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Abstract The perceptual pattern in autism has been
related to either a specific localized processing deficit or a
pathway-independent, complexity-specific anomaly. We
examined auditory perception in autism using an auditory
disembedding task that required spectral and temporal
integration. 23 children with high-functioning-autism and
23 matched controls participated. Participants were pre-
sented with two-syllable words embedded in various
auditory backgrounds (pink noise, moving ripple, ampli-
tude-modulated pink noise, amplitude-modulated moving
ripple) to assess speech-in-noise-reception thresholds. The
gain in signal perception of pink noise with temporal dips
relative to pink noise without temporal dips was smaller in
children with autism (p = 0.008). Thus, the autism group
was less able to integrate auditory information present in
temporal dips in background sound, supporting the com-
plexity-specific perceptual account.
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Introduction

Several studies have found abnormal low-level perceptual
capabilities in autism in the visual (Bertone et al. 2005;
Behrmann et al. 2006) and auditory domains (Samson et al.
2006). Atypical processing of low-level (i.e. early) per-
ceptual information processing is, therefore, considered to
be a characteristic feature of autism (Happe 1999). It is,
however, not clear which processes give rise to the atypical
perceptual processing. Two opposing hypotheses on per-
ception in the visual domain have been formulated
(Bertone et al. 2005): the pathway-specific hypothesis and
the complexity-specific hypothesis. The distinction
between these two theories has important conceptual con-
sequences for the inferred organisation of the autistic brain,
since essentially, the pathway-specific hypothesis states
that perceptual deficits in autism can be traced back to
deficits in specific cortical modules, whereas the com-
plexity-specific hypothesis states that general integrational
functional processes that are not bound to specific cortical
modules are atypical in autism.

The finding that people with autism were less sensitive
to global motion than to static visual stimuli inspired the
pathway-specific hypothesis, which states that the autistic
brain has a deficient dorsal (visual motion information
processing) stream but an intact ventral (visual static
information processing) stream (Blake et al. 2003; Spencer
et al. 2000; Milne et al. 2002). However, a recent study
found ventral stream deficits in autism as well (Bertone
et al. 2005). Bertone et al. found that people with autism
showed an enhanced sensitivity to the orientation of static
luminance-defined stimuli that require V1 processing only,
while the static texture-defined stimuli that require addi-
tional V2/V3 processing were diminished. They therefore
concluded that, rather than the neural pathway, the amount
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of neural integrative processing required for the task (rel-
ative to the hierarchical posterior—anterior organisation of
the visual cortex) predicted perceptual performance in
autism.

Several authors have suggested that the complexity-
specific hypothesis also applies to the auditory domain
(Bertone et al. 2005; Samson et al. 2006; Mottron et al.
2006). Mottron and colleagues’ Enhanced Perceptual
Functioning model (EPF) (Mottron et al. 2006) states that
there is an inverse relation between increasing levels of
neural complexity and the level of performance in low-
level perceptual tasks in autism independent of the sensory
domain, thus providing an explanation for both enhanced
and diminished perceptual functioning in autism. More
specifically, Samson et al. hypothesised that, based on the
hierarchical neural organisation of the auditory cortex,
spectro-temporal complexity of auditory stimuli may
explain the autistic pattern of performance in the auditory
domain, such that perception of simple low-level auditory
stimuli will be enhanced in autism, while perception of
complex low-level auditory stimuli will be spared or
impaired (Samson et al. 2006).

