between the auditory and
somatosensorial systems. They suggested that their
results might indicate immaturity in the hearing
system of people with autism. In the cross-sectional
study of Kern and colleagues /62/ it was concluded
that persons with autism had abnormal auditory
processing that was significantly different from that
in controls.

HYPOACUSIS AND HYPERACUSIS IN
PEOPLE WITH AUTISM

Among the exclusion criteria of experimental
participants, associated auditory deficits are often
found in early research. This criterion is correct
from the point of view of control of experimental
variables. However, some valuable information on
co-morbility of autism and hearing deficits was
lost. Little by little researchers noticed the impor-
tance of this kind of information, and either they
continued to exclude participants with associated
hearing deficits — but provided information on their
number - or they investigated this aspect — co-
morbility - directly. Some clear-cut data then
appeared, indicating a prevalence of hearing
deficits among the population with autism, which
was remarkably high (even as regards obvious
hypoacusis and deafness): Among the 14 children
studied by Hayes and Gordon /44/, 13 of them
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presented variable deafness and unusually high
acoustic thresholds; the other child had otitis
media. Out of the 32 children studied by Taylor and
colleagues /138/, 11 had moderate hearing loss
(eight on both ears) and three had severe to deep
hearing loss (all three in both ears). In the study
carried out by Smith and colleagues /130/, the
people with autism presented remarkably worse
medium ear impedance values. In a review in 1993,
Klin /64/ reached the conclusion that in the studies
of brainstem auditory evoked potentials, some data
were found suggesting peripheral hypoacusis. It
would be worth noting the investigation by
Rosenhall and colleagues /119/ in which a large
group of 199 children with autism (153 boys and 46
girls) was audiologically assessed. They found
hypoacusis media or moderate in 7.9% of the
studied group. They too found unilateral hearing
loss in 1.6% of all the children that could be
properly assessed. Severe to deep bilateral hearing
loss was found in 3.5% of the patients. This
represents a remarkably higher prevalence in
relation to the general population, and comparable
to the prevalence found in samples of people with
intellectual handicaps. In this detailed study, hear-
ing deficits appeared in the same proportion in all
intelligence levels of the sample of 199 children
with autism, so it does not seem that intelligence
variability may account for autism hearing deficits.
Hypoacusis was common and affected 18% of the
group under study (they did not tolerate click
sounds at 80 dB and they had to be assessed at 70
dB). No hypoacusis was found in the control group.
In addition, the proportion of serous otitis media
(23,5%) and its related conductive hearing loss
(18,3%) seemed to be higher in the group of people
with autism in comparison with the control group.

In the light of these results, Rosenhall /119/
logically insists on the need of auditory screening
in people with autism so that individuals with
severe hearing loss can have aural habilitation; he
also points out that people with moderate to slight
hypoacusis should be followed, owing to the risk of
progressive hearing damage. Rosenhall and col-
legues /118/, in a further study, had to discard 52
out of 153 participants because they had definitive
hearing deficits. Another detailed French study
carried out by Gayda and Saleh /34/ in the fle de
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France region must also be borne in mind: 500
children with autism were included and they found
that 15% of children aged from 11-13 years had
hearing problems. However, Gravel and colleagues
/39/ did not found auditory difficulties in persons
with autism.

But not all is hypoacusis. Clinical hypersensi-
tivity to sounds among people with autism has
frequently been described: In a study by Mottron
and colleagues /85/ an adolescent with great
musical ability was under study. Apparently QC
had been hypersensitive to sounds since childhood.
His extraordinary hearing capacity was proved at
the age of 13 years by audiometry that determined
the following: he was able to hear with his right ear
sounds ranging from 1,500-5,000 Hz at 15 dB
under the normal hearing threshold, and with his
left ear sounds ranging from 1,000-4,000 Hz at 10
dB under the normal hearing threshold.

In an interesting investigation, Collet and
colleagues /16/ studied hyperacusis and explained
that in disorder-free people this phenomenon was
related to some alteration of their medial olivo-
cochlear (MOC) bundle functioning. The easiest
and non-invasive way to study MOC functioning is
to associate contralateral stimulation and evoked
otoacoustic emissions (EOAE). They found that the
contralateral suppression effect was inferior in
people with autism. The explanation for this can be
the diminishing of the MOC bundle functioning in
autism. This breakthrough was very relevant in the
brainstem lesion theory /100/, as the MOC belongs
to this anatomical structure.

