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Independent Component Analysis Reveals Atypical
Electroencephalographic Activity During Visual
Perception in Individuals with Autism

Elizabeth Milne, Alison Scope, Olivier Pascalis, David Buckley, and Scott Makeig

Background: Individuals with autistic spectrum disorder (ASD) experience atypical visual perception, yet the eticlogy of this remains
unknown. The aim of this study was to investigate the neural correlates of visual perception in individuals with and without ASD by carrying
out a detailed analysis of the dynamic brain processes elicited by perception of a simple visual stimulus.

Methods: We investigated perception in 20 individuals with ASD and 20 control subjects with electroencephalography (EEG). Visual
evoked potentials elicited by Gabor patches of varying spatial frequency and stimulus-induced changes in a- and y-frequency bands of
independent components were compared in those with and without ASD.

Results: By decompaosing the EEG data into independent components, we identified several processes that contributed to the average
event related potential recorded at the scalp. Differences between the ASD and control groups were found only in some of these processes.
Specifically, in those components that were in or near the striate or extrastriate cortex, stimulus spatial frequency exerted a smaller effecton
induced increases in a- and v-band power, and time to peak a-band power was reduced, in the participants with ASD. Induced a-band
power of components that were in or near the cingulate gyrus was increased in the participants with ASD, and the components that were in
or near the parietal cortex did not differ between the two groups.

Conclusions: Atypical processing is evident in individuals with ASD during perception of simple visual stimuli. The implications of these
data for existing theosies of atypical perception in ASD are discussed.

Key Words: o power, autism, cingulate gyrus, y power, perception,
spatial frequency, visual cortex

cation, atypical visual perception is also recognized as being

part of the autistic spectrum disorder (ASD) phenotype.
However, the degree to which visual abnormalities reflect an
enhancement or a reduction of perceptual sensitivity is unclear.
For example, individuals with ASID respond faster when detect-
ing visual targets than their typically developing counterparts
{1,2), yet they show impairment in tasks that involve perceptual
integration such as detecting random dot motion in noise (3).
This contradiction is mirrored by the weak central coherence
account of autism {4) that, on the one hand, suggests superior
dis-embedding and, on the other, highlights reduced integration
in individuals with ASD.

No model has yet been able to explain parsimoniously both
the superior and inferior perceptual skills shown by individuals
with ASDD, although it has been suggested that “reduced effi-
ciency of neuro-integrative mechanisms”™ (5; page 2431} might
give rise to atypical perception in ASD or that area V1 (primary

I n addition 1o impairments in social behavior and communi-
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visual cortex) might be hyper-active in individuals with ASD (&),
However, these suggestions have been neither supported nor
refuted by experimental evidence, because there have been few
attempts to measure the neural correlates of visual perception in
individuals with ASD.

The technique of eleciroencephalography (EEG) is well
suited to the investigation of neural integration, because changes
in EEG power provide an index of (partial) synchronization of
neuronal field potentials. Evoked increases in EEG power are
modulated by stimulus characteristics, including spatial fre-
quency (7,8). Gratings of various spatial frequencies therefore
provide an idea stimulus with which to investigate perception in
ASD.

A recent study compared event related potentials (ERPs)
elicited by the onset of low and high spatial frequency gratings
in children with ASD and a control group and found reduced
ERP amplitude in the participants with ASD (%), However, EEG
measured at the scalp is the sum of many electrical processes,
including those with neural or muscular origin (for an elegant
example see [10}, page 106). The far-field potential from each
of these sources is recorded, to a greater or lesser degree, by
each scalp electrode. This raises the uncomfortable possibility
that when comparing EEG response averages between groups
there could be many reasons why differences might or might
not be found. Independent Component Analysis (ICA) has
been successfully applied to EEG data to separate these mixed
signals into temporally independent processes, thus providing
a more functionally relevant analysis of brain dynamics (11).

Therefore, in the following study we recorded EEG while
participants with and without ASD viewed the sudden onset of
Gabor patches, the properties of which form a good representa-
tion of the profiles of simple cell receptive fields in area V1 (12).
We present analysis of the ERP and the changes in a- and y-band
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power induced' by these stimuli, after applying ICA decompo-
sition to the scalp data.