Given the hypothesis of the EPF model, we sought to
create an auditory task that required neural integration of
stimuli in the hierarchical and system-wide tonotopic
organisation of the auditory system. The hierarchical
organisation is reflected by the fact that spectral and tem-
poral cues are processed separately in early (subcortical)
parts of the auditory pathway, and that these are progres-
sively integrated from the midbrain inferior colliculus to
primary (Al) and secondary (non-Al) auditory cortex
(A2), where the spectral and temporal response character-
istics are most complex and broadly tuned. The tonotopic
(spectral) organisation refers to neighbouring neural
assemblies responding to similar frequencies, such that
orderly maps are formed with lowest frequency on one end
and highest frequency on the other. It is implied naturally
from this organisation that short-range lateral connections
mediate integration or segregation of spectral information
from simple sounds such as pure tones. The processing of
more complex sounds, such as noise or speech, involves
larger neural assemblies (Scott and Johnsrude 2003) and,
moreover, segregating different simultaneously presented
sounds sources requires reallocation of additional sup-
porting neural processing resources (Pichora-Fuller et al.
1995). Also, the auditory system has a hemispheric later-
alisation. The left auditory cortex is more involved in the
perception of temporal information, whereas the right
auditory cortex is committed to spectral processing (Robin
et al. 1990; Zatorre 1997).

According to the hierarchical neural organisation of the
auditory pathway, pitch identification of pure tones is the
simplest task that requires least neuro-integrative

processing and is mediated more by Al than by A2. The
EPF model predicts that Al-mediated perceptual process-
ing will be superior in autism. Indeed, superior low-order
auditory perception has been reported in experimental
paradigms involving pitch perception (Bonnel et al. 2003)
and chord segmentation (Heaton 2003). However, few
studies assessing complex low-level perceptual tasks in the
auditory domain that require extensive neural integration
have yet been conducted (Teder-Salejarvi et al. 2005; Al-
cantara et al. 2004). One study by Alcantara et al. 2004
pioneered research on complex low-level auditory infor-
mation processing, studying speech-in-noise perception in
autism. Using several types of noise that contained either
spectral dips, temporal dips or a mixture of both, they
found significant differences between the control and
subject groups in the ability to disembed speech from
noise, which were mainly attributable to the temporal dips
in the noise. These results are suggestive of diminished
complex low-order auditory perception in autism, but two
disadvantages make inferences on the predictions of the
EPF model rather difficult. First, the noise stimuli were
designed to mimic naturalistic speech; the temporal dips in
the noise therefore varied from seconds to milliseconds,
and were consequently not well controlled. Second, the
whole-sentence material impeded differentiation between
language-mediated top-down influences (higher linguistic
ability in the control group may lead to better sentence
recognition) and bottom-up perceptual effects as predicted
by the EPF model.

To assess complex low-level auditory perceptual func-
tioning in autism, we extended Alcantara and colleagues’
speech-in-noise perception task by (a) controlling for lan-
guage-mediated top-down influences and (b) by using
well-defined background stimuli. In random dot kinema-
tograms, isolated processing of single dots is not sufficient
to perceive global motion since local information frag-
ments must be integrated across time and space before a
global motion direction can be discriminated. Similarly,
we presented participants with single words and concurrent
masking background stimuli in which the background
stimuli were fragmented both temporally and spectrally to
vary the neural demand needed to integrate information
present in spectral and temporal dips. Based on the pre-
dictions of the EPF model, we hypothesised that, with
increasing neuro-integrative demand, task performance in
autism would decrease, such that enhanced speech per-
ception in a simple low-level auditory task is met by
normal or decreased complex low-level perceptual per-
formance in the auditory domain. More specifically, we
hypothesised that the participants with autism would show
a preserved or reduced (rather than an enhanced) to inte-
grate information present in temporal and spectral dips in
the background sounds.
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Methods and Materials
Subject Selection

