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Abstract— In this paper, we evaluate the effects of
neurofeedback training protocols of the relative power of the
beta-1 band and the fractal dimension on the reaction time of
human by the Test of Variables of Attention (TOVA) to show
which of these two protocols have the great ability for the
improving of the reaction time. The findings of this research
show that both protocols have a good ability (p < 0.01) to
improving of the reaction time and can create the significant
difference (as mean dRT = 37.3 ms for the beta-1 protocol and
dRT =19.6 ms for the fractal protocol) in the reaction time. Of
course, we must express, the Beta-l protocol has the more
ability to improving of the reaction time and it is able to provide
a faster reaction time.

Index Terms— Neurofeedback, Reaction Time, Test of
Variables of Attention (TOVA), Electroencephalogram,
Relative Beta-1 Power, and Fractal Dimension

I. INTRODUCT ION

Quality of individual’s performance depends on the
way of his interaction with environment and the amount
of mastery on his tasks. In addition, it seems that these
two factors depend on the individual's behaviors, and
their correction can improve the individual's behaviors.
Hence, researchers [1-4] using different indexes such as
reaction time and error rate are trying to correct these
factors. The reaction time is an important index that is
usually used in the tests of human performance such as
Simple Reaction Time test (SRT) [5], Diagnostic
Reaction Time test (DRT), Choice Reaction Time test
(CRT) [5, 6], Continuous Performance Task (CPT) [7],
Test of Variables of Attention (TOVA) [8, 9], Attention
Network Test (ANT) [9-11] and Wisconsin Card Sorting
Test (WCST) [1]. In fact, this index is applied for
measuring the amount of normality (e.g. addiction [12,
13]), intelligence [14], memory [15, 16], speed of
decision-making [17], attention and concentration [7, 8],
and level of alertness [18]. In result, the providing an
efficient method for correction of the reaction time can
make a big change in human behavior.

One of these efficient methods is the training of human
brain (or natural neural network) [7, 8, 19] that is able to
change the reaction time. Of course, remember that
learning of the natural neural network is a complex
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problem, and depends on the training method. Therefore,
development a training method compatible with the
natural neural network can create an outstanding
transformation in this field. Hence, we need to a suitable
model from the natural neural network! which it seems
that artificial neural networks (ANN) are the best case for
this model.

Scrutiny of the ANN [20] shows that these networks
needs to repetitive information and constant for the
learning. In fact, they use a train set, while this set is
constant during training [20]. Therefore, the repetitive
information and constant is essential for ANNs learning
process. Also, remember that the ANNSs are the primitive
structure type from the natural neural networks.
Therefore, it seems that above-mentioned training
procedure is a good theory for training of the natural
neural networks. Now, one method that can actualize this
theory is neurofeedback, which could offer the significant
results [7, 8, 19, 21] for the decrease of the specific
indexes such as the reaction time.

The conducted researches [7, 22] in attention and
concentration field especially in children with attention
deficit hyperactivity disorder (ADHD) show that the
energy of EEG bands (delta, theta, alpha, and beta) has
significant different compared to normal children. In
other words, the energy amplitude of the delta and theta
band in the ADHD children is comparatively higher than
that in the normal children while the energy amplitude of
the alpha and beta band in the ADHD children is
comparatively lower than that in the normal children [23,
24]. In the other, the studies [8] in the neurofeedback
field for the increase of attention show the training of
beta-l band power can provide a faster reaction time
compared to other protocok such as the training of SMR
band. Hence, researchers believes this band have an
acceptable correlation with the reaction time [8].

Some other of the researches [25 26, 27] in
neurofeedback field for improving of the brain-computer
interfaces (BCI) and the data-mining on the ADHD
children show that fractal dimension of EEG signal have
a good relationship with attention and concentration, and
that the fractal dimension reduced in brain signals of the
ADHD children.
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According to above studies, both the beta-I band power
and the fractal dimension have the adequate correlation to
the reaction time and they are able to the improving of
attention and concentration in human. Therefore, in this
work, we using neurofeedback training of these two
quantities check the change rate of reaction time after a
training course. In fact, we are going to know, is brain
able to control these quantities (Relative Power of the
Beta-l Band and Fractal Dimension)? Are these quantities
can adjust the brain function for the improving of the
reaction time? How much is amount of improving of the
reaction time for each these quantities? To this end, we
will focus on the processing of TOVA data of before and
after neurofeedback training for two groups: beta-l and
fractal dimension.

Il. MATERIALS AND METHODS

A.Subjects

Participants of this study were 10 students (male, mean
age 24.6 + 3.14 years) from Islamic Azad University
(Mashhad in Iran). Score T of Global Severity Index (GSI)
in the Symptom Checklist (SCL) - 90 questionnaire [28,
29] for these participants were lower than or almost equal
to 50 (see Fig. 1). In the other words, they had a normal
state according to this test. In addition, none of them had
not neurological illness, and that these participants were
doing all of their activities with the right side of the body.

