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Examination of the two Dimensional Structural Model of Psycho-
physiological Syndrome of ‘““Stage Fright”’

Takaaki Niwa Nara Women’s University
Shigemi Takayanagi Nara Women’s University
Abstract

The following three studies were done in order to examine phenomenon of autonomic nervous
system regarding to “Stage Fright” in the situation both of sports contests and of public speeches.
The studies I and II had the subject, 409 members of both sex belonging to athletic clubs in high
schools and universities and the study III had the subject, 200 members of both sex in universities.
The questionaire was used and such items were examined as phenomenon of autonomic nervous
system, “Stage Fright” in four fields of perception-recognition system, thought-judgment system,
order-practice system and feedback system, and Y-G personality inventory and Anxiety Scale
(CAS), and the following conclusions were given to us.

1. It was clarified that there are two factors in phenomenon of autonomic nervous system regarding
to “Stage Fright” in the situation of sports contests, that is, the syndrome factor of sympathetic
nerve (the sympathetic factor) and the mixed syndrome factor of sympathetic nerve and para-
sympathetic nerve (the mixed factor).

2. When the mixed factor is compared with the sympathetic factor in phenomenon of autonomic
nervous system regarding to “Stage Fright” just before sports contests, the mixed factor shows
higher scores than the sympathetic factor in the “Four Fields of Stage Fright.”

3. It is supposed that the personality factor, determining “Stage Fright” of the mixed factor group
and that of the sympathetic factor group, is different from group to group.

4. In phenomenon of autonomic nervous system regarding “Stage F right” in the situation of public
speeches, the first factor and the second factor are both the mixed factor before the public speech
begins, but in course of speaking in the public, there exist the mixed factor and the sympathetic
factor.

5. It has been clarified that, in the situation both of sports contests and of public speeches, there exist
other phenomena unexplainable in terms of more excitement of sympathetic nerve regarding
phenomenon of the autonomic nervous system.

6. The two factors of which consists phenomenon of the autonomic nervous system of “Stage
Fright” in the situation of sports contests and the two factors of which consists phenomenon of the
autonomic nervous system of “Stage Fright” in the situation of public speeches, have the items of
a similar tendency. both before and in course of performance.
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The Relationship between Motor Performance
and Physio-psychological Situation

Takaaki Niwa

Kuniko Nagasawa

Nara Women’s University

Abstract

In order to clarify the relationship between motor performance and physio-psychological state
in competitive circumstances, the pursuit rotor was used to examine the relationship between
the pursuit rotor performance and EEG, especially «, wave, heart rate, and skin temperature.

Subjects were 16 students from a women's university, 19 to 23 years of age. In the prepara-
tory experiment, the results of performance led to three groups, that is , the high, the middle,
and the low. The subjects were required to repeat six times the process of a sixty-second rest
with the eyes closed, a sixty-second trial with the eyes open, and another sixty-second rest with
the eyes closed. The Biofeedback System FM515 (FUTEK) was used to measure EEG, and the
6 wave, a, wave (6.7-8.6 Hz), a, wave (8.6-12Hz), @y wave (12-14Hz), B wave were anal-
yzed based on their cycle. During the trial with the open eyes, the apparatus could not determine
the @, wave because of artifact, therefore, EEG, both immediately before and after the trial,
was examined. Room temperature was between 19.7C and 25.1 C. The following conclu-
sions were reached.

1. Those who show high performance show the a, wave as prevalent EEG, demonstrating
that they are more relaxed and their consciousness is more concentrated than others.

2. The a, wave shows a different tendency from that of the a; wave and the a; wave as
far as motor performance is concerned.

3. It was inferred that, there are two types of those who have sympathetic nerve pattern or
non-sympathetic nerve pattern during the performance (the state of tension), viewed from
autonomic nervous system function.
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ABSTRACT

Motor performance is greatly influenced by mental con-
centration. So many researchers have paid great attention to
ways of increasing concentration. We have developed a way of
increasing concentration by EEG Biofeedback Training(BFT).
The purpose of this study is to report about cases of in-
creased concentration using EEG BFT.

The subjects were 9 students of one basketball club
from a Women's University, 18 to 21 years of age. Subjects
were laid on the Bodysonic System and listened to syn-
thesized sounds, three BFT trials were then done (each trial
lasting three minutes) with FM515S. Signal sounds were ap-
parent from FM515S when the Fp2a 2 wave appeared
predominantly. Immediately before and after BFT, the con-
centration level and the appearance of the Fp2a 2 wave were
measured. This program was done every day for 13 days.

As a result, the following conclusion were obtained;

1. Persons with a high concentration showed a dominant
appearance of Fp2a 2 wave as prevalent EEG.
Prevalent FP2a 2 wave can be increased by EEG BFT.
Concentration can be reinforced by increasing the
prevalent Fp2a 2 wave

From this research, it is suggested that increasing the
Fp2a 2 wave by BFT increases concentration, and we want this
result to be applied at practically in educational situa-

tions.

INTRODUCTION

Psychological over-stress, the so-called 'stage
fright', frequently prevents people from exhibiting their
ability completely in sports and businesses and from achiev-

ing a peak performance. Recently its mechanism has become of
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wide and great concern from the physio-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 ap-
pear, including the peak performance feeling test proposed
by Garfirld(1984), the seven steps to peak performance by
Suinn(1984), the attention control training by
Niderffer(1978) and so on.

Biofeedback training (BFT) by use of the prevalent EEG
is considered to be one of the most promising methods for
increasing concentration and for achieving high
performance(Niwa and Nagasawa, 1991 ). So far, in this BFT
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 medita-
tion, i.e. in a situation of high concentration and high
consciousness but being relaxed mentally. Kamiya(1969) sug-
gested that the a wave was intensified by an a wave BFT.
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, Shiga 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 belng very low in a the usual
situation, e.g., only when the eyes are closed. He also
found a fairly good correlation of the a wave with the in-
ternal consciousness. Hashimoto(1991) picked up the EEG from
the center of the forehead (frontal lobe) and investigated
the psychological situation when the a wave was predominant
in the EEG, i.e., when the a wave was the prevalent EEG. He
found that the a 1index 1s a more reasonable measure of
psychological response than the integral of ux v.