Two groups of subjects participated in this study: 23 high-
functioning children and adolescents with autism (aged
12-17), and 23 controls (aged 12—17) matched on age,
gender and IQ. The participants with HFA (high func-
tioning is here defined as a total 1Q >85) were recruited
from referrals (from health center physician and general
practitioner referrals) to the outpatient unit of Karakter
Child and Adolescent Psychiatry University Center
Nijmegen. The clinical diagnosis of autism was established
according to the DSM-IV criteria for autistic disorder
(American Psychiatric Association 1994) on the basis of a
series of clinical assessments which included a detailed
developmental history, clinical observation, and medical
work-up by a child psychiatrist, and cognitive testing by a
clinical child psychologist. Clinical diagnoses were con-
firmed with the Autism Diagnostic Interview—Revised
(Lord et al. 1994), as assessed by a clinical psychologist
trained to research standards who had not been involved in
the diagnostic process. Exclusion criteria included any
medical condition affecting CNS function, neurological
disorders and substance abuse. Control participants were
recruited from all classes of a regular local high school that
is attended by 12-18 year old children/adolescents. Par-
ents/caretakers of the controls completed the CBCL
questionnaire (Achenbach 1991) to exclude psychiatric
disorders in the control group. None of the control partic-
ipants was within CBCL-clinical range. All participants
had normal hearing thresholds (<20 dB hearing loss) across
the audiometric frequencies (250-8,000 Hz) and middle
ear function within normal limits as tested with a Dorn AT
407 audiometer. All subjects were assessed for verbal 1Q,
performance 1Q and full-scale IQ; control subjects using a
short form of the Weschler Intelligence Scale for Children

Table 1 Demographic and descriptive variables (mean £ SD)

III (WISC-III) including Vocabulary, Similarities, Block
Design and Picture completion, and subjects with autism
using the full Weschler Intelligence Scale for Children III
(Wechsler 2002). No significant differences between the
two subject groups were found on age and IQ measures.
See Table 1 for a summary of the participant characteris-
tics. Informed consent was obtained from all participants
and parents and the study design was approved by the
Medical Ethical Committee (Commissie Mensgebonden
Onderzoek Arnhem Nijmegen).

Stimuli

Speech-in-noise perception was assessed in a sound shiel-
ded chamber using a personal computer (Dell Latitude
D810) and a closed circumaural headphone (Sennheiser EH
250) that delivered sounds at a fixed normal speech volume
of approximately 60 dB. The speech materials were spoken
by a male speaker and consisted of 120 simple single two-
syllable words with equal semantic complexity. The mean
duration of the single word speech materials was 0.578
seconds (SD 0.054). These stimuli were always presented
at the same sound level, but were mixed with background
sounds using signal-to-noise (SNR) levels ranging from 5
to 25 dB. Four different background sounds were used (see
Fig. 1).

Pink noise

Pink noise (or 1/f noise) is a variant of Gaussian white
noise with a power spectrum that is proportional to the
reciprocal of the frequency. In this way the acoustic energy
is equally divided across the logarithmically organised
frequency bands of the human auditory system, making it a
most general and effective mask for natural sound stimuli
(Fig. 1c). From a neural perspective, disembedding pink
noise from speech is relatively simple as these two stimuli

Autism Control p value (T or Xz)
Age (years) (mean + SD) 14.00 &+ 1.8 13.84 £ 1.5 0.745
Gender male/female 19/4 18/5 0.718
Full scale IQ (mean 4 SD) 96.52 + 16.0 102.91 £+ 10.7 0.121
Verbal IQ (mean £ SD) 99.26 + 17.6 103.30 + 9.9 0.345
Performance 1Q (mean £ SD) 94.22 + 14.3 102.87 &+ 15.2 0.054
ADI-R social (mean £ SD) 19.52 + 4.8 NA
ADI-R non-verbal (mean + SD) 7.35 £ 2.7 NA
ADI-R verbal (mean £+ SD) 13.30 + 4.0
ADI-R stereotypy (mean £ SD) 517 £ 2.0
ADI-R onset (mean + SD) 2.09 £+ 0.99

NA not assessed
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have very different spectro-temporal features (the spec-
trogram of speech is very dynamic, both temporally and
spectrally, whereas that of pink noise is not).

Amplitude-modulated pink noise

The pink noise was amplitude-modulated with a 10 Hz
sinusoidal function to introduce temporal masking dips
(i.e. every tenth second) that may help the listener to
reconstruct the original speech information (Fig. 1d). Such
dip listening is neurally more complex since separate
pieces of information need to be stored and temporally
integrated.