—@— Fractal group
— -A— - Beta-lgroup
ME 50

Fig. 1. The score T of Global Severity Index (GSI) for subjects of two
groups: beta-1 and fractal dimension.

For regimentation of the participants into two groups
of five persons, and make the same conditions between
participants of the two groups from the reaction time
index of Test of Variables of Attention (TOVA) was

recorded before the neurofeedback training has been used.

This regimentation method (Fig. 2) causes the subjects
with the reaction times close together do not place in a
group. Generally, we named these groups as following: 1)
the neurofeedback training protocol of the relative power
of beta band-1 (band-lI group), 2) the neurofeedback
training protocol of the fractal dimension (fractal group).
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B. Data acquisition

A neurofeedback training course depends on
conditions and the amount of research precision can be
included the different steps of the data acquisition.
Nevertheless, for various reasons is usually reduced these
steps by prober.

A neurofeedback training course in this study was
included three steps: 1) testing by TOVA 2) training by
neurofeedback 3) testing by TOVA, which its details are
in Fig. 3. As seen in the figure the subjects (depend on
their groups) were trained for 12 sessions of 15 minutes
after testing by the TOVA. Upon completion of the
neurofeedback training sessions in thirteenth session
again by TOVA were tested the subjects.

MH =HN. 1420 MG =MS
ME = AF =" Wl MR = LH
~-@— Fractal group

=& Beta-l group

MM =MF Mean

Fig. 2. The regimentation of the participants into two groups of five
personsaccordingtothe reactiontime index of TOVA recorded before
the neurofeedback training.

Subject

Bvaluate reaction time

Neurofeedback
learning

Number of sessions: 12
Training time persession:
Total: 15 min

First half: 7.5 min
Secondhalf: 7.5 min

The number of sessions per
week: 3

Beta-1 protocol

Beta-l band: 12-18 Hz

Fractal protocol

Higuchi method [30]
Kmax: 10

Fig. 3. A neurofeedback training course
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Fig. 4. The Neurofeedback System

C.Visual Test of Variables of Attention (V-TOVA)

The reaction time is a measurable indexthat usually for
evaluation of the attention changes is used. Currently, this
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index by continuous performance tests is measured. A
simplified type of the continuous performance tests is
Visual Test of Variables of Attention (V-TOVA) [8, 31]
that it is a useful clinical tool to test the hyperactivity [32].
The V-TOVA is a computerized visual go/no-go task (Fig.
3), which is included two types the non-alphanumeric
stimulus: 1) Target (T-square), which subject should
answer to the stimulus by pressing a special key, 2) Non-
Target (NT-square), which subject should not answer to
the stimulus.

Generally, in two steps (four quarters) is recorded the
V-TOVA. Table 1 shows the stimuluses distribution of
the target and the non-target of the V-TOVA that we used
for this study. The first step of the V-TOVA measures the
reaction time of subject. Therefore, the ratio of target to
non-target in the quarters of first step is 1 to 3.5. The
second step of the V-TOVA measures impulsivity of the
subject and the ratio of target to non-target in the quarters
ofitis35to 1.

Table 1. the stimuluses distribution of the target and the non- target to
Visual test of Variables of Attention

Steps First Second
Quarters First | Second | Third | Fourth | Total
Target 36 36 126 126 324
Non-target | 126 126 36 36 324
Time (min) | 5.4 5.4 5.4 5.4 21.6
Index Reaction time impulsivity

D.Neurofeedback system

Fig. 4 shows the diagram block of our neurofeedback
system. This system is included two parts: 1) Hardware
part for the brain signal (Cz channel) acquisition 2)
Software part for processing, thresholding, and feedback.
As seen in this figure, the EEG signal of Cz channel is
acquired by a g.MOBIlab+ ! recorder, first. Then, the
feedback quantity (the relative power of the beta-l band
or the fractal dimension) is calculated to each subject
depends on his group. Finally, this quantity and threshold
are displayed as a visual feedback to the subject. Fig. 5
shows the visual feedback used in this study, which it
includes a yellow index (the feedback quantity) and a
green index (threshold) and a film.

Fig. 5. The visual feedback or graphical user interface (GUI)

1. Site: www.gtec.at
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The yellow index is proportional to the changes in
brain functions of the subject and green indexby training
providers is determined. Hence, the subjects in both the
beta-l and fractal group had to keep the yellow index
higher than the determinate threshold during the training
sessions. In the other words, the subjects of beta-I group
had to increase the relative power of the beta-l band and
the subjects of fractal group had to increase the fractal
dimension of the EEG signal.