Methods and Materials

Participants

Twenty children with ASD (2 female) and 20 typically
developing (TD) control subjects (2 female) were recruited 1o
this study. All children in the ASD group had received a formal
diagnosis of ASD from a child development team within a
local clinic. The diagnoses were based on DSM-IV (13)
classifications and standardized criteria with the Diagnostic
Interview for Social and Communication Disorders (DISCO)
(14) and included autism (7 = 9), Asperger’s syndrome (n =
8), or atypical autism/pervasive developmental disorder—not
otherwise specified (# = 3). Two children with ASD had
comorbid symptoms of attention-deficit/hyperactivity disor-
der, and one had Toureue's Syndrome. One child had taken
medication (sodium picosulfate) within 24 hours of taking part
in the study. The typically developing children were recruited
from an e-mail list of volunteers and were screened for any
history of developmental disorder. The IQ was measured with
the Wechsler Abbreviated Scales of Intelligence (15), and
visual acuity was assessed by measuring conirast sensitivity at
a range of spatial frequencies (VectorVision, 1991). No partic-
ipant had contrast sensitivity thresholds that deviated from
established norms, and there were no significant differences
between the mean contrast sensitivity of the two groups (for
further details see Supplement 1). The Childhood Autism
Rating Scales (CARS) (1) was used to measure autistic
symptomatology, and parents were asked to complete the
Social Communication Questionnaire (8CQ) (17). Cne child
was subsequently excluded from the ASD group, because
despite having a clinical diagnosis of Asperger’s syndrome she
failed to reach cut-off for autism on either the CARS or the
SCQ. Her matched control participant was also removed from
further analysis to maintain equivalence between the experi-
mental and control groups. Further participant information is

"Two terms are frequently used 10 describe event-related changes in
spectral power measured by EEG: induced and evoked. Activity
induced by events is activity time-locked to the events but not
necessarily phase-locked to them. In contrast, activity evoked by
events is phase-locked at a particular latency (relative to the onset of
evenis) across single trials. When activity within a frequency band is
phase-locked across trials, it contributes 1 the ERP; however, this is
not true in the case of non-phase-locked activity (i.e., random phase).
Therefore in the EEG literature, the term “evoked” has come to be
used when spectral change is computed by performing time/fre-
quency analysis on the ERP iiself, and the term “induced” is used for
time/frequency decomposition of single-trial activity. All of the
time/frequency transforms reported in this manuscript were carried
out on the single trials, because this reveals both evoked and induced
activity. To highlight the use of single-trial rather than ERP time/
frequency decomposition, we have used the term “induced” to
describe changes in spectral power (relative to baseline) reported
here. However, when phase-locking of activity (as measured with
inter-trial coherence) is reasonably high—as was the case in the
components of clusiers 5, 11, 13, and 20—mean energy at the dominant
ERP frequency band in single trials is nearly the same as the mean of
the single trials (the ERP), indicating that phenomenclogically, if not
practically, the term “evoked” would have been suitable 10 describe
these cases,
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Table 1. Mean Age, IQ, CARS, and 5CQ Scores

ASD TD t, p Values
Chronological Age
Mean 12y 2m 13y 5m —14,>.1
sD 2y 8m 2y 8m
Range 8y 4m-18y Om 8y 3m-18y 3m
Full-Scale 1Q
Mean 102.2 1103 —1.6,>.1
SD 16.9 133
Range 65-134 78-129
Verbal IQ
Mean 1023 108.2 <1, >
SO 19.5 17.2
Range 65-136 79-133
Performance 1Q
Mean 102.2 108.4 —-1.3,>.1
SD 16.6 1.0
Range 70-127 81-124
CARS Score?®
Mean 314 N/A
SD 3.6
Range 25-395
SCQ Score®
Mean 244 N/A
SD 6.7
Range 9-34

CARS, Childhood Autism Rating Scale; SCQ, Social Communication
Questionnaire; ASD, autism spectrum disorder; TD, typically developing.

2Cut-off for autism is 30.

bCut-off for autism is 22.

presented in Table 1. The procedures followed were in
accordance with the ethical standards of the South Sheffield
National Health Service ethics committee and the Declaration
of Helsinki.

