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We examined the hypothesis of lower-level processing abnormal-
ities related to perceptual grouping in boys with autism aged 3^6
years.We investigated event-related potentials response to visual
elements that either formed perceptually coherent illusory con-
tour or were arranged in a noncoherent way.The results showed
that in healthy boys the illusory contour as comparedwith control
stimulus elicited enhanced negativity of N1peak (C e¡ect), which

has been previously found in adults. Autistic boys demonstrated
the reliable inverted illusory contour e¡ect, that is, more positive
N1 amplitude to illusory contour. We hypothesized that boys
with autism were sensitive to di¡erence between illusory con-
tour and control ¢gures basing on collinearity processing mech-
anisms implemented in neural circuitry of primary visual cortex.
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Introduction
Neuropsychological studies have highlighted atypical
visuoperceptual processing in autism [1]. These perceptual
abnormalities are usually interpreted in terms of the
reduction in the contextual integration of information and
a bias toward local rather than global processing [2]. The
neural bases of decreased perceptual integration, however,
are poorly understood. In particular, it is unclear whether
specificity of visuoperceptual profile in autism arises from
high-level cognitive processes or from lower-level proces-
sing of sensory information [3].

The lower-level perceptual processes related to perceptual
completion in young children with autism can be studied
using the illusory contour (IC) paradigm. The illusory
Kanizsa square has been extensively used to explore neural
mechanisms of ‘intermediate’ vision [4], which lead to
effortless and automatic grouping of local elements in the
visual field during perception of the IC. Neuroimaging
studies revealed that the most common effect of illusory
perception is additional activity in extrastriate cortical areas
in response to the IC in comparison with a nonillusory
figure [5–7]. Convergent evidence on the IC effect came
from event-related potentials (ERPs) research in adults,
which showed a higher amplitude of the N1 ERP
component (a negative deflection at about 170 ms after
stimulus onset) over posterior scalp areas for the illusory
figure than for the non-IC [8–11]. The IC effect on ERP has
been also reported in infants [12], a finding that is in line
with behavioral evidence [13] and that point to the early
developmental appearance of automatic perceptual comple-

tion processes. To date, there is no research on the
developmental course of IC perception beyond infancy.

In this study we employed the ERP technique to
investigate neural correlates of IC processing in young
healthy and autistic boys aged 3–6 years, and to examine the
hypothesis of early developmental disturbance of lower-
level processing abnormalities related to perceptual group-
ing in autism. Given the results of previous studies, we
predicted that the healthy children aged 3–6 years would
show increased N1 amplitude in response to the Kanizsa
square, and that the N1 amplitude in young children with
autism would not discriminate ERP responses to IC and
control stimuli.

Methods
Participants
Two groups of children participated in this study: 19 boys
with autism (BWA) aged 3–6 years (mean age¼60.4 months,
SD¼13.9) and 19 age-matched typically developing boys
(TDB; mean age¼61.4 months, SD¼14.7). BWA were
recruited from local departments of developmental dis-
abilities and from psychiatry clinics. The control group
comprised boys attending regular schools or day-care
centers. The diagnosis of autism was made by an experi-
enced clinician on the basis of Diagnostic and Statistical
Manual of Mental Disorder-IV-TR criteria and confirmed by a
clinical psychologist using the Childhood Autism Rating
Scale [14]. Developmental quotients in BWA were evaluated
by mental-age-appropriate tests. The Psychoeducational
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profile [15] was used in 10 boys (young and/or without
speech). The Kaufman Assessment Battery for Children [16]
was used for the remaining nine BWA. Given that different
tests were used to assess IQ and mental age, we recalculated
the relative developmental delay on the basis of psycho-
educational profile mental age or mental age derived from
IQ measurement according to the formula: %delay¼
100�(Mental Age� 100/Chronological Age). In the BWA
group, the mean developmental delay was 26.4% (SD¼18.6,
range 0–60.3).

Informed consent was obtained from the parents of all
children.