This data on hearing deficits in people with
autism suggested the hypothesis that auditory
sensorial deprivation might cause autism. However,
the results of Jure and colleagues /57/ in an
epidemiological study carried out among 46
children with both hearing disability and autism
disproved this hypothesis for two reasons: firstly
autism is not frequent in children with hearing
disabilities and secondly, in their sample, no cor-
relation was found between the degree of autism
and hearing loss severity. They concluded that both
syndromes have different etiologies. But certain
diseases such as rubella could damage both the
brain and the ear, and might be the cause of both
diseases in some cases. Behavioral auditory test

measures were carried with this population of
children with autism by Tharpe and colleagues
/141/, who found behavioral pure-tone averages
outside the normal hearing range (i.e., >20 dB HL),
despite having normal to near-normal hearing
sensitivity as determined by other audiometric
measures. Hearing loss may be more common in
children with autism than in normally developing
children /137/, and Jure and colleagues /57/ suggest
that audiometries be carried out in all children with
autism. Grewe and colleagues /40/ suggested that
transient-evoked otoacoustic emissions (TEOAES)
might be a valuable part of the audiologic test
battery for children with autistic behavior.

FINDINGS RELATED TO THE BRAINSTEM

Many areas of the brainstem are important in
hearing /131/ and are especially vulnerable to
perinatal injury. These structures are some of the
first to develop in the fetus’s brain. Apparently,
neurochemical changes in the maturation of the
hearing system can stimulate the growth of cerebral
cortex upper centers /126/. The brainstem struc-
tures, particularly the inferior colliculus, need a
high supply of oxygen and are very sensitive to
anoxia. As they are already covered with myelin at
birth a lesion does not usually heal easily. These
structures included in the tectum are related to
selective attention and stimulus orientation /127/.
Myelinization in the hearing system occurs between
the 26™ and the 29" week of pregnancy. It is in this
stage that the first responses to sounds appear. This
early maturation of the hearing system produces
both chemical and neural changes which stimulate
maturation in the upper cortical areas /126/. It
seems that enkephalins are produced in the brain-
stem nuclei and are involved in the sensation of
pleasure, in motivation, and in pleasurable and
emotion evoking effects as regards music /126/.The
auditory system can be easily damaged by perinatal
oxygen insufficiency /24,87,110,133/. Yakovlev and
Lecours /148/ found that the auditory system is fully
myelinated before birth, and Moore and colleagues
/81/ confirmed the early myelination of the auditory
system. Landau and colleagues /67/ and Sokoloff
/132/ studied blood flow in the brain and found the
most  intense  activity in  the  inferior
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colliculus, the superior olive, and nuclei of the
lateral lemniscal tracts that connect the brainstem
auditory nuclei.Records of the brain’s blood flow
and glucose utilization reveal that the brainstem
nuclei are the ones with the highest degree of
metabolic activity in the brain. Therefore, they are
far more sensitive to any blood flow difficulty,
such as anoxia or lack of glucose, which may be
caused by any perinatal illness or infection /126/.
Ornitz and colleagues /106/ found a lesser
inhibition in sensorial respon-ses associated to
eye movement. This inhibition is controlled by
the vestibular system, and this suggests a disorder
in this system — in the brainstem - in people with
autism. Quite a few of them show-ed diminished
post-rotational nystagmus. Ornitz /99/ and Ornitz
and Walter /103/ reported atypical responses in the
vestibular system.

In 1989, Ornitz /96/ described the malfunction-
ing of the reticular formation in the brainstem,
which could provoke asynchrony in the response
rate of the heart. A weak modulation in sensorial
inputs could cause exaggerated autonomic respon-
ses to auditory stimuli. Ornitz /96/ suggested that
excessive reverberation in the neuronal loops of the
brainstem’s synaptic pathways could be the reason
for such exaggerated autonomic responses, as well
as disturbances in muscular tone. All this suggests a
possible disturbance in the descendent control that
the brainstem exercises over spinal mechanisms.
The following structures in the brainstem would be
involved: the reticular formation, substantia nigra;
both specific and non-specific thalamic nuclei;
rostral projections of these structures into the
neostriatus and cortical structures.

In 2001, Khalfa and colleagues /63/ investigated
the medial olivocochlear system’s auditory filter:
the evoked potentials’ amplitude decreases when
the contralateral ear is stimulated with noise, owing
to the medial olivocochlear system’s auditory filter.
People with autism had a larger suppressive effect
in the right ear than in the left ear. This asymmetry
did not appear in the controls. This suggests a
failure in the medial olivocochlear system in people
with autism.
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EEG STUDIES

The electroencephalogram (EEG) is a non-
invasive and relatively cheap way of investigation.
It offers very accurate temporal resolution — which
modern neuroimaging techniques cannot yet reach -
but its spatial resolution is very poor. Apart from
this, in the first studies very few electrodes were
used, so the spatial resolution was even worse. If
the alterations caused by light and sound in EEG
waves are added to an EEG study, the result is a
study of evoked potentials. Auditory evoked
potentials have been widely used in research on
autism. Evoked potentials are divided into two
types: obligatory evoked potentials, in which
people are passive and they only listen — be they
either asleep or unconscious: the secomnd is cogni-
tive evoked potentials, in which people are
requested to give a specific response to the target
stimulus — which appears with a probability of 80%
- and to ignore another unusual stimulus — which
appears with a probability of 10-20%.

