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Examination of the Validity of Prevalent EEG Biofeedback

Training for the Increasing of Concentration (II)

- Effectiveness of the Intensification of Fp, a: wave - U

Takaaki NIWA 2

ABSTRACT

Motor performance is greatly influenced by mental concentration.

T herefore many researchers have paid great attention to ways of
increasing concentration. We have developed a way of increasing
concentration by E E G Biofeedback Training (BFT).

T he purpose of this study is to develop a method of prevalent
E E G biofeedback training, focusing special attention on inten-
sifying the Fp. a . wave.

The subjects were 16 students belonging to sport clubs at a women’s
University, 18 to 22 years of age. The biofeedback system (Type
FM515S) picked up the EEG of Fp. Position, and divided it into
six bandpass waves (the@., @ ., a:, ai, B: wave and the artifact). It
1) This research was presented at the 2nd Asian South Pacific

Association of Sport Psychology held in Hong Kong, January 1395.
2) Assumption Junior College, 1-13-23 Nyoidani, Minoo, Osaka 562,
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distinguished one which was dominant in the E EG in each 2 second
interval. The speed of A/D conversion is 20ms. The amplitude of
frequency of these six waves is divided into 1/256 per full scale and
each wave is output every 2 second. Signal sounds at the BF T were
apparent from FM515S when the Fp. a. wave appeared predominantly.
BET was done with the experimental group using the following pro-
cedure. A subject was sat down on a chair and then instructed to
imagine a scene of a good sports performance. Each BF T trial took
a total of 10 minutes per day, and was done with the eyes closed and
the body at rest. The training was conducted over a 5 day period.
The relation of the prevalent Fp.a. wave (9.5 - 11.5Hz) with the
concentration was examined. As a result, the following conclusions
were obtained :
1. A high level of concentration is accompanied by a large
time fraction of the Fp. a: wave.
2. Intensification of the Fp:a. wave can be accomplished
by biofeedback training of the prevalent E E G.
3. The concentration level can be increased by the intensi-
fication of the Fp:a. wave accomplished through biofeed-
back training using the imagination.

Key Words : Concentration, E EG, Biofeedback training, a. wave

INTRODUCTION

P sychological over-stress, the so-called 'stage fright', frequently
prevents people from exhibiting their ability completely in sports and
businesses and from achieving a peak performance. Recently its

mechanism has become of wide and great concern from the physi-



ological-psychological point of view (Crews and Landers, 1993;Ichimura,
1986 ; Niwa and Nagasawa, 1991 ; Niwa and Takayanagi, 1988a; Niwa
and Takayanagi, 1988b ; The Committee of Sport Sciences, 1981).
More recently, augmentation of psychological aptitude, such as
relaxation, concentration, and mental training have been investigated
and many papers on them have begun to be appear, including the
peak performance feeling test proposed by Garfield (1984), the seven
steps to peak performance by Suinn (1984), the attention control
training by Niederffer (1978) and so on.

Biofeedback training (BFT) by use of the prevalent E E G is con-
sidered to be one of the most promising methods for increasing concen-
tration and for achieving high performance (Niwa and Nagasawa, 1991).
So far, in this BF T research, special attention has been paid to
the appearance of a wave and its relation to the performance level.
That is because the a wave appears during Yoga and Zen meditation,
i.e. in a situation of high concentration and high consciousness
but being relaxed mentally. Kamiya (1969) suggested that the «
wave was intensified by an a wave BF T. He also reported the
intensification of the a wave could be correlated with an internal
emotion called the ‘comfortableness’. Such an a wave was usually
picked up from the back lobe. However, Siga et al. (1982) compared
the a wave from the frontal lobe with that from the back lobe and
showed the former wave has a very large amplitude in a certain
physio-psychological situation, with its appearance frequency and
its intensity being very low in a usual situation, e.g., only when
the eyes are closed. He also found a fairly good correlation of
the a wave with the internal consciousness. Hashimoto (1991)
picked up the E E G from the center of the forehead (frontal lobe)

and investigated the psychological situation when the a wave



was predominant in the E E G, i.e., when the a wave was the
prevalent EE G. She found that the a index is a more reasonable
measure of psychological response than the integral of uv.