Stimuli and Procedure

Gabor patches, illustrated in Figure 1, were created with
Matlab 6.5 (The Mathworks, Natick, Massachuseits) and the
psychophysics toolbox (18,19). They were presented on a 17-
inch menitor, which refreshed at 75 Hz. Stimuli were centrally
presented on a grey background (average luminance = 14.4
cd/m2). The space-average luminance of each grating was 16.3
cd/m2, and the Michelson contrast, defined by (Lmax — Lmin)/
(Lmax + Lmin), was 68%. The slight difference between the
average luminance of the background and the stimuli was not
visibly apparent and did not lead to any visible edges around the
stimuli. At a viewing distance of 114 em the patches subtended
6.78° X 6.78° of visual angle. All patches were presented in
diagonal (45°) orientation, had a gaussian envelope with SD of
.68°, and with spatial frequency modulation of .5, 1, 4, or 8 ¢/”.
An additional stimulus, a grey-scaled image of a zebra was
presented. Participants were instructed to respond by pressing a
response button with the index finger of their dominant hand as
quickly as possible whenever they saw the zebra. This was to
ensure that participants paid attention to the screen, There were
no group differences in the behavioral responses to the zebra
stimuli (Supplement 2).

Each of the four Gabor patches was shown 72 times; the zebra
was shown 36 times. The order of stimulus presentation was
randomized. Each stimulus remained on screen for 507 msec,
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Figure 1. Gabor patches presented at a range of spatial frequencies and the zebra stimulus, The images are to scale but due to printing the Gabor patches are

not an accurate representation of spatial frequency.

with an additional variable interstimulus interval of either 312,
507, or 702 msec. A white fixation cross measuring 2% by .2°
remained in the center of the screen for the duration of the task.
Participants were asked to maintain fixation and to limit their
blink frequency during the experiment.

The EEG was continuously recorded with a high-density array
of 128 silversilver chloride electrodes (Electrical Geodesics,
Eugene, Oregon) (20). Impedance was kept below 50 KQ). The
signal was amplified (X1000), filtered online with a band-pass of
.01-80 Hz, then digitized at a sampling rate of 1 KHz. The
electiro-oculogram was recorded from bipolar electrode pairs
located at the outer canthi and above and below the left and right
eyes. Data were analyzed off-line with EEGLAB (21) a freely
available open source toolbox Chutp://www.scen.uesd.edu/
eeglab) running under Matlab 7.4 (The Mathworks). Data were
high-pass filtered (> 1 Hz) and re-referenced to average refer-
ence. Continuous data were first screened for any spatially
atypical (noisy) time points. The remaining data were decom-
posed by extended infomax 1CA with the algorithm runica (22) as
implemented in EEGLAB. The average number of time points
decomposed for each subject was 328,484 (5 min, 29 sec) in the
TD group and 330,483 (5 min, 31 sec) in the ASD group. An
independent samples ¢ test indicated that this was not signifi-
cantly different [#(32) < 1, p > .1]. To obtain a stable decompo-
sition, the number of channels entered into the analysis was
pruned from 129 to 64 near-evenly spaced channels. Thus, for
every participant, ICA returned 64 maximally independent com-
ponents, each of which is a combination of all 64 channel signals
acting as a spatial filter for an independent process or source
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activity in the scalp data. After running ICA, the data were
segmented into epochs of 800 msec (—100-700 msec around
stimulus presentation) on the basis of stimulus type (Gabor
patches of .5, 1, 4, or 8 ¢/°) and baseline corrected by subtracting
the mean of the 100-ms pre-stimulus interval, Data were
screened for artefacts, and epochs containing blink artefacts
were rejected. Data from four participants (two with ASD who
had comorbid diagnoses of attention-deficit/hyperactivity disor-
der, and two control subjects) were excluded from further
analysis at this stage, because of o few (<75%) artefact-free
epochs.

Independent component source locations were estimated by
creating an equivalent current dipole model for each component
with the dipfit function from EEGLAB that estimates dipole
location by applying inverse source modeling methods w a
standard boundary element head model (23). Only components
whose scalp maps had <15% residual variance from the best-
fitting forward model scalp projection were considered for
further analysis. Any remaining components that reflected mus-
cle activity, electrocardiogram, or eye movements, on the basis of
their dipole location, spectra and scalp maps were considered
artefacts and excluded from further analysis. In total, 413 inde-
pendent components were retained; 229 from the TD group and
184 from the ASD group. The mean numbers of retained
components in the TD and ASD groups were 13.5 and 10.8,
respectively. An independent-samples ¢ test indicated that these
were not significantly different [#(32) = 1.96, p > .05].

