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ABSTRACT
Recently, findings on a wide range of auditory abnor-

malities among individuals with autism have been reported. 
To date, functional distinctions among these varied find-
ings are poorly established. Such distinctions should be 
of interest to clinicians and researchers alike given their 
potential therapeutic and experimental applications. This 
review suggests three general trends among these findings 
as a starting point for future analyses. First, studies of 
auditory perception of linguistic and social auditory stim-
uli among individuals with autism generally have found 
impaired perception versus normal controls. Such findings 
may correlate with impaired language and communication 
skills and social isolation observed among individuals with 
autism. Second, studies of auditory perception of pitch and 
music among individuals with autism generally have found 

enhanced perception versus normal controls. These find-
ings may correlate with the restrictive and highly focused 
behaviors observed among individuals with autism. Third, 
findings on the auditory perception of non-linguistic, non-
musical stimuli among autism patients resist any general-
ized conclusions. Ultimately, as some researchers have 
already suggested, the distinction between impaired global 
processing and enhanced local processing may prove useful 
in making sense of apparently discordant findings on audi-
tory abnormalities among individuals with autism. 
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INTRODUCTION
Autism is a severe developmental disorder charac-

terized by three clusters of symptoms: impaired social 
interaction, language and communication deficits, 
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and restricted repetitive and stereotyped behavioral 
patterns.1  Sensory and perceptual abnormalities have 
also long been noted among patients with autism and 
were once a focal point for the study and treatment of 
the disorder. However, for the last 20 years research 
has revolved around the aforementioned symptom 
clusters, with investigations centering on impair-
ments in social cognition (eg, theory of mind), social 
communication, and affect.2 Yet, given a host of new 
research technologies and an apparent renewal of 
interest in the sensory abnormalities consistently 
associated with autism, research tides may again be 
turning. How and to what effect newer studies of sen-
sory abnormalities may enhance our understanding of 
social cognitive and behavioral symptoms in autism 
patients remains to be seen. 

Auditory processing in autism represents one area 
where the need for integration of newer data on sen-
sory abnormalities with older cognitive and behav-
ioral findings is becoming increasingly evident. A 
wide range of abnormalities in auditory perception 
in autistic patients has been described and, in the 
last decade, broadly elaborated with neuroimaging 
studies. Unfortunately, as findings on these auditory 
abnormalities proliferate, comparative and synthetic 
analyses of the extremely varied results have not 
kept pace. Only recently have studies on auditory 
abnormalities in autism have begun to tease out dif-
ferences between the perception of noise and speech, 
for example, or between the perception of sounds 
and attentional orientation toward them. 

Such distinctions are critical, given that particu-
lar abnormalities do seem to correlate with those 
three better-established and decidedly distinct symp-
tom clusters of autism. For example, poor orientation 
to specific social auditory stimuli (eg, an individ-
ual’s voice or hands clapping) has been related to 
impaired social skills.3,4  Links between deficiencies 
in linguistic perception and the impaired language 
skills observed in autism, meanwhile, have also been 
suggested.5,6  Enhanced reactivity to and discrimi-
nation of musical melodies and pitch may be con-
nected to the third feature of autism: restricted and 
highly focused interests and behaviors.7-11 

This review provides an overview of the major 
categories of data—primarily from imaging and 
event-related brain potentials (ERPs) studies—on 
auditory abnormalities in autism, with particular 
attention to distinctions between data on perception 
of linguistic and non-linguistic sounds. 

A better understanding of distinctions among 
auditory abnormalities observed in autism will be of 
interest to clinicians and researchers in their efforts 

toward refined treatment and understanding of the 
etiologies of particular symptoms. 

For researchers, greater clarity on the range of 
abnormalities described should be of use not only to 
those investigating auditory abnormalities directly 
but also to those planning auditory tasks for studies 
of other, specific disorder features. Investigations 
using an auditory task to assess social cognitive 
functions in patients with autism, for example, 
might come to very different conclusions depending 
on whether the study employed pure tones or verbal 
auditory stimuli to elicit the measured response. 

