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Abstract: - Research study among children with autism had shown impairment in motor imitation in addition to
social disability. Currently, imitation becomes an important issue which can be seen as new procedure to detect
early childhood autism. Hence, this paper proposed the used of motor imitation action by analyzing the brain
waves frequency. Experimental results revealed that control and autistic children both perform the motor imitation
well but the brain activation for both group are different. Autistic children demonstrate a very high intensity brain
activation indicating they are struggling to do the action. This illustrates some potential methods that can be

extended in detecting autism for early childhood.
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1. Introduction

Autism had started to be known in 1911 by Eugen
Bleuler; psychiatrist from Switzerland. He started
using this term to describe one symptom in
Schizophrenia. Then in 1940, an American researcher
adopts this term in order to describe children with
emotional and social problem. As for -current
description regarding autism was extended in its own
definition. According to one resource of autism in
Malaysia, autism was defined as a form of
neurological disorder and it was categorized under
Pervasive Developmental Disorder (PDD). Besides, in
PDD it also includes some other types which are
Asperger’s Syndrome and Rett’s syndrome. The
characteristics of autism problems can be in one or
more major areas of development including
impairment in social interaction, impairment in
communication and restricted/repetitive behaviors,
activities and interest. In fact autism is a spectrum
disorder and each child disorder may vary from one to
the other. Some of them can be mild autism while
other might be worse. Autism affects the brain
development and it has been proven in few research
studies [1, 2 & 3]. In neurological side, few types of
neuroimaging techniques had been used such as
functional magnetic resonance (fMRI), pet scan and
also EEG. Currently, electroencephalogram (EEG) had
been used widely in neuroimaging and biofeedback
areas. Results from the study did show great potentials
and improvement for this disorder. Researchers at
Kennedy Institute had discovered some important
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insight into the neurological aspect of autism. They did
a fine motor test by tapping their fingers in sequence
for both autistic and normal children using fMRI
machine. The result showed that the activation of the
brain for autistic children has less connectivity
between different regions of the brain includes
coordinating and executing movement compared to
normal children. Autistic children also relied more on
the region that responsible for conscious and effortful
movement.

2.  Motor imitation in autistic children
The deficit in autism group related to imitation had
been discussed widely in many research studies many
years ago [4, 5]. Imitation becomes critical in the
group of autistic children. It does play an important
role to help for improvement in their development of
social interaction and communication. Imitative
scheme can guide them to learn or practice and
mastery of new skills [15]. According to Mataric J.M
(1994), imitation is an ability to observe and repeat the
behavior or actions of others and it allows us to learn
how and when to perform the behavior. In the
psychological perspectives, researchers always try to
correlate the relations between one characteristic in
autism to another. For example, in Stone and Yoder
(2001) [11] study, they looked into the correlation
between imitation and social communicative behavior
among autistic children. They found the significant
result of prediction language outcome after the tests. In
other positive outcome from the imitation test, it helps
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autistic children to increase their joint attention [12].
Thus, it can be seen that imitation did play a big role
correspond to other criteria in human nature.

2.1 Mu waves/rhythm

EEG work was conducted in the 1950s is the first
neurophysiological evidence of an execution/
observation matching system in humans which focused
on the mu rhythm band oscillations. Mu band is
between 8 to 13 Hz, which recorded on the human
scalp near sensorimotor cortex. According to Oberman
and colleagues [6] reported attenuation of the mu
rhythm in the 8-13 Hz band during the execution and
observation conditions for the typical group, whereas,
the autism group showed attenuation only during the
execution condition.

However, in other study [7] found that mu rhythm
included alpha band and also low beta band which is
between 12-20Hz. Besides, Bernier et al. [8] also
found that there is correlation between the degree of
mu power desynchronization during the observation of
a movement and performance on the behavioral
imitation task. Specifically, in the ASD group, lower
mu power desynchronization during observation was
correlated with poorer imitation skills.

Table 1 is explaining the location of the brain which
related to specific brain wave. As far as frequency
concern, the electrode placement can be at the C3 and
C4. Electrode placement was measure before it can be
placed on the human scalp. The measurement of the
position must be precise in order to captured good
signals [10]. This paper was decided to use the entire 2
channels in EEG to publish result of analysis in
relation to motor imitation.

Bands Role in body Pathologically
Alpha bands | Associated with Back - Occipito-
(8-13Hz) physical calmness | parietal & parietal-
and lack of activity |central region
Beta bands | Seen when the mind | Fronto-central
(13-35Hz) |is alert or actively region
dreaming
Mu bands Movement and Central/centro-
(8-13Hz) intended movement |parietal region
(Niedermeyer, 1987)

Figure 1. The brain waves correlate with recording
location in brain [9].