E.Moving Average Window (MAW) and Thresholding

Thresholding method in this work is based on the
brain's ability to increase the feedback quantity. As seen
in Fig. 6, the MAW signal by the mean of sliding window
values of 120 samples on feedback quantity is produced
(Fig. 6a). So, the 30 seconds (120 samples or first
window) after the start of the training session is
calculated the percentage of the MAW signal that has
been higher than the initial threshold (Fig. 6b). This
percentage for the sliding window is successively
calculated, and it as a number on the graphical expert
interface is displayed (GEI). Therefore, the training
providers can adjust the threshold using this percentage.

Overall, the experimental values of the thresholding
values during training show 60% for the threshold
approximately equal to the brain power of subject for the
increase of the feedback quantity in each session. In fact,
a higher threshold (above 60%) take the more power from
brains that causes fatigue, lack of attraction and the
reduction the subject's motivation for learning. The other
hand, a lower threshold (down 60%) takes the less power
from brains. In this case, the training would be futile.
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Fig. 6. Thresholding: a) the feedback quantity and thesliding window of
30 seconds, b) Moving average window (MAW) and T hreshold
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F.Standard Scores

In some of the cases cannot show a raw quantity as
direct or compare it. Because, the mendacious changes
(very large or small changes) of the raw quantity causes
parasite in the comparison and the showing of the raw
data. Also, the comparison of the raw quantities with
different reference is difficult. So, we need to the
standard scores such as Z and T score. These standard
scores are able to show position of the raw quantity then a
certain mean.

Z score

Z score is a standard scores that it show the raw
quantify deviation from the its mean. So, if the raw
quantify vector is X = {X;, %, ..., X1}, and its mean and
standard deviation are p and o respectively. Then, Z
scoreis equal to:

X—u

Z= )

o

T score

The Z score is positive, negative, and decimal. Then
still, the understanding and interpretation of these scores
is difficult. T score is able to lessen these problems. To
this end, a fixed number (S) is multiplied the Z scores for
delete digits after two decimal points. Finally, it is
summed a fixed number (M) for remove the negative sign.
Therefore, the T score is equal to:

T=SZ+M (2)

In this work, the S and the M are equal to 10 and 50
respectively.

Table 2. The results ofreactiontime (RT) and reaction time variability
(RTV) extractedthe TOVA data of before and after a neurofeedback
training course.

RT (ms) RTV (ms)
Beta-1 Group
Subject | Before | After (IID.\,'% Before | After (I.E,).irf\f/)
MG 329.2 | 3089 | 204 2.32 1.22 1.10
MM 370.2 | 3461 24.2 4.62 2.95 1.67
MR 346.0 | 318.1 | 28.0 4.67 2.21 2.46
ME 371.6 | 3352 | 36.6 | 3.61 131 | 2.30
MH 4095 | 3321 | 77.4 6.63 3.25 3.38
Mean 365.3 | 328.0 K 4.40 2.21 2.18
Fractal Group
Subject | Before | After (I?{% Before | After (g.irc)
AF 377.1 | 3737 | 34 4.00 2.13 1.87
LH 349.8 | 3449 | 4.9 1.47 2.19 | -0.72
MS 334.8 | 3263 8.6 2.88 1.08 | 1.80
MF 367.6 | 3344 33.2 3.49 1.56 1.93
HN 427.0 | 3793 | 47.7 9.08 3.47 5.61
Mean 371.3 | 351.7 pRKS) 4.18 2.08 2.10
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Table 3. The results ofthe commissionand the omissionerror extracted
the TOVA data of before and after a neurofeedback training course.

Commission error Omission error
Beta-1 Group
Subject | Before | After (%'.fl.]; Before | After (g.ir]:];)
MG 4.17 4.17 0 2.33 0 2.33
MM 278 | 417 | -139 0 0 0
MR 2.78 2.78 0 0 0 0
ME 5.56 0 5.56 0 0 0
MH 0 0 0 0 0 0
Mean 3.06 2.22 | 0.83 0.47 0 0.47
Fractal Group
Subject | Before | After (I?_\,'_fl_; Before | After (RD‘ir]:];)
AF 6.94 1.39 | 5.56 0 0 0
LH 6.94 2.78 | 4.17 0 0 0
MS 5.56 0 5.56 0 0 0
MF 0 0 0 0 0 0
HN 8.33 2.78 | 5.56 0 1.39 | -1.39
Mean 5.56 1.39 | 4.17 0 0.28 -0.28

I1l. EXPERIMENTAL RESULTS

As explained in section II.B, a part of collected data is
related to the testing of two protocols of neurofeedback
training. Hence, in this paper, we will focus on the
processing of TOVA data.

