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Background: Brain is an organ that is easily affected by the physical changes. Abnormalities
are known to occur with the brain in terms of memory, eyesight, intellect, and balance as the
brain is an organ that is easily affected by the physical changes. Executive functions have
been shown to be related to academic achievement and the ability to learn, as well as a range
of a neuro developmental disorders. The failure of many traditional educational interventions
for students with specific learning disabilities may be attributed to large deficits in executive
functions, including working memory and inhibition. Aims and Objective: This study examined
how BrainWare SAFARI, a computer-based training, aided students with specific learning
disabilities in enhancing their executive functions and specific learning disabilities indexed
by attention and meditation levels. Materials and Methods: The present experimental study
examined the effectiveness of a specific 12-week neuroscience-based, cognitive skills computer-
training program, BrainWare SAFARI, on the cognitive processing of elementary students with
specific learning disabilities. Results: The results of this study showed that all participants
were able to complete only some sessions in BrainWare SAFARI experienced significant
improvements in multiple areas of cognitive processing. The results also showed that the
attention level changed with statistically significant while the meditation level was changed
with no statistically significant. Conclusion: Thus, this neuroscience-based, cognitive skills
computer-training program, BrainWare SAFARI, could result in increased academic performance.
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INTRODUCTION

Brain is an organ that is easily affected by the physical
changes, especially in the modern time when people are
casily poisoned by the increasing pollution. When the
poisonous substances enter the body, every organ, including
the brain will be endangered. Abnormalities will occur
to the brain in terms of memory, eyesight, intellect, and
balance. Because of these damages, people should know
how to protect themselves from the poisonous substances.'”
Abnormalities are also known to occur with the brain in
terms of memory, eyesight, intellect, and balance as the brain
is an organ that is easily affected by the physical changes."”

Executive functions have been shown to be related to
academic achievement and the ability to learn, as well as
a range of a neuro developmental disorders. The failure
of many traditional educational interventions for students
with specific learning disabilities may be attributed to large
deficits in executive functions, including working memory
and inhibition. Understanding the role of executive function
may offer new learning opportunities for children facing
educational barriers due to specific learning disabilities.
Working memory, executive functions, and cognitive
processes associated with specific academic areas, are
empirically identified as being the core underlying cognitive
deficits in students with specific learning disabilities.
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BrainWare SAFARI is a software program which is
designed to comprehensively develop the cognitive skills
in children. These cognitive skills are most important for
learning. BrainWare SAFARI delivers cognitive skills in a
fun and entertaining video-game format. Several previous
published researches showed that students who used
BrainWare SAFARI experienced significant improvements
in their cognitive skills. In addition, a growing body of
research shows the connection between the development
of cognitive skills and academic progress. Academic
progress typically lags cognitive growth and the rate of gain
in academic achievement is highly individual. Moreover,
some students experienced an immediate lift in academic
scores, while others might have significant catching-up to
do because they need to learn or re-learn material they
missed.

Electroencephalography (EEG) is traditionally used
to measure the brainwaves. Each type of brainwave is
associated with one’s state of consciousness and different
mood state.”” From all types of brainwave, beta brainwave
is seen in normal activities as well as stressful conditions
or difficulties in mental concentration. On the other
hand, alpha brainwave is seen in wakefulness, relaxed,
effortless and alertness condition. Therefore, persons
with high alpha brainwave and low in beta brainwave
could indicate status of relaxation, arousal, less stress
and better concentration.*'? Therefore, this study was set
to find data by using the effectiveness of commercially
available lightweight electroencephalographic (EEG)
device, NeuroSky’s Mindwave Mobile. So, the purpose
of this study was to determine the efficacy of BrainWare
SAFARI game brain training for cognitive performance
and electroencephalographic activities in Thai students
with specific learning disabilities. The measurement
of electroencephalographic activities of BrainWare
SAFARI game brain training process was mostly done
by letting the students practiced and then measured the
electroencephalographic activities.

MATERIALS AND METHODS

Participants

The experiment was done with 20 students, aged
between 5-8 years old, who were students with specific
learning disabilities, but no record of brain surgery,
not taking medicines or drugs that affect to nervous
system. Participants were excluded if they had the
following criteria: left handedness; history of medical and
neurologic diseases; psychiatric disorders; head trauma;
assumption of Central Nervous System active drugs
in the two weeks prior to study entry; and presence of
EEG abnormalities at the baseline recording, respectively.
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All participants’ parents provided written consent to
participate in the study after receiving information about
the aims of the study.

Tools and equipment

Recording personal information, namely, age, gender,
nationality, and history of illness were recorded. The
electroencephalographic recording was applied in this
study. The neuro headset was used to display the output,
analyze and record electroencephalographic activities. The
principles of analytical check were based on the 10-20
system or International 10-20 system by displaying the
electroencephalographic output. Electroencephalographic
frequency analysis was performed by means of a Fast
Fourier Transform (FFT) algorithm, with a 2-second
interval on the electroencephalographic signal. The
following frequency bands were considered: delta wave
(0.1-3.0 Hz); theta wave (4.0 — 7.0 Hz); alpha wave
(8.0 — 12.0 Hz); beta wave (13.0 — 30.0 Hz); and gamma
wave (30.0 — 60.0 Hz), respectively.