Stimuli
All stimuli were presented with Presentation software
(Neurobehavioral Systems Inc., Albany, California, USA)
on a 17-inch computer screen 50 cm in front of the
participant. Two experimental stimuli were composed of
four symmetrical black inducer disks. Each disk had one
missing 901 segment with the length of inducing edges
equal to the radius. These disks were arranged to produce
the illusory percept of a Kanizsa square (134 trials), or not to
yield the illusory percept (134 trials) (Fig. 1). No instruction
was given to the children, and to maintain their attention to
the computer screen, the test stimuli were interspersed with
67 short (3–6 s) animation movies. The same set of movies
was presented to each participant. All stimuli were
presented pseudorandomly on the white background of a
PC monitor. Each trial started by presenting a fixation cross
in the center of the screen, and then one of the stimuli
appeared. Stimulus duration was 500 ms and interstimulus

intervals varied randomly between 500 and 1000 ms. The
whole stimulus subtended 8.941� 8.941 of visual angle.

Procedure
Electroencephalograms (EEG) were recorded using
32-channel SynAmps system (Neuroscan, El Paso, Texas,
USA) with a linked ears reference and 0.5–100 Hz band-pass
filter at a sample rate of 500 Hz. Four electrooculogram
channels were used to record eye movements. Electrode
impedance was kept below 10 kO for all channels. The data
were stored on a hard disk synchronously with the video
record. The behavior of the participants was coded offline
to identify epochs when they were not attending the stimuli.
The trials in which a participant did not fixate on the picture
and EEG epochs with movement artefacts and extreme
signal amplitudes (Z100 mV) were excluded from the
further analysis. All participants achieved Z29 valid epochs
for each stimulus type (mean 64.875.4 epochs). Electro-
oculogram artefact correction was performed using regres-
sion approach implemented in SCAN 4.2 software (Scan 4.2
System, El Paso, Texas, USA). No difference was found
between BWA and TDB with respect to the number of
artefact-free EEG epochs sampled for Kanizsa [F(1,36)¼3.93,
ns] or control [F(1,36)¼3.88, ns] trials. Recorded continuous
EEG was epoched offline with 500 ms prestimulus and
1000 ms poststimulus onset duration.

Analysis was performed for six posterior scalp regions of
interest (ROI): O1, O2, P3, P4, Oz, Pz. The epoched EEG data
were baseline corrected, averaged, and then low-pass
filtered at 30 Hz. For each EEG channel, the amplitude and
latency values of the N1 component were measured at the
maximum of negativity in the poststimulus time window
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Fig. 1 Event-related potentials (ERPs) elicited by illusory contour and nonillusory stimuli in typically developing boys and boys with autism groups.
(a) Grand average ERP waveforms at three occipital [two lateral (O1^O2) and onemidline (Oz)] and three parietal [two lateral (P3^P4) and onemidline
(Pz)] electrodes. (b) N1 component amplitudes from each stimulus condition. Asterisks indicate statistically signi¢cant di¡erence (Bonferroni test)
between the Kanizsa and control stimuli: *Po 0.05; ***Po0.005; ****Po0.001.
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between 150 and 300 ms. The N1 peaks were visually
identified in six ROI for all participants.

Statistical analysis was performed using repeated-
measures analysis of variance (ANOVA), with Stimulus
(Kanizsa, control), Area (occipital, parietal), and Location
(left, midline, right) as the within-participants factors and
Group (autistic, healthy) as a between-subject factor.
Participant’s age was taken as a covariate. Post-hoc
comparisons were performed using Bonferroni test and
Sign test with Bonferroni correction. Only effects including
Stimulus and Group factors will be considered further. The
application of ANOVA to ERP data is not well justified
owing to violation of the normality assumption for ERP
amplitude distribution [17]. Therefore, we used the non-
parametric step-wise subtraction technique [18] supplemen-
tary to the ANOVA to evaluate the statistical significance
of multiway interactions. In short, the application of this
method to the analysis of Group� Stimulus�Area�Hemi-
sphere in this study was performed via the step-by-step
subtractions. At the first step, the difference in N1
amplitude between Kanizsa and control trials (D1) was
calculated for each of four ROI separately and the resulting
152 D1 values (4 ROI� 38 participants) entered into the
second step. In the second step, the difference in D1 between
left and right locations of the same areas (D2) was computed
and yielded 76 D2 (2 area� 38 participants). In the third step,
the difference between occipital and parietal areas in
the D2 was computed and gave 38 values of D3, one for
each participant. Finally, we formed 19 autism-healthy
age-matched pairs, and to estimate the significance of the
four-way interaction effect compared the D3 values of each
boy with autism with his partner by means of a one-tailed
Wilcoxon signed-ranks test. When testing more simple
interactions, that is, two-way Group� Stimulus interactions,
one must exclude the influence of topographical dimensions
of Area and Location on the dependent measure. To reduce
the dimensionality of the data, we introduced the principal
component analysis and computed the factor scores of each
data item (each participants in Kanizsa or control trials)
on the first principal component explaining the maximum
of data variance. Then, we computed the difference in
these factor scores between Kanizsa and control stimuli for
each participant (D1), formed 19 autism-healthy pairs and
submitted the resulting values to a one-tailed Wilcoxon
signed-ranks test.