For clinicians, correlations of auditory impair-
ments with other, well-described symptoms may offer 
therapeutic promise in the form of language and 
music therapies that could alleviate correlated, non-
auditory symptoms.12,13 One recent review13 proposed 
that treatments to improve auditory processing in 
autism patients may also significantly alleviate other 
wide-ranging symptoms, such as social, linguistic, 
and theory of mind deficiencies. All such findings 
are as yet equivocal and the American Academy of 
Pediatrics “does not support the claims of proponents 
that [Auditory Integration Training] treatments are 
efficacious.”14 But evaluation of the potential effi-
cacy of these therapies has been clouded by oversim-
plification of the underlying impairments.14 Greater 
clarity on the particular etiologies and clinical con-
sequences of impairments may allow for treatments 
of not only the auditory symptoms but also of the 
disorder features with which they are correlated.

Therefore, improved discernment of distinctions 
among auditory abnormalities in autism should be 
of interest to clinicians, researchers, patients, and 
caretakers alike in their ongoing efforts to under-
stand and treat this disorder. This review concludes 
with an examination of early attempts to organize 
the range of auditory abnormalities observed in 
autism into a coherent whole, one that may hold 
important implications for our understanding of 
sensory processing in autism more generally.

IMPAIRED PERCEPTION OF SPEECH  
AND AUDITORY SOCIAL STIMULI

Studies of the perception of linguistic or social 
auditory stimuli in patients with autism overwhelm-
ingly have found that perception is impaired in 
a range of ways. This concurrence stands in stark 
contrast to the more muddled findings on non-lin-
guistic, non-social auditory perception. Studies of 
speech and social stimulus perception have gen-
erally focused either on deficient orientation to lin-
guistic or social stimuli; or on abnormal anatomi-
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cal localization of speech perception. This section 
examines those two major lines of current investiga-
tion, to the possible exclusion of other speech percep-
tion studies outside of such categories. 

Interest in hearing as the basis for orientational 
attention in infants and children dates back to at least 
1976.15 Among the recent research examining defi-
ciencies in attentional orienting to social sounds and 
speech in autism patients, Dawson and colleagues3 
determined that autism patients do not orient to 
either speech or non-linguistic social stimuli as well 
as they do to non-social sounds. The researchers vid-
eotaped autistic children’s visual-orienting responses 
to both social sounds (hearing their name called or to 
the sound of hands clapping) and non-social sounds 
(a rattle or a jack-in-the-box). Compared with con-
trol children and to children with Down syndrome, 
children with autism severely failed to visually ori-
ent to social stimuli. While some orienting impair-
ments to non-social stimuli were also observed, they 
were far-less pronounced than impairments in orient-
ing toward social stimuli. This study also found that 
impairments in attention sharing in patients with 
autism correlated with failed orientation to social 
stimuli but not with the smaller deficits observed in 
orientation to non-linguistic stimuli. Dawson and 
colleagues3 proposed that this exclusive correlation 
(between attention-sharing deficits and deficient ori-
entation to social stimuli) suggests a link between 
the social and attentional deficits observed in autism 
patients. A recent follow-up study by Dawson and 
colleagues16 replicated and confirmed these findings. 

Other studies of impaired orientation to auditory 
social stimuli4-6 have focused exclusively on speech or 
linguistic stimuli, as opposed to non-linguistic stimuli. 
Their findings are, thus, primarily relevant to the lan-
guage and communication deficit symptom cluster in 
autism and secondarily related to social impairment 
symptoms. Klin4 has shown autistic children’s prefer-
ence for non-linguistic background noise over that of 
their own mothers’ voices. The children’s responses 
were monitored in their homes by a computerized 
device. Compared with the children with autism, 
Klin4 found that both normal and mentally retarded 
children strongly preferred their mother’s voices to 
non-linguistic background noise. 

