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A study on a relation between the maximum strength and the power

of the muscLe with inertia wheel.
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Physiological and Psychological Limits
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An Electromyographic Study on the Physiological and
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The muscular endurance bas been tested on the arm ergometer and the straingauge

tensiometer together with recording of the electromyograms from the acting muscles.

The test consisted of four different procedures and the results were discussed from view

point of physiological and psychological limits of performance.

1. The subject contracted the arm flexor on the ergometer with the load of 1/3 of the

maximal strength once a second until an exhaution. It wns found that electromyograms

of the flexor muscles were gradually increased in voltage and frequency in later stage

of work.

2. The subject contracted the arm flexor isometrically against the horizontal bar atta.

ched with a straingauge apparatus once two seconds with bis maximal effort until an

exhaustion. It was found that the electomyograms of the arm flexors were increased

remarkably in later stage together with an apparently decreased strength.

3. In later stage of the endurance test on the straingauge tensiometer, the subeot was

given n sound of “shot” of a starting pistol or a sound of “shout” by himself. It was

found that the maximal strength recovered up to tbe initial level of the stregth and

sometimes over the initial level of tbe strength together with an increase of nervous

discharge to the arm flexors.

4. The maximal strength was measured once two seconds after the administration of

Amphetamine Sulphate until an almost exhaustion on the same subject. h was worthy

to note that the elevated level of tbe maximal strength after the administration of the
drug was almost same as that of “shout”.

These flndings appear to be an additional support of tbe thesis suggested by Michio
Ikai and Arthur H. Steinhaus that in every voluntarily executed, all-out maximal effort,
psycbologic rather than physiologicl factors determine the limits of performance.
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PHYSICAL FITNESS STU1)IES IN JAPAN

Michio IKAI, M.D

(Professor of Physiology and Physical Education,

School of Education, University of

Tokyo, Tokyo, Japan.)

Physical Fitness Studies in Japan

While visiting Chicago, the author was asked to speak on the physical fltness of Japanese

by Professor. Arthur H Steinhaus at George Williams College. The audience, however, was

limited, and since then the author often wanted to get a good opportunity to present some of

the resuits of physical fitness tests as well as some topics of researches on this matter in

published form. It is a great pleasure for the author here to show physical fltness status in

Japan to the friends overseas in our fleld of education.

As presented in another paper in this volume, measurement of physique of Japanese boys

and girls at school has been conducted with regular intervals since sixty or more years ago

throughout the country under the direction of the Ministry of Education. These records are

available to follow some change of physique of Japanese chiidren during haif a century or

more. As to the motor ability or physical performance, however. very littie is available to

follow some possible change with advancing years due to lack of uniformity of the test.

For recent fifteen years, physical fltness has been emphasised to study with a new concept

under some fruitful influences from abroad. The Research Committee of the Japanese Society

of Physical Education has focused their interest to devise a new physical fltness test battery

for Japanese chiidren. The test consisted of measurement of muscular strength, speed, agility,

balance, flexibility and endurance ami so forth. The test has been carried out on boys and

girls at high school and college students. The results obtained by this test gave some useful

suggestions to teachers. On the other hand, motor performance test, including running, jum

ping and throwing and others has been conducted with intervals of two or three years under

the direction of the Ministry of Education. The resuits of these tests illustrate the degree of

improvement in physical fitness of Japanese young people after the War.

The concept of physical fitness

The concept of physical fitness was under discussion by members of this society at the

research Committee for some years since 1950. The next table is one of the resuits of study

of physical fitness concept presented by members including Professor K. Hukuda and the

present author.

Concerning the test, physical fitness can be measured with respect to motor performance

such as running, jumping and throwing as described above. These factors may be considereil

as the basic forms of human behavior related to the structure of the human body. It could

be called the prototype of human movement. In other words, these patterns of movement

depend upon the special neuro.muscular coordination of the human body. On the other hand,
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will

judgement
motivation
capacity preventing mental stress

physical fltness can be measured in terms of energy deliberation such as strength, speed, and
endurance. About thirty five years ago, A.V. Hill extended a fruitful discussion on speed,
strength and endurance as welI as jumping, throwing and running in bis original book “Living
Machinery.” Recently an interesting paper by D. Mateev (11) on three qualities such as stre
ngth, speed and endurance in the Bulletin of F.I.E.P. Referring to works in this country and
abroad, some topics of measurements and researches of physical fitness are presented here.