Results
The grand-average visual ERPs to Kanizsa and control
stimuli in both TDB and BWA groups were characterized by
a prominent N1 component (Fig. 1). Peak latencies of N1
determined from the grand-average waveforms varied
between 180 and 228 ms at different electrode locations.

N1 amplitude
An ANOVA for the N1 peak amplitudes did not reveal the
main effect of Group [F(1,35)¼0.25, NS], suggesting that
there was no difference between BWA and TDB in N1
amplitude when responses to both stimuli were collapsed.

Our prediction of abnormal brain response in BWA to IC
was supported by a highly significant Group� Stimulus
interaction [F(1,35)¼11.16, Po0.002], indicating differences
between BWA an TDB in the differential N1 response to
Kanizsa and control stimuli (Fig. 1a and b). The nonpara-

metric analysis of this interaction confirmed the effect
(signed-ranks test: Po0.002). Post-hoc comparisons found
a significantly higher (more negative) N1 component to
Kanizsa than to control stimuli in the TDB group (Bonfer-
roni test: Po0.06; signed-ranks test: Po0.03). Surprisingly,
experimental manipulations in the BWA group yielded just
the opposite effect: N1 amplitude was lower (more positive)
in response to Kanizsa compared with control stimuli
(Bonferroni test: Po0.05; signed-ranks test: Po0.02). The
between-group difference in N1 amplitude was marginally
significant for Kanizsa only: this stimulus elicited a more
positive N1 amplitude in BWA than in their healthy peers
(Bonferroni test: Po0.28; signed-ranks test: Po0.03). The N1
amplitude to the control stimulus did not differ between
two groups (Bonferroni test: P40.6; signed-ranks test:
P40.38).

An ANOVA also yielded a significant four-way inter-
action Group� Stimulus�Area�Location [F(2,70)¼3.83,
e¼0.9, Po0.035], implying that the between-group differ-
ence in IC effect was mostly pronounced at the particular
areas of the scalp. Post-hoc comparisons (Fig. 1b) revealed
that in TDB the Kanizsa being compared with the control
stimulus elicited significantly more negative N1 amplitude
(Bonferroni test: Po0.001) at the parietal scalp area of the
right hemisphere (P4). No significant difference was found
for any of the pair-wise comparisons at other electrode
locations (Bonferroni test: all NS). In BWA, the significant
Kanizsa–control difference in N1 amplitude was focused on
two occipital locations – midline (Oz) (Bonferroni test:
Po0.04) and left occipital (O1) (Bonferroni test: Po0.005)
– where the N1 amplitudes were more positive in response
to the Kanizsa than to the control stimulus. None of the
between-stimulus comparisons for other electrode locations,
being tested separately, reach the accepted significance level
(Bonferroni test: all NS). To confirm the validity of this
a priori nonpredicted interaction effect, the N1 amplitude at
O1, O2, P3, and P4 electrode locations in BWA and TDB
were subjected to nonparametric analysis. Owing to the
limitation of the methodology (only main effects and
interactions of the factors with even number of levels may
be analyzed), we omitted the midline electrodes Oz and
Pz in this particular case. The nonparametric assessment
confirmed the previous ANOVA four-way interaction effect
(signed-ranks test: Po0.01), and post-hoc nonparametric
comparisons (N1 amplitude to Kanizsa vs control at P4 in
TDB: signed-ranks test: Po0.002; Kanizsa vs control at O1
and Oz in BWA: signed-ranks test: Po0.008 and Po0.008,
respectively) were also consistent with the results of post-
hoc Bonferroni test.

N1 latency
No significant interaction effects including both Group and
Stimulus factors were found for N1 latency.