Components were grouped into several clusters with a joint
distance measure, on the basis of dipole locations, power
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Figure 2. Channel event-related potential (ERP) data. (A) Grand average ERP of 64 channels in each group and elicited by each spatial frequency. The ERP is
plotted with positive up. The scalp plots show the spatial distribution of group-mean amplitude at specific time points coinciding with the C1 and P1
deflections. (B and C) Peak amplitude and the peak latency, respectively, of the C1 and P1 deflections recorded from Oz averaged across participants in each
group. Error bars = = 1 SEM. ASD, autism spectrum disorder; TD, typically developing.

spectra, scalp projections, and mean Event Related Spectral rather than “P” (positive) or “N” (negative) is given, because the
Perturbation (ERSP) and Inter-Trial phase Coherence (ITC) mea- polarity of this component can vary (25); however, in the
sures. These data from each subject were initially decomposed majority of experiments C1 is a negative-going deflection (24, 26,
by Principal Component Analysis (PCA), and the resulting com- 27). The C1 was followed by a positive-going deflection, “P1”
ponent distances were clustered with a k-means algorithm (for that reached peak between 120 and 160 msec. Variables were
further details of this method see 10). extracted from each participant by identifying the amplitude and

latency of the minimum and maximum points of the ERP within

Results a latency window from 50 to 200 msec. All data were extracted
from channel 76 (Electrical Geodesics), which approximates 10
ERP Channel Data Oz (central occipital) in the International 10-20 system. These

Figure 2A shows the grand average (within group) ERPs from values were then entered into four separate repeated measures
64 channels and scalp maps at specified latencies. The fist ~ analyses of variance (ANOVAs) (in this and all subsequent
deflection of the ERP, the C1 component, was maximal over the ANOVAs violations of the assumption of sphericity were cor-
occipital cortex and reached peak between 80 and 100 msec,  rected for by applying Greenhouse-Geisser comection) with
consistent with previcusly published data (24). The label “C” between-subjects factors of group (ASD or TIY) and within-
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Figure 3. Mean spectrogram (A), dipole {B) and scalp map (C) of each of the seven component clusters that accounted for most variance in the grand average
ERP (D). {A): Mean event related spectral perturbation, changes are relative to the pre-stimulus baseline (NB range-6 to 6 dB in clusters 16 and 11),
nonsignificant changes (based on bootstrap statistics with p < .01) are masked by green shading. C: Weights of the mixing matrix back-projected to a head
plot, indicating the relative weights with which the cluster projects to each of the scalp channels. D: Black traces, envelope of the maximurn and minimum
channel values at each fatency; colored lines, envelope of the contributions of the clusters to the ERP; blue shading, the summed contribution of these clusters,

Abbreviations as in Figure 2.

subjects factors of stimulus spatial frequency (.5, 1, 4, or 8 ¢/™).
Each participant’s ERP from channel Oz is illustrated in Supple-
ment 3.

Peak latency of C1 occurred earlier in the ASD group than in
the TD group [F(1,32) = 10.7, p < .001, 11[,2 = .25], This main
effect interacted with stimulus spatial frequency [F(2,7,86.2) =
8.8, p < .001, n,* =.21). Simple effects analyses indicated that
stimulus spatial frequency influenced C1 latency to peak less in
the ASD group [#(2.7,44.2) = 3.2, p < .05, 1|p2 = .17] than in the
TD group [F(2.5,39.7) = 36.0, p < 01, n,” = .69]. Independent
samples ¢ rests indicated that the group difference was significant
when C1 was elicited by the higher spatial frequency stimuli only
[4¢c/°, #(32) = 3.88, p< .01, Cohen'sd = 1.4, 8¢/°, #(32) = 3.58,
P2 < .01, Cohen’sd = 1.2].

There was a trend toward peak latency of P1 occurring earlier
in the ASD than the TD group [F(1,32) = 3.2, p = .08, 4, = .09].
This did not interact with spatial frequency.

There was no significant group difference in amplitude of
either C1 P1 deflection and no interaction between group and
spatial frequency.

Independent Components

Figure 3 shows the scalp maps, mean dipole location, and
spectrograms of the seven clusters of components that accounted
for the most variance in the scalp EEG between 50 and 200 msec.
The estimated Talairach coordinates and the nearest grey matter
of the mean equivalent current dipole of each cluster (28) are
presented in Table 2.