<Fig. 1 Visual representation of auditory stimuli a Figure la shows a

spectrogram of the speech stimulus (a single bisyllabic word, in this
case the Dutch word “lopen”) that the participants needed to identify.
Note that the axes depict time (x-axis) and frequency (y-axis) rather
than spatial position, and as such, represent the spectro-temporal
organisation of the auditory system. b Figure 1b shows a figurative
spectrogram. It is not displayed normally (c.f 1a) but abstracted to a
visual object (picture) to bring in features that are well recognisable
by the eye and, in this way, illustrate the problem that the auditory
system is confronted with when disembedding the stimulus from
various backgrounds (see c—f). ¢ Figure Ic shows the stimulus
embedded in a background of pink noise. As can be seen from the
homogeneous distribution, all stimulus features are equally masked
by the background. d The stimulus is embedded in pink noise that is
amplitude-modulated. Note the unmasked stimulus features during
the temporal dips. e Figure le displays the stimulus embedded in a
moving ripple. With this background, there are no temporal gaps from
which unmasked features can be extracted, but there are spectral gaps
that change over time. The spectral and temporal features of the ripple
interfere notably with the stimulus features. f The stimulus is
embedded in a moving ripple that is amplitude-modulated. This
composition contains both interfering and unmasked temporal and
spectral features

Moving ripple

The spectral power in the so-called ripple stimulus (Chi
et al. 1999) is not evenly distributed across all frequencies,
but its profile is modulated with a sinusoidal function in the
temporal as well as the spectral dimension (simultaneously;
Fig. le). In the spectral dimension, the modulation was
2 cycles/octaves (ripple density) and in the temporal
dimension, 3 Hz (ripple frequency). Ripple sounds are
neurally harder to distinguish from speech than pink noise
(or modulated pink noise) because its complicated tempo-
ral and spectral features resemble those of speech sounds
more closely. As a result, ripple stimuli sound very
dynamic and distracting and are difficult to separate from
speech.

Amplitude-modulated moving ripple

The last background consists of a moving ripple that is
amplitude-modulated with a 10 Hz sinusoidal function,
introducing the same temporal dips as in the modulated
pink noise. Compared with the modulated pink noise, the
advantage of detecting speech features via the unmasked
temporal dips is now countered by the interfering and
complicated spectro-temporal pattern of the ripple sound.

Procedure

After each presentation of an embedded word, the subjects
immediately repeated what they heard. Using an adaptive
procedure, the signal-to-noise ratio (SNR) was varied by
decreasing or increasing the level of the background sound,
first in 4 dB steps, than in 2 and finally in 1 dB steps to
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define the 50% correct point on the SNR psychometric
function. The 50% correct point defined the speech
reception threshold (SRT) and is the steepest part of the
stimulus response curve in which the perception rapidly
changes from full perception to no comprehensible signal
detection. Subjects were instructed to ignore the back-
ground sounds and focus on the words. They were
furthermore encouraged to guess. No feedback was pro-
vided throughout the testing trials. All subjects were tested
first in the standard 425 SNR condition. The order of
testing of the background sound was counterbalanced to
control for learning effects. Testing was completed in a
single 1.5-h session.

Statistical Analysis

We used SPSS for Windows (Release 14.0) for statistical
analysis. The significance tests were two-tailed and were
evaluated at 0.05 alpha. Group differences on demographic
variables were examined through independent-sample
t-tests, and the SRTs were analysed by means of a two-by-
two-by-two mixed model MANOVA design with repeated
measures. ‘Group’ (autism vs. controls) was entered as a
between-subject variable, and background complexity
(pink noise vs. ripple sound) and temporal dips (present vs.
absent) as within-subject variables. Additional univariate
tests were run to find individual differences for each
dependent variable.

