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Abstract Quantitative electroencephalography (qEEG) has
been used as a tool for neurophysiologic diagnostic. We
used spectrogram and coherence values for evaluating
qEEG in 17 children (13 boys and 4 girls aged between 6
and 11) with autism disorders (ASD) and 11 control
children (7 boys and 4 girls with the same age range).
Evaluation of qEEG with statistical analysis demonstrated
that alpha frequency band (8–13 Hz) had the best

distinction level of 96.4% in relaxed eye-opened condition
using spectrogram criteria. The ASD group had significant
lower spectrogram criteria values in left brain hemisphere,
(p<0.01) at F3 and T3 electrodes and (p<0.05) at FP1, F7,
C3, Cz and T5 electrodes. Coherence values at 171 pairs of
EEG electrodes indicated that there are more abnormalities
with higher values in the connectivity of temporal lobes
with other lobes in gamma frequency band (36–44 Hz).
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Introduction

Autism spectrum disorders (ASD) is a developmental
disorder characterized by disturbances in social interac-
tions, verbal and nonverbal communication, emotional and
a restricted range of interests [1–4]. Increasing rates of
prevalence have been reported for ASD [5, 6]. Fombone [7]
has reported different prevalence estimates ranging 2.5 to
72.6 per 10,000 with a median rate of 11.3 per 10,000.

Electroencephalography is a noninvasive technique used
to diagnose brain related disease and symptoms. It helps in
diagnosing many neurological and physiological diseases,
such as epilepsy [8], Alzheimer’s disease [9], effects of
anesthetics [10] and brain injury [11]. Although EEG
abnormalities and clinical seizures may play a role in
ASD, the exact frequency of EEG abnormalities in ASD
population is unknown [12].

The data on EEG activity in autism are, however, scare
and controversial. Rossi et al. [13] reported high proportion
of fast activity in EEG of patients with autism (3–31 years
old). Some researchers reported that delta, alpha3 (11.5–
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13 Hz) and beta (13.5–20 Hz) activity is increased in
children with autism [14, 15]. On the other hand, Dawson
et al. [16] did not find increased power (14–32 Hz) in
children and adolescents with autism.

We analyzed the qEEG of the two groups, the children with
ASD and control children. The aim of this study was to extract
significant differences in qEEG of children with ASD that can
be used for diagnosis of this group. Studies in very young
children are of particular importance for understanding the
pathogenesis of ASD, but the possibility of functional
neuroimaging is limited in investigations of very young
children [17, 18]. In contrast, qEEG can be used even in
infants. Therefore, this method is of potential interest for
characterization and diagnosis of children with ASD.

Materials and methods

Participants

We studied 17 ASD (13 boys and 4 girls) aged between 6 and
11 years old and 11 control children (7 boys and 4 girls) with
the same age range. Each interview and Diagnosis was
performed by 2 child and adolescent psychiatrists based on
DSM-IV-TR criteria (Diagnostic and statistical manual of
mental disorders, [19]). The clients were recruited from the
autism clinic of Roozbeh Hospital and private clinic one of
the authors (Tehran). All of the children with ASD were
medication-free for at least two weeks prior to EEG
recording. The control children group was selected from
healthy regular schools without history of neurological and
psychiatric disorders. All of the two groups children had a
full-scale IQ (intelligence quotient) [20] higher than 85.
The age of ASD children and control children were 9.2±1.6
(mean±standard deviation, SD) and 9.5±2.8, respectively.
The results of the t-test (t (26)=0.638) on age demonstrated
that was not any significant differences between the two
groups.

Handedness was measured using the Edinburgh Hand-
edness Inventory [21]. One left handed and one ambidex-
trous individual were in the control group while in the
ASD group two individuals were left handed. The
remainders were all right-handed. An informed consent
was obtained after the procedures and purpose of the study
were described to the parents of control children and the
caregivers or parents of children with ASD. An EEG was
recorded from every one of the children, and a print of the
recorded EEG signal was given to each child’s parents.

