
Lesson Learnt from an EEG-Based
Experiment with ADHD Children in Malaysia

Syariffanor Hisham1(&) and Abdul Wahab Abdul Rahman2

1 Faculty of Information and Communication Technology,
Universiti Teknikal Malaysia Melaka, 76100 Durian Tunggal, Melaka, Malaysia

syariffanor@utem.edu.my
2 Kulliyah of Information and Communication Technology,

International Islamic University Malaysia,
P.O. Box 10, 50728 Kuala Lumpur, Malaysia

abdulwahab@iium.edu.my

Abstract. There are growing interests among researchers worldwide pertaining
to efficacy of electroencephalography (EEG) as diagnostic tools and noninvasive
treatment for children with special needs. However, there are very limited studies
discuss the efficacy of EEG-based experiment protocols among young children
with ADHD particularly from the perspective of human-computer interaction
methodologies. Thus, this paper provides some background on related studies in
EEG for children with attention-deficit/hyperactive disorder (ADHD) and some
insights on Malaysia experience with regards to ADHD detection and inter-
vention programs. The lesson learnt presented in this paper highlights the factors
that affect young children participation in EEG-based experiments that is relevant
and beneficial for researchers who are working with children with special needs.
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1 Introduction

Attention-deficit/hyperactive disorder (ADHD) is one of the most prevalent disorders
among children worldwide. American Psychiatric Association (2013) classifies ADHD
as psychiatric disorders in the Diagnostic and Statistical Manual of Mental Disorders
(DSM-V) [1]. ADHD symptoms are associated with a person inability to concentrate
and impulsivity which often misunderstood as misbehavior or disobedient especially
among young children [2]. Despite its various epistemology, ADHD symptoms also
co-morbid with other learning difficulties and behavioral disorders such as dyslexia,
autism and tic disorder [3].

The use of electroencephalography (EEG) to examine human brain cortical activ-
ities including in children with behavioral problem was first explored in mid 70 s [4].
The later study in 1991, Lubar proposed the Theta/Beta EEG ratio as a measure that
could indicate ADHD symptoms among children [5]. After two decades of clinical and
scientific debates on the efficacy of EEG as diagnostic tools for ADHD, the United
State Food and Drug Administration (US FDA) has approved Neuropsychiatric
EEG-Based Assessment Aid (NEBA) system for ADHD in 2013.
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EEG is also used as a noninvasive treatment for ADHD known as neurofeedback
(NF). It is a real-time approach that helps a person to control specific aspect of his/her
brain activities. NF therapy aims to improve a person cognitive abilities based on
immediate feedback of his/her brain activities during therapy session [6–8].

Literature study on NF and ADHD are well established for the past ten years and
continue to gain interests among researchers across disciplines such as medical, neu-
roscience, engineering, and computer science [9–11]. However, there are some
inconsistencies were reported across studies due to methodological shortcomings such
as sampling size, bias controlled condition, instrumentation and analysis methods. It is
also difficult to compare across datasets that were collected with different EEG devices
and software [12].

In addition to the above issues, there are limited literatures discussed on EEG-based
experiment protocols. Lesson learnt from earlier studies will be useful for other
researchers in devising their experiment protocols particularly for studies that involved
children with special needs. Building on the current related studies, this paper discusses
the lesson learnt from a preliminary study of EEG-based experiment conducted with
dyslexia children who have symptoms of ADHD and a control group children in
Malaysia.

Findings from this preliminary study provide useful insights on participants’
selection method, experiment protocols, suitability and limitations of the wireless EEG
device as well as other factors that affect children participation in the EEG-based
experiment. Therefore, more rigorous protocols can be devised for future experiments
that will be conducted as part of this on-going research.

2 ADHD

The prevalence of ADHD worldwide was reported between 5.9 % to 7 % [11, 13]. In
most cases, the symptoms of ADHD only become apparent during pre-schools when
the children started to socialize with other children of similar age group. Children with
ADHD are often described as lack of discipline, easily distracted, disorganized and
impulsive. Although all these behaviors are common symptoms of ADHD, it can be
classified into two types – inattention and hyperactive.