Obligatory auditory evoked potentials

In studies dealing with brainstem evoked
responses, up to seven waves have been registered
but only the first five are usually studied (I, 1I, I,
IV and V). These responses are commonly called
auditory brainstem responses (ABRs). It is con-
sidered that wave I is generated by the first afferent
auditory brain cell in the most distal part of the
auditory nerve, in the cochlea; wave III is generated
in the ipsilateral cochlear nucleus; and wave V is
generated in the lateral lemniscus, but many other
anatomical structures are also involved /118/. Most
of these waves are generated by structures situated
in the brainstem. Interpeak latencies (I-III; III-V and
I-V) reflect the functioning of the auditory path-
ways /120/. The I-III interpeak latency represents
the activity of the first auditory nerve’s brain cell.
The III-V interpeak latency represents the auditory
system’s conduction time, within the brainstem,
from the cochlear nucleus to the oliva in the lateral
lemniscus. The I-V interpeak latency represents
total auditory neural conduction time from the
auditory nerve’s most distal part to the oliva in the
lateral lemniscus, that is, the total conduction time
of auditory information /118/.
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Most studies have come to the conclusion that
waves I, II, III, IV and V have a lesser amplitude,
that is, are weaker, among people with autism /37,
64,72,73,105/, but a few studies /25,41/ did not find
any significant differences. Most studies conclude
that these waves have also a greater latencie /37,
117,123,131,135/, although other studies /25,41,
134/ found no significant differences.

In these first studies only absolute latency and
amplitude of waves I, II, III, IV and V were
assessed. Some present methodological faults such
as inadequate diagnostic criteria, poor auditory
assessment, inadequate control groups, muscular
artifacts and badly described co-morbid diseases
/120/. In two of them /72,73/ it was stated that
people with autism show less habituation to
repetitive auditory stimuli and they even become
more sensitive to them. This matches the observa-
tions that some children with autism seem to be
deaf to powerful noises of short duration (such as a
door slamming), whereas they do not seem to
tolerate less intense but persistent stimuli such as
the toilet flush noise or a vacuum cleaner humming.
Research dealing with transmission times I-1II; III-
V and I-V eventually agreed on their disfunction-
ality, as observed by Klin’s review in 1993 /64/.

Latency has been reported as follows: I-III
higher latency /76,118,120,136,137,138/; Maziade
and colleagues /76/ found such higher latency also
in first-degree relatives of 73 children with autism.
II-V higher latency /118,128,129,136,143/; how-
ever, in the study by Rumsey and colleagues /120/,
latency III-V was lower with rarefaction clicks. I-V
higher total latency /78,118,128,129,131,135,136,
138,143,147/. In the study by Courchesne and
colleagues /17/ no remarkable differences were found
in any of the latencies I-III, II-V and I-V. Most of
these studies dealing with obligatory waves were
carried out with relatively high intensity sounds. It
is worth mentioning the study by Tanguay and
colleagues /136/, who used sounds at different
intensity and found more problems related to weak-
er intensity. This relationship between a lesser
sound intensity and larger alterations in the res-
ponses of the brainstem matches once more the
clinical observation according to which people with
autism respond better to high acoustic stimulation.
All these data relating to obligatory auditory

evoked potentials lead to the consideration of the
possibility of either genetic or acquired damage of
the auditory processing structures in the brainstem.

Cognitive auditory evoked potentials

The interpretation of cognitive auditory evoked
potentials is more complex, as we must bear in
mind the attentional and motoric processes that
complicate the inferences to be obtained from
experimental results. The literature on cognitive
evoked potentials in autism is quite wide, although
its results are somewhat variable, possibly due to
the different methodology applied in each study and
to the setting of the experimental and control
groups used.

The first study on this issue was that by Ornitz
and colleagues /104/ who registered auditory EEG
responses during sleep (with only three electrodes).
No significant differences were found among
different groups. However, later, Ornitz and Walter
/103/ found differences depending on the sound’s
phase. People with autism showed a significantly
larger tendency to respond out of phase when
exposed to the two different sounds, namely,
condensation and rarefaction. The condensation
phase is named thus because air molecules are
compressed in this moment and the condensation
phase is named thus because the molecules are
separated.

The name of different cognitive evoked
potentials are based on two aspects: wave polarity
(either positive or negative) and average latency
(within a relatively wide latency range). For in-
stance, the P100 wave has a positive polarity with a
latency of 100 ms, and the N100 wave has negative
polarity and begins 100 ms after the acoustic
stimulus.