So far the a wave has been considered to be associated
with drowsiness and a relaxed state, while it appears at a
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high concentration and a situation of high consciousness
during Yoga and Zen meditation. Paying attention to this ap-
parent contradiction, Niwa et al. reexamined more carefully
the a wave in the prevalent EEG which was picked up from a
forehead location, Fp2 (hereafter, referred to as the Fp2a
wave). Although the Fp2a wave had, in general, been treated
as one wave ranging from 8 to 13 Hz between the 68 wave and
B wave, it was divided into three subranges, i.e., a1l
wave (8-9 Hz), a 2 wave (9-11 Hz) and o 3 wave (11-13 Hz)
and the appearance time fractions of the a1, a« 2 and a 3
waves were belng 1Investigated as the prevalent EGG
(hereafter, referred to as the ¢ 1, a 2 and a 3 waves
appearances) during performance tests such as pursuit rotor
and so on. Examining the relations with the performances, it
was found that the Fp2a 2 wave appearance becomes large at
situations of high performance, while the Fp26 and Fp2p8
waves appearances decrease in those instances. Generally,
high concentration can be assumed to correspond to high per-
formance, since those two have a close correlation with each
other. If it is the case, then the Fp2a 2 wave 1in the
prevalent EEG 1s assumed to be Intensified at high perfor-
mance levels. Conversely, if the intensification of the Fp2
a 2 wave, i.e., the increase of the Fp2a 2 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 in sports and business. This is the motiva-
tion of the present work. Thus, the purpose of this work is
to develop a method of prevalent EEG biofeedback training,
focusing special attention on intensifying the Fp2a 2 wave
and examining the following hypotheses;

1. High appearance of the Fp2a 2 wave in the prevalent EEG
is to be associated with high concentration.

2. Intensification of the Fp2a 2 wave or increase of the Fp2
a 2 wave can be accomplished by EEG biofeedback training.

3. Concentration level can be increased by the intensifica-
tion of the Fp2a 2 wave.

METHOD AND PROCEDURE
= [iSid=



Subjects were 9 under-graduate students of one basket-
ball club from a women's university, from 18 to 21 years of
age. Experiments were done during two periods, i.e., 25
May to 4 June 1991 and 2 to 28 October 1991, under the room
conditions of 18.0-24.0 °C (room temperature) and 54.0-72.0
% (relative humidity),

A biofeedback system(Type FM515S, FT Tech. Inst.) was
used. Two electrodes of the EEG were fixed by a sensor belt
at 4 cm right(Fp2 position ; exploring electrode) and at 4
cm left(Fpl position ; earth) from the center of forehead
and a clip electrode was put on an ear lobe(Al position ;
reference electrode). Common mode noises are removed because
the FM515S uses 3 measure points(Fp2, Fpl and Al position).
The biofeedback system picked up the EEG of Fp2 position
and, divided it into some bandpass waves, it distinguished
one which was dominant in the EEG in each 2 sec. interval
{refered to as the prevalent EEG). That is, in the BFT sys-
tem the EEG was digitized and then processed numerically by
6 digital band pass filters. The band pass filters were
prepared for the 6 wave (center frequency 5.6 Hz), a 1 wave
(8.2 Hz), a 2 wave (10.0 Hz), a 3 wave (12.0 Hz), B wave
(18.0 Hz) and artifact. The influence of EEG is cutoffed by
the filter for artifact which center frequency is 2.5Hz. Six
waves were changed from analog to digital by scanner. The
speed of AD change 1s 20ms. These the amplitude of frequency
is divided into 1/256 per full scale and each wave is out-
put every 2 second. Figure 1 demonstrates their frequency
responses and verifies their excellent frequency cut-off
properties. Time series of those bandpass signals came out
simultaneously. Comparing the levels of the bandpass sig-
nals, the prevalent signal was detected at every 2 sec. 1in-
terval. Then, the time fraction of each wave prevalent in
the EEG was calculated and displayed on the BFT system.

Here, it should be noted that the EEG emitted from the
forehead was used as the objective signal in the present
work. It was preferred to that from the occipital because

the a wave 1in the forehead EEG frequently has a much
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Fig. 1. Frequency Response of Filters of FM515S

stronger intensity than the occipital one in certain
physio-psychological situations and it has a stronger cor-
relation with the internal perception (Shiga et al. 1982).
In addition, following Hashimoto(1991), the a 1index was
adopted as a measure of psychological response in the
present work.

The following three experiments were performed in
series;
Experiment I consisted of the concentration measurement by
means of a concentration level meter and comparison of the
Fp2a 2 wave appearances just before and just after the con-
centration measurement.
Experiment 0 was the biofeedback training (BFT) for inten-
sification of the FP2a 2 wave.
Experiment I was done following the same procedure as Ex-
periment I but after the BFT, an examination was made on
the effectiveness of the BFT. In all the Experiments
measurements of the Fp2a 2 wave appearance were performed

Concentration level was measured in Experiments I and
Il . For that purpose a concentration level meter (Type AF,
Inaba Tech. Inst. ) was used. Choosing randomly one numeri-
cal character from 1 to 9, the concentration level meter
displayed that character on the screen at a fixed time-

interval and changed i1t consecutively. The time-interval was

—134—



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 Hz, together with the
number of displays passed and missed by the subject
(referred to as the pass and miss, respectively) were
counted and displayed on the screen. Following that the num-
ber of correct responses, i.e., number of test signals minus
those of pass and miss were also displayed. In the present
work the percentage of correct responses was taken as a
measure of concentration performance. Experiments I and II

were carried out in the order shown in Fig.2.

Setting up
Rest(closed eyes) 300 sec. Explain of experiment I
Practical trial 30 sec. Music of relaxzation 240 sec.
Before the trial(closed eyes) 60 sec. Rest 60 sec.
Trial 30 sec. EEG BFT(1) 180 sec.
After the trial(closed eyes) 60 sec. Rest 60 sec.
Rest{closed eyes) 300 sec. EEG BFT(2) 180 sec.
\L Rest 60 sec.
3 times repeat EEG BFT(3) 180 sec.
Fig. 2. Order of Experiment I - I Fig. 3. Order of Experiment II

The biofeedback training (BFT) was done in Experiment
I by the following procedure. At first, a subject was laid
on the Bodysonic system (Bodysonic Co.) and listened to
music with her eyes closed. The music played was syn-
thesized. It was the 3rd one on the B side of the music cas-
sette for consciousness (Tape 2: for Application, FT Tech.
Inst. Co.). This relaxed the subject and prepared her
psychologically for the BFT.

BFT was done under a condition without music (no sound)
and with the eyes closed. During the BFT the subject ini-
tially learned by herself what was happening physio-
psychologically during the time the Fp2a 2 wave was prevail-
ing in the EEG 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 2 wave was
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dominating the other waves in the EEG, i.e., during the time
the a 2 wave was the prevalent EEG. Thus, the subject
through training learnt how to create a situation where by
she could hear the biofeedback sound and keep it ringing as
long as possible. The order of the BFT is depicted in
Fig.3. Each training period took 16 minutes in total. The
training period was set for 13 days. On the first day and
every third day (so, 1st, 4th, 7th, 10th and 13th day, 5
times in total) the subject did the biofeedback training
using the BFT system in the laboratory, while on the other
days she trained at home once a day, without using such a
biofeedback system. At home she listened to the music men-
tioned above, closing her eyes, and then under a no sound
condition she recalled the memory of the situation in which

the a 2 wave was prevalent in the EEG.