One of the most important findings on speech 
processing, as far as the present review is concerned, 
came from Ceponiene and colleagues.5 In an ERP 
study, they examined sensory and attentional process-
ing of simple sounds, complex sounds, and linguistic 
(vowel) sounds in high-functioning autistic children 
versus those of controls. Attentional processing was 

assessed by the subject’s ERP response to alterations in 
the frequency of a specific category of sound (oddball 
task). They found that sensory processing in autistic 
children was normal and not affected by either the 
complexity of the sound processed or by its linguistic 
quality. That is, autistic children sensed all sounds, 
speech and non-speech, simple and complex alike, 
on par with the control children. In the attentional 
task, autistic children showed a deficit in attentional 
processing of phonemes. However, they exhibited 
normal attentional processing of simple and com-
plex non-linguistic sounds alike. Thus, while autistic 
children’s ERPs in response to changes in non-lin-
guistic sounds did not differ from those of the control 
group, their ERPs in response to changes in linguis-
tic sounds differed significantly, lacking the P3a 
wave characteristic of attentional orienting. On the 
basis of this observed dissociation between autistic 
children’s normal sensory and impaired attentional, 
processing of linguistic sound, Ceponiene and col-
leagues5 proposed a speech-specific, post-sensory 
auditory impairment that may help explain the lan-
guage deficits observed in autism.

Kemner and colleagues’6 1995 study may provide 
support for this post-sensory linguistic-processing 
deficit hypothesis. They studied ERPs in oddball 
tasks using linguistic (phoneme) standard and 
deviant sounds and a non-linguistic novel sound 
(standard=oy, deviant=ay, novel=brzzz), comparing 
imaging results of children with autism, attention-
deficit/hyperactivity disorder and dyslexic children 
with the results of normal controls. Confirming the 
results of two earlier studies by Courchesne and col-
leagues17 and Courchesne and colleagues,18 Kemner 
and colleagues6 found a decreased A/Pcz/300 wave in 
autistic children’s discrimination of standard versus 
deviant sounds relative to the same wave among the 
other three groups. This wave appears to be related 
to the P3a wave that was examined by Ceponiene 
and colleagues,5 although that connection is not cer-
tain. Kemner and colleagues6 also noted an increase 
in the occipital P3a wave in active oddball tasks as 
opposed to passive tasks among autism patients only 
(in the active task, subjects had to count the num-
ber of deviant sounds they heard), suggesting atypi-
cal occipital processing of auditory sounds in autism 
patients. Furthermore, Kemner and colleagues6 sug-
gested that these finding may be related to increased 
difficulty with active auditory processing among 
individuals with autism, which induces the har-
nessing of different brain regions than are typically 
involved in the task. With respect to the question 
of why the region harnessed should be the occipital 
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cortex, the researchers suggested a link to studies 
showing impaired facial recognition among autism 
patients. Consequent underutilization of occipital 
brain regions for visual processing, they proposed, 
may explain the availability of this region for appro-
priation for use in auditory processing.

Overall, these studies suggest significant impair-
ments of attentional orienting toward linguistic, 
as opposed to non-linguistic, and toward social, as 
opposed to non-social, stimuli. These findings cor-
relate well with both the social and linguistic impair-
ments observed in individuals with autism.

A second important focus of studies of abnor-
malities in speech processing among autism patients 
has been the atypical localization of that processing. 
While much attention in autism neuroimaging has 
centered upon this sort of functional localization, 
and a range of abnormal localizations have been 
described, much work remains to be done on localiz-
ing speech perception. A functional magnetic reso-
nance imaging study by Gervais and colleagues19 
compared the response to vocal and non-vocal 
sounds of autism patients with those of control sub-
jects. While the control group showed significantly 
greater activation of the superior temporal sulcus in 
response to vocal, as opposed to non-vocal, sounds, 
four of the five individuals with autism had the 
same superior temporal sulcus activation in response 
to vocal and non-vocal sounds. Gervais and col-
leagues19 also found a selective recall deficit for the 
voice, as opposed to non-voice, stimuli among indi-
viduals with autism. They proposed that these selec-
tive deficits for perception of and attention to voice 
data may help explain the impaired social interac-
tion observed among individuals with autism.19