The hyperactive group is more common among boys whilst there is no significant
difference between genders in inattentive cases [2]. However, age and gender were not
included in a multivariate model of a comprehensive meta-analytic review of ADHD
prevalence that involved 103 studies in 2007 [11]. Many studies on EEG in ADHD do
not classify ADHD symptoms into two types described earlier with the main reference
is DSM-V by the American Psychiatric Association. Therefore, ADHD discussion
presented in this paper is referring to both inattention and hyperactive cases.

2.1 ADHD in Malaysia

Report by National Health and Morbidity Survey 2015 revealed that the prevalence of
ADHD among children aged 5 to 15 years old in Malaysia was 4.6 % [14]. Like many
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other countries worldwide, the number was also higher among boys than girls with
more cases were reported in urban areas. According to UNICEF Malaysia report,
ADHD is categorized under learning difficulties together with conditions such as
autism and dyslexia [15]. Early detection and intervention of children with learning
difficulties are administered and monitored by both the Ministry of Health (MOH) and
Ministry of Education (MOE).

Despite various initiatives by MOH and MOE in improving the quality of life of
children with learning difficulties in Malaysia, there are two main problems highlighted
by UNICEF Malaysia pertaining to the current implementation of early detection
system as follow [15]:

• lack of validated and recognized screening tools including lack of comprehensive
identification procedure,

• limited number of doctors, educational psychologists, pediatricians and trained
specialists to conduct assessment.

These two problems may contribute to inaccurate diagnoses of ADHD cases par-
ticularly in co-morbidity cases. This will later affect the effectiveness of intervention
programs and treatment prescribed for the children. Currently, ADHD intervention
programs among children in Malaysia are carried out at public and private schools,
private institutions as well as non-government organizations (NGOs) such as Dyslexia
Association Malaysia.

3 EEG in ADHD

Due to co-morbidity conditions discussed earlier, there is possible confusion in diag-
nosing a person with ADHD. For example, a child with inattention type of ADHD could
be misdiagnosed for dyslexia or other related learning difficulties due to the fact that both
disorders are sharing similar genes, symptoms and characteristics. Therefore, the child
could not benefit from appropriate intervention programs to overcome his/her difficulties.

However in 2013, EEG-based assessment aid (NEBA) was finally accepted by
US FDA as a commercial tool in diagnosing children with ADHD and it is only
available in the US. Although its approval received mixed reactions but results from a
clinical investigation by a multidisciplinary team of NEBA concluded that integration
of EEG-based assessment with clinician’s evaluation may help improve the accuracy of
ADHD diagnosis [16].

Many children and young adults with ADHD rely on medications that resulted in
short-term and long-term side effects. However over the last decade, there are growing
numbers of study that look into alternative treatments for ADHD including the use of
EEG known as NF therapy [17, 18]. This noninvasive treatment operates at different
brainwave frequencies as described in Table 1 [6].

During NF therapy, one or more electrodes will be placed on the scalp to capture
and measure the EEG brainwave patterns before it will be recorded in a computer.
Visual and auditory feedbacks will be provided to the person under treatment – thus,
he/she can retrain their brainwaves to achieve the desired frequencies [19].
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It is important to highlight that each children undergo NF therapy requires tailored
protocol because each ADHD case may have different combination of symptoms and
conditions. Therefore, correct assessment is crucial before personalized NF treatment is
prescribed for a child. With the advancement of brain-computer interface technology,
more studies are conducted to improve NF therapy by introducing computer games.
Studies show that computer games can potentially increase participation and eliminate
boredom among children who undergo NF therapy [17, 20].

Despite the promising potential of NF games, the biggest challenge is to turn the
off-the-shelf games into NF games. The problems with the current NF games do not
only require intelligent and simultaneous feedback but it also involves other aspect of
game design that currently receives little attention by NF clinicians.