RESULTS

1. Correlation between the concentration performance and
the time fraction of a 2 wave prevalent in the EEG
(Experiment I)

Since the time fraction of artifact being the prevalent
EEG was too large 1if the eyes are open the prevalent EEG
measurements were taken with the eyes closed. In Experiments
I and M the prevalent EEG's measured for one minute before
and after the trial (concentration level measurement) and 5
minutes before and after the rest (see Fig.2) were examined.

In Experiment I the relation between the concentration
performance and the time fraction of the FP2a 2 wave being
the prevalent EEG (referred to as the a 2 wave appearance)
was examined for each individual subject. In Table 1 the
correlation coefficients between the concentration perfor-
mance and the Fp2a 1, a 2 and a 3 wave appearances (time
fractions of the Fp2a 1, a 2 and o 3 waves being prevalent
in the EEG), are examined together with their significance
levels. Although the other correlation coefficients were, in

general, low and scattered among subjects, remarkably high

—136—



Table 1 The Coefficient of Correlation(r) and the Level of
Significance(p) between Appeared Rate of the Prevalent
EEG(Fpse,-0;-aswave) and Concentration

sblals]c]o]Ee[r]eul
BT ¢ [-.770|.960 | 779 | . 000 |- 999 |- 976 |- 329 |- 625 | _ 000
o | 440|180 | 432 |1 000 | 035 | 139 | 787 570 1 000

of AT r |- 771].912 |- 986 | . 000 | . 240 |- 315 | 982 | . 045 | . 000
p |.440 | .270|.108 [1. 000 | . 846 | . 760 . 120 | 971 |1 000

BT ¢ |.970(.998|.870|.500.996 | 854 |- 013 | .990 | . 866
‘ p | .156[.044].329 | 667|056 | 349 991 091 | 333
a)l ATt |.996[.996 |- 851 [1.00q . 945|301 .999 | .999 | 000
p |.167].056|.352 | .000.212| . 805].032] 022 [1. 000

BT r |-166(.912].967].000|.000]. 000757 - 853 | 651
p [.894].270 . 163 [1. 000 [1. 000 [1. 000 | . 453 | 350 | . 548

e AT v [-.971].912 [~.431|.000 | .000 | .000 |- 329 |-. 920 |-. 327

p | .103].270.716 |1.000 |1.000 [1.000 | . 787 | . 256 | . 788
BT: before trial AT: after trial

correlation is seen between the concentration performance
and the a 2 wave appearance. The correlations of the con-
centration performance with the a 1 and a 3 wave appearances
are not distinguishable in Table 1. Thus, it can be con-
cluded that high concentration performance is associated
with the a 2 wave and not with the a1 and the « 3 waves.
Then, 1is the contrary true? Or can we increase the con-
centration level by intensifying the a 2 wave? If the aug-
mentation of the concentration level can be accomplished by
the a 2 wave intensification, it is very useful for sports
and business. Then, how can the a 2 wave be intensified? The
EEG biofeedback tralning was examined for this purpose in

Experiment 1

2. Effectiveness of the prevalent EEG biofeedback training
(Experiment II )

By examining the results of Experiment I, the 5-minute
rest period just after the concentration measurement was
considered to be the most relaxed time for the subjects.
That was taken as the base situation and so the average of
three values of the a 2 wave appearance in that situation
was taken as the base value. For evaluating the effective-
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ness of the prevalent EEG biofeedback training, the follow-

ing values were introduced as;

Increase of appearance = appearance of a certain wave in
the trial - that in the base situation

Increased ratio of appearance = appearance of a certain
wave in the trial + that in the base situation

Measurements were taken 5 times (on 1st, 4th, 7th, 10th
and 13th days) during the BFT period. Those were taken for
each subject by use of the BFT system in the laboratory. As
a typical example, the result of subject A is presented in
Figs. 4 and 5, where the increase of the appearance and the
increased ratio, respectively, were plotted against the day.
From these figures 1t can be seen that the a 2 wave ap-

B 0 wave
& wave
Bl o, veve
o 5 wave

[ B wave

O A " "
v 1st day 4th day Tth day 18th day 13th day

Fig. 4. Increase of Appearance of Prevalent EEG
in EEG BFT(Subject A)

2r —— 0 wave
‘/- - - - o) wave
-o— oy vave
-—— (t g wave

- B wave

1st day 4th day Tth day 1Bth day  13th day

=

Fig. 5. Increased Ratio of Appearance of Prevalent EEG
in EEG BFT(Subject A)
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Table 2 t Test between Rest Situation and BFT
of the Prevalent EEG(Fpzt, wave)

EEG | sub. | st day | dth day | Tth day [10th day | 13¢h day

226 |.022 .ot |02 |.023
105 [.500 | . 174 | 350 |.248
445 | 075 |.378 |.019 |.017
076 |- 139 |.243 |.022 |.114
008 |.006 |.043 |.029 |.103
053 |.225 |.036 |.155 |.002
178 |.073 |.103 |.086 |.225
020 |.o011 |.033 |.070 |. 068

.420 |-.448 |.303 |.232 |-.413
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Fig. 6. Increase of Appearance of Prevalent EEG(Fpsa; Wave)
and Concentration at Experiment I (1~3 Times)
and ExperimentIl (Subject B)

before the trial

Exp. =1 Exp. [ -2 Exp. I -3 Exp. 1 (average) Exp. ®

1.3

>

-

-

.

<

3

8 e after the trial :‘€

o —_— conceatration(tbhe trial) 4100 5

] 3

] °

§ ]

(1]

52 80 §

> 4

* =3

a 8

.~ 60

, P

s )

g 1 g

g =

g 40 g

g ! g

g8 -
{20 2

s O £

: g

z 0 8

[ 3

o

[ 3

“

]

v

M

(2]

a

15

Fig. 7. Increased Ratio of Appearance of the Prevalent EEG
(Fpza; Wave) at Performance and Concenmtration of
Experiment I (1~3) and Experimentll (Subject B)

—139—



pPearance increased significantly after the first measure-

ment. Table 2 summarizes the result of the t-test. A sig-
nificant increase of the Fp2a 2 wave appearance, i.e., sig-
nificant intensification of the a 2 wave could be observed
in the course of the prevalent EEG biofeedback training for

all the subjects. As seen in Table 2, effectiveness of the
BFT was confirmed for 8 subjects, of which 6 subjects showed

high significance levels.