Motor performance of boys and girls
The test which was carried out under the administration of the Ministry of Education since

1949 showed that Japanese boys and girls made much progress in physique and motor perfo
rmance year by year after the end of the War. The present situation of physical fltness of
Japanese young people is illustrated by some of the resuits of the test in 1959 as listed here
(12). Amounting to 21,797 boys, 22,578 girls selected statistically at random from 91 elem
entary, 43 junior and 41 senior high sohools in 26 prefectures out of 46 of ah over the country
were subjected to the test. They were from age 8 to age 17. The items of measurements
were running of 50 meters, (100 meters for above age 15), standing broad jump, vertical jump,
throwing a soft bail, chinning (the numbr of flexions on the arm in boys, the duration of
flexion of the arm in girls), agility (Burpee test), and swimming ability as well as body
height, body weight.

1) Running. The time of 50 meters running was plotted against age as in Fig. 1. The
running ability was developed with age in boys and girls,while the improvement was retarded
after age 12 in girls. The speed of running in relation to the body height was plotted with
logarithmic scale as shown in Fig. 2. It is worth while to note that the relation between the
speed and height can be presented by two straight unes in boys, and one in girls. This means
that boys taller than 155cm show an additional increase, while girls show a tendency to stag
nate. The body height of 155cm in boys corresponded to age 14. As was suggested by E.

Asmussen and KR. Heeboll-Nielsefl, this phe

nomenon could be reiated to the function of

sexual hormone and the characteristicS of

maturity in both sexes. This relation betwe

en speed and height can be exrpessed by the

formula,

log y’log b+cdog X

ybxcL,
or

where x is body height, y is speed of running

and b and are constants. The value shows

a tendency of improvement ot motor perform

ance with height. As to the running of 50

meters, the value of the constant a was

calculated by Morishita: c0.884 in boys

shorter than 155cm, 1.325 in boys taller

than 155cm, and a=O.406 in girls. According

to the data presented by E. Asmussen, the

value of the constant r was 0.766 in boys

and 0.198 in girls in Denmark. It was found

that the running speed was improved with

increasing height more in Japanese boys and

girls than in Danish.

2) Thro:ving. The distance of throwing

of soft-bail, weighing 170 grams and 30.16cm

in circumference, was measured on the same

subjects as in running. The distance of thr

owing was plotted against the body height in

logarithmic scale as in Fig. 3. The values of

the constants were calculated as foliows: (X

rz3.670 in boys shorter than 155cm, cx=4.290

in boys taller than 155cm, and c3.265 in girls.

3) Jumping. The jumping ability was tested by the distance of standing broad jump and

vertical jump. The resuits were shown in Fig. 5, and Fig. 6. The values of a were calcu

lated as foliows: for broad jump x = 1.394 in boys shorter than 155cm, ct = 2.325 in boys taller

than 155cm, and c 1.094 in girls. For vertical jump (X= 2.263 in boys shorter than 155cm,

=4.126 in boys taller than 155cm, and x=z2.243 in girls.

It vas found by these tests that Japanese boys and girls, ranging from age 8 to 17, surpas

sed Americans at every age level in standing broad jump, vertical jump, and soft bali throwing,

referring to the results presented by A. Espenshade (4). The speed of running was almost

(physical factor

physical
fltness

jphysique
structure

(posture

for performance muscle strength
agility, (speed)

function balance, coordination
endurance
flexibihty

structure structure of tissue and organ
for protection temperature regulation

function immunity
adaptation

SEC
50M RUNNING

w

mental factor

for performance

for protection

9 10 II Z I 13 14 5 1516 17 18

E JH SH AGE

Fig. 1. Time of 50 meters running in relation
to age.
E: elmentary school, JH: junior high,
SH: senior high school students. 1959,

Ministry of Education.
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w

s,

w

CM
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Fig. 2. Speed of 50 meters running in relation
to body height.
Modified by Ikai and Morishita.
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Fig. 3. Distance of throwing of soft bail in relat
ion to age. Ministry of Education, 1959.
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Fig. 5. Distance of broad jump in relation to age.
Ministry of Education 1959.

VERTICAL JUMP
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30.

20

the same in both kinds of chiidren.

On the other hand, it was also found that motor performance in relation to the body height

was higher in Japanese than Danish, referring to the data presented by E. Asmussen (1, 2).

These resulis should be criticized in connection with other similar resuit conducted by AA

HPER National Fitness Test Battery (14). Further studies should be carried out to know

how much of fitness people need for their happiness, as was suggested in a paper by P.V.

Karpovich (13).

Characteristics of strength, speed and endurance.

Physical fitness can be discussed from the following viewpoint.

1) Strengih. The strength is a quality of physical fitness which delivers a mechanical

energy, while the muscle contracts. Now it can be called muscular strength. The muscular

strength has been measured with grip dynamometer, back dynamometer on school children.

However, further study to know how to use the results of measurement of muscle strength

is needed.