In this study, the effectiveness of commercially available
lightweight electroencephalographic devices, NeuroSky’s
Mindwave Mobile, was applied. Via the application of a
single electrode and signal-processing unit in a headband
arrangement, the NeuroSky's Mindwave Mobile provided
two 100-state outputs operating at 1 Hz. Although
the NeuroSky's Mindwave Mobile provided a much
coarser picture of brain activity than multi-electrode
electroencephalographic device or other technologies, the
principle advantage of the NeuroSky's Mindwave Mobile was
its unobtrusive nature, which minimizes the aforementioned
difficulties in conducting accurate user studies.

Spatial ability test

Spatial ability test used in this study is known as the test
to measure capacity to understand, reason and remember
the spatial relations among objects or space.” Spatial or
visuo-spatial perception, spatial visualization, mental
folding and mental rotation are common types of spatial
abilities. However, only spatial visualization is known to be
characterized as complicated multi-step manipulations of
spatially presented information. In the same way, spatial
working memory is known as the ability to temporarily
store a certain amount of visual-spatial memories under
attentional control in order to complete a task.'*"> Each
of four main spatial abilities theoretically have unique
properties and importance to many types of tasks whether
in certain jobs or everyday life.”

Cognitive training program

BrainWare SAFARI was a cognitive learning program
which was designed to comprehensively develop the
cognitive skills. These cognitive skills are important for
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learning and the BrainWare SAFARI program delivered
in a fun and entertaining video-game format. BrainWare
SAFARI consisted of 20 exercises designed to develop
various cognitive skills. In 18 of the exercises, each with
seven levels, levels were progressively more difficult. Each
level must be passed before the student could progress
to the next level. The two logic and reasoning exercises
consisted of 21 levels each and were of approximately
the same level of difficulty, allowing the students to see
the right answer and move on after two incorrect answers
(Figure 1). BrainWare SAFARI required an internet
connection. It was designed as a rich-client application
to enhance the user’s experience, but log-in and progress
through the program are controlled by LEC’s server.
This system enabled the player to always begin in the
exercises where he or she left off, regardless of whether
he or she is on the same computer. BrainWare SAFARI
program is developed by BrainWare Learning Company
and more details of BrainWare SAFARI can be seen at
www.mybrainware.com.

Electroencephalographic recording

Measuring electroencephalographic activities while
performing spatial ability tests run by SuperLab Pro. Version
2.0 (Cedrus Corporation, San Pedro, CA, USA), stimuli
presentation, compared to baseline. SuperLab Pro was used
to develop spatial ability tests for electroencephalographic
measurement. A single-channel electroencephalogram was
designed to collect brain activity data from the students’
brain. Simplicity and efficiency were the main reasons
for designing a single-channel electroencephalographic
monitoring system. Electroencephalographic data was
analyzed offline and the following frequency bands were
computed: delta wave ranging from 0.1 to 3.0 Hz, theta
wave (4.0 to 7.0 Hz), alpha wave (8.0 to 13.0 Hz), beta
wave (14.0 to 30.0 Hz), and gamma wave (31.0 to 47.0 Hz),
respectively.

Figure 1: BrainWare SAFARI Program by BrainWare Learning
Company
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Statistical analysis

The quantitative data was analyzed by mean of average and
standard deviation. Using inferential statistical analysis to
compare each type of brainwaves by compared t-test. Every
test was set to the statistic significant at p<<0.05.

RESULTS

In this study, the attention and mediation levels were
measured both before and after training all exercises in
the BrainWare SAFARI cognitive skills training program.
The results showed that the attention level changed in a
statistically significant at 0.05 level (p-value = 0.04). The
average before training was 60.51 (£ 1.49) score while
the average after training was 70.35 (£ 1.33) score. For
meditation level, there was changed with no statistically
significant at 0.05 level (p-value = 0.72). The average
before training was 40.92 (+ 1.73) score and the average
after training was 50.47 (£ 1.26) score (Figure 2).

Based on Table 1 and Figure 3, it was found that theta
and alpha brainwaves gradually increased while delta
and beta brainwaves did not change. Theta and alpha
brainwaves increased with statistically significant at
the 0.05 level while performing spatial ability tasks.
On the other hand, only gamma brainwave was found
to be decreased while performing spatial ability tasks.
In addition, it was found that delta brainwave did not
change much while performing spatial ability tasks after
BrainWare SAFARI training compared to baseline (before
training: 0.02£0.057uV; after training: 0.036£0.015 uV;
t(19) = 1.6; p=0.29) while theta brainwave increased with
statistical significant while performing spatial ability tasks
after BrainWare SAFARI training compared to baseline
(before training: 0.2710.17uV; after training: 1.1820.09uV;
t(19) = 1.3; p=<0.05).