Several other localization studies of speech per-
ception among individuals with autism have focused 
on atypical patterns of hemispheric dominance. A 
positron emission tomography study by Muller and 
colleagues20 compared the functional localization of 
linguistic and non-linguistic auditory perception in 
five autistic adults with that in five control subjects. 
Among autistic adults, the group found reversed 
hemispheric dominance in response to verbal audi-
tory stimuli; decreased auditory cortex activity dur-
ing auditory stimulation of all types; and reduced 
cerebellar activity during nonverbal auditory per-
ception. The latter two results are discussed later, 
as only the first (reversed hemispheric dominance) 
relates to speech specifically. The implications of 
the reversal in hemispheric dominance are unclear 
and the small subject pool further obfuscates the 
significance of this study results.

Stronger evidence for reversed dominance finding 
has come from Boddaert and colleagues.21 They have 
described abnormal cortical activation in autism 
patients during perception of “speech-like sounds.” 
Such stimuli resemble consonants and vowels, and 
bilaterally activate the lateral belt of the cerebral cor-
tex, known to be involved in early acoustic process-
ing of speech.22,23 But because these sounds are never 
consciously recognized as speech—rather, they are 
said to sound electronic—their auditory processing 
in these areas may be considered both speech-spe-
cific and pre-linguistic. In keeping with the reversed 
dominance findings,20 Boddaert and colleagues21 
found significantly greater activation in the right 
middle front gyrus of the temporal lobe than in the 
left among autistic patients, while the control group 
exhibited greater activation in the left gyrus. Because 
the stimuli were pre-linguistic, the results bear the 
important implication that the correlation between 
language deficits in autism and abnormal processing 
of speech sounds may be causal in one direction only. 
That is, based on these results, impaired language 
development seems not to be causing impaired lin-
guistic perception. Rather, this pre-linguistic, but 
speech-specific, processing abnormality would seem 
either to cause or to arise concomitantly with lan-
guage impairment in these patients. 

Other findings on the developmental and pos-
sibly causal sequence of hearing impairments and 
other deficits in autism come from a review of stud-
ies on the relationship between mental health and 
auditory impairment in children.24 This review24 
confirms the unusually high comorbidity of deaf-
ness and autism but reports that many researchers 
consider auditory impairment an unlikely etiologi-
cal factor in autism. Other studies mentioned in 
the review25,26 for example—debate the possible 
etiological connections between auditory impair-
ment and mental retardation when the two coex-
ist in patients with autism. This particular area of 
the field is quite young. Further research into the 
developmental sequence of auditory impairments in 
autism is clearly necessary.

An ERP study by Bruneau and colleagues27 also 
found increased right hemisphere activation in 
response to sound among autism patients and found 
that the higher the verbal and communicative skills 
of the autistic patient, the higher the amplitude of 
the right hemispheric response. This study is one of 
a few correlating clinical and electrophysiological 
features in the auditory responses of patients with 
autism. However, the study’s exclusive use of non-
verbal auditory cues is problematic, given the link 
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made to communicative skills. Unfortunately, the 
design choice renders the study’s findings somewhat 
less useful to clinicians and researchers. Nonetheless, 
the group’s approach and initial results may prove 
instructive for future studies.

A study by Bruneau and colleagues27 is also instruc-
tive in its recognition of the possible heterogene-
ity of language impairments among individuals with 
autism. Yet, Jarrold and colleagues28 have demon-
strated that there was little heterogenentiy among 
language skills in patients with autism. However, a 
follow-up study by Kjelgaard and Tager-Flusberg29 has 
demonstrated significant heterogeneity among lan-
guage skills, identifying impairment subgroups among 
patients with autism. While much work remains to 
be done in this area, it is clear that studies of, or built 
around, linguistic impairment in autism can no lon-
ger treat such impairment as uniform. Just as discus-
sion of impairments of auditory perception has been 
oversimplified, linguistic impairment in autism has 
likewise been treated as a more uniform entity than it 
may well turn out to be.

Thus, studies of both speech and social auditory 
stimulus perception in autism have revealed impaired 
attentional orienting to these stimuli on one hand 
and atypical functional localization of this process-
ing on the other. These results may hold important 
functional implications for individuals with autism, 
given their potential correlation with the social and 
linguistic deficits observed in the disorder.