EEG recordings

The EEG signals were recorded by a ESI-128 machine
(NeuroScan Company, USA) at 19 scalp points according

to the international 10–20 system [22], Fp1, Fp2, F7, F3,
Fz, F4, F8, T3, C3, Cz, C4, T4, T5, P3, Pz, P4, T6, O1 and
O2 shown in Fig. 1.

The electrodes A1 and A2 with both earlobes were
chosen as common referential electrode. Aid was taken
from additional external electrodes in upper and lower eye-
lid dye to extraction eye artefact too.

The EEG recording more than 20 min of data was
conducted only when the child was seated on chair in a calm
state, awake and the relaxed eye-opened condition and
digitized at the sampling frequency of 256 Hz. The artefact
control during recording was visual with simultaneous
registration of electrooculogram (EOG) by two expert
neurologists in encephalography. Thus, only EEG data which
were free from electrooculographic and movement artefacts,
and had minimal electromyography (EMG) activity were
selected. EEGs were organized in 3 second artefact-free
epochs (768 points) that were copied for off-line analysis on a
personal computer. The numbers of 25 artefact-free epochs
were selected from each electrode for every subject in the
relaxed eye-opened condition.

Finally, we used a Hamming window FIR (finite-duration
impulse response) band pass with cut-off frequency at 0.5 and
at 100 Hz and were processed with a notch filter of 50/60 Hz
electrical interference with MATLAB 7.1 (The Mathwork,
Inc.). Since frequency bands in EEG signals are very helpful
in understanding brain functioning [23, 24], in this study
signals were divided into the five frequency bands of delta
(0.5–3 Hz), theta (3–7 Hz), alpha (8–13 Hz), beta (14–
36 Hz) and gamma (36–44 Hz).

Spectrogram criteria

The short-time Fourier transform (STFT) analysis method
may be a more appropriate approach to spectral analysis since
it provides time-frequency information and has previously

Fig. 1 International EEG electrodes placement system
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been applied in the analysis of many biological signals [25–
27]. The STFT is based on the assumption that within a short
time widow, a signal x(t) can be considered stationary (time
invariant), and can therefore be analyzed by the Fourier
transform. For the signal x(t), the STFT is defined as [28]:

STFT ðwÞ
x t; fð Þ ¼

Zþ1

�1
xðtÞ:w»

t � tð Þe�j2pftdt ð1Þ

Where, x(t) is the sliding analysis window and * is the
complex conjugate, t is the time index and f is the
frequency. The square modulus of STFT is spectrogram.

We used the averaged values of spectrogram greater than
70% (spectrogram criteria) as a discriminating tool. The 70%
of spectrogram was arrived by trying many different thresh-
olds and 70% resulted in best group’s classification. In order
to decrease cranial bones and skin affects in spectrogram
calculations, Z standard distribution was used. As seen in
Fig. 2, the maximum value of spectrogram is 0.5, therefore,
spectrogram criteria are equal to 0.35 (0.7×0.5).

Coherence values

Magnitude squared coherence (MSC) as a tool for measure-
ment of degree of coupling between two signals is a
noninvasive technique for studying corticortical associations
[29]. Coherence of EEG signals from different brain regions is
assumed to index anatomic of functional coupling between
these signals in frequency domain [30]. The MSC is
determined for each segment, according to the equation [31]:

MSCðf Þ ¼ Pxhðf Þ
�� ��2

Pxxðf ÞPhhðf Þ ð2Þ

Where the two signals are ξ(t) and η(t) with respective
auto spectra Pξξ(f) and Pηη(f), and cross-spectrum Pξη(f)
[31]. Averaged periodogram was calculated over the all 3
second epochs for each recording. A Hanning window
with 50% overlapping was used. Auto and cross-power
spectra were estimated for the 171 (19×18/2) electrode
pairs in order to obtain MSC function.