The most studied wave is the P300: It has been
found that the P300 or P3 shows a lower amplitude
(i.e. with less intensity) among people with autism
119,74,75,89,92,140/. In the study by Courchesne
and colleagues /19/, a lower amplitude was found in
the A/Pcz/300 wave (positive wave of 300 ms of
latency, registered in the Cz electrode as a response
to auditory stimuli) and in the A/Ncz/800 wave
(negative wave of 800 ms of latency, registered in
the Cz electrode as a response to auditory stimuli).
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These results were later confirmed by Kemner and
colleagues /61/. Oades and colleagues /92/ have
also found a greater latency in the P3 wave, mainly
to target stimuli in the right parietal. People with
autism were more sensitive to the physical traits of
the stimulus (for instance the tone of unusual
stimuli) and its association with a meaning was
inferior (e.g.: P3 in response to target stimulus).
Both precocity signs (right dominance for P3) and
developmental delay (below top P3 levels in the
parietal) appeared.

Many other studies have confirmed a lower
amplitude in the N100 or N1 wave /12,14,90,91,
122,140/. Bruneau and colleagues /14/ interpret this
as hypersensitivity, as these people show a limited
response even to weak stimuli; Lincoln and
Courchesne /69/ believe that this is congruent with
Ornitz’s theory /100/, dealing with lack of sensorial
modulation.

Researches agree on the fact that the P200 or
P2 wave is of lesser amplitude /14,74,75,90,91/.
Regarding the lower amplitude of the P100 or P1
wave, the few studies there are agree /14,74,91,92/.
As far as latency in the N1 wave is concerned, there
are two contradictory studies: Oades and colleagues
192/, who reports shorter latencies and Seri and
colleagues /122/ who report a notably longer
latency. There is only one study on augmented
N200 or N2 amplitude: Ornitz and colleagues /106/
in the REM phase. The only difference that
Courchesne and colleagues /18/ found was an
augmented SW latency for target sounds in people
with autism. They define the SW wave as the top
positive peak in Pz after a P3b wave with maxi-
mum amplitude in Cz or Pz.

Another cognitive evoked potential wave has
been recently studied in the recent years: the MNN
(MisMatch Negativity). Gomot and colleagues /38/
believe that the processes involved in the detection
of changes in auditory stimuli can be measured by
means of the MNN. Supposedly, this response is
generated by a comparison process between the
new stimulus and the frequent repetitive stimulus’s
trace. The interesting wave density maps obtained
in this recent study showed great differences be-
tween groups of people with autism and associated
disorder-free people: The MNN waves in this latter
group showed great negativity in central areas,
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mainly in Fz, which is associated to bilateral
positivity in temporomastoides sites. People with
autism show similar mastoideal positivity but the
frontal negativity showed bilateral distribution in
frontal areas, with maximum peaks in the C3 and
C4 electrodes. Temporal activity started earlier in
people with autism. Theses topographic differences
indicate differences in the brain mechanisms
involved in the detection of new stimuli. Jansson-
Verkasalo /54/ and Jannson-Verkasalo and col-
leagues /56/ found greater latency in a MNN wave
for syllables and tones in both hemispheres in
people with autism. The MNN wave for syllables
showed greater amplitude in the right hemisphere
in people with autism and a greater amplitude in the
left hemisphere in the control group. People with
Asperger syndrome also showed difficulties in
auditory processing, and this has been proved by
augmented MNN latencies. The delay in the
MNN wave was greater in the right hemisphere,
especially for tones.

Kemner and colleagues /61/ found auditory
cognitive evoked potential waves in occipital areas
- generally associated to sight. This effect could be
the first evidence of a peculiar distribution of
cortical functions related to perception in people
with autism.

Extreme care is needed when drawing con-
clusions from these studies owing to their implica-
tions in the field of attentional cognitive processes.
But all of them allow us state that the processing of
auditory information, its detection and related
decision making can be altered also in people with
autism. It is worth noting that the peculiar distribu-
tion of evoked potentials and their lesser amplitude
matches the clinical observations of lesser atten-
tional intensity and persistence in people with
autism. Recently Jansson-Verkasalo and colleagues
in a study dealing with cognitive evoked potentials
/55/ found a similar atypical decodification of
sounds in both children with Asperger syndrome
and their parents.

ANATOMICAL NEUROIMAGING STUDIES
Hashimoto and colleagues /43/, using magnetic

resonance imaging (MRI) found morphological
alterations in the brainstem and cerebellum of 102
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adults and children with autism. Although the cere-
bellum and the brainstem grew with age in both
children with autism and the control group, these
structures were significantly smaller in children
with autism. They suggest that alterations in the
brainstem and the cerebellum in people with autism
are caused by early lesion and hypoplasia, rather
than by a progressive degenerative process.

Neurodevelopmental research suggest problems
in neuronal proliferation, migration and organiza-
tion that produce alterations in the cerebellum,
brainstem, limbic system and the temporal lobes of
people with autism. Larger than usual brain cells
have been found in the septum, cerebellar nuclei
and the olive /139/ of persons with autism.

FUNCTIONAL NEUROIMAGING STUDIES

It should be clarified that many functional
neuroimaging studies examine only high-
functioning individuals. This raises the question as
to whethr these findings can be generalized to
lower functioning individuals.