2.2 Participants

12 children (6 control children, 6 autistic children)
were included in this study. The autistic children were
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recruited from National Autism Society of Malaysia
(NASOM) at Setapak while the control children are
mix of the staff and relatives’ children. All participants
will go through IQ test using Standford Binet IV. It
was done by the psychologists from NASOM itself.
Results of the IQ test must be same level for both
groups.

2.3 Procedure

Before proceed with the experiment, participants were
briefed about the experimental procedure. Parents,
guardian or teacher from NASOM required filling up a
consent form. To reduce the feeling of nervous or
anxiety among the participants, they were introduced
with the equipments. They are allowed to take a look
at the unused electrodes.

Once the participants were familiarize with the
equipment and were finish with the explanation,
participants were asked to sit properly at the chair
provided. Since EEG signal is very sensitive to the
surrounding, thus a quite, lighted room and
temperature controlled were chose. This criterion is
reducing the noise captured during the experiment.
Once they had seated, electrodes will be place on the
scalp using EEG paste. A common procedure before
continue with the real stimuli, participants need to do
eyes open and close for one minute each. This basic
procedure is to neutralize their brain signals. After this
procedure, the participants will look at the computer
screen for the real video stimuli. A video stimulus for
the clinching hand was adopted from Brainmakers.
The participants required to follow video stimuli in 1
minute time. Figure 3 are some example of situation
that happened during experimental session.

Motor imitation
(1 minute)

Figure 1. Example of an experiment conducted
showing a child with electrodes on their scalp and
having the child to follow video stimulus.

3. Methodology

Before analysis can be carried out the raw EEG signals
data need to first be preprocessed through filtering and
transformed from Time to frequency domain as
indicated by Figure 2 below. Since only certain
frequencies will be required for the analysis features
extracted or a particular band will be used for analysis.
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Figure 2. Proposed methodologies towards this
research study for analyzing signals of control and
autistic children.

3.1 Pre-processing and feature extraction

In the beginning of our analysis, there are 2 steps
required in other to achieve the end results. The 2 steps
include the pre-processing and feature extraction
analysis. During pre-processing stage, signals of the
data were decimated by 3 and then the data were
change from time domain to frequency domain by
applying short time fourier transform (STFT). In our
analysis, all data were analyzed in term of frequency
domain. In the second step, features extracted using
Kernel Density estimation (KDE) and Gaussian
mixture model (GMM). KDE have been tested in our
previous studies which related to emotions and
problem solving [13&14]. Results showed the
potential of using this method in analyzing the EEG
signals. Features were calculated based on the specific
mathematical equations.

The total number of data which were extracting by
KDE is presenting as M. During STFT analysis,
signals were cut off into specific window size which
64 with overlapping as 50. Features per-sampling
window is given by:

(1)

Xw = XX 5 Xyt s Xy
Which w is the window, m is features vector while M
is the total numbers of features. As noted earlier, this
research study is interested to look into the distribution
of signals in term of specific frequency bands. Thus,
features were extracted based on Mu and beta bands.
Firstly the maximum and minimum frequencies for the

ISBN: 978-1-61804-040-4

176

mu and beta band number of features in the mu and
beta band need to be derived. In order to plot the data
for both the Mu and beta bands, the features extracted
must first be subdivided into its own bands. Thus,
equation (2) below describes the feature number for
the Mu and beta band respectively.

fu. fu
min = L M’ max — L M
2 2
(2)
Ip.. Is
ﬁmin = fs M ’ ﬁmax = fs M
2 2

Where .. and u.,. is the minimum and maximum
feature number for Mu band respectively
B..in and B, is the minimum and maximum
feature number for beta band respectively

/ .. =8hz and meax =13hz is the minimum

and maximum frequency for Mu band

respectively
f g =13hz and fﬁmax =35hz is the minimum

and maximum frequency for beta band

respectively and

f, is the sampling frequency which has been

decimated from the original raw EEG signals

by 3.
After extracting the data according to the bands, then
we plot the results. However, in Gaussian mixture
model, data were extracted based on 3 modes. By
using GMM, mean of the features were decided to be
analyzed. Based on the 3 modes, each mode represents
the specific frequency bands. First mode is the Mu,
second mode is beta and the third mode consider as
gamma band. But, only Mu and beta bands were
plotted to be analyzed. Results will be explained in the
next chapter.

4. Results and findings

In our study, we did some preliminary analysis. At the
preliminary stage we looked in to the spectrum
distribution and present the accuracy results which
discriminate between both groups. Gaussian mixture
model was adopted during this preliminary stage.
Based on figure 4, there are clear distinctions of
distribution between both groups. Red color represents
the high intensity activation while performing the
action. As shown below, control children had high
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activation compared to autistic children during the
experiment. These results proved some problem
occurred during the communication in their brain
while doing required action.