These seven clusters were divided into three sub-categories:
those comprising components that primarily showed stimulus-

www.sobp.org/journal

induced increases in power around 100 msec after stimulus onset
(clusters 3, 11, 13, and 20); those comprising components that
primarily showed decreases in power approximately 300 msec
after stimulus onset (clusters 16 and 3); and cluster 4, which
showed a small but significant increase in low a-band power
approximately 300 msec after stimulus onset.

Time/frequency transforms were computed in EEGLAB with
wavelets with a 3-cycle window centered at 100 msec. In each
time/frequency analysis we computed the mean change in
power (measured in dB) across single-trial epoch latencies,
relative to the pre-stimulus baseline. Values were extracted from

Table 2. Talairach Coordinates and Nearest Grey Matter to the Average
Dipole Location of Each of the Seven Clusters of Independent
Components

Talairach

Cluster M Nearest Grey
Number X y z Lobe Matter BA
16 16 —64 23 RParietal Precuneus 31
1 7 77 25  ROccipital Cuneus 18
5 34 —61 31  RTemporal MT(V5) 39
4 —17 -2 46 L Limbic Cingulate gyrus 24
13 14 —78 —16 ROccipital  Llingual gyrus 18
20 7 =54 45 R Parietal Precuneus 3
3 5 -59 47 R Parietal Precuneus 7

This localization is approximate, because not all of the equivalent cur-
rent dipoles from each independent component in the cluster were located
at the site of the mean dipole. Furthermore, the position of the electrodes
was co-registered with the Montreal Neurological Institute average (adult)
brain. BA, Brodmann area; MT, middle temporal.
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the resulting time course for each component from the frequency
showing maximum power within the range of 813 Hz (a} and
30-40 Hz () within the latency window from 50 to 200 msec for
clusters 5, 11, 13, and 20 and from 200 to 400 msec in cluster 4.
Dependent variables were the latency and magnitude of the
induced power peak relative to baseline in both a and vy
frequency bands for each component. These values were en-
tered into separate repeated measures ANOVAs. Clusters 13 and
4 did not show significant post-stimulus changes in +y-band
activity; therefore components from these clusters were not
included in the vy-band analysis. In the following sections, the
components showing early increases in spectral power (clusters
5, 11, 13, and 20) are included in one analysis, and the compo-
nents of cluster 4 are the subject of a second analysis. There were
no group differences in the spectral characteristics of the com
ponents in clusters 16 and 3, so this analysis is omitted from the
manuscript but presented in Supplement 4,

The a-Band Power Increase and Latency in Clusters 5, 11, 13,
and 20

As illustrared in Figure 4A, induced a-band power was higher
after presentation of high spatial frequency than low spatial
frequency stimuli [(1.6,83.9) = 20.6, p < .01, n,* = .28]. This
effect interacted with group [#(1.6,83.9) = 4, p < .05]. Post hoc
analyses indicared that the effect was larger in the TD
[1.5,48.6) = 24, p < .05, m,? = .43) than the ASD group
{F(1.7,34.3) = 35, p < .05, m,* = .15]. Independent samples
¢ tests indicated that there were no significant group differences in
relative a-band power induced by any of the spatial frequencies,

p ]

Mean Peak of Relative Power (dB)

BIOL PSYCHIATRY 2009,65:22-30 27

The a-band power peak occurred later when induced by high
spatial frequencies than by low spatial frequencies [F(2.5,131.2) =
7.4, p < .01, m,* = .12, see Figure 4B]. There was a marginally
significant main effect of group, because peak a-band power
occurred earlier in the ASD than the 'I'D group [¥(1,52) = 3.9, p=
053, 11,,2 = .07]. The latency at which induced a-band power
became significantly greater than baseline (on the basis of
bootstrap statistics with an « value of p < .01) also occurred
earlier in the ASD compared with the TD group [F(1,52} = 4.0,
p = .05, m,° = 07]. There were no significant group X spatial
frequency interactions in a-band peak latency.

The y-Band Power Increase and Latency in Clusters 5, 11,
and 20

As shown in Figure 44, induced increases in y-band power were
significantly larger after presemtation of high spatial frequency
compared with low spatial frequency stimuli [/(1.3,41.9) = 16.7,
p < .01, m,7 = 34). The group X spatial frequency interaction
approached significance [#(1.3,41.9) = 3.7, p = .054, > = .10],
and simple effects analyses indicated that stimulus spatial fre-
quency-modulated increases in y-band power were smaller in
the ASD than the TD group [TD group: £(1.2,22.5) = 16.1, p <
.01,7m,% = 46; ASD group: F(1.5,21.5) = 3.7, p = 051, ,> = .21},
Independent samples £ tests indicated that there were no signif:
icant group differences in relative y-band power induced by any
of the spatial frequencies.