Results

Table 2 shows the level of the speech reception threshold
for the four background conditions. Higher SRTs (expres-
sed in dB SPL) indicate worse signal disembedding from
concurrent background sounds. Table 2 shows that, for
both subject groups, temporal dips in the background sound
allow better perception, and spectro-temporally more
complex ripple sounds decreases signal perception. The
speech reception threshold differences between the two
subject groups per background condition are relatively
small (in the order of 1-2 dB).

Table 2 Speech reception thresholds in continuous and amplitude-
modulated background sounds (mean £ SD)

Pink noise Ripple

No dips Dips No dips Dips
Autism 1796 £ 2.1 11.82 +£22 2026 £20 1520+25
Control 19.03 £ 1.6 108718 199619 1562+£19

Table 2 shows the maximum level of noise in dB that allowed 50% of
the speech signal to be perceived correctly in the background sounds
pink noise and ripple, both with 10 Hz amplitude modulation (Dips)
and without 10 Hz amplitude modulation (No dips)

@ Springer

Table 3 Summary of MANOVA

Effect F-ratio p-value
Subject group 0.037  0.849
Noise complexity 64.198 0.000
Temporal dips 473.953 0.000
Group by noise complexity 0.000  0.990
Group by temporal dips 1416  0.240
Noise complexity by temporal dips 22.068  0.000
Noise complexity by temporal dips by group 6.884  0.012

Table 3 shows that the overall group effect was not
significant, indicating no overall hearing differences
between the two groups. In line with our hypotheses, we
found main effects for stimulus complexity, confirming
that the SRTs were lower in perceiving noise than in per-
ceiving ripple sound, and for temporal dips that the SRTs
were lower in the presence than in the absence of temporal
dips. Furthermore, we found a significant background
complexity by temporal dip interaction effect. This reflects
the fact that the effect of temporal dips in lowering SRTs
was larger in the pink noise than in the ripple condition.

The most important finding, however, was a significant
group by background complexity by temporal dip interac-
tion effect (see Fig. 2; Table 3). This three-way interaction

] autism

10 4 * [ control

8 4

7 -

A -

5 4

34

Difference in SRT (dB SPL)

2=

pink noise ripple

Fig. 2 Speech reception thresholds in continuous and amplitude-
modulated backgrounds. Figure 2 shows the difference in speech
reception thresholds between continuous (no temporal dips) and
10 Hz  amplitude-modulated  background sounds (temporal
dips) = 1SE. Using temporal dips, the gain in perception in pink
noise is significantly smaller in the autism group than in the control
group (p =0.008), indicating a diminished ability to integrate
information in the auditory system in autism. There is no group
difference in perception gain in the ripple background condition
(p =0.362). *p = 0.008; dB (SPL) : decibel Speech Pressure Level;
SRT speech reception threshold
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effect indicates that the gain in signal perception of pink
noise with temporal dips relative to pink noise without
temporal dips was significantly greater in control subjects
than in participants with autism (F (1,44) = 7.781;
p = 0.008). In contrast, the gain in signal perception with
temporal dips was similar for both groups using the com-
plex and interfering ripple sound (F (1,44) = 0.847;
p = 0.362).

Discussion

In the current study we examined auditory processing at
increasing levels of neural complexity in adolescents with
autism and normal controls matched on age, IQ and gender.
The complexity-specific hypothesis of the EPF model
predicts that, depending on the neuro-integrative demand
needed to perform a task, perception of simple low-level
stimuli will be enhanced in autism, while perception of
complex low-level stimuli will be spared or impaired
(Mottron et al. 2006). This was indeed what we found
using a complex low-level auditory discrimination para-
digm, as the gain in speech perception from amplitude-
modulated pink noise (relative to continuous pink noise)
was significantly smaller in subjects with autism than in
controls. This finding suggests that subjects with autism
have a diminished ability to integrate auditory information
fragments present in temporal dips, analogous to a dimin-
ished ability to integrate the movements of dots in random
dot kinematograms in the visual domain (Spencer et al.
2000). However, we found no difference in the ability to
integrate auditory information fragments present in spectral
dips in ripple sounds. This suggests that the more complex
spectro-temporal properties of the ripple sounds interfere
with normal temporal grouping of the intermitted speech
signal (i.e. interrupts transient auditory memory forma-
tion), such that subjects with autism and controls resort to
the same processing strategy.