So far the a wave has been considered to be associated with drow-
siness and a relaxed state, while it appears at a high concentration
and a situation of high consciousness during Yoga and Zen medita-
tion. Paying attention to this apparent contradiction, Niwa and
Hiro (1993) re-examined more carefully the a wave in the prevalent
E EG which was picked up from a forehead location, F p. (hereafter,
referred to as the Fp: a wave). A lthough the Fp: a wave had,
in general, been treated as one wave ranging from 8 to 13 Hz
between the 6 wave and B wave, it was divided into three
sub-ranges, i.e., a. wave (8-9Hz), a . wave (9-11Hz) and a:
wave (11-13Hz) and the appearance time fractions of the a .,
a . and @ s waves were being investigated as the prevalent EEG
(hereafter, referred to as the a., a. and a: waves appearances)
during performance tests such as pursuit rotor and so on. E xamining
the relations with the performances, it was found that the Fp: a-:
wave appearance becomes large at situations of high performance,
while the Fp. & and Fp: B waves appearances decrease in those
instances. Generally, high concentration can be assumed to cor-
respond to high performance, since those two have a close correlation
with each other. If it is the case, then the Fp:a . wave in the preva-
lent EEG is assumed to be intensified at high performance levels,
Conversely, if the intensification of the Fp. a. wave, i.e., the
increase of the Fp: a: wave appearance, is achieved by some training
and if it brings about high concentration and so high performance,
then good results are to be expected insports and business. This is

the motivation of the present work. Thus, the purpose of this work is



to develop a method of prevalent E E G biofeedback training, focusing
special attention on intensifying the Fp: a: wave and examining the
following hypotheses ;
1. A high appearance of the Fp: a: wave in the prevalent
E EG is to be associated with high concentration,
2. Intensification of the Fp. a:. wave or increase of the
Fp:.a: wave can be accomplished by E E G biofeedback
training.
3. The concentration level can be increased by the intensifi-

cation of the Fp. a . wave.

METHOD AND PROCEDURE

Subject were 16 under graduate students of a basketball club and
a tennis club from a women’ s university, from 18 to 22 years of age.

(Table 1) Items of measurement and apparatus is shown in Table 2.

Table 1  Subjects

Experiment I Experiment T Experiment II

All subjects:16 Experimental group:8 Experimental group:§
(Bio-feedback Training) Control group:§

Table 2 Items of measurement and apparatus

Item of measurement Apparatus

Performance Concentration level meter

(Type AF, Inaba Human Tech. Inst. make)
Electroencephalo- Bio-feedback system FU515S

gram (EEG) (FUTEK Electronics Ins. make)




A biofeedback system (Type FM515S FUTEK Electronics Inst.) was
used. Two electrodes of the E EG were fixed by a sensor belt at
4cm right (Fp. position ; exploring electrode) and at 4cm left.F‘p.
position ; earth) of the center of the forehead and a clip electrode
was put on an ear lobe (A, position ; reference electrode). Com-
mon mode noises were removed because the F M515S uses 3 measuring
points(Fp.. Fp: and A, position). The biofeedback system picked up
the EEG of the Fp: position and, dividing it into some bandpass
waves, distinguished one which was dominant in the EEG in each 2
sec. interval (referred to as the prevalent EEG). That is, in the
BFT system the EEG was digitized and then processed numerical-
ly by 6 digital band pass filters. The band pass filters were prepared
for the 0. wave (center frequency 5.6 Hz), a. wave (8.2 Hz), a.
wave (10.0Hz), as wave (12.0 Hz), A. wave (18.0 Hz) and artifact. The
influence of EOG is cutoff by the filter for artifacts of which the
center frequency is 2.5 Hz. Six waves were changed from analog to
digital by scanner. The speed of A/D conversion is 20 ms. The
amplitude of frequency of these five waves is divided into 1/256 per
full scale and each wave is output every 2 second. Figure 1 dem-
onstrates their frequency responses and verifies their excellent
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Fig. 1. Frequency Response of Filters of FN515S



frequency cutoff properties. T ime series of those bandpass signals
céme out simultaneously. Comparing the levels of the bandpass
signals, the prevalent signal was detected at every 2 sec. Then, the
time fraction of each wave prevalent in the E E G was calculated and
displayed on the B F T system. This time fraction of each wave was
used as the E EG index.