ENHANCED PERCEPTION  
OF PITCH AND MUSIC

By contrast with impaired perception of social 
auditory cues, a growing body of studies has identi-
fied enhancements in auditory perception of pitch 
and music among autism patients. Older, cruder 
evidence of this enhancement, available since at 
least Blackstock’s 1978 publication30 on autistic 
children’s preference for musical over verbal acous-
tic stimuli, has been substantiated by many more 
recent findings.7,9,10,31,32 The observed aptitude for 
processing non-linguistic musical tones may relate 
to the restrictive activities and interests feature of 
autism, a category of symptoms that encompasses 
many autism patients’ observed fascination with 
particular sensory stimuli. Enhanced melodic per-
ception may also, some suggest,7,9,10 relate to specifi-
cally musical savant-like (though true savantism is 
rare) abilities of many children with autism.

Heaton and colleagues9,31 have recently published 
studies on enhancements in musical perception among 
patients with autism. A study by Heaton and col-

leagues9 found that children with autism (with no prior 
musical training) could judge melodic pitch interval 
changes better than control children. Another study 
by Heaton and colleagues31 investigated the ability of 
children with autism to perceive affect in music, given 
their normal impairments in social affective percep-
tion. They found that children with autism can per-
ceive affect on par with age- and intelligence-matched 
controls, as measured by their abilities to correctly 
identify affective connotations (happy or sad) of music 
in minor and major scales. These results suggest inter-
esting therapeutic possibilities for harnessing autistic 
children’s affective perceptions in the auditory domain 
to improve their interpersonal affective deficits. 
Precisely this sort of therapeutic application illustrates 
the clinical import of improved understanding of dis-
tinctions among auditory abnormalities.

Several studies have shown enhanced pitch dis-
crimination in children with autism. Two studies by 
Heaton and colleagues9 and Heaton and colleagues10 
have shown this enhanced ability in children with no 
musical background. Still another study by Heaton32 
has shown enhanced pitch memory among children 
with autism. Bonnel and colleagues7 have further sup-
ported these findings in a study comparing the pitch 
discrimination abilities of high-functioning autistic 
individuals to normal controls in two signal discrimi-
nation tasks. None of the participants were musically 
trained. Subjects with autism showed a markedly 
increased sensitivity for changes in pitch in both the 
“same-different” and “high-low” pitch discrimination 
tasks relative to the control group. Bonnel and col-
leagues7 relate these results to findings on enhanced 
visual discrimination among autistic patients, though 
the validity of this parallel is uncertain.

Generalized hypersensitivity to sound represents 
another type of enhanced non-linguistic auditory 
perception observed in many autistic patients.11,33,34 
Rosenhall and colleagues33 have reported an 18% 
prevalence rate of hyperacusis (abnormally acute 
hearing due to increased sensory or neural sensitiv-
ity, characterized by intolerance for normal levels 
of sound) among subjects with autism versus none 
of the control subjects.33 In an ERP study, Gomot 
and colleagues8 found electrophysiological evidence 
for this feature, comparing the ERP responses with 
changes in sound frequency of pure tones among 
children with autism to those of normal controls.8 
Specifically, they noted a shorter latency in the scalp 
current density mapping of mismatch negativity 
among autism patients. Though autism and control 
groups showed bilateral processing of sound, this 
abnormally early component noted among children 
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with autism was restricted to the left frontal cortex. 
This suggests localization of their enhanced sensitiv-
ity to that region. Gomot and colleagues8 proposed a 
link between this finding and the classical hypoth-
esis of frontal lobe abnormalities in autism. However, 
they also noted that ERPs may result from overlap-
ping frequencies rather than from a single signal 
originating where the trace is recorded.