Several studies had already found enhanced simple low-
level visual processing (O’Riordan et al. 2001; Plaisted
et al. 1998) and spared (Spencer et al. 2000; Blake et al.
2003) or diminished complex low-level visual processing
(Milne et al. 2002). In the auditory domain, enhanced
simple low-level processing had been reported for pitch
discrimination and chord disembedding (Bonnel et al.
2003; Heaton 2003), in which perceptual performance
depends on spectral processing. Using a complex low-level
auditory task, Alcantara also found diminished temporal
but intact spectral processing in children with autism (Al-
cantara et al. 2004). Jirvinen-Pasley and colleagues
(Jarvinen-Pasley et al. 2008a) found, using the PEPS-C
task (a computerised task that tests both prosody form
perception and prosody function perception), that children

with autism performed poorer on affective intonation,
chunking (phrasing) and long-sound discrimination. Espe-
cially the chunking (in which a short silence between
words is informative for sentence meaning) and long-sound
discrimination (short-sound discrimation was unaffected)
suggest that temporal processing was reduced in the autism
group as well. In another experiment by the same group
(Jarvinen-Pasley et al. 2008b), pitch contours in sentences
and in musical tones were perceived with greater accuracy
in the autism group, suggesting that spectral processing
was enhanced in the autism group. Below we will discuss
the putative neural origin of the abnormal pattern of
auditory processing in autism and the implications of our
results for theories on abnormal connectivity.

The visual perceptual profile in autism (enhanced or
preserved/diminished perceptual performance depending
on stimulus complexity) is thought to be a consequence of
abnormal cortical processing since pre-cortical structures
(e.g. the parvocellular and magnocellular systems) are
unaffected in autism (Bertone et al. 2005; Pellicano et al.
2005). Presumably, the auditory perceptual profile is a
consequence of atypical cortical processing as well. Sev-
eral neurophysiological studies found cortical processing
anomalies of auditory stimuli in autism (Ceponiene et al.
2003; Gervais et al. 2004; Boddaert et al. 2004). Moreover,
evidence suggestive of abnormal peripheral processing at
the level of the brainstem has been reported as well (Khalfa
et al. 2001b). However, the fact that we found no overall
group differences but a significant task manipulation effect
suggests that peripheral hearing is unimpaired and that
speech-in-noise perception differences are attributable to
atypical central auditory processing in autism.

The cortical origin of the perceptual pattern in autism
may be explained by two partly overlapping hypotheses
that are both gaining support: atypical neural connectivity
and increased lateral inhibition. Although these hypothes-
ises are still in need of empirical confirmation and the
current study does not directly validate or falsify them,
they may be relevant for the current findings. Atypical
neural connectivity refers to the underfunctioning of inte-
grative neural circuitry resulting in a deficient integration
of information at neural and cognitive levels (Just et al.
2004). Reduced functional synchrony between cortical
regions has been proposed as an explanation for the per-
ceptual performance in autism because higher levels of
performance on simple low-level patterns may be a con-
sequence of analysis by a single or a few dedicated brain
regions (Bertone et al. 2005). Perception of complex pat-
terns on the other hand requires communication among
multiple cortical regions, which, in case of reduced func-
tional synchrony, would operate less efficient. In visual
perception, feedforward (from V1 to V2-V4) and feed-
backward connections that amplify activity of neurons in

@ Springer



748

J Autism Dev Disord (2009) 39:742-750

lower order areas (from V2-V4 to V1) are needed to per-
ceive complex patterns (Angelucci et al. 2002). Likewise,
in the auditory system, communication between Al and
A2, and furthermore, feedforward and feedback commu-
nication between the auditory cortex and subcortical nuclei
such as the inferior colliculus are needed for the perception
of spectro-temporally complex sounds and their segrega-
tion from background noise (Khalfa et al. 2001a).
Abnormal specialisation of neocortical processing centres
may therefore lead to the atypical perceptual pattern
observed in autism.