In the same way, it was found that alpha brainwave
was found to be increased with statistically significant
at the 0.05 level while performing spatial ability
tasks after BrainWare SAFARI training compared
to baseline (before training: 0.14+0.38uV; after
training: 1.06£0.02uV; t(19) = 0.47; p=0.01). Similar
to alpha brainwave, beta brainwave increased with no
statistically significant while performing spatial ability
tasks after BrainWare SAFARI training compared
to baseline (before training: 0.18%£0.01uV; after
training: 0.22£0.31uV; t(19) = 1.17; p=0.34). Finally,
it was found that gamma brainwave decreased with no
statistically significant while performing spatial ability
tasks after BrainWare SAFARI training compared to
baseline (before training: 0.021+0.08uV; after training:
0.14£0.25uV; t(19) = 1.14; p=0.37).
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Figure 2: Attention and mediation levels were measured both before and after training with all exercises in the BrainWare SAFARI program
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Figure 3: Electroencephalographic activities while performing the spatial ability tasks both before and after BrainWare SAFARI training program

Electroencephalographic activities Before training After training p-value
Mean SD Mean SD
Delta brainwave 0.02 0.57 0.036 0.15 0.29
Theta brainwave 0.27 0.17 1.18 0.09 0.05*
Alpha brainwave 0.14 0.38 1.06 0.02 0.01*
Beta brainwave 0.18 0.01 0.22 0.31 0.34
Gamma brainwave 0.021 0.08 0.14 0.25 0.37
*p<o0.05
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DISCUSSION

Participants were able to complete some sessions in
BrainWare SAFARI training program showing some
improvements in multiple areas of cognitive processing.
Additionally, while the attention level changed with
statistically significant, the meditation level was changed
with no statistically significant.

Similar to Lumosity, a web-based brain fitness training that
previous study reported the improve visual attention and
memory recall in healthy adults after practicing.'® Some
previous studies reported that Lumosity could improve
visual attention in mild cognitive impairment patients, and
improved speed, flexibility and memory recall in cancer
recovered child patient.""® BrainWare SAFARI is a game
and brain training program used in many researches that
show significant result in improving cognitive performance
including speed, memory, spatial ability, and problem
solving, respectively. Theoretically, spatial abilities were
called as the mental capacities involving with construction,
transformation and interpretation of mental images."”
These abilities reflected the use of mental images for
manipulating spatial representations." Several studies have
been tried to determine the different factors composing the
spatial abilities. The visualization, orientation and spatial
relations were also known as main factors.” Spatial ability
test is known as the test to measure capacity to understand,
reason and remember the spatial relations among objects
or space."” Spatial or visuo-spatial perception, spatial
visualization, mental folding and mental rotation are
common types of spatial abilities. Each of four main
spatial abilities theoretically have unique properties and
importance to many types of tasks whether in certain jobs
or everyday life.” The spatial relation ability corresponds
to the capacity to rapidly and accurately rotate a mental
image."” The spatial abilities are linked with the mental
imagery including the mental rotation task and the spatial
relation which are intimately related as rapidly rotate a
mental image while performing this task.'”” These links
between spatial abilities and the mental imagery could affect
to the mental images (MI)-Brain Computer Interface (BCI)
petformance.”

A brain computer interface (BCI) is a hardware and
software communication system that enables its user
to interact with surroundings without the involvement
of peripheral nerves and muscles, i.e., by using control
signals generated from electroencephalographic activity.'
Participants in the present study showed some mean
improvements in electroencephalographic activities and
some areas of cognitive functions including memory,
attention, flexibility and problem solving, respectively.
This was consistent with findings in several previous
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studies such as in healthy adults, older adults with mild
cognitive impairment, and chemotherapy-treated cancer
survivors.''® The electroencephalographic activities
during practicing attention via BrainWare SAFARI game
brain training showed significant increase in theta and
alpha frequency bands. This study was consistent with the
following previous studies i.e., Egner and Gruzelier” and
Rossiter and LaVaque® found that SMR (Sensotimotor
Rhythm) or lower beta related to attention.

Cognitive skill training especially spatial ability, has been
shown to be efficient in many different areas including
mathematics and engineering education.” In addition, both
theta and alpha brainwaves were gradually increased after
practicing all exercises in the BrainWare SAFARI program.
The results stayed in the line with previous studies showing
that brain training program has efficient in many different
areas including mathematics and engineering education.”
Moreover, brain and spatial ability trainings were shown
to impact capacities in scientific learning.** A well-known
of mathematics and spatial abilities training was based on
the Vanderberg and Kuse* who developed the Mental
Rotation test. The mental rotation test was then developed
by Hoyek et al.” using a computetized version to train
students’ spatial abilities.

CONCLUSION

The findings in this study revealed that both theta and
alpha brainwaves increased with statistically significant
after training by BrainWare SAFARI training program.
The mean improvement of cognitive skills including
speed, memory, attention, flexibility and problem
solving shown by participants were consistent with
those findings in several previous studies. By practicing
attention games as BrainWare SAFARI game brain training
could significantly increase theta and alpha frequency
bands. BrainWare SAFARI game brain training could
significantly improve cognitive performance indexed by
the electroencephalographic activities.
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