(b)

Figure 4. Both figures represent the spectrum
distribution for both Groups. a) Autistic children b)
Control children

Then, features from the signals were extracted using
GMM and were fed into classifier. Multilayer
perceptron (MLP) was adopted in order to perform the
classification. According to the analysis findings,
percentage of discrimination between both groups in
term of mean is high up to 87% (figure 5).

BF1
85.7 94.4 89.5 758 86.7
100 HF-2
R
: = 3
5-folds BF-4
F-5

Figure 5. Experimental results on percentage
discrimination between ASD and Control subjects
using k-fold analysis.

Thus, the accuracy results showed that both groups can
be discriminate using the proposed methods. Even
though GMM can produced accurate result for
discriminating both groups, but it is not good enough
to present the signals activation in term of specific
frequency bands. It can be seen clearly in figure 2 and
3. We can see clearly that GMM produced
unpredictable results compared to KDE.

Results were based on 2 different channels which is C3
and C4. It also represents the data based on Mu and
beta bands. As prior to GMM results, they are difficult
to be group either for control or autistic children which
have no consistency of the distribution between the
subjects in the same groups. Thus, method of GMM
was considered inappropriate for this study. Prior to
the finding, Kernel density estimation (KDE) was used
as other feature extraction method.

The activation of fine motor imitation signals are
varies in autism and control children. Based on the
observation during data collections, the control
children did follow the video stimuli for 1 minute.
Same action happened to the autistic group. They also
execute the motor imitation from start till end of the
session. However, the activation signals of their brain
do not correlate well. This can be seen for the figures
below which proved the signal activation for both
group according to specific channels.

In table 4 and 5, it reveals that the activation signals
for autistic children are high according to intensity. It
also showed the awkwardness of action imitation
during the experiment.

Table 2. Present the signals activation for both groups according to channel C3 based on Gaussian mixture model
(GMM). The figures below were group according to the specific frequency bands.

Gaussian Mixture Model (GMM)

Channel
C3

Control children

Autistic children

Mu
waves

MN ww i H\ i MJ( M 4! /Mh w W\” J W wq *
g i

I i ’\J“]

EEEEULEEES
= + -

Beta
waves | SRANRVRRN ST I IR REREVIP SRR BNV VAT SAVAT NYRARRREE RN RAS

Furthermore, it was found, during observations
experiment, they illustrate the smoothness of the
action execution. Autistic children show some
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difficulties in open and close hand. Some of them
need a help from the experimenter or psychologist
during the experiment. As shown in tables 4 and
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5, we can see a much lower intensity for both the
Mu and beta wave for the control subjects as
compared to the autistic children indicating the
process of high brain activation for the autistic
children. The degree of EEG Mu wave’s
attenuation can be seen to be significant in term of
motor imitation for the control subjects. Most
literature refers to the motor imitation problem based
with respect to Mu bands. However, our finding

showed that beta bands also demonstrate significant
results. It can be seen in table 4 and 5, beta band for
control children is low as compare to autistic children.
In addition it is also interesting to note that the beta
wave also indicate intensity variation showing
movement from left to right clinching of the palm.
Thus, beta band can be a better option in viewing the
change of motor movements.

Table 3. Present the signals activation for both groups according to channel C4 based on Gaussian
mixture model (GMM). The figures were group according to the specific frequency band.

Gaussian mixture model (GMM)

Channel
C4

Control children

Autistic children

Mu
waves B sl s e e "V «.~.“'|.‘,v.",\‘,.;.‘ AR

Beta T, |
waves H ,«,.’H‘“ 7',“'_‘v‘{‘.i,‘.“,u‘.,.a;v‘» i e ]-“e ‘.,.‘. Wy ’;‘};‘w“,} ‘\ ity M Lhe

H J»M ”‘\l‘ '\ ”
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. i J’ U HM }U\H‘\“\“H
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Table 4. Present the signals activation for both groups according to channel C3 based on Kernel density estimation
(KDE). The figures below were group according to the specific frequency band.

Kernel Density Estimation (KDE)

Channel
C3

Control children

Autistic children

Mu
waves e

L,
L |

T
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Table 5. Present the signals activation for both groups according to channel C4 based on Kernel density estimation
(KDE). The figures were group according to the specific frequency band.