More speculatively, the current findings may be related
to the functional units from which the cortex is constructed
(i.e. minicolumns). Gustafsson proposed that stronger lat-
eral connectivity between adjacent minicolumns could
predict enhanced sensory discrimination of simple stimuli
and impaired global perception (referred as to increased
lateral inhibition (Gustafsson 1997)). Physiological support
for his hypothesis has come from neuropathological studies
showing an atypical distribution of interneurons in autism
(Casanova et al. 2003; Casanova 2006). Essentially,
increased lateral inhibition is an extrapolation of normal
physiological processes that enhance resolution and con-
trast of perception. In the tonotopically organised auditory
system, this would translate to better spectral discrimina-
tion. The temporal response properties, however, are
mediated by more complex connectional networks that
involve integrative processes such as transient auditory
memory. In this light, our findings of impaired temporal
processing do not directly support the hypothesis of
increased lateral connectivity, but rather hint to a connec-
tivity deficiency over longer range.

Differences in perceptual functioning between spectral
and temporal processing in autism (i.e. a significant differ-
ence in the pink noise condition but not in the ripple
condition) may also be explained by the functional special-
isation of the cortex, in which spectral segregation is
predominantly carried out by the right hemisphere and
temporal segregation by the left hemisphere (Robin et al.
1990; Zatorre 1997). In the pink noise condition, the spectro-
temporal features of the speech signal are relatively easily
separated from the background noise (see Methods section).
Our finding that the subjects with autism are less able to
detect speech features when the task is manipulated in the
temporal domain points to deficient left-hemisphere pro-
cessing. This is in line with converging evidence from
structural, ERP and MEG studies that point to other left
hemisphere deficits in autism as well (Bruneau et al. 2003;
Lepisto et al. 2006; Flagg et al. 2005; Wilson et al. 2006;
Murias et al. 2007) Compared with the pink noise condition,
the ripple signal separation task was extended significantly
in the spectral domain (see Methods section), which required
additional right hemisphere involvement. The higher
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detection thresholds in this condition suggest that resolving
the spectral components was the main bottleneck to perform
the task, and equally so in both subject groups.

Evidence from cortical auditory evoked potentials in
autism, especially mismatch negativity (MMN) evidence,
suggests that children with autism have difficulty encoding
auditory information into transient memory (Bomba and
Pang 2004; Seri et al. 1999; Jansson-Verkasalo et al. 2003;
for a review see Groen et al. 2008). MMN reflects the
neural processing that is required when an incoming
auditory stimulus is processed against stimulus represen-
tations that are already stored in transient auditory
memory. Thus, our finding that subjects with autism were
less able to integrate information spanning over subsequent
dips in the background noise may be explained, in part, by
a difference in available transient auditory memory.

Thus, the complexity-specific hypothesis of diminished
neuro-integrative functioning in the auditory domain may
primarily be restricted to impaired processing of temporal
characteristics of sounds, while spectral grouping may be
relatively intact in autism. It should be noted that the
current results should not be generalised to all children on
the autism spectrum since only high-functioning children
participated. In the future, other participant groups, such as
children with dyslexia, could be included to determine
whether these results are specific to autism. Hopefully,
from studies such as the current that used psycho-acoustic
measures to uncover abnormalities within different stages
of early neural processing, we may gather a more complete
picture of the perceptual pattern in autism and obtain a
deeper understating of its neural underpinning. The chal-
lenge ahead will be to disentangle the heterogeneous
clinical phenotype of autism and its higher level neural
correlates from their lower level perceptual counterparts.

Open Access This article is distributed under the terms of the
Creative Commons Attribution Noncommercial License which per-
mits any noncommercial use, distribution, and reproduction in any
medium, provided the original author(s) and source are credited.
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