
Asian Journal of Medical Sciences | Jan-Feb 2020 | Vol 11 | Issue 1	 57

INTRODUCTION

Brain is an organ that is easily affected by the physical 
changes. 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.1-3 Cognitive 
abilities including domain knowledge, crystallized 
intelligence, memory, and psychomotor speed were used 
in investigating the success in computer-based cognitive 

training programs.4 Previous studies used computer-based 
cognitive skill training in improving the cognitive abilities 
of  students diagnosed with specific learning disabilities.5-10  
These previous studies showed that computer-based 
training can be effective in improving executive functions 
and working memory.5,7,11 Moreover, some previous 
studies used computer-based cognitive training programs 
to examined the improvement of  working memory of  
adults and students.5,8,10 For instance, in Westerberg et al.’s 
study, it was found that computer-based cognitive raining 
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program improved the working memory of  adult patients 
who had stroke within the past year.10 Using students as the 
sample, Aleven and Koedinger5 and Thorell et al.9 found 
similar effectiveness of  computer-based cognitive training 
programs in improving working memory. Additionally, 
Olesen and his colleagues found similar results regarding 
the effectiveness of  computer-based cognitive raining 
programs in healthy adults.8

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. Therefore, this study was set to find spatial ability 
and cognitive skill abilities done by letting participants 
who performed spatial ability tasks after BrainWare 
SAFARI training exercises and also investigated by using 
the effectiveness of  commercially available lightweight 
Electroencephalographic (EEG) device.

MATERIALS AND METHODS

Participants
The experiment was done with twenty students, aged 
between 6-12  years old, who were in good health, 
no congenital illness, no record of  brain surgery, not 
taking medicines or drugs that affect to nervous system. 
Participants were excluded if  they had the following criteria: 
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. 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 neuroheadset 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.12 Spatial or 
visuo-spatial perception, spatial visualization, mental 
folding and mental rotation are common types of  spatial 
abilities.12 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.13-14 Each 
of  four main spatial abilities theoretically have unique 
properties and importance to many types of  tasks whether 
in certain jobs or everyday life12 (Figure 1).

Figure 1: One of participants performed the spatial ability task after 
training with BrainWare SAFARI Program
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Cognitive training program
BrainWare SAFARI was a cognitive learning program which 
was designed to comprehensively develop the cognitive 
skills. As these cognitive skills are important for learning, 
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 2). As 
BrainWare SAFARI required an internet connection, it was 
designed as a rich-client application to enhance the user’s 
experience. In addition, the log-in and progress through 
the program were 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, 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 participants' 
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.

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 BrainWare SAFARI 
training program. The result showed that the attention 
level changed with statistically significant at 0.05 level 
(p-value = 0.05). The average before training was 73.29 

(±.78) score and the average after training was 84.41 
(±0.93) score. For meditation level, there was changed 
with statistically significant at 0.05 level (p-value = 0.05). 
The average before training was 54.38 (± 0.73) score 
and the average after training was 76.33 (± 0.15) score. 
In average of  both attention and meditation levels, the 
cognitive performance or cognitive skill improvement was 
calculated. There was changed with statistically significant 
at 0.05 level (p-value = 0.05). The average before training 
was 63.84 (±0.37) score and the average after training was 
80.37 (±0.42) score (Table 1 and Figure 3).

Based on Table 2, it was found that all brainwaves gradually 
increased while theta, alpha, and beta brainwaves were 
changed with statistically significant at the 0.05 level. Even 
though both delta and gamma brainwaves were increased, 
but they were changed with no statistically significant while 
performing spatial ability tasks (Figure 4).

According to Table 2 and Figure 4, it was found that delta 
brainwave increased, but with no statistically significant 

Figure  2: BrainWare SAFARI Program by BrainWare Learning 
Company

Table 1: Attention and mediation levels as well 
as cognitive performance were measured both 
before and after BrainWare SAFARI training 
program
Cognitive 
abilities

Before training After training p‑value
Mean SD Mean SD

Attention 73.29 0.78 84.41 0.93 0.05*
Meditation 54.38 0.73 76.33 0.15 0.05*
Cognitive 
Performance

63.84 0.37 80.37 0.42 0.05*

*p<0.05 
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while performing spatial ability tasks after BrainWare 
SAFARI training compared to baseline (before training: 

0.03±0.15 µV; after training: 0.61±0.73 µV; t(19) = 1.27; 
p=0.43). Similar to delta brainwave, theta brainwave 
increased with statistical significant at the 0.01 level 
while performing spatial ability tasks after BrainWare 
SAFARI training compared to baseline (before training: 
0.36±0.07 µV; after training: 1.63±0.04 µV; t(19) = 0.87; 
p=0.01).