3. Concentration level after the prevalent EEG biofeedback
training (Experiment W )

w beforc the trial
mﬂﬂﬂnﬁﬂ after the trial

———— concentration(tbe trial)

concentration(ratio of correct answer %)

Exp. 1 -1 Exp. 1 -2 Exp. | =3 Exp. I(average) Exp. I

locrease of appearance of the prevalent Fpie; vave (%./12in.)

Fig. 8. Increase of Appearance of Prevalent EEG(Fpsa, Wave)
and Concentration at ExperimentI (1~3 Times)
and ExperimentIl (Subject C)
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Fig. 9. Increased Ratio of Appearance of the Prevalent EEG
(Fpzaz Wave) at Performance and Concentration of
Experiment I (1~3) and Experimentll (Subject C)
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Results of the BFT for subjects B, C and F are shown in
Figs. 6 to 11, where the concentration performance and the
increase of the a 2 wave appearance and its increased ratio
after the BFT were compared with those before the BFT. For

example, from Figs. 6 and 7 it can be seen clearly that both

the concentration level and the a 2 appearance were in-

creased by the BFT, when comparing the results of Experiment

B oeq) before the trial

el

HIBRHINE  after the trial

concentration(the trial)

100

(%./nin.)

concentration{ratio of correct answer 2%4)

Increase of appearance of the prevalent Fpag: wave

Exp. 1 -1 Exp. 1 -2 Exp. § - 3 Exp. I (average) Exp. I

Fig 10. Increase of Appearance of Prevalent EEG(Fpya, Wave)
and Concentration at Experiment I (1~3 Times)

and Experimentll (Subject F)
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Fig. 11. Increased Ratio of Appearance of the Prevalent EEG
(Fpya, Wave) at Performance and Concentration of
Experiment I (1~3) and ExperimentIl (Subject F)
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M with Experiment I. From this fact the increase in the
concentration performance, i.e., augmentation of the con-
centration level, is considered to be caused by the inten-
sification of the a 2 wave by means of the prevalent EEG
biofeedback training. The results for subjects C and F
(Figs.8-11) also support the effectiveness of this BFT.
Results of subject G are shown in Figs. 12 and 13. The

m before the trial
‘mmﬂﬁﬂmﬂ after the trial

————— concentration(the trial)

concentratlon({ratio of correct ansver 9%)

Increa
se of appearance of the prevalent Fpraz wave (%,ain. )

Exp. [ —1 Exp. I -2 Exp. I -3 Exp. I(average} Exp. E
Fig. 12. Increase of Appearance of Prevalent EEG(Fp;a, Wave)
and Concentration at Experiment I (1~3 Times)

and ExperimentIl (Subject G)
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Experiment I (1~3) and ExperimentIll (Subject G)
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decrease of concentration performance is considered to be
caused by the decrease of the a 2 wave appearance when com-

paring the results of Experiment I with Experiment 1

DISCUSSION

Hypothesis I, i.e., high correlation between the con-
centration performance and the a 2 wave appearance, may be
examined in Table 1. High correlation was observed for all
the subjects except for subject G before the trial. It was
also confirmed in the pursuit rotor test (Niwa and Nagasawa,
1991). Therefore, it can be concluded that the high con-
centration level 1s associated with the high appearance of
the Fp2a 2 wave. Those high levels occurred Just before and
after the concentration test, in particular, just before the
test with the eyes closed. However, these high correlation
coefficients could not be concluded with the high sig-
nificance level. That is due to the small number of trials,
i.e., three times.

Taking into account the high correlation between the
concentration performance and the Fp2a 2 wave appearance,
the next step of the present work is to examine whether the
prevalent biofeedback training can intensify the Fp2a 2 wave
and then confirm whether the intensification of the a 2 wave
does bring about a high concentration performance.
Hypothesis II assumes the effectiveness of the prevalent EEG
biofeedback training for the intensification of the a 2
wave. Its evaluation was made in Experiment I . As seen in
Table 2, a significant increase (significance level p <
0.05) of the Fp2a 2 wave appearance was observed more than
3 times for 3 subjects (subjects A, E and H), twice for 2
subjects (subjects C and F) and once for subject D.

Of the remalning subjects, an increase in the Fp2a 2
appearance was observed in subjects B and G, although their
significance levels were not high enough. However, of all
the 9 subjects, only one subject (subject I) did not show
clear effectiveness of the prevalent EEG biofeedback train-
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ing, whose Fp2a 2 wave appearance Increased twice but
decreased once. From these results, the prevalent EEG
biofeedback training was considered to be effective for in-
creasing the time fraction of the Fp2a 2 wave being
prevalent in the EEG and so for intensifying the a 2 wave,
even though the effectiveness level was different for each
subject.

Next, an examination was made on Hypothesis MM , i.e.,
high performance of concentration can be accomplished by the
intensification of the Fp2a 2 wave, referring to the results
of Experiment II . That experiment was done following the
same procedure as Experiment I but only for the subjects
whose a 2 wave had been intensified by the prevalent EEG
biofeedback training. If the concentration level after the
BFT ( Experiment I ) is higher than that before ( Experi-
ment I), then Hypothesis I 1s established to be true.

As seen in Figs. 6 to 13, both the Fp2a 2 wave ap-
pearance and the concentration performance were increased in
Experiment Il , i.e., those values were higher than those of
Experiment I. That can be seen clearly in 7 subjects out of
9. Of the remaining 2 subjects, one (subject G) showed a
decrease of a 2 wave appearance which was accompanied by a
decreased concentration performance, even so the correla-
tion was high between the a 2 wave appearance and the con-
centration performance. Only one subject (subject I) was ex-
ceptional and showed a significant increase in the a 2 wave
appearance but not in the concentration performance. This
subject was also the one exception that did not show ef-
fectiveness for the intensification of the a 2 wave by the
BFT. These facts were caused by the following reasons; Sub-
ject I recorded an extremely high concentration performance,
94.1%, even before the BFT (in Experiment I). That value was
already high enough before the BFT and so in Experiments II
and III, therefore, the subject was in a very difficult
position for increasing her concentration performance sig-
nificantly more than that in Experiment I, although the con-
centration performance attained in Experiment III was a
little higher than 94.4%, moreover, accompanied by the in-
creased o 2 wave appearance. It was, of course, clearly seen
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that both the average value of the a 2 wave appearances and
the average of concentration performances of all the sub-
jects were increased in Experiment III. Therefore, it can be
concluded that concentration performance can be increased
by intensification of the Fp2a wave by means of the EEG

biofeedback training.