Many ERP studies similar to the investigation by 
Gomot and colleagues8 have been performed with 
widely varying results. Ferri and colleagues35 describe 
one widespread ERP finding of a decrease in the P300 
wave among autism patients, the possible significance 
of which is discussed below. But when Kemner and 
colleagues6 attempted to reproduce the results from all 
such studies, their only findings were those discussed 
earlier. Gomot and colleagues8 proposed that the dif-
ferences between their results and those of Kemner 
and colleagues6 are explained by the differences in 
stimuli—Kemner and colleagues6 used speech stimuli, 
Gomot and colleagues8 used non-linguistic tones—
and subject pools—Kemner and colleagues6 tested 
high functioning autistic children only. 

Given the vastly different results of similar studies of 
linguistic stimuli reviewed above, that former factor—
the verbal nature of the auditory stimulus in the study 
Kemner and colleagues6—may be particularly detri-
mental in this case. Indeed, as opposed to the impair-
ment of auditory perception observed among autistic 
patients’ response to linguistic and social stimuli, the 
body of studies on non-verbal stimuli has discovered 
a range of enhancements in autistic patients’ percep-
tion of non-linguistic melodies and pure tones. This 
enhancement may relate to the restrictive and repeti-
tive interest symptom cluster of autism, but this func-
tional correlation remains to be proven. We return to 
this possibility in our discussion of the Weak Central 
Coherence theory in “Global versus Local Processing.”

IMPAIRMENTS IN NON-LINGUISTIC 
SOUND PROCESSING

 Studies of non-musical, non-linguistic auditory pro-
cessing in patients with autism have generally found 
not enhanced but impaired perception relative to non-
autistic peers. Thus, a simple dual model of impaired 
speech perception on one hand, and enhanced non-
linguistic acoustic perception on the other, does 
not hold. For example, Gage and colleagues36 and   
Gage and colleagues37 recently published magneto-
encephalography (MEG) studies on deficiencies in 
right hemisphere processing of non-linguistic pure 
tones among autism patients. Both studies focused on 
the proportionality between the latency time of the 

M100 brainwave and the frequency of a particular 
tone. Among control subjects, latency length increases 
as frequency increases but latency times shrink overall 
as a neurotypical individual matures. The first study by 
Gage and colleagues36 demonstrated a reduction in this 
latter age-dependent effect in the right hemisphere of 
autism patients, showing that latency times in that 
hemisphere of patients with autism do not shrink as 
much as they do in the right hemisphere of control 
subjects. Then Gage and colleagues37 demonstrated 
that the usual proportionality observed between fre-
quency and latency is limited in the right hemisphere 
in autism patients, the right hemisphere showing a 
highly restricted range of latency times relative to the 
left. Both groups have proposed a relationship between 
their findings and those of Pell38 on the association of 
right hemisphere damage with deficiencies in decod-
ing spectral features in sound. This possibility will be 
discussed later in the article. (It should be noted that 
the debate over hemispheric dominance in auditory 
processing in autism is ongoing, dating back to when 
Blackstock30 reported right hemispheric dominance in 
both verbal and non-verbal acoustic processing in chil-
dren with autism.) A possibly related finding on longer 
latency times comes from Rosenhall and colleagues,39 
who reported greater latency times in auditory brain-
stem responses among patients with autism. 

 An MEG study by Oram Cardy and colleagues40 
of the less-studied M50 wave found no difference 
between the M50 amplitudes measured in children 
with autism and those measured in control children 
in response to pure tones. Both groups showed greater 
amplitudes in the M50 compared with the M100 
waves, whereas the normal adult group showed far-
diminished M50 amplitudes relative to the M100. 
Oram Cardy and colleagues40  posited that a devel-
opmental shift in the relative importance of the 
M50 and M100 waves occurs during adolescence. 
However, because no adults with autism were stud-
ied, no definitive conclusions about auditory devel-
opment in patients with autism can be drawn. 