In the same way, it was found that alpha brainwave was 
found to be increased with statistically significant at the 0.01 
level while performing spatial ability tasks after BrainWare 
SAFARI training compared to baseline (before training: 
0.43±0.18 µV; after training: 1.81±0.12 µV; t(19) = 0.61; 
p=0.01). Moreover, beta brainwave also increased with 
statistically significant at the 0.01 level while performing 
spatial ability tasks after BrainWare SAFARI training 
compared to baseline (before training: 0.37±0.29 µV; after 
training: 1.93±0.07 µV; t(19) = 0.37; p=0.01). Finally, it was 
found that even though gamma brainwave increased, but it 
was not increased statistically significant while performing 
spatial ability tasks after BrainWare SAFARI training 
compared to baseline (before training: 0.93±0.25 µV; after 
training: 1.10±0.19 µV; t(19) = 1.77; p=0.24).

DISCUSSION

In general observation, all participants were able to complete 
the targeted number of  sessions of  BrainWare SAFARI. 
All participants showed significantly mean improvement of  
cognitive skills such as speed, memory, spatial ability, and 
problem solving, respectively. Additionally, the attention 
and mediation levels as well as a cognitive performance 
or cognitive skills improvement measured by lightweight 
Electroencephalographic device were also monitored either 
before or after training while performing spatial ability 
tasks. In this study, the cognitive performance increased 
statistically significant implying that all participants gained 
experienced significant improvements in multiple areas 
of  cognitive processing. The findings also showed that all 
brainwaves were increased with statistically significant while 
performing spatial ability tasks.

According to several previous studies, spatial abilities were 
called as the mental capacities composing of  construction, 
transformation and interpretation of  mental images. 
These abilities reflect the use of  mental images in order to 
manipulate spatial representations.15 A number of  factors 
have been proposed including visualization, orientation and 
spatial relations, respectively. In addition, the spatial relation 
ability corresponds to the capacity to rapidly and accurately 
rotate a mental image.15 Several studies have been tried 
to determine the different factors composing the spatial 
abilities.15 The finding of  present study was consistent 

Figure  3: Attention and mediation levels as well as cognitive 
performance were measured both before and after BrainWare SAFARI 
training program

Figure 4: Electroencephalographic activities while peforming spatial 
ability tasks both before and after BrainWare SAFARI training program

Table 2: Electroencephalographic activities 
while peforming spatial ability tasks both before 
and after BrainWare SAFARI training program
EEG 
activities

Before training After training p‑value
Mean SD Mean SD

Delta 
brainwave

0.03 0.15 0.61 0.73 0.43

Theta 
brainwave

0.36 0.07 1.63 0.04 0.01*

Alpha 
brainwave

0.43 0.18 1.81 0.12 0.01*

Beta 
brainwave

0.37 0.29 1.93 0.07 0.01*

Gamma 
brainwave

0.93 0.25 1.10 0.19 0.24

*p<0.05 
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with those findings in several previous studies including 
in healthy adults12,16-17. Moreover, electroencephalographic 
activities while performing spatial ability tasks showed 
significant increase in delta, theta and alpha brainwaves 
whereby the findings were also consistent with previous 
studies showing that the sensorimotor rhythm related to 
attention.13-14,18

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.19-22 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.23-26

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 activities.27 In the present study, all 
participants have shown significantly mean improvement 
in electroencephalographic activities and some areas of  
cognitive functions for instance memory, attention, and 
problem solving etc. Electroencephalographic activities 
after practicing spatial ability and cognitive skills training via 
BrainWare SAFARI in the present study showed significant 
increase in alpha, theta and beta frequency bands. Even 
though this study was inconsistent with the previous studies 
i.e.,  Egner and Gruzelier28 and Rossiter and LaVaque29 
found that SMR (Sensorimotor Rhythm) or lower beta 
brainwave related to attention, we found a relation between 
theta brainwave and memory which was consistent with 
Egner and Gruzelier and Rossiter and LaVAque studies.28-29 
Furthermore, the finding in the present study stayed in the 
line of  previous studies on brain training program which 
has been shown to be efficient in many different areas 
especially in the mathematics and engineering education.18,30 

Consequently, practicing the spatial ability and cognitive 
processing skills in BrainWare SAFARI in the present 
study could significantly increase all type of  brainwaves. 
Thus, BrainWare SAFARI training program could help 
significantly improve cognitive performance indexed by 
the electroencephalographic activities.

CONCLUSION

It is no doubt that all participants involved in this study 
were able to complete all sessions of  BrainWare SAFARI 

program. Those completed a sufficient number of  sessions 
in BrainWare SAFARI showed significant improvements 
in all multiple areas of  cognitive processing in BrainWare 
SAFARI. Practicing cognitive skills improvement games 
as BrainWare SAFARI could significantly increase alpha, 
theta and beta frequency bands. BrainWare SAFARI 
cognitive skills training could significantly improve 
cognitive performance in Thai children indexed by the 
electroencephalographic activities.
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