CONCLUSION

In order to develop a method for the increase of con-
centration, biofeedback training by means of the prevalent
EEG was made for subjects of 18-20 years of age. In the EEG
picked up from the forehead (Fp2 point) special attention
was paid to the a 2 wave which was a subrange of the so-
called o -wave and ranged from 9-11 Hz in frequency with
the central frequency being 10.0 Hz, and the relation of the
a 2 wave with the concentration was examined. As a result,
the following conclusions were obtained;

1. High concentration level is:-accompanied by a large time
fraction of the a« 2 wave being prevalent in the EEG, i.e.,
by a high appearance of the a 2 wave.

2. Intensification of the a 2 wave can be accomplished by
biofeedback training of the prevalent EEG.

3. Concentration level can be increased by the intensifica-
tion of the a 2 wave accomplished by the biofeedback train-

ing.

In this way, the prevalent EEG biofeedback training has
been verified to be effective and applicable for the in-
crease of the concentration level. Intensification of the a
2 wave, as well as, other subranges, a 1 and e 3 waves, and
their effects on other performances, e.g., those of short
memory and pursuit rotor, are interesting in the understand-
ing of the relation of the a 1, a 2 and a 3 waves with
physio-psychological situations. Those results will be pub-

lished in near future.
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* k% X * % % * X *
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& FORiE1088E (—10, +10)

30

25

ZHEL 12, (8)
1) BTN T A =
H1. M1, L1gormgEac A B
M LIEMABEOT( AR A, G 19
5. 6ITRT. BRIV, B S
8

FERCLIT T, H1BEORMB L
UHE (K4) &, M 1EORSE
(B5) IZBNWT, LIEEEETE
PEECESL TN, —H, B
FtkiTH 1 HHFHC BNV TDH,

6 EREEICHE S LNHEEEOR/ (L 13)

J/ \
d X

-
PRE -10 -5 TRIGE. +5 +l0 POST

-O--L 1 35
—N—L 1 &5

BEIHIILTW . L18HZ (X6) REITBNTEREEA (—-5) &<, BE% (+5) HE< =
THY. H1, MI1BLEEZSEEEERLZ. 2OTE»S, ERSEILMIEOR S T4 Rz iF

RFICEEEAEF|INTNEEEZ SNS,

FiE (0) #EEL LT, A8L
FFLdbMLl, L1, HI1#EODIR

-0.1

ITE< . H 1B L 0.0 (C)

BEBELBROCTEMBTETV .
ZOTEHS, HELNSIEES
5O BHBRICE. Boxkh
ZB < e DITEEES RO
LBERYIRERTHELEL SO
3o iz, AT E AR TIIREEL
LIEL CTRET & ) LARREFTS
{7Z2>THH. RMLELLDBLE
FIIERPERL TNELE LS
ha.

2) BEEHRITHONT

H1, M1, L 1ZORREE
RS B RISHIEOZ L AR 7 |
8. QITRT. BRIFFIPSE
FEHCHPUTTC, H1E (®T) @
FENCOHEEICHM. BREE
H 1 B8 LM 1 Bt - &
5 (X8) iKBWTHERICHAIL
Tz, LpL, L 18 (X9)
OEA(LICHERZZZA SN #ZD >

et ¢ o B 38 R
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% i B B 0 O
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(8 EEREE D RRERIEREDE/ (M 1E)
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L . vl [
]
= 1
PRE -10 -5 TRIGG. +5 +10 POST
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* X
PRE -10 -5 TRIGE. +5 +l0 POST
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fzo TOZEHNS, B -HEEE ik
IZBERIRAEIC & > T HLEEFERC, P
ROBIEEIL L), BRETH ()";1
BNI—HEHERPDHL LR 3
bha. LoL, BESFHIO E 0
T REREMICEREREOF & 0°
BREREASNZP S 2. B
£zH1, M1, L1EHOKE

BIYEEOZELE RS & TH

(0) mEHL LT, 2ot - =5

-0.5

-L0-~1 1 s
—B--). 1 Ak

PRE

-10

-5 TRIGG.

15 +10

POST

BIO  EFREBIC > RS RIEEEOZEL (L 18%)

EBM1. L1, HI1BEOIEKCE

BERITES oz 20, HIBIMOBELD O Y F v 7 AL RETHBIBATHNS EEX SN b,
Fie, B - AFTIHEB L OILEL T FEFHCEVMEEZRL T Y. ALES L) OERBEOHHBEIEE
KHEL TR LTSS, Yoy 27 ARBTHELEZ SN S.

M. H2, M2, L2BECBITABEE0
%, REERORGR

H1. M1. L 1BCST2EM0728
BETHAH2, M2, L2BOEESE
CEBSRIC BT 2,058 & BFERORHE
EZE(EAX10. KIUTRT. X095, H
2BOEBRARHLARAS TS &5 2B
ICBRLTNWAH, BEARIETEY =
> TWIZWRFIZE > TW5, M2EHIHEIC
DI TBY o 2R EELTERLT
W3 (277U — 5 L TRIGG. BficEE=2 L
) o L2ETOEA T E30%FT
FTICERL TS (J27ZUTRIGG. £ +50
BicEEERZL) . 2n6 Ly, H2E0D
AR MESOBF TEFIICHAT
EB3DTRARVWPEEZ S, HlPS, K
BRIT SRR, PP B> T
WaH, H2BOEERFFOA. £OMM
ORI L 2> TNB, TOZ &AL T
SEESICRFT 2N ENHZ BN 3.

(8)

L
i=!

= B R o

o R ok S i -

&

o R o S

a5
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25

20

35
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25
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H 2 E?ﬁ\

—
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B

-10

-5

TRIGG.

5 10

—O—H 2 %{%ﬁﬁ
—@—H 2 EALAT

—A—M 2 &EFEF
—A—M 2 (K55

—O—L 2 &#E 0k
—M—L 2 {KE &k

D10 FFREREBICAE S OIEEUEEIEOZE(L ( H2, M2, L2EF)
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-0.9 ”Cii:h‘szi_
() E//fCZ::xfﬁh%
B 1.1 —g
& /

& -1.3
o5 i A
i 7”’”r o
“1.1 o
-10 -5 TRIGG. 45 +10

—O—H255aF
—O—H 2 EES
—A—H 2 5548
—A—H 2 EBSF
—(O0—H 255858
—l—H 2 {EE Lk

M1l FeEESRICHE D REREEE O ( H2, M2, L28¢)

. EHeE

I=()l: {57

R 1 RHEHES, THIEDE,
‘E&EE“J%"??; ) ﬁ*‘ r) &
%mﬁuﬁﬁﬁg i ﬁd
AEHE A RhE
Wi b —
zh = _
o=
=N ) e
g% T L5711
ME | n| 27
E|p .00l
X r -. 4562 -.5870
&
B2 | n| 26 26
Elp . 010 .00l