Bruneau and colleagues /13/ used transcranial
Doppler (TCD), a non-invasive technique that
offers the possibility of studying the working brain.
It showed disorders in blood flow functional
distribution when hearing an auditory stimulus. A
stable pattern related to changes in the blood flow
in response to tone was observed in disorder-free
children. The flow increased and resistance indexes
diminished in the left hemisphere. The same pat-
tern, although less strong, also appeared in the
intellectually weak group of children. However, the
response pattern in children with autism was
different: their response to the auditory stimulus
was symmetrical in the two hemispheres: blood
flow diminished and the resistance index increased
in both hemispheres.

In contrast, Garreau and colleagues /33/
measured the regional cerebral blood flow (rCBF)
using single-photon emission Computed tomo-
graphy (SPECT) during resting time and during
binaural auditory stimulation. No cortical disorders
in blood flow were found in people with autism.

Miiller and colleagues /86/, using positron emis-
sion tomography (PET), examined brain organiza-
tion as regards language, and studied brain flow in

repose, listening to tones, as well as repeating and
generating sentences. They found that people with
autism showed: (a) inverted hemispheric domin-
ance during auditory verbal stimulation; (b) a tend-
ency to reduce auditory temporal cortex activation
during acoustic stimulation; and (c) reduced
cerebellar activity during non-verbal auditory
perception and also possibly during expressive
language. Miiller and colleagues /86/ concluded
that these results are compatible with former
findings related to cerebellar disorders and such
findings might suggest a tendency to atypical
dominance for language in people with autism.
Magnetoencephalographic measurements of mis-
match field (MMF) studies have revealed glucose
metabolic disturbances in temporal, frontal and
parietal associative cortex and also disturbed
serotonin synthesis /139/. Boddaert and colleagues
/7,8/ in two PET studies with both adults and
children with autism respectively, found temporal
hypoperfusion in repose. In associated-disorder free
participants, these brain regions are activated when
listening to sounds similar to spoken language. In
addition, a disturbed hemispheric activation pattern
was found in people with autism: the right
frontomedial gyrus (Brodmann areas 9, 9/46 and
10) showed greater activation in people with
autism. The left temporal areas (Brodmann area 21)
showed lesser activation in people with autism. No
sulcus temporal superior (STS) activation was
found in children with autism. However, unrelated
areas, such as the cyngulus, parietal lobe, brainstem
and cerebellum, were activated. They concluded
that this kind of distorted auditory cortical
processing is involved in both language disorders
and inadequate responses to sounds, typically
observed in people with autism.

In a study using functional MRI (fMRI), Gervais
and colleagues /36/ showed that people with autism
fail to activate voice selective brain regions of STS
in response to vocal sounds, whereas a normal
activation pattern in response to non-vocal sounds
was shown. According to these authors this
suggests qualitatively different cortical processing
of socially relevant auditory information.

Tecchio and colleagues /139/ used magneto-
encephalography (MEG). More specifically, they
measured the MMF which is the electromagnetic

REVIEWS IN THE NEUROSCIENCES 68



AUTISM: ALTERATIONS IN AUDITORY PERCEPTION

equivalent to the MNN wave. The associated-
disorder free participants showed a clear MMF with
a M100 brain wave whose latency, position and
amplitude were clear. However, people with autism
showed no identifiable MMF wave. These findings
suggest that low-level people with autism have a
disorder in preconscious stages of auditory cortical
discrimination, which plays an important role in the
disturbed processing of auditory sensorial afferent
information. Also using MEG, Gage and colleagues
/32/ checked that alongside development the M100
wave latency diminished in associated-disorder free
people with a ratio of -4 ms/year in the left
hemisphere and -4,5 ms/year in the right hemi-
sphere. In people with autism, in contrast, not only
did this M100 latency not diminish in the right
hemisphere but it increased slightly with age (0,8
ms/year). These results provide us with evidence of
different development in the auditory system in
children with autism that reflects disturbances in
their cortical development processes. In another
study, Gage and colleagues /31/ did some research
on the response range of M100 wave according
to the frequency of the tone given. They found that
the response range was far more reduced in the
right hemisphere. They reached the conclusion that
frequency decodification mechanisms can show a
different developmental course in the autistic
spectrum.

Finally, Oram-Cardy and colleagues /93, 94/
studied auditory responses in people with autism by
means of MEG: latencies M50 and M100 do not
differ in children with autism, but they showed a
greater MMF latency. They concluded that difficul-
ties in sound analysis can lead to an inadequate
acoustic or phonological representation. This could
cause language disturbances in the autistic spect-
rum.