4 EEG-Based Experiment

The study presented in this paper is part of a preliminary work on multimedia inter-
vention for children with ADHD in Malaysia. The main objective of this preliminary
study is to test the EEG-based experiment protocols with ADHD children and a control
group. This experiment also help the researchers to have better understanding on
ADHD assessment and intervention programs in Malaysia including other factors that
may affect children participation in EEG-based experiment.

4.1 Participants

There were seven children took part in the study with four of them are dyslexia children
with ADHD symptoms and three children without any learning difficulty as a control
group. All the dyslexia children were diagnosed with dyslexia by a special education
specialist but never been diagnosed with ADHD despite of having the symptoms as
observed by their parents and teachers at intervention center running by Dyslexia
Association Malaysia (PDM). All of these potentially ADHD children were selected by
their teachers who were trained as a special education teachers at the PDM’s center and
have more than five years working with children with learning difficulties.

As for the control group, the children were recruited through their parents who
voluntarily nominated their children for the study. These three children attended the

Table 1. EEG bands

Band Frequency Brain state

Gamma Above
30 Hz

Associates with peak performance that refers to highly
concentration brain activity

Beta Above 13–
30 Hz

Alertness and intellectual activity

Alpha 8–12 Hz Relaxation
Theta 4–8 Hz Deep relaxation
Delta 0.5–3.5 Hz Sleep
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same classes in a private kindergarten. Demographic details of the children participated
in the study are shown in Table 2.

4.2 Experiment Setting

The experiment at PDM center was held in a computer room that was noise-free and
suitable for conducting experiment. However, experiment with a control group was
conducted at the research lab that was less convenient for experiment. Therefore, the
children from a control group were prone to distraction due to setting of the room.

A wireless EEG headset with 14-channels was used for the experiments with two
units of laptops. One unit laptop was connected to a flat screen monitor to display clips
and interfaces of multimedia application. Another unit of laptop was used to record
EEG readings during the experiment. A computer mouse was available for the children
to use while performing specified tasks during experiment. An external speaker was
placed next to the monitor for audio experiment.

Teachers or parents of the children were asked to fill up a consent form and a
questionnaire comprises standard questions on their children behaviors and charac-
teristics at home and school. At PDM center, the children were waited in their class-
room while waiting for their turns. They were called one by one and ushered to the
experiment room by a researcher. Although there was a waiting area for the control
group at the research lab, the children was actually in the same room with the
experiment area. The children were free to come in and out from the room although
they were accompanied by their parents.

4.3 Experiment Protocols

Prior to the experiment, a wireless EEG device was placed on the child’s head and short
testing was conducted to test the quality of signals on all electrodes. The EEG device
recorded the brain signals while the children performing tasks as specified in Table 3.
A video camera was assembled to monitor the children’s responses throughout the
experiment.

Table 2. Demographic details

Participant Gender Age (years old) Ethnicity

P1 Boy 6 Malays
P2 Boy 5 Malays
P3 Boy 5 Malays
P4 Girl 6 Malays
C1 Boy 6 Other
C2 Boy 6 Malays
C3 Girl 6 Malays

P – Children with ADHD Symptoms.
C – Control group.
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The first protocol is baseline recording which is a standard protocol for EEG-based
experiment consists of eyes opened and eyes closed. During eyes opened, the children
were asked to look on a white screen for 1 min followed by another 1 min with their
eyes closed. The children were also asked to sit still and minimize their movements
during recording.

The second protocol is emotion database. This task requires the children to watch
clips of children facial expressions of emotions – happy, sad, fear and calm for the total
duration of 4 min. The emotional faces displayed on the screen help the child to change
his/her emotion.

Similar with the second protocol, the third task needs the children to listen to four
different audios – angry, happy, sad and neutral. The intonation of the audios triggers
the child to change their emotion during this audio protocol. Each of the audios was
played for 1 min on the external speakers.

The forth protocol involves a self-paced learning on an interactive courseware
named MyLexics. The courseware has four learning modules and three activities on
basic reading and spelling in Malay language. The children were allowed to explore the
courseware for 5 to 10 min on their own.

The final protocol is NF game. The children were given 4 min to play a simple cube
game. During the session, they must retain their concentration in response to visual
feedback from the game. This game comes together in a package with the wireless EEG
device.