Discussion
This study revealed that (i) in healthy preschool boys the
visual N1 component in response to Kanizsa stimulus was
significantly larger than that evoked by the control stimulus
(the IC effect), and (ii) BWA of the same age demonstrated
an inverted IC effect, that is, a larger N1 amplitude to a
nonillusory control figure compared with IC.

The effect of the IC on N1 amplitude in healthy boys was
similar to that found in adults. This effect is linked to the
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completion of IC and/or perceptual grouping per se rather
than to influence of other higher- or lower-order processes,
for example, selective attention or the presence of collinear
line segments in IC [9,10]. The IC effect on N1 amplitude in
children was most pronounced at parietal areas of the right
hemisphere. Likewise, right-hemispheric localization of the
IC effect on ERP amplitudes over parieto-occipital sites was
described previously in 8-month-old infants [12].

We predicted that perceptual grouping abnormalities in
autism will be reflected by decreased differential N1
response to the IC stimuli. Contrary to the expectations,
the N1 component in BWA did differentiate between IC and
control stimuli, but the scalp topography and polarity of the
IC effect was different in BWA and TDB. Specifically,
in BWA the Kanizsa square evoked a less negative N1
component than the control stimulus, whereas the opposite
effect was observed in TDB. Moreover, in BWA, differences
in processing of Kanizsa and control figures were focused at
midline occipital electrode sites extending into the occipital
scalp area of the left hemisphere, whereas in TDB it was
located in the right parietal region.

The inverted IC effect in BWA clearly points to qualita-
tively different neural mechanisms of IC processing in this
disorder. The decreased occipital N1 amplitude (greater
positivity) in response to Kanizsa square in BWA closely
resembles the collinearity-dependent ERP effect that has
been recently described in normal adults [19]. This effect
characterized differential ERP responses to two simple
visual stimuli with and without collinear lines. The authors
reported that processing of collinearity was associated with
greater occipital positivity in the time window spanning the
N1 component and the earlier ERP components starting
from 80 s poststimulus.

It is noteworthy that in our study the collinear lines were
presented in the Kanizsa square but not in the control figure,
thus constituting the additional dimension discerning both
stimuli beyond the presence or absence of IC. The greater
positivity of the occipital N1 component in response to a
Kanizsa square than to a control figure in BWA may,
therefore, reflect an abnormally enhanced collinearity effect.
The collinearity processing takes place in the network of
local, long-range, horizontal connections between cortical
pyramidal cells with similar orientation preferences in early
cortical visual areas [20]. This network is especially sensitive
to elements with a similar orientation configuration in a
collinear arrangement, and seems to extract information
about contour edges at the early stage of visual cortical
processing [21]. A likely explanation of the difference in the
IC effect on ERP in TDB and BWA is that whereas
perception of IC in TDB involved higher-order perceptual
grouping processing, BWA were sensitive to differences
between Kanizsa square and control figures based pre-
dominantly on collinearity processing mechanisms imple-
mented in the neural circuitry of the primary visual cortex
(V1). In autism, enhanced local lateral connections in V1 [22]
in combination with long-range between-area underconnec-
tivity [23], may lead to the imbalance in lower- and higher-
order visual processing of the Kanizsa square that favors
stimulus processing in lower-order cortical areas. Although
this interpretation remains speculative in the absence of
more direct data on the source localization of the revealed
inverted IC effect, it is compatible with current views on
altered, low-level perceptual information processing in
autism [1,24].

The choice of typically developing children as a control
group in this study limits our ability to assess the specificity
of observed IC-processing abnormalities to autism. Poten-
tially, an inverted IC effect might reflect the aberrant
perceptual integration that is common in a number of
developmental disorders, which are, like autism, character-
ized by decreased cognitive capacities. A recent ERP study
of IC perception, however, in individuals with Williams
syndrome who similarly to autistic individuals have mental
retardation in combination with difficulties in integrating
perceptual features, did not demonstrate any difference
between N1 amplitude elicited by the Kanizsa square and
the control figure [25]. It is likely, therefore, that the
observed inverted IC effect represents the unique electro-
physiological endophenotype of autism.

Conclusion
Current findings on the inverted IC effect on ERP in young
boys with autism point to aberrant neural mechanisms of IC
processing in this disorder. The suggested explanation of its
neural underpinnings is consistent with the hypothesis of
overfunctioning of processing mechanisms in lower-order
visual areas in autism [24].
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