HEMISPHERIC PROCESSING ASYMMETRY

Clear differences in the functional specialization
of both brain hemispheres appear during the
developmental process. It has been investigated
whether such specialization appears also in people
with autism. Results deny this hypothesis: Black-
stock’s /6/ results indicated that some children with
autism process predominantly with their right

VOLUME 19, NO. 1, 2008

hemisphere. Prior and Bradshaw /109/ suggest that
verbal functions develop in the right hemisphere of
some people with autism, as they do not seem to
show the characteristic right ear preference that
disorder-free children show in dichotic hearing
studies. In adittion, excess of left-ear preference for
verbal sounds appears in children with autism.
Wetherby and colleagues /146/ found such right ear
preference only in echolalic people with autism.
Tanguay and colleagues /136/ found differences in
III-V and I-III transmission times between the two
hemispheres that did not appear in people without
associated disorders. James and Barry /53/ found
delay in the development of brain dominance in
children with autism.

Bruneau and colleagues /13/, in Doppler studies
in children with no associated disorders, observed
increased blood flow speed in the left hemisphere
in response to auditory stimuli, whereas the
response was symmetric in people with autism.
Miiller and colleagues /86/ found inverted hemi-
spheric dominance during auditory verbal stimula-
tion in a PET study. Khalfa and colleagues /63/
describe differences in peripherical auditory latera-
lization. Gomot and colleagues /38/ report atypical
activity in the left frontal area in children with
autism in response to acustical stimuli. Rosenhall
and colleagues /118/ found brainstem interhemi-
spheric auditory latency differences in 18% of
people with autism with normal hearing.

Jansson-Verkasalo and colleagues /56/ found
greater latency of MNN in the right hemisphere for
syllables and tones in people with autism. MNN for
syllables was of greater amplitude in the right
hemisphere in people with autism and of greater
amplitude in the left hemisphere of disorder-free
people. Gage and colleagues /32/ found that the
M100 decreased with age in both hemispheres in
the control group. This did not happen in the right
hemisphere of people with autism. Gage and col-
leagues /31/ found that the M100 response range of
frequency modulation in children with autism was
far more reduced in their right hemisphere.

Boddaert and colleagues /8/, in a PET study,
found greater activation in the right hemisphere of
people with autism and the opposite pattern in the
control group. The right frontomedial gyrus showed
more activation; and the left temporal areas showed
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less activation in people with autism. Flagg and
colleagues /27/ have recently found in a MEG study
concerning hemispheric lateralization development
that children with autism and disorder-free children
follow different developmental paths in language
lateralization. A right lateralization tendency was
more apparent in children with autism as they grew
older.

AUDITORY PERCEPTION OF EMOTIONS IN THE
HUMAN VOICE

Mottron /82/ stated that the voice can be regar-
ded as auditory analogue of the face, as it
constitutes a vehicle for social emotions both in
production (expression of happiness, rage and
worry through the voice) and reception (emotion
identification in other people through crying,
laughter, etc.). Like the face, it also constitutes an
identity marker, since a person can be recognized
by listening to his or her voice.

Hobson and colleagues /52/ found that people
with autism performed better in non-emotional
auditory tasks and worse in emotional ones. Klin
/65/ asked children with autism to choose between
their mothers’ voices and some noise consisting of
mixed voices recorded in a bar. The children of the
control group prefer their mothers’ voices.
Children with autism either prefer the mixed
noise or showed no special preference. This
suggests some kind of disturbance in the infants’
normal preference for the human voice. Later, the
same results were found in another study /64/.

The group of people with autism studied by
Loveland and colleagues /71/ performed worse in a
matching detection task between faces and voices.
However, in another study, Loveland and col-
leagues /70/ found no differences according to
diagnosis but to intelligence. On the other hand
Boucher and colleagues /11/ found once more that
people with autism matched voices to faces worse
than disorder-free people. Belin and colleagues /5/
state that the selective regions for the voice can be
placed bilaterally in the upper segment of the
central area in the STS. From these data Gervais
and colleagues /36/, using fMRI, found that people
with autism did not activate the STS in response to

vocal sounds, whereas activation was normal in
response to non-vocal sounds.

PROSODIC PERCEPTION AND PRODUCTION

As regards the other people’s voice prosody identi-
fication, investigators /51,107,121,144/ found deficits
when naming emotions expressed vocally. Boucher
and colleagues /10/ did not find this same result, but
the methodological problem of this study lies in the
fact that the people with autism were being trained
to name known voices and the group of children
with a specific speech disorder was not.

In relation to the prosodic expression of the
people with autism themselves, the investigators /4,
26,31,107,127/ found a clear misfunction which,
according to the latter, is due to some kind of
maturation deficit in the right hemisphere. In a
fMRI study examining the neural circuitry under-
lying deficits in understanding irony, Wang and
colleagues /145/ found that children with autism
spectrum disorders have difficulty interpreting the
communicative intent of others. Ricks /114/, show-
ed that the mothers of children with autism did not
identify the meaning of their children’s mumbling.
A later study by Sheinkopf and colleagues /124/
showed that children with autism did not have any
difficulty in uttering well-formed syllables (that is,
normal mumbling), although they showed clear
deficits in prosodic expression and difficulties in the
vocal quality (that is, atypical phonation: falsetto
voice, excessively high or low tones, diplophony
and excessively high volume).