Fig. 7 shows the T score of initial reaction time (IRT)
and difference of the reaction time (DRT) for the subjects
of the two groups. Similarly, Fig. 8 shows the T score of
initial reaction time variability (IRTV) and difference of
the reaction time variability (DRTV) for the subjects of
the two groups. These figures show the amount of the
created difference in the RT and the RTV depend on the
IRT and the IRTV of the subjects. In fact, the subjects
that have a slower IRT can improve their RT more than
subjects that have a faster IRT. In the other hand, the
comparison of the charts in these figures show that
correlation (Pearson) of the DRT and the RT for the beta-
I group (Corr = 0.884) is more than the fractal group. In
front, the comparison of the DRTV and RTV show that
correlation of the DRTV and the RTV for the fractal
group (Corr = 0.969) is more than the beta-I group.

Table 2 shows the reaction time (RT) and the reaction
time variability (RTV), and table 3 shows commission
(errors resulting from responding to non-target) and
omission error of the TOVA data for two groups. The
values of the table 2 show that the reaction time for
subjects of two groups were significant (p < 0.01). Of
course, this difference in Beta-1 group was greater (dRT =
37.3 ms). In other hand, the reaction time variability had
decrease in each two groups. This means that subjects
had a good focus on their new reaction times and that
they could decrease the reaction time fluctuations around
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its new average. In front, the changes of commission and
omission error in table 3 were less than the RT and the
RTV and almost are negligible.
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Fig. 7. The T score of theinitial reactiontime and thedifference of the
reaction time for after a neurofeedback training course
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Fig. 8. The T score of the initial reaction time variability and the
difference of the reaction time variability for after a neurofeedback
training course.

IV. DISCUSSION

Many studies have been conducted using
neurofeedback to increase reaction time especially for the
ADHD patients. According to current research findings
and experiences in the field of the neurofeedback, we like
to remind the following research:

1) Egner and et al. [8] in part of their work compare the
influence amount of neurofeedback training protocols:
the sensor motor rhythm (SMR) and beta-l on the
reaction time. In this work, they expressed the changes
of the reaction time only in beta-l group was
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significant (p = 0.01). Also, they reported a significant

margin (p = 0.05) for the reaction time variability of

the two groups, and that the reason for this margin was

the neurofeedback training. Finally, they reported a

faster reaction time for the beta-I protocol.

2)Qiang and et al. [25, 26, 27] suggested a Brain
Computer Interface (BCI) based on game and using
neurofeedback-training protocols of the fractal
dimension. In this study, the fractal dimension of a
hard-filtered signal (2-42 Hz) after thresholding as a
game is provided to subjects. Finally, they express the
concentration level has a good relationship with the
reaction time and almost all subjects can recognize two
states:concentration and relaxation.

3) Bashashati and et al. [33] use the theta band power
and the fractal dimension of the EEG for the
neurofeedback training. In sum, they express the
fractal dimension can be controlled by a person and
used in brain computer interface systems.

Howbeit, the results of above researches were
promising. Nevertheless, the papers that used the fractal
dimension were conducted for specific purposes such as
BCI. Therefore, they just are able to answer to a question.
Is brain able to control the Fractal Dimension of the EEG?
But, they are not able to answer, which are the Fractal
Dimension of the EEG in a biofeedback can adjust the
brain function for the improving of the reaction time?
Then, we cannot generalize these results for
neurofeedback training. In the other hand, the
Egner, his colleagues and some other researchers [34]
could answer that the brain not only can control the
Relative Power of the Beta-1 Band of the EEG, rather the
Relative Power of the Beta-l Band of the EEG in a
biofeedback can adjust the brain functions for the
improving of the reaction time.

In this work, we tried to show that the brain is able to
control both the Fractal Dimension and the Relative
Power of the Beta-l Band of the EEG. Also, we show that
both Fractal Dimension and the Relative Power of the
Beta-l Band of the EEG are able to adjust the brain
functions for the improving of the reaction time. In
addition, we could answer to another question. How
much is amount of improving of the reaction time for
each these training protocols? Answer of this question
provided in section IlI.

V. CONCLUSION

Reviews of previous researches show that
neurofeedback is a way to improve human behaviors.
Hence, the comparison and correction of training
protocols in this field can be a great help to improve
indexes depend on the human behaviors such as the
reaction time. So, we in this study tried to analyze the
TOVA data of before and after neurofeedback training
for two group: the beta-I and the fractal dimension. As a
whole, the findings of this study show that both the
neurofeedback-training protocols can improve the
reaction time. Of course, the beta-l protocols can provide
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a faster reaction time, which its reason is related to the
Relative Power of the beta-l. In fact, this feature has a
partial view of the signal. With this vision, the returned
(feedback) information to the brain is more constant and
more repetitive. In front, the fractal dimension has a
whole view of the signal. With this vision, Replication
and stability of the feedback information are not
completely guaranteed. Therefore, it seems that the
constant and repetitive information is a good theory for
the neurofeedback. According to this, we hope we can
prove this theory in the next studies by analyzing the
EEG signals achieved in the neurofeedback-training step.
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