There were no significant group differences in the latency of
the y-band peak.
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Figure 4, Mean peak increase (A) and mean latency of peak increase {B) relative to baseline of induced a-band and y-band power in the components
located in or near the striate or extrastriate cortex. (A} The mean peak increase relative to the pre-stimulus baseline in «- and y-band power induced
by the four different spatial frequency Gabor patches and for each group separately. (B} The mean latency of the peak of the induced increase. Error
bars = + 1 S5EM. The a-band power is calculated as the mean of the peak increase of the independent components that contributed to clusters 5, 11,
13, and 20 (the dipole locations of each of these components is plotted in €). The y-band power is calculated as the mean peak increase of the
independent components that contributed to clusters 5, 11, and 20 (the dipole locations of each of these components is plotted in D). ASD, autism
spectrum disorder; TD, typically developing.
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Figure 5. Mean peakincrease, relative to baseline, of induced a-band power
in the components located in or near left cingulate gyrus. The mean peak
increase, relative to the pre-stimulus baseline, in « band power {measured in
decibels) of the independent components that contributed to cluster 4. Error
bars = = 1 SEM. ASD, autism spectrum disorder; TD, typically developing.

Low o-Band Power Increase in Cluster 4

The increase in a-band power in the components of cluster 4
was significantly larger in the participants with ASD than in the
TD group [F(1,49) = 5.6, p < .05, np* = .10, see Figure 5. No
other effects or interactions were significant.

Relationship Between Electrophysiological Data and
Participant Characteristics

Correlation coefficients were computed to investigate the
relationship between the electrophysiological markers (C1 and
P1 amplitude and latency and a-band and y-band peak relative
power and «-band peak latency of the components in clusters 5,
11, 13, and 20) and the participant characteristics of age, full scale
IQ, CARS score, or SCQ score. In the ASD group there was a
significant relationship between CARS score and P1 latency
[averaged over stimulus spatial frequency) (17} = —.67, p =
.01]. No ather relationships were significant.

Discussion

The aim of this study was to investigate the cortical dynamics
associated with visual perception in individuals with ASD. The
initial ERP analysis indicated that latency to peak was reduced in
the participants with ASD (Figure 2B). However, as is illustrated in
Figure 3, after decomposing the scalp EEG into maximally indepen-
dent components, (at least) three clusters of independent compo-
nents were identified that contributed 1o the ERP elicited by simple
visual stimuli. We categorized these clusters as follows:

1. Components located in or near striate and extrastriate
cortex. These components showed stimulus-induced in-
creases in spectral power approximately 100 msec after
stimulus onset.

2. Components located in or near the parietal conex. These
components showed stimulus-induced decreases in a- and
B-band power approximately 300 msec after stimulus onset.

3. Components located in or near the left cingulate gyrus that
showed weaker but significant increases in low a-band
power approximately 300 msec after stimulus onset.
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By comparing the spectral properies of these components
across groups, we found differences in the ASD group compared
with the TD group in some but not all of these clusters.
Specifically, there were no group differences in the components
showing e and B desynchronization located in the parietal cortex
(Supplement 4), suggesting that the release of inhibition associ
ated with attentional demands (29} does not differ between the
two groups. However the induced low a-band power increase in
the components located in or near the left cingulate gyrus was
significantly stronger in the participants with ASD (Figure 5).
Furthermore, in those components located in or near the striate
and extra-striate cortex, stimulus spatial frequency exerted a
smatler effect on a- and y-band power in the ASD group (Figure
44), and latency of the a-band power peak was shorter in the
participants with ASD (Figure 4B).