The group of children with autism studied by
Shriberg and colleagues /125/ made more articula-
tory mistakes, incomprehensible sentences due to
restrictions in their speech and inappropriate sen-
tences in expressiveness, emphasis and resonance.
Prosody problems in people with autism lay mainly
in the prosody’s pragmatic and affective aspects,
whereas grammatical aspects remained relatively
unaltered. In a review on the literature on autism
and prosody, McCann and Peppé /77/ state that part
of the findings have been contradictory due to the
fact that each group of researchers has defined
prosodic aspects using different criteria.
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LANGUAGE PERCEPTION

In 1970, Frith /30/ found that people with
autism had problems remembering word sequences.
Simon /127/ formulates the hypothesis that people
with autism loose the ability to imitate a language
‘by ear’ and learn it as a mother tongue too early.
Apparently, they learn their first language in the
same way as adults learn a foreign language. Hayes
and Gordon /44/ found that people with autism
were able to identify noises, but not spoken
language.

Dawson and colleagues /21/ found that the P3
amplitude to phonetic stimuli correlated to speech
ability, that is, a small P3 amplitude to chords or to
phonetic stimuli indicated poor speech. The PET
study by Miiller and colleagues /86/ suggests some
sort of atypical dominance for language in autism.
Rapin and Dunn /111/ reached the conclusion that
there are disturbances in the neural processing of
words in the lateral superior temporal gyrus. There
is also evidence of disturbed neural processing of
semantic information. The N4 does not show the
usual increase in response to the deviation of the
semantic context in people with autism /23/. This
might reflect a flaw in the selective activation of
word meaning by the semantic context. Jansson-
Verkasalo and colleagues /54/ found a greater laten-
cy and amplitude MNN in the right hemisphere in
response to syllables and tones. Ceponiéne and
colleagues /15/, when studying a group of high-
level people with autism, found an orientation
reflex that was specifically eliminated for speech
sounds, even though the processing of such stimuli
was correct. Boddaert and colleagues /8/ found an
unusual hemispheric activation pattern for speech
sounds: greater activation in the right hemisphere
among people with autism and in the left hemi-
sphere among disorder-free people. Finally, Lepisto
and colleagues /68/ found that involuntary orienting
to sound changes, as reflected by the P3a, was more
impaired for speech than non-speech sounds in the
children with autism.

From all this data one might conclude that
speech perception is altered in people with autism;
this hypothesis is partly hindered by the previously
studied auditory disturbances. Recently Kasai and
colleagues /59/ found evidence of delayed latency
in phonetic MMF in adults with autism. According
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to them, this would mean that autism is associated
with delayed processing in automatic changes of
speech sounds. The study of Gunji and colleagues
/42/ found deficits in speech audio feedback in
children with autism that could be one of the
reasons for their delay in speech development.
Finally, in the above-mentioned MEG study by
Flagg and colleagues /27/, they found a tendency to
lateralization of linguistic functions in the right
hemisphere in children with autism.

THE PERCEPTION OF MUSIC

In contrast, data suggest a higher performance in
many aspects of basic perception of music among
people with autism (of course, not just in music).
O'Riordan and Passetti /95/ showed superior audi-
tory discrimination in people with autism relative to
controls. Frith /29/ studied musical tones sequences
produced by people with autism and also in
disorder-free people and found that sequences
were judged as of better quality in people with
autism even if more rigid and stereotyped. Black-
stock /6/ proved that people with autism preferred
to hear a musical sound than a non-verbal one; they
preferred to hear these two types of sounds with
their left ear, whereas disorder-free people show
right-ear preference to speech sounds. The group of
children with autism studied by Applebaum and
colleagues /3/ imitated tones and series of tones as
well as or even better than disorder-free people of
the same age. Nakamura and colleagues /88/ sug-
gested that adults with autism show right hemi-
spheric dominance for music. Thaut /142/ assessed
musical compositions done by people with autism
and their responses were judged as less complex
but more original.

The high-level people with autism studied by
Plaisted and colleagues /108/ got higher marks than
disorder-free people when discriminating very
similar tones that they had never heard before.
Heaton and colleagues /49/ showed that people
with autism had a higher ability to identify a simple
note. Mottron and colleagues /85/ studied QC’s
abilities, an 18 year-old adolescent with low-level
autism, who shows special absolute pitch ability.
Only one out of 10,000 people have absolute pitch
(the ability to name exactly any heard note) and it is

71



P.L. NIETO DEL RINCON

rare even among musicians. Active absolute pitch
(the ability to produce any asked note exactly) is
even rarer. Absolute pitch is much more common
among people with autism, and among people with
autism without absolute pitch their ability to dis-
criminate sounds is higher than that of disorder-free
people. QC also showed active absolute pitch and a
high long-term memory (LTM) for music. Young
and Nettelbeck /149/ studied the case of TR, a 12
year-old Australian boy with high-level autism,
absolute pitch and an excellent memory for music.