BRELHORFICEIT 2 THNBAL, ERICLAETES LURREORAER L ITRT. K195,

Al L EREOBRICADHENSH N, X512, ChoDEHEH2, M2, L2BEOEREHIIONT,
H 2 B0 BSEOTBMERER. BEAROETNK
B8 EE) |dperformance & EFE WHEREL OHEFKE. d

BALEBAOMTHELR (R2) . TOBR

NLHECEDS 2. Tibhb, BRULE (

ZEEEESHATLPTETNEIEEISNS. L, BREBAOMRESSNZ1-2 T2,

®2 H2. M2, L2HO 5ﬁ®Iﬁ%£(mﬁﬁﬁ
B AR LB T i)

|  H2® -3 | M2 (=5 | L2% (=

| HIGH SCORE | LOW SCORE | HIGH SCORE | LOW SCORE | HIGH SCORE | LOW SCORE
£ M|10. 00| 8. 20| 9.40| 7.00| 8 25| 1.50
% so| 0. 00| 0.45| 0.55| 0.265 1.50| 1.73
i P | . 0005 **x* . 0045%% . 00B*x
£, M 4.80] 2.80| 3.20| 3.40| 2.25| 2.25
m% so| o0.45| 1.30| 0.84| 1.14] 1.50] 0.8956
G L 011x . 187 . 500
z 2. 20| 2. 00| 2.60| 2.40| 3. 50| 3.50
B’J?E so| 1. 30 1. 41 1. 52 1. 14 1. 00 1. 00
215 . 399 . 310 . 500
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<E B I>

(B 1]

EE I LV, HEFBERECEST20L0ABOELIC OV TOhigh performance €7 IN %15
2. 22T, NAA T4 —FNw 2R (UMFBFH®REKT) 26 OBz
FICHEI T2, BFTORTRIOVLHABEO 2V Fu—LVE2EB T2, HERES
HIZ B Bhigh performance TTFIL DB HFICEMTHIE2O6NS.

AL T, high performance® &L 728, H2 OHBRBFRZAOLHBAZES 7 4
— K )X'w 2 (binary feedback) &£V L3R OEWHHI 7 + — F)Nw 2 (proportional feed
back) IZ L2 BFHE#HE TV NEESTHR, LHBOBSHRAAGIHRECZOVWTOB
FTO#BSLHIHHICRTIEZEL, HEOperformance [ LADREEMHIC D W THRGE
T 5.

g, BETH%MELLITHRDIZ, A bTTY— (strategy: ABK) & LT, BEIN
¥ (autogenic training: AT) DOEEANXNOFAAEZEZ . BEEAKXIL, ZFF - UE
B - PR - DR - RO - AR - AR T R E TR Eh T
. F, BEINFEEIAR—VYBREGEHIZBWNT, S PCALLZEDKBIC X % peak
performanceP ENRIANOAN L FHL U THRHINALZ B2 W, coaEIBEOH
HBOHEOBFTRED LD REELALLOCTHIERIET S.

LLEED, ROR@GAMRIAT A2 2HME T 5.
éi 1 BFBHROERE, LHBOBALARANOBREXRITIZHNRSH 5.
ei2 BF TIZLDLIAMOBRDHERADHCHBE AR T 5.
a3 LHOASHEC ZERIEOHALLVMRATHS.

Rk 4 ODIHBOBAHRADBF Tk 55 Operformance FiED R LICHHRA3H 5
WS ODINBOBECHBEO®RSIE, HEHEE Ohigh performancell ¥ TH 3.

(7 #*]

1. #EE

DAEUBELHNEHRE THEBI8%, X FHEBE 68, &it244

= - L WIHRZLT R
(if 23%) AWM E L L. chooHBE %, HEHRERE 1 | GOFFx12tyr)
PHERNEIXRTCEBLTAHATI PN AEED, K8 & —
LOBEOI I N—TRAELE. choommEEammg | H|BEZVIAL

RBIOERERSRCEBAELB VWS Tho 1. kB
BECE, T7—I4 7 VBRIV T, ERHBEREE !

HFH24 (561 AFEKRER) , SEBEK2HNBLUBEHAK | Moy Teyyay
REBEBRAFOBBEE . 2| (50FbXx12tyh

2. HIFEH % ‘ AT_B;-} 6%%%3/)
DB OBIE W X528 T & EEED, POLAR ELECTRO OYEIdD N F1| - BFT Fics

H | - CONTROL Ef

—bhLA bEZS-PE3000E W, SRR THISL . B
Witk BEROA VY —T 420K, FT—FHENYV I ViR [ ]

ELU, By I brick-oTEBLE. B?%)
3. EBREMH, EBREGM

19934E 8 A 17HA~23111d, DAFHEE B L 08D ABKEH %Iggﬁﬁgﬁb
SOMIERREP (BRBSH © Si25.5~28.0C, HAE55.0~65.0 | ’
%) , S8HA2HIIHAFEINM 2 1 7 IVEHBIFIZBENTERS H | HBEA T A
(AR—S, 10%%)
ERiL 7/~
4. Fh&
X2 SEERNERF

BI12ICKBRIEF27RY . B2~THEDFRIHICHEREANT
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DHBOBLHRAD ThL—=v Py vav] 1ok, ERFEKMFED, TOHEE
%, BEZEFTT2EOCBHLTCTFEN. J &, DRAROEDHMANORELZAS D
CEThD. BEASEXLVIORLLOS, AT-BFTEES L O BFTHE, MEMESO
BREOBO LIBBELEOHFN—F LA P EZS—RERFSINI2HEOLHAHEZBF
BHE L OB OBL A RB. S0, AT-BFTEHEA b 57 ¥ —& LT HRIEE it
Fi L 7= (FUTEK 8435%EHRAR 7 — 7 TAPEL-A %#FIA) . XEEEF (LIF, CONBFLWKTBF
BHAES 2 o0, LLE® &SI, AT-BFTEE, BFT £, CON MO 3 EZHEHREL 2.
fL—=vFteyvavidlBIZOE 1y ¥arvs6OMERTIT> 2. FRIEEI3NC
REEBY, 1y yaryRHOE0MHOMNL—=vI%& 1y beLTL2EY MTW,
ty hZTERIBBOKBLEREAR. chold, BTHEELECHREOBEFTEZREL
THELE. Fh, BF1AEBBICEIHEOTHIHIE, RHFHZI00H (&EO
29 A RBEHOME L) Lok, PL—=v Pty ¥a v FoEBE, HK
BEYTEF2L5REALTTFEIN. 1 WO BREBBRFLBICEG X, BFE#RZL

AT-BFT## BFTRE CONTROLE¥
B (753) ZEF (T57) ik (79)
! ! !