Increased low-a power in the components located in or near
the left cingulate gyrus (cluster 4) could reflect different strategies
employed during the task in the participants with ASD, because
the anterior cingulate provides top-down control of attention
(30). A previous report has shown that increased a-band power
in an independent component localized in or near the cingulate
gyrus was related to drowsiness during a continuous compensa-
tory tracking task (31), and a-band power is negatively corre-
lated with glucose metabolism (measured with positron emission
tomography) in the cingulate gyrus (32). Notably, a recent
functional MRI study has reported reduced aciivation of the left
anterior cingulate cortex during novelty detection in children
with autism (33). However, our definition of the frequency band
of the components of clusier 4 should be wreared with caution, As
the spectrogram in Figure 3A shows, the power increase in
cluster 4 was in the lower range of a-band power. Time/
frequency computations on longer epachs than were possible here
(which would enable computation of lower frequency power
changes) are necessary to confirm whether the induced power in
cluster 4 is most accurately described as low-a or high-9.

In the components located in or near striate or extrastriate
contex, spatial frequency affected the induced o- and y-band
power increases less in the ASD group than in the TD group,
indicating less specialization within neural networks recruited
during visual perception in the ASD group. This finding mirrors
previous daia illustrating that face-orientation does not modulate
the size of induced y-band power in individuals with ASD (34).
In both this and the current study, individuals with ASD showed
an increase in induced v band power relative to mean baseline
power, commensurate with perception of the stimulus, but the
effect of stimulus characteristics (upright vs. inverted faces or high
vs. low spatial frequency Gabor patches) on y-band power was
smaller in the ASD group. y-band power has been described as the
neural signature of perceptual binding (35); therefore reduced
selectivity in neural networks recruited during visual perception in
ASD might suggest impairment in perceptual binding.

Figures 2B, 2C, and 4A indicate a trend for larger group
differences after presentation of high spatial frequency compared
with low spatial frequency. Although this could be interpreted as
a specific abnormality in networks that are tuned to high spatial
frequencies, it could also reflect a more general disturbance of
neural synchrony that is evident only when compared against the
larger effect induced in the control group. Furthermore, although
it is commonly assumed that low and high spatial frequencies are
conveyed along the magnocellular and parvocellular visual streams,
respectively, this only holds in conditions of low contrast. Given that
these stimuli were presented at high contrast (68%), the stimuli
presented here will not have isolated specific pathways.
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We found, contrary to suggestion in the literature (6), no
evidence for hyper-activity in area V1 in individuals with ASD.
However, we do find support for “reduced efficiency of
neurc-integrative mechanisms operating at a perceptual level
in autism” (Bertone et al., 2005, p. 2431). The “complexity-
hypothesis” put forward by this group is based on behavioral
data showing enhanced perception of simple visual stimuli
(first-order parallel grarings) and reduced perception of com-
plex stimuli (second-order parallel gratings) in individuals
with ASD (36). This hypothesis proposes that simple visual
stimuli can be processed in a single brain area (typically V1),
whereas complex stimuli are processed in muliiple brain
areas, and that reduced functional connectivity in ASD leads to
deficient processing of complex but not simple stimuli (5).
However, the results of the current study highlight some
caveats 10 this hypothesis. Firstly, as is shown in our data
(Figure 3) and has been reported elsewhere (27), the onset of
even a simple visual stimulus perturbs the activity of a
widespread nerwork including sensory, parietal, and limbic
areas. Secondly, we find evidence of disruptions in neural
integration after presentation of stimuli that would be classi-
fied as “simple” by the complexity hypothesis. In conclusion,
we report evidence of neurophysiological abnormality in ASD
during visual processing of simple visual stimuli. We identi-
fied, in addition to increased relative low-a power in the
components that were in or near the cingulate gyrus, two
seemingly separate differences in the independent compo-
nents localized in or near the striate or extrastriate cortex in
the participants with ASD. Specifically, the stimulus-induced
a-band peak occurred sooner, and stimulus spatial frequency
modulation of a- and y-band power was attenuated in the
participants with ASD. There was a negative correlation
hetween P1 peak latency and CARS scores in the ASD group,
indicating that the participants with higher CARS scores were
also the ones with reduced peak latencies. Reduced peak
latency might underpin faster reaction time when detecting
visual features in ASD, supporting the argument that the origin
of so-called enhanced discrimination in this group is percep-
tual rather than anentional. Furthermore, given that stimulus-
induced increases in spectral power indicate increases in the
synchrony and size of the neural networks recruited during
perceptual processing, reduced modulation of these networks
might suggest abnormality in the mechanisms of neural inte-
gration in ASD, which in turn might contribute to the disrup-
tion in perceptual binding reporied in this group (37).
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