Mottron and colleagues /84/, in an excellent
study, manipulated melodies on a local or global
level. No differences were found when pinpointing
global changes in melodies. However, people with
autism showed better performance in local changes.
These findings confirm the existence of a local bias
in the musical perception of people with autism but
they challenge the global deficit perception theory
as regards music.

The people with autism of the group studied by
Heaton and colleagues /48/ showed a better ability
to differentiate small changes in melodies (from 1-4
semitones). No significant differences were found
in global structures (3-note chords); this suggests
normal holistic processing of music in people with
autism. Their processing style would not mean any
disadvantage with global musical material and
remarkable advantages in subtle discrimination of
small differences. Heaton /47/ showed that people
with autism labeled tones better and also had a
better tonal memory. They found a better chord
segmentation of tones in people with autism if
previously exposed to separate notes. However, no
differences were found when disintegrating chords
that had not been previously heard, as their per-
formance did not depend on tone memory. This
implies that both people with autism and disorder-
free people perceived chords holistically.

Foxton and colleagues /28/ conclude that the
perception of pitch variation in a melody is
influenced by the variation of notes surrounding the
target note both in people with autism and in
disorder-free people. This result is particularly
important, as it is the auditory equivalent to the
better perception of hidden figures in visual
modality /22/ and it suggests that global/local
processing peculiarities are not only visual. By

using the modern statistical technique of signal
detection analysis, Bonnel and colleagues /9/
show-ed higher tonal sensitivity in people with
autism and an advantage in categorizing tones. As
foreseen in the enhanced perceptual functioning
model for peaks of ability in autism by Mottron
and Burack /83/, people with autism show better
performance in various low-level perception
musical tasks.

Heaton and Wallace /46/ point out that autism
(or autistic traits) and savant musical abilities are
inseparably linked. The group of people with
autism studied by Heaton /45/ showed a greater
capacity for tone direction detection in small tonal
intervals. No differences were found in the musical
contours test. These findings confirm the
hypothesis of the first studies which showed a
better tonal processing and a non-altered capacity
to represent structures that are very close in the
musical scale among people with autism.
Kellerman and Gorman /60/, in their review, reach
the conclusion that musical auditory perception is
better in people with autism. Moreover, the results
of the pilot study of Reitman and Carlos Albizu
/113/ indicate that music therapy intervention can
have positive out-comes and may be an effective
method for increasing joint attention skills in some
children with autism.

DISCUSSION AND CONCLUSIONS

There are experimental data suggesting that
perceptive disturbances — auditory in particular -
should be included among the diagnostic criteria
for autistic syndrome disorders. All patients diag-
nosed with autism suspected of hearing deficit
should undergo audiometric screening so as to
provide them with the necessary hearing aids.
Such audiometric screening should be periodical
owing to the higher risk of meddle ear diseases in
people with autism.

The data on obligatory evoked potentials lead
to the conclusion that there might be some genetic
or acquired disorder in the brainstem processing
struc-tures. The disturbances found in cognitive
evoked potentials suggest alterations in auditory
informa-tion processing, auditory identification,
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attentional processing and decision making in
people with autism.

Neuroimaging studies have found evidence of
anatomical and functional disturbances in the
brainstem, the cerebellum and the temporal cortex,
among other auditory structures. These disturban-
ces in cortical auditory processing are involved in
the language disorders and inadequate responses to
sounds which are usually observed in autism. This
suggests a different development of the auditory
system in children with autism that may reflect
disturbances in cortical maturational processes.

A great deal of research supports the idea of
atypical hemispheric lateralization among people
with autism. However, their performance in global
perceptive aspects is the same as in disorder-free
people. Responses to the human voice, mainly with
emotional content, are altered and do not activate
the same brain structures.

The most typical sensorial aspects of prosodic
comprehension and production are altered in people
with autism. Speech perception is altered among
people with autism and is clearly hindered by the
previously studied auditory alterations.

Experimental data support Ornitz’s theory /100/
on sensorial modulation alterations due to genetic
or acquired flaws in brainstem structures. They also
support Damasio’s theory /20/ on teleencephalic
disorders. Both theories should be taken into
consideration since disturbances in the brainstem
can cause cortical alterations. The data clearly
support the theory of Mottron and colleagues /84/
on local bias.

Neuroimaging experiments on the functional
processing of musical stimuli should be designed.
Research should be methodologically cautious as
regards precise diagnosis; adequate control groups
and distorting variable control. It is highly advis-
able to study people with autism free of intellectual
or any other kind of associated disorder, as this
would simplify the interpretation of the different
studies. However, this last aspect is obviously
difficult.

Important implications must be inferred to the
design of adequate therapy for persons with autism.
Their auditory alterations can interfere with therapy
and should therefore always be taken into con-
sideration.
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