 A different MEG study on tone processing in 
children with autism, this one by Tecchio and col-
leagues,41 examined neither the M100 nor the M50 
waves. The focus of this study was the mismatch 
field (MMF) wave. The MMF wave is understood as 
an attention-independent marker of the detection 
of change in characteristics—in this case, change in 
frequency—of a repetitive sound and depends on the 
subject’s memory trace of the preceding sound. The 
researchers found no MMF wave to be present in 
children with autism, as opposed to the robust wave 
present in control subjects. They understood this 
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absence as evidence of an attention-independent 
deficiency in autism patients’ ability to discriminate 
among the physical properties of two consecutively 
presented tones. This would seem to contradict find-
ings7,9,10,32 cited earlier on the increased perception 
of changes in pitch among patients with autism. 
One major difference, however, is that in this study, 
subjects were asked to identify frequency changes in 
a string of single, repetitive tones—to identify the 
1,200 Hz tone among the otherwise similar 1,000 
Hz tones—rather than pitch changes embedded 
in melodies. While the line between melody and 
sound is far from clear, studies like these are helping 
to functionally differentiate the two where the per-
ceptions of individuals with autism are concerned.

 Finally, the aforementioned study by Muller and 
colleagues19—discussed in the context of impair-
ments in linguistic processing—describes over-
all reductions in auditory cortical activity during 
acoustic processing and reduced cerebellar activ-
ity in specifically non-verbal auditory processing. 
Whether and how these reductions in activity in 
specific brain areas relative to control subjects are 
compensated for by activity in other areas of the 
brain is unclear. If such compensation indeed exists, 
as Kemner and colleagues6 have hypothesized in the 
case of occipital cortical involvement in linguis-
tic auditory processing, this reduction in activity 
may not, in fact, represent impaired function but, 
rather, abnormal functional localization. However, 
an alternate site of activity has yet to be shown. In 
the meantime, the evidence for this reduced activ-
ity in typically activated sites remains unconfirmed.

Thus, far from being characterized by a separa-
tion between impairments in linguistic processing, 
on one hand, and enhancements in non-linguis-
tic processing, on the other, studies of abnormali-
ties in auditory processing among autism patients 
reveal impairments in linguistic processing and 
both impairments and enhancements in non-lin-
guistic processing. 

Part of this distinction may be attributed to 
descriptive ambiguity in the field. For example, 
Rosenhall and colleagues28 discuss hyperacusis in 
the context of auditory deficits, rather than as a gain 
of function, as described here. Yet the directional 
heterogeneity—with major gains of function in some 
areas and major losses in others—among this body of 
findings as a whole seems too great to be explained 
away as an artifact of diction. The specificity to this 
directionality seems to lie in the details the brain 
waves studied, and the experimental design. A 
recent review by Bomba and Pang42 of the cortical 

auditory-evoked potentials in autism reveals the het-
erogeneity among this class of findings. While that 
review excludes findings on musical perception, and 
only cursorily addresses linguistic perception, it rep-
resents an excellent resource for those interested in 
the research on non-verbal, non-musical perception 
addressed in this section. 

GLOBAL VERSUS LOCAL PROCESSING
One approach to making sense of the apparently dis-

cordant findings of both impairment and enhancement 
in non-linguistic auditory processing among autism 
patients has been to focus on distinctions between 
global and local auditory processing. For example, 
Mottron and colleagues43 found that while children 
with autism outperform their non-autistic peers in 
local processing abilities—namely, their recognition 
of single-note changes in melody—these children 
showed no improvement over peers in global process-
ing skills, such as perception of changes in key of the 
entire melody or of alterations in melody contour. The 
basic theory is commonly traced back to Frith,44 who 
proposed that an apparent bias toward local processing 
over global processing among individuals with autism 
might help explain observations, such as enhanced 
pitch perception among autism patients. More recently, 
Frith and Happe45 described this abnormality not as 
enhanced local processing but as impaired global pro-
cessing, which they termed weakened central coher-
ence (WCC). The WCC theory states that deficient 
integration of local differences (eg, pitch) into a larger 
sonic whole enables the improved differentiation of 
local features observed among individuals with autism 
when compared with normal controls.