Kernel density estimation (KDE)

Channel Control children Autistic children
C4
Mu il T
T
waves TR e i ;" ‘f \ i \“‘; VY V b "fi\‘“( <I"‘,\)\‘}\r\b W ] } ‘ | \ H]]N M] Ml'\‘ o ‘L i A\/‘{\“ ‘ L’”NV'LM \’}1(“]“ | (J'\i"f‘ \{w%’fjr ‘tﬂ’\ (“A(.
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5. Conclusion and future works

Result from our experiments show that, there are
possibility and potential to discriminate autistic
children from control (normal) children by looking at
the specific bands. Although Mu wave has been well
known in detecting autistic children but beta waves is
found to be more useful. Both the KDE and GMM can
be used for feature extraction in detecting autistic
children through motor imitation but using the beta
wave and KDE will be the best for analysis. Although
at present there were only 6 autistic and 6 control
subject we are right now in the process of collecting
more data from the control subjects based on
preschoolers in the KL areas.

6. Acknowledgment

We would like to thank Bjorn Cruts from Biometrisch-
Centrum for sponsoring our EEG machine, the
National Autism Society of Malaysia (NASOM) for
conducting the intelligence tests and coordination of
EEG sessions, and Assoc. Prof. Dr Amir Feisal
Merican from CRYSTAL, University of Malaya for
the video recordings during experiments.

References:

[1] Matthew K. Belmonte, Greg Allen, Andrea
Beckel-Mitchener, Lisa M. Boulanger, Ruth A.
Carper, and Sara J. Webb, Autism and abnormal
development of brain connectivity, The Journal of
Neuroscience, October 20, 2004, 24(42):9228-
9231.

[2] Allen, G., Courchesne, E., Differential effect of
developmental  cerebellar  abnormality on
cognitive and motor functions in the cerebellum:
An fMRI study of autism, Am J Psychiatry 160:2,
February 2003.

[3] University of Washington (2006, October 15).
Brain Regions Do Not Communicate Efficiently
In Adults With Autism. ScienceDaily. Retrieved
August 5, 2010, from http://www.sciencedaily.
com/releases/2006/10/061014144152.htm

[4] Justin H. Williams, Gordon D. Waiter, Anne
Gilchrist, David 1. Perrett, Alison D. Murray,
Andrew Whiten., Neural mechanisms of imitation
and mirror neuron functioning in autistic spectrum
disorder, Neuropsychologia, Vol. 44, No. 4.
(2006), pp. 610-621.

[5] Williams J, Whiten A, Singh T. A systematic
review of action imitation in autistic spectrum
disorder. Journal of Autism and Developmental

ISBN: 978-1-61804-040-4

179

Disorders
15264497]
Oberman L, Hubbard E, McCleery J, Altschuler
E, Ramachandran V, Pineda J. EEG evidence for
mirror neuron dysfunction in autism spectrum
disorders. Cognitive Brain Research
2005;24:190-198. [PubMed: 15993757]

Ignazio Puzzo, Nicholas R. Cooper, Petra Vetter,

Riccardo Russo, EEG activation differences in the

pre-motor cortex and supplementary motor area

between normal individuals with high and low

traits of autism. Brain Research, Volume 1342, 25

June 2010, Pages 104-110, ISSN 0006-8993,

DOI: 10.1016/j.brainres.2010.04.060.

Bernier, R., Dawson, G.,Webb, S., Murias, M.,

2007. EEG mu rhythm and imitation impairments

in individuals with autism spectrum disorder.

Brain Cogn. 64, 228-237.

[9] Krista, West. Biofeedback, Eric H., Chudler,
Ph.D, , Chelsea House Publications, 2007.

[10] Seaward, Brian Luke. Managing Stress:
Principles and Strategies for Health and
Wellbeing. Boston: Jones & Bartlett, NetLibrary
edition, 1999.

[11] Stone, W.L. & Yoder, P.J. (2001). Predicting
spoken language level in children with autism
spectrum disorders. Autism, 5:341-361.

[12] Whalen, C., Schreibman, L. & Ingersoll, B.
(2006). The collateral effects of joint attention
training on social initiations, positive affect
imitation and spontaneous speech for young
children with autism. Journal of Autism and
Developmental Disorders, 36:655-664.

[13] Najwani, Abdul Wahab & Normaziah. (2010).
KDE approach to emotion recognition using brain
waves. Proceeding of ISCA 25" International
Conference on Computers and Their Applications,
CATA, Hawaii, USA.

[14] Najwani, Abdul Wahab, Normaziah & Marini.
(2010). Analyzing students’ emotion while
solving mathematical questions using EEG
signals. Proceeding of the ISCA 23™ International
Conference on Computer Application in Industry
and Engineering, CAINE, USA.

[15] Bryna, S., (2003). Helping children with autism
learn: A guide to treatments approaches for
parents and professional. Oxford University
Press.

[16] Hugo, H., Brainwaves. Reviewed on 19" June
2010 from http://www.doctorhugo.org/
brainwaves/brainwaves.html

2004;34(3):285-299. [PubMed:

[7]