Here, it should be noted that the E EG emitted from the forehead
was used as the objective signal in this work. [t was preferred to
that of the occipital because the a wave in the forehead E E G
frequently has a much stronger intensity than the occipital one in
certain physio-psychological situations and it has a stronger
correlation with internal perception (Shiga et al. 1982).

In addition, followingHashimoto (1991), the E E G index was
adopted as a measure of psychological resbonse in the present work.

The following three experiments were performed in series;

E xperiment I was the examination of the correlation between the
concentration measurement by means of a concentration level meter and
each EEG (Fp. 6. a., a:, aiand B. waves) appearance just
before the concentration measurement.

E xperiment II was the biofeedback training (BFT) for intensificati-
on of the Fp. a. wave.

E xperiment Nl was done following the same procedure as E xperiment
I but after the BF T, an examination was made of the effectiveness
of the BFT

In all the E xperiments measurements of the Fp. a. wave
appearance were taken.

Concentration level was measured in Experiments I and II. For
that purpose a concentration level meter (Type AF, Inaba Tech. Inst.)

was used. Choosing randomly one numerical character from 1 to 9, the



concentration level meter displayed that character on the screen at a
fixed time interval and changed it consecutively. The time interval
was preset at 2 Hz for this work. During the measurement, a subject
held a switch in her hand and was asked to press the switch every time
one of the three characters assigned beforehand was displayed on the
screen. The number of test signals displayed on the screen at 2 Hgz,
together with the number of displays passed and missed by the subject
(referred to as pass and miss, respectively) were counted and display-
ed on the screen. Following that the number of correct responses,
i.e., the number of test signals minus those of pass and miss were al-
so displayed. In the present work the percentage of correct responses
were taken as a measure of concentration performance. E xperiments I
and II were carried out in the order shown in Fig. 2.

Setting up apparatus

Explanation of experiment

Practical trial

Rest (closed eyes) 60sec
Before the trial (closed eyes) 60sec

Trial 30sec 3 times repetition
Rest (closed eyes) 30sec
Rest (closed eyes) 300sec

Fig. 2 Order of Experiment | and II

Setting up apparatus
Explanation of experiment

Rest (closed eyes) 60sec
Bio-feedback training (BFT) 60sec
Rest (closed eyes) J0sec | 10 times repetition
Rest (closed eyes) 300sec

Fig. 3 Order of Experiment II
Subjects were divided into two groups (experimental group and con-
trol group of the same concentration level based on the results of

E xperiment 1I).



The biofeedback training (BFT) was done with only the experimental
group in Experiment @I using the following procedure. First, a sub-
ject was sat down a chair and then imagined a scene of a good perform-
ance in a sport. BF T was done with the eyes closed and the body at
rest. During the BF T the subject initially learned by herself what
was happening physio-psychologically during the time the Fp. a.
wave was prevailing in the E E G and then learnt how to create that
situation internally and maintain it for a longer time. The biofeed-
back system emitted a biofeedback sound like the chirping of a “bell
ring” insect during the time the «a . wave was dominating the other
waves in the EEG, i.e., during the time the a. wave was the prev-
alent EE G. The order of the BFT is depicted in Fig. 3. Each
training period took 35 minutes in total. The training was set for 5
days. The subject did the biofeedback training using the BF T system

in the laboratory.
RESULTS AND DISCUSSION

1. Correlation between the concentration performance and the
time fraction of each wave prevalent in the EEG ( Experiment I )

Since the time fraction of artifact being the prevalent EE G
was too large if eyes were open the prevalent E E G measurements were
taken with the eyes closed. In Experiments I and II the prevalent
E E}(}s.were measured for one minute before the trial (concentration
level measurement) and 5 minutes after the rest (see Fig. 2) were
examined.