Concomitant with the question of enhanced local 
versus weakened global processing are study design 
questions of what precisely constitutes global or local 
processing. Foxton and colleagues46 object to studies 
like those of Mottron and colleagues,43 which use pitch 
contour as a measure of global processing. Such studies 
understand the processing of a succession of ascending 
and descending pitches to be a function of global pro-
cessing, as opposed to the processing of any individual 
pitch or the comparison of two pitches, both of which 
types of processing would be local. Foxton and col-
leagues46 do not believe that sequencing a series of local 
processings should actually be understood as the simple 
addition of local processings that is, therefore, itself 
local as well. Foxton and colleagues46 were also unable 
to replicate the findings of Mottron and colleagues43 of 
enhanced local processing in their study. They, there-
fore, disputed not only Mottron and colleagues’46 anal-
ysis of their findings but also the findings themselves.
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Instead, Foxton and colleagues46 measured global 
processing as the combining of different local audi-
tory features within a single sound, rather than as 
the sequencing of sounds that all differ by the same 
local feature.41 In contrast to the findings of Mottron 
and colleagues,43 using these measures of global ver-
sus local processing, Foxton and colleagues46 found 
not an enhancement in local processing but deficient 
global processing among patients with autism, a find-
ing in line with the WCC theory.45 This latter form 
of the theory may also be supported by the finding in 
many ERP studies of a decreased P300 wave in autism 
patients, believed to indicate impaired ability to mod-
ify expectations in response to contextual cues.30

 Whether the distinction between enhanced local 
processing and deficient global processing is a real 
one or merely an artifact of study design has yet to 
be shown. Nonetheless, the larger proposal that 
some abnormality in the balance of global and local 
processing may explain the non-linguistic auditory 
abnormalities in autism seems promising. Enhanced 
local processing could go far toward explaining the 
observed hypersensitivity to sound and enhanced 
pitch perception, along with the entire symp-
tom cluster of repetitive and restrictive behaviors 
observed among individuals with autism. Deficient 
global processing, meanwhile, could explain func-
tional reductions in higher-order auditory processing 
observed in autism patients, including the social and 
linguistic processing, that may relate to the other 
two symptom clusters in autism: linguistic and social 
impairment. As noted earlier, Gage and colleagues36 
proposed that limitations in right hemispheric fre-
quency M100 latency proportionality may relate to 
right hemispheric control over spectral decoding and 
perception of emotional contours of sound, either or 
both of which may be subsets of global processing, 
depending upon how that term is understood.31,32 
Thus, the theory may go a long way toward explain-
ing the variety of auditory abnormalities observed in 
autism and functionally relating those abnormalities 
to the symptoms of the disorder.

CONCLUSION
Studies of auditory abnormalities in autism 

are by no means a new frontier but technological 
advances and new interest have meant a resurgence 
of research interest in the field. While functional 
distinctions among findings in this area are poorly 
established to date, this review has suggested some 
general trends as a starting point for future analyses. 
Data on speech and social stimulus-specific audi-
tory abnormalities appear, by and large, to indi-

cate attentional orienting impairments and abnor-
mal functional localization of linguistic processing 
among individuals with autism. Yet, a number of 
pitch and music-specific enhancements in percep-
tion have been noted among autism patients of 
all functioning levels. These gains of ability may 
relate more broadly to enhanced local processing 
abilities among autism patients,39,40 as hypothesized 
by Frith.44 Finally, a number of non-linguistic audi-
tory processing impairments have also been noted, 
perhaps corresponding to impairments in global 
processing among this population. 

 Improved understanding of the nuances of 
auditory-processing abnormalities would greatly 
facilitate both treatment of patients with autism 
and further research on the disorder. As research-
ers and clinicians learn to better correlate specific 
abnormalities with specific symptoms (eg, impaired 
attentional orienting to speech with communica-
tion deficits), treatment and research will be able 
to more precisely target underlying etiologies. 

Simultaneously, understanding the relationships 
among apparently contradictory findings, such as 
those of enhanced pitch perception and reduced 
right hemispheric frequency-latency proportionality, 
may illuminate larger, more pervasive cognitive pat-
terns that cut across categories of symptomatology 
within the disorder. The distinction between global 
and local processing is only one such pattern yet pro-
posed; what other myriad principles may be substanti-
ated by, or emerge from, studies of auditory processing 
abnormalities in autism remains to be seen. CNS  
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