Mzvbyvay | BEEIEA R W3S | HROBFiE#Si%FE | HROB F 57
50X 12¢vh | HROB FIMATR | 0IcH REbEASBS | LCH RifbAaL
X 6tyvay | DICH RS2 HD

X3 bL—=YFtvyay (1kyvay) ONSE

TOHOHBOELAEHCHMA T AL 2 EE Lz THRF A b (heart rate test) | O
LFAMBLIERAMT A D AEREIC CHEMEETIT> . FIHEEX, Pr—=v72
wia YR, S0pBE 1ty hELTI2EY FTW, £y hZTERIPDEOKEZ
BATE.

PIHEBLUESHEHOA %I, EEBICHBDperformance &fTo>7. =7 -4 7
- VBIZED, 19O ERBATELIR—ARLVIRBHOCLAREL TS (5
BFAM] OFLTFAMBLIERAMT A EZHBIBRBWTEML 2. {FWEREDOHES
HEHEET, A AT EREROIA AR IR RIEHUE. £, AiIRAITOMROAE (
knowledge of result:K R) 2 BEBENB L LA <O, GIEBPELYBREOREN
ORWHEFT-> 1. BHIE L THSBESOHTIT-> 1245, AMEL ZWHOE BT %2
AL, EBhICIBERBEL T2 L TRDALL - 1.

f—=vFLyyaryd3, 6yyavBktf, HR7AMOTL, KA LT A
Brige, A ka7 r—rABEERL 2.

F— AR REFTHNEELBT A2, HRTFAMBLC M L—=v Ty va Vi3
BENCBWTEHPABTOBEEKLZET, SV —THICERPICEAR CREIIT- .

CNOSLTOERBEBEIA VIV L—o v Z e L THEROBEEBENS ICH A Z L,
BERECEI—YEROFREFRC > TWEEVNHIRFLEPELVWEDRREL 2.
5. F—F O

FL—=vZEyvaryicBWTE, HRZ7 LT A MNOZERFERHEAR—-AHEE LT
ODHIBEEE Y, BBREL 3ZBERINV—T 5T LIEGROUP BERH, PL—=vTFtya
~DSESSION R, &ty va vk oZHEL 12y hOKEEBEZ2y bRIZT 0
w Z L L 12TIMEER (6block) 2 >WT 3EHRO DT HIT- 12,
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HRFTAME, 7LBLUTRAT A DOEZLEHHTIEA R~ B L U OABUIE B
HOGROUP BRE, L BLUPRAT A FDOTESTER, EHRTAMZHOEHEL 12+€
v FOBBERBAE 2ty MEIZT 0w 24U LTIMEER (6block) IZ2WT 3 BERD7HL
Sh&fr- 1z,

HE8F2MCBWVWTH, BRBOMAR-2EE L TERL R OOMBUEEME L S8BT 2
FOZZA27 OBBKRIZONT, BB & HERBIC XL 30217 1.

(& 5]
I. b=y Ty vayiZBFa0HBOEL

e 50 P e i
[
U2 0D =
1 i

e 3 R e b

L
=T
1
p ’
t
b
LY
AN LY
N
4 LY
p \
v 1
’
’
’ i
’
'
1

;

f

i

o
1
=
en
o= <’/.|

1] ] 1
1 2 3 4 5 b 1
] BLOCK SESSION
O AT-BFT# o BFT# o CONTROL®# O AT-BFTE2 © BFT# o CONTROLE

BI14 £M—yibyyay BT 270y 2 EYOFIFNELL X165 MW-=vjtyyay 2B 2y ¥ a ORI

bL—=vZ ¥y ¥ar (bsession) BT B30HBORKEAEILA D D=8, GROUP(
3 %% : AT-BFTEf, BFTEE, CONEE) X SESSION (6session) X TIME (12set,/ 2set=6block)®
SERIEA%2, HRTL 7T AMEHEEZBEAEL L foXsession OHHEIE %A H W TH
Lfz& 3, TIME(6block) BERIDEZNREBED S (F (5/105)=9.40,p=.0001) . X13H»
S, FIN—TRZHOVTHKHBREBIZHENVLEEBBDLTWEZEBIDPBRS.

% 1= SESSIONX GROUP (F (10/105) =1.94, p=.047), 3 & (FSESSION X TIME ( F (25/525) =2
.09,p=.002) TEhZFhREERABROONI.

%2 T, GROUP &0 EWIC L2ty Ya vOREHZED, BEHIZHOWTEHNIE
Koo 2EML -8R, BFEIAERESAONT ( F (5/35)=3.91,p=.0064 ) . %
T, BFTEECOWTH By Ya yEBOSELRELXT-> HER, M4RZRTEBY, 1t
wiavek3, 4, b, 6tyvravill, BLU2ttvrarvietyaryfiCHAER
BoBHONT.

O. HRT A BT 208 0%

HRTAMDTLUITAMBLIUORAMTAMRZBIZ0HBORBENEEZHDD,
GROUP ( 3 2&# : AT-BFTEE, BFTEE, CONEf ) X TEST (pre,post) XTIME (12set, 2set=6bloc
KO 3IBERSBIH %, SEFHRAEEEL L 2Xblock OMBEAAWTEBLILLEZ A
, TESTERO E#RBASDH ST (F (1/21)=6.35,p=.019) .

F /-, TIMEXGROUP iIZZAERMBRDSH (F (10/105)=2.31,p=.017) , TESTXTIMEX
GROUP @ 3 EXM i b 10% KEE TR EEMABREnT (F (10/105)=1.90,p=.052) .

XS, TVLTFAF - RAMTAFENFNIZOWT, ZI—7RODuncanitic & 5%
HIEBAET>ecd, MIBRKARTEBY, TLTAPMZBWTEIN—TRIICEREZER
ooz, RAMTAPMIBWTIHAT-BFTEESB L O BFTEE . CONBFORIICEE
ENRINT.