MSC function is estimated by the coherence range
between 0 and 1. For a given frequency(f0), MSC(f0)=0
indicates that the activities of the signals in this
frequency are linearly independent and a value of MSC
(f0)=1 gives the maximum linear correlation for this
frequency.

Statistical analysis and classification

Data from the two groups was analyzed for detection of
differences. The following comparisons were made
using the two-tailed tests (t-test) with 95% confidence
interval. Probability values (p) less than 0.05 were
regarded as statistically significant. When significant
differences between the two groups were found, the
effectiveness of this method of analysis in discriminating
ASD children from control children was evaluated by
using nonparametric receiver operating characteristic
(ROC) curves [32].

A rough guide to classify the precision of a diagnostic
test is related to the area under the ROC curve. With
values between 0.9 and 1 the precision of diagnostic test
is considered to be excellent, good for values between
0.8 and 0.9, fair if the results are in the range 0.7–0.79,
poor when the value of the area under the ROC curve is
between 0.6 and 0.69, and bad for values between 0.5
and 0.59 [33].

For classification between ASD and control children
we used nearest neighbor classifiers. They consist in
assigning a feature vector to a class according to its
nearest neighbor(s). This neighbor can be a feature
vector from the training set as in the case of k nearest
neighbors (KNN), or a class prototype as in Mahalanobis
distance. They are discriminative nonlinear classifiers.
According to the so-called Mahalanobis distance dc(x)
[34]:

dcðxÞ ¼
ffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffi
x� mcð ÞM�1

c x� mcð ÞT
q

ð3Þ

This lead to a simple yet robust classifier, which even
provide to be suitable for multicasts. Mahalanobis distances
defines base on correlation between samples by using
average of samples (μ) and co-variance matrix of samples
(Mc).Fig. 2 Spectrogram of F3 electrode for a control subject
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Results

The spectrogram criteria and coherence values were
obtained for 19 electrodes and 171 electrode pairs in
relaxed eye-opened condition. The results averaged based
on all the artefact-free 3 second epochs of EEG recording.

More significant differences observed in alpha band
frequency using the spectrogram criteria. The spectrogram
criteria values and standard deviation for two group’s

children and the corresponding p values in alpha band are
summarized in Table 1.

The ASD children had significant lower spectrogram
criteria values (p<0.01) at electrodes F3 and T5, and
(p<0.05) at electrodes FP1, F7, C3, Cz and T5.

It was observed that there are a little significant differ-
ences in beta and gamma frequency bands. The beta
frequency band showed significant difference (p<0.05) at
Fp1 in children with ASD and control children (0.0248±

Electrodes ASD children (mean±SD) Control children (Mean±SD) Statistical analysis (p value)

Fp1* 0.238±0.156 0.381±0.131 0.018

Fp2 0.256±0.165 0.357±0.157 0.122

F7* 0.245±0.131 0.376±0.146 0.021

F3** 0.197±0.076 0.442±0.103 0.000

Fz 0.237±0.106 0.309±0.175 0.192

F4 0.270±0.174 0.309±0.137 0.529

F8 0.300±0.198 0.337±0.118 0.583

T3** 0.254±0.136 0.405±0.130 0.007

C3* 0.251±0.156 0.401±0.121 0.013

Cz* 0.267±0.146 0.407±0.173 0.030

C4 0.291±0.182 0.310±0.190 0.796

T4 0.313±0.175 0.391±0.219 0.308

T5* 0.238±0.156 0.396±0.150 0.014

P3 0.300±0.154 0.411±0.133 0.063

Pz 0.310±0.196 0.395±0.147 0.231

P4 0.340±0.194 0.407±0.179 0.373

T6 0.319±0.170 0.388±0.123 0.258

O1 0.304±0.169 0.381±0.151 0.234

O2 0.308±0.161 0.293±0.163 0.821

Table 1 The spectrogram
criteria values of the EEG
for the children with autism
disorder (ASD) and control
children for all electrodes in
alpha band
(8–13 Hz)