5 Lesson Learnt

Table 4 shows the experiment completion status, setup time and total experiment time
by each children involved in the study. Four out of seven children managed to complete
all the five experiment protocols and total time taken (excluding setup time) by them

Table 3. Experiment protocols

Protocol Duration (minute/s)

Baseline recording Eyes opened 1
Eyes closed 1

Emotions database Happy 1
Sad 1
Fear 1
Calm 1

Audio database Angry 1
Happy 1
Neutral 1
Sad 1

Interactive courseware MyLexics 5–10
NF game Cube 4
Total estimated time 19–24 min

P – Children with ADHD Symptoms.
C – Control group.
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are ranging between 20–25 min. One potentially ADHD children (P2) withdraw from
the study during the audio protocol although he had completed all other protocols. He
also took the longest setup time which is 23 min.

Despite a less suitable setting for the control group, one of the children successfully
completed all the experiment protocols in 23 min while his other two friends were
distracted throughout the experiment. These two children only completed the baseline
recordings but failed to finish other protocols. The researcher decided not to try the
audio protocols with the two children (C2 and C3) because they were struggle to sit still
and focus on the tasks. These inputs were derived from video recording during the
experiments.

Time factor is crucial in EEG-based experiment with children, 20 min experiment
excluding setup up time is daunting for many children. This might resulted in lack of
engagement and withdrawal from the experiment. Random sequence of tasks was
implemented to maintain their interest but baseline recording remains as the first task of
the protocols for all children. Therefore, it is suggested that EEG-based experiment for
children should not exceed 15 min excluding setup time. P2 took the longest setup time
because of the poor brain signals from the wireless device. He also looked frustrated
during the setup time because the device was taken a few times on and off from his
scalp. He was cooperative and settled down as the experiment started but asked to stop
the audio protocol immediately by taking off the device from his head and refused to
continue.

Although wireless EEG device is cheaper and easier to setup compared to other
EEG machine, the placement of electrodes are not firm and it can be easily dislocated
even with a slightest movement especially among young children. Therefore, this might
affect the quality of the signals captured during EEG recordings. However this might
not be the case with older children and adults who have more controls over their
movements during the experiment. The quality of signals captured also affected by the
setup layout and distance of the Bluetooth dongle and its wireless EEG headset.

All children enjoyed the interactive courseware task and able to use the courseware
independently with minimum assistance. Majority of the children easily adapted to the
NF game except C2. He was annoyed every time he failed to retain his concentration

Table 4. Findings summary

Participant Experiment completion status Setup time (min) Total experiment time (min)

P1 Completed 8 25
P2 Incomplete 23 18
P3 Completed 15 20
P4 Completed 8 20
C1 Completed 8 23
C2 Incomplete 17 10
C3 Incomplete 10 15

P – Children with ADHD Symptoms.
C – Control group.
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during the task. Almost all children found that audio protocol was difficult to engage
with and they become anxious when the audio played through the external speakers.

Other external factor that should be taken into consideration in conducting
EEG-based experiments with children is the researchers ability to interact with the
children. Although researchers have to minimize their communication with the children
but the researchers ability to friendly interact with the children does affect their par-
ticipation in the experiment. The children were a lot calmer during the experiment with
a presence of someone they are familiar or comfortable with. It is advisable to have at
least three researchers involved during the experiment, one person in charge on the
EEG recording and setup, one person at the waiting room/area to prepare the children
before the experiment and another person to facilitate the children during the
experiment.

6 Conclusion

While EEG-based experiments are getting more attention these days and cheaper EEG
device to capture the signals are available in the market, there is lack of study reported
on the devising protocols for the EEG-based experiment involving young children.
Through the preliminary study presented in this paper, the researchers found that time
factor including setup time and experiment duration, suitability of the device as well as
human factors play significant role in young children participation throughout the
experiment for both potentially ADHD children and control group. Thus, it is hoped
that the lesson learnt highlighted in through paper will provide some insights to other
researchers who are interested in conducting EEG-based experiment with young
children with special needs.
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