I'n Experiment I the relation between the concentration performance
and the time fraction of each wave being the prevalent E E G was ex-

amined. By examining the results of E xperiment I, the 5-minute



rest period just after the concentration measurement was considered
to be the most relaxed time fore the subjects. That was taken as the
base situation and so the average of ten values of the a . wave

appearance in that situation was taken as the base value.

Table 3 Correlation Coefficients (r) and
the Level of Significance (P) between Basic
Appearance Rate (Time Fractions) of the
Prevalent EEG (Fp, 02 a: azr a3 B: ) and

Concentration

Prevalent BEG| r P

6a wave -. 135 |.361
a, wave - 155 |.293
ag wave .378 |.008
oy wave .242 |.183
Ba wave .229 |.047

I n Table 3 the correlation coefficients between the concentration
performance and the Fp.6. a., «a: as and S:. wave appearance
(time fraction of the Fp.9. a., a:, as and B: waves being
prevalent in the EEG), were examined together with their significance
levels. In Table 3, the basic appearance rate ( time fraction of each
wave) was introduced as;

Basic appearance rate (time fraction) of the prevalent EEG =
prevalent E EG in concentration performance time / prevalent EEG

in the base situation .
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A lthough the other correlation coefficients were, in general low,
highest correlation in the five waves is seen between the concentra-
tion performance and the « . wave appearance. The results of t test
between the high and low performance groups of appearance ratio of
prevalent E EG are shown in Fig.4. In this figure, the appearance
ratio of a. wave of the high performance group is higher than that
of the low performance group. F rom the these facts, it can be con-
cluded that high concentration performance is associated with the a.

wave and not with the other waves.



2. Effectiveness of the prevalent EEG biofeedback training

Measurements were taken 5 times (5 days) during the B F T period.

T hose were taken for each subject by use of the B F T system in
the laboratory. The result of t test between the experimental group
and the control group about the increased value of appearance (in-
creased value of appearance = appearance of Fp. a. wave in trial —
that in the base situation) in E xperiment I and E xperiment II
shown in Fig.5. In this figure, the increased value of the a .
wave of the experimental group was larger than that of the control
group. It can be said that the Fp. a. wave appearance increased
significantly after the BF T in the experimental group, but the
same cannot be said of the control group. So it can be concluded
that a significant increase of the Fp: a. wave appearance can be

accomplished by BF T of the prevalent E E G.
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3.Comparison of Experiments I and I about concentration level
Result of t test between E xperimentsI and I about performance
level of concentration is shown in Fig. 6. In this figure it can be
seen clearly that the concentration level is increased by the BE T,
when comparing the results of E xperiment I with E xperiment I.
From Figs.5 and 6, the increase in the concentration performance is
considered to be caused by the intensification of the a . wave by

means of the prevalent E E G biofeedback training.
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CONCLUSION

I n order to develop a method for increasing concentration, biofeed-
back training by means of the prevalent E E G was made for subjects
18-22 years of age. In the EEG picked up from the forehead (F p.
position) special attention was paid to the a. wave which was a sub-
range of the so-called a:. wave and ranged from 9-11 Hz in frequency
with the central frequency being 10.0 Hz, and the relation of the a.
wave with the concentration was examined. As a result, the following
conclusions were obtained;

1. A high level of concentration is accompanied by a large
time fraction of the a . wave being prevalent in the E E G,
i.e., by a high appearance of the a . wave.

2. I ntensification of the a . wave can be accomplished by
biofeedback training of the prevalent E E G.

3. Concentration level can be increased by the intensifica-
tion of the a: wave accomplished by biofeedback training.

(th fehdb& FFEHRD
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