** p<0.01 and * p<0.05

Table 2 The average coherence values of the EEG for the Autism disorders (ASD) and control children for electrode pairs in gamma band
(34–44 Hz) with (p<0.01)

Electrode pairs ASD children (Mean±SD) Control children (Mean±SD) Statistical analysis (p value)

F7-Cz 0.604±0.165 0.366±0.155 0.009

F7-P4 0.560±0.188 0.291±0.136 0.006

F7-T6 0.438±0.202 0.193±0.072 0.008

F7-O2 0.581±0.213 0.237±0.152 0.006

F4-Pz 0.462±0.946 0.264±0.151 0.005

F8-T3 0.376±0.868 0.235±0.825 0.004

T3-P3 0.548±0.121 0.257±0.146 0.000

T3-P4 0.480±0.152 0.233±0.120 0.003

T3-O2 0.504±0.140 0.265±0.165 0.006

Cz-C3 0.411±0.134 0.234±0.099 0.010

T4-Cz 0.411±0.134 0.235±0.099 0.010

T4-Pz 0.410±0.145 0.214±0.107 0.008

P3-O1 0.757±0.121 0.516±0.181 0.005

Pz-T3 0.496±0.168 0.248±0.175 0.010
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0.147 and 0.399±0.135, respectively), and T6 in gamma
band (0.312±0.136 and 0.449±0.130, respectively)

We evaluated the effectiveness of spectrogram criteria to
discriminate ASD children from control children at the
electrodes in which significant differences were found
using ROC plots. The values of the area under the ROC
curves for F3, T3, FP1, C3, T5, F7 and Cz electrodes had
the most validation for classifying the two groups (0.963,
0.813, 0.807, 0.775, 0.775, 0.749 and 0.733 respectively).
Value of F3 had the precision in an excellent level (area
under the ROC curve is more than 0.9) and T3 and FP1 had
precision in somewhat good level to distinction two groups.
C3, T5, F7 and Cz electrodes held precision in far fair level
in distinguishing the two groups.

Classifications of results with Mahalanobis distance in
alpha band and in relaxed eye-opened recording condi-
tion were obtained. We found that the spectrogram
criteria able to classify correctly seventeen out of
seventeen ASD children and ten out of eleven controls.
The beta and gamma bands did not provide a proper
sensitivity and specificity using ROC curve for classify-
ing the two groups. However, it was obtained an
excellent distinction (96.4% with 0.8023 and 0.7095,
sensitivity and specificity, respectively) between the two
groups in alpha band.

Finally the functional connectivity was investigated by
computing MSC at 171 electrode pairs. The results
averaged based on all the artefact-fee 3 second epochs of
EEG recordings. Many significant differences values were
obtained in gamma band. Table 2 shown significant
differences (p<0.01) of MSC values in gamma band.

Figure 3 show significant differences of MSC values in
the two groups of children.

As Fig.3a shown, there are many significant differences
in gamma band frequency. It was obtained a little
significant difference in alpha and beta frequency bands
as shown in Fig. 3b, c. Figure 3a illustrates more
abnormalities in connectivity are related to temporal lobes
with the other lobes, especially in gamma band. Figure 3b
demonstrates that connectivity at electrode pair of (F8, Fz)

has significant difference (p<0.01) in the two groups (0.453±
0.128 and 0.237±0.166, ASD and control children, respec-
tively), shown with solid line in alpha band. In addition
electrode pairs (Fp1, P3), (Fp2, F4), (Fp2, O1), (F8, T5) and
(F8, O1) indicate significant differences (p<0.05), shown
with dotted lines.