£, RAMTAMZBWTAT-BFTEE S L O BFTEEOLHIEPAEZLEAL TV BDOR
XSU,CONEEZ T LT AP BEAEELDBARONIP -T2,
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I3 e m|m

pre

OAT—-BFT# o BFT# 2 CONTROL#
M16 HRFAMZHBIFBTL - KA TR MEOZEAL

CHOTENRS, AT-BFTREB L O BFTREIE b L—= v Py varviiT- 28T, O

HAeaohfilERz L ek E2oN0s. —FH, BROBOIL—=V Ty ¥a
VEFTo 2 CONBEE, OHBoBEHBIHRB s Bbhb.
M. XA AT 4—KNXw 2 Lb—=oVZBHRFAMCEEFTHRE HRFT A MEME (
FANTFAPOOHB - TLTALOOHK) &8ty yavyiBIFABF TEAME (b
L—oy Xl ey yavgya OB — 70T A OO L OB %R 3 IR
¥+. £3»6, AT-BFTEES L8, BFTEAICIE, HRF A MEAEE BF TEAMEOMICE
WHBESZAD O, cOcelt, KI6OHRAAMTAMIENWT, AT-BFTREEB8 LU B
FTEEIZCON BElcHENRCHAERRBAO L TCWc a2 BE1 2L, HEbL—=v Ty vay
BT ALMBOELOMEBENS, HRER M T A MZBT 2.0HBOEDCERICBERKRL
TWhetEZ2605.

1, iRl Ed YL —=v Py va yiZBTB0ABEBELSOEILIZOVWTH,
BFTEE D BAT-BFIRE L 0 b BZE TH - 12 (K15) Kb» 6T, HRTAMIHT S
BF TOMEE, AT-BFTREOHBS BFIEEL D ZFEL B, LArLEEELEKETH -
2. chenzeh»s, AT-BFTEEZHEIC L2 FL—=v 705, BFEE#RAZL TOLIAK
BALEZACHMHTAHRT A MCEHBLTNWSEEZONS.

—75, CON B#iEM165 6, HRT A PO T LB ELURA M T A MBS, £K
SOMBELENWC LS, HRTFAMAD ML —=2V Ty va Y OPRBBONLZL >
. LkdBoT, FHr0 3B FHHR4EY, BoRoHTOHAKES N —=V T %
froclizacHIMcEE S NWEZZONS.

105

100~

954

V. HE7 2 Mzs S 2.0MEOE4

135+

129~

120~

o T

115-

Q—

\
1

il

v

Az
110~ :
2

v

——

) i
¢
3 e

2 4 5 2 9

105 ~krvrerrrreey
[ 1

TIME (min.) TUMECmin. )

R17 HE7 2 b B OMEEE OS] (BHE) I8 H87 2 Mos i 2 0N bof] (H)0H)

MEF 2 BT A0HB0Z o, X117, K18I/RT. CThSOHET A Mo
ODMBELABRER2EEL LT, RAWRWRTIDOIYA TZHPHET 5. typel OLIHE
TILIc T 7 — 54 7 LAEEH Ohigh performer® % ORFTNI—VBEETHLTNWBEF X
Sh, 2OY v T Hbtype2, 3LNEFELLEWVWZ RS, Eidtypel OLMAKE(LR
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FHHUTUTOME 2D 3.

E3 (TRIGGER ) A EMEICL T ORIZOLHBORES (THtop) KA (B
K. :bottom) DLABE L EZRARZ 20, THEH=THAOE-BFEFOHE, BfE=BHAOE-
BENOEAENL, UETEBICBHEAZHWTHRILE. &7, MINZRT LB,
8T 2MDTL - RAMTAMCZHBIT Htypel OLIABOEILEH S0, THEBLT
BEIZSOWT, TNWZFNT VLT AIDEEAR—ATAELTHRAMT A M DGROUP (3 %
#F : AT-BFTHY, BFTEE, CONBF ) MoK DA 2R L L 25, TERARZEVASH

7= (F (2/192)=9.88,p=.0001) .
KETLIPBDOOWLP> 2 (F (2/192)=2.53,p=.0823)

BEIZOWTHREBRICZEZEH D LHDICEDbNI T, 10%
.ohesocE»rs, TiE, B

HEBHBROLHPEDOBFTIZLY, MorOBEBEL-OTIIRNWLEHEINS.

*x 4 HEFZ MBI ARRER (TRIGGER) 2 Hi L L /-
GHABERDS A TEFOY Y T ALY
t y p e 1 t y p e 2 y p e 3
N T T T
=
X TRIGGER
BRI TRIGGER TRIGGER
: Hl/
—
k& B B B
B Fib JVFAb KART AP JUFAb FANFAE JV7Ab FAMT AR
B2 | 205/232| 228/240 12/232 9/240 15/232 3/240
EHHBE S (7.86) (7.97) (8.17) (7.67) (7.73) | (6.67)
AT-BFTEf 70/74 75/89 4/74 5/80 0/74 0/80
BFTEE 66/78 76/80 2/78 2/80 10/78 2/80
CONEf 69/80 77/80 6/80 2/80 5/80 1/80
18
16 1 5
E .
A i
R 10 - ]
T 8 - =il
. 6 - i
% g:‘ HEH
0 it —
S |
& T B
(17 izt -z C1AT-BPTE: E BFTR: [ CONTROLEZ:

(19 G487 2 MBIV B O TES L BEIC
DPNTOT LT A MHEERDHRA b7 2 b DAL
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V. $HE85 2 BT 20HBELL 227 8 ORR

type 1 I DWW T, GROUP ZHDBENWSEHET A hOBBEICED LD KREL P ZHFHN
2128, FHEF 2 MBI BI0ROEHBLAOELE, TLAATER-ATLEL
THAMZAAT OGROUP B OILSFBAI2IT > 1-4EE, KA M2 27 OGROUP BICEER
ExIDONLL - (F (2/201)=1.17, p=.1723). 22T, 1 RKEBBOLHBBOEILL
B2 a7OBBRICHONT, BREAEEIC, 2ORKBOTHEBLUBHEL A7 & OHE
EHFENT.

2l Tl Sl se X5 HEBFACHISHERRE, LK
X505, FEFAIOTLTFAMBLY B TS SURIES B AOBRI & < —2 {8
BHRONLEP->T. O LS, BENO

DB EE D S BRI AT TOLBBO Z oA ntEa o e L
BRI, 237 EEBESENEELS LA O R
ha. P 3 T I T T
BET | n| 70 /74| 70 /74| 75 /80| 75 /80
2) BHEEZHOWVT X o e | oo | Lo | Lot
ROEPS, typel TOVWTIEIHET A PO W . r 1091 | .1322 |-.0465 | .1764
FLFANTH, BEERAATeoBIEy  |E|FE (ol o] o8] 50| 5w
V=T bHEBAON Lo T2 LU, %: ﬁf p| .33 | .2897 | .6003 | .1274
RA ST AT, AT-BFTEEIC O & & W HH B ?EWNr-WU-m3<m2-m5
Barohlz. 29, BRZEZFTOLHBOT % in) 69 780} 6 /80f 77 780} T7 /40
B0 H o S CERE T 2 e LD, G %per- pf .4188 | .1617 | .co30 | .0s03
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