Figure 3c shows that electrode pairs of (O1, T3) and
(O1, P3) have significant differences (p<0.01) in the two
groups (0.451±0.198, 0.217±0.054 and 0.704±0.162,
0.401±0.175, ASD and control children, respectively),
shown with solid line in alpha band. In addition electrode
pairs (Fp2, P4), (Fp2, F8), (F8, F7), (F8, C3), (T3, F7),
(T3, F3), (T3, P3), (T3, P4), (T5, C3), and (T5, P3)
indicate significant differences (p<0.05), shown with
dotted lines. ROC curves showed that MSC values in
those of the electrode pairs that had significant differences
did not had proper precision levels for classifying the two
groups.

Discussion

The qEEG of 17 children with ASD and 11 control children
were analyzed, and the results of the two groups compared
against one another using spectrogram criteria in the
relaxed eye-opened condition. Our results demonstrated
that children with ASD had significant lower values (p<
0.01) at F3 and T3 electrodes, and FP1, F7, C3, Cz and T5
electrodes (p<0.05) in alpha frequency band.

We observed the all of electrodes with significant
differences were in the left brain hemisphere (the electrodes
with odd index). This finding in autism in agreement with
that of Chandana et al. [35] using the measurement of brain
serotonin synthesis in large group of autistic with positron
emission tomography (PET).

Stroganava et al. [17] showed there is abnormal hyper-
excitation in right-hemisphere cortical network during
sustained visual attention and Lazarev et al. [36] described
a decreased photo-driving response in the right hemisphere
of high functioning children with autism. However, they

Fig. 3 Result of connectivity in
171 pairs of electrodes in
frequency bands, significant
differences (p<0.05) in the two
groups control children and
children with ASD disorders
shown with dotted lines and
(p<0.01) shown with solid lines.
a gamma frequency band b
alpha frequency band, c beta
frequency band
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examined children with autism using spectral power whilst
in this study we tested children using spectrogram criteria.
On the other hand, in another research, it was detected a
decreased activity, in prefrontal lobe of children with high
activity autism [37].

The other frequency bands of EEG were also
evaluated. The beta band showed significant differences
in Fp1 and T6 in gamma band (p<0.05). Abnormalities
in alpha and beta bands are in agreements that of Bashina
et al. [14]. Alpha band reflect coordination of wider areas
of brain and beta band shows an integration role in the
neighboring areas of the brain [38, 39]. Therefore, it
seems that abnormalities in ASD are related to coordina-
tion of wider areas of the brain.

It was observed that significant differences in gamma
band had a proper sensitivity and specificity using ROC
curves for classification of the two groups and it was
able to separate the two groups very well (94.6%) using
Mahalanobis distance.

Connectivity between electrode pairs of brain using
with calculation of MSC values in the relaxed eye-
opened condition illustrated that more abnormalities are
related to the connectivity temporal lobes with other
lobes in gamma band frequency. The increased coherence
between the temporal lobes and other lobes can be
interpreted as a reflection of genuine increased correlated
cortical activities. Our results are consistent with recent
evidence demonstrating altered resting state connectivity
in adults with autism spectrum disorders [40]. We did not
observe coherence abnormalities in neighboring electrodes
in the alpha band that is in agreement with that of Murias
et al. [41] in adults’ autism but in contrast, we observed
higher activity coherences in faraway electrodes.

In this study, it was obtained that qEEG of children with
ASD have two kinds of significant differences in compar-
ison of control children. The first, to decrease activity in left
brain hemisphere, in alpha band, was detected by spectro-
gram criteria and the second, to increase connectivity of
temporal lobes with other lobes, in gamma band, detected
by coherence values. It seems the abnormalities of qEEG,
detected by spectrogram criteria, are more specific and able
to separate this group much better.

Some limitations of our study merit consideration, first
of all, the sample size was small. On the other hand, the
ASD children could not be taken of their medication for
along time; all of these children were only medication-free
for at most 2 weeks prior to EEG recording. This study to
the best of our knowledge is the first to employ spectro-
gram and coherence values to qEEG in children with ASD
for classification and diagnosis. Taken into account the our
results, this method as indexes of abnormalities in qEEG of
children with ASD can be helpful for clinical diagnostic but
require more replications in a larger population.
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