Regarding the training of muscle strenngth, progressive resistance exercise has been empha

sised in addition to ordinary weight training for improvement of physical fitness in general of

people. In Japan, progressive resistance exercise is flot at ail new and quite familiar to the

people for a long time. Because Japanese Sumo wrestlers have been trained by resistance

exercise since hundreds years ago. They used to practice to push against the standing pole

with both hands extending their legs wjth the maximum effort, and more often against the

opponent each other. It is noteworthy to know that they do flot spend much time for their

muscle training and they take a suflicient time to rest. It is believed that they had found

the principle for muscle training from their age-old experiences. Recent advance of knowledge

on muscle training afforded a scientific basis to this training (5).

For good performance of muscle strength, one should learn how to concentrate the discharge
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Fig. 4. Distance of throwing of soft bail in relat
ion to body height. Modified by Ikai.
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Fig. 7. Height of vertical jump in relation to age.
Ministry of Education, 1959.

I0 130 140 150 oO 170 180CM

800V HEIGHT

Fig. 8. Distance of vertical jump in relation to

body height.

Fig. 9. A fatigue curve of the muscular strength of the arm flexor and the effect of “shout” on
the performance. The contraction was carried out once two seconds on the arm ergometer

the maximal strength of the arm flexor (Ikai anci Ishii)
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of the nerve impulse to the corresponding muscles. In other Japanese national sports such as

Judo and Kendo, i.e. Japanese fencing, one used to attack his opponent with a “shout”. With

an interest to know some mechanism of effect of “shout” on human performance, the present

author conducted a research with A. H Steinhaus in Chicago in 1959. As reported elsewhere,

it was conflrmed that a remarkable increase of muscle strength wjth shout (Fig. 9). The

same effect was found in hypnosis and after a big noise such as “shot “. The mechanism

governing these phenomena was discussed from viewpoint of disinhibition of the higher center

of the central nervous system (7).

The present author has extended his research wjth recording electromyograms from corres

ponding muscles together with straingauge recorder of strength during and after the “shout”

and “shot”. It was conflrmed that nerve impulses were increased in voltage at the working

muscles with shout and imrnediately after the shot (Fig. 10). It is supposed that most muscle

fibers could join the action due to the simuitaneous firing of ail the motor units with shout

and shot. Under such a condition the subject can easily concentrate his energy to do bis

I 2 3 4 54 548 530. O.IS8C.

-
‘ _;,

ST

___

\__ ——

44—444- 4-’---
TB-- ê .

L L L
7v r

SHOt SHOOT

Fig. 10. Effect of Shout and Shot upon the motor units discharge of the arm as well as the
maximal strength of the arm flexor. The number of contraction was indicated on
the top, ST was the maximal strength, BB motor unit discharge of m. biceps brachii
(arm flexor), TB m. triceps brachii (arm extensor), and FC m. flexor carpi radjahs
(hand flexor). Arrows show the time of Shot and Shout (Ikai and lshii)

work. In another experiment conducted by the

author, the subject contracted bis arm flexor

isometricahly against the horizontal bar attached

to straingauge recorder once in two seconds

with the maximal effort to exhaustion (Fig. 11).

The electromyograms were recorded from m.

biceps brachii, m. triceps brachii and m. flexor

carpi radialis (Fig. 12). It was found that the

discharge of motor units to the flexor muscle

was increased at a stage when the maximal st

rength was decreased by twenty per cent of the

initial level of the strength. it was supposed

s
-. 234 5671e? 320 587

.‘ 1L4ii1441i4
TB’-” G s.- ip t’-..vp.r

FCL r.
J44 4+H

Fig. 12. Electrornyographic record of the arm flexor (m. biceps hrachii B.B. Arm extensor
(m. triceps brachii-T.B.) and hand flexor (m. flexor carpi radialis.F.C. iogether
with the record of the muscle strength of the arm flexor with straingauge ergometer.
The number on the top shows the number of contraction. With advancing time, the
muscle strength declines gradually, while the motor units discharge is increased on
the contrary. At the final stage, both activities dechne at ah. (Ikai and Ishii)
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Fig. 13. Electromyographic record of the arm flexor, m. biceps brachii, during the work on
the ergometer with the load of 1/3 of the maximal strength of the arm flexor.
together with recording of electromyograms from m. triceps brachii, and m. flexor
carpi radjahs as well as the electrocardiogram from the chest. The number of con
traction was indicated on the top of each series of the test, the flrst bout and the
second bout. After 5 minutes rest of the first bout, the second bout started again
to exhaustion. It is found that electromyographic record of the arm flexor was
incresed in advancing time against the constant weight of the load on the ergometer.
(Ikai and Ishii)

that that psychological limit was elevated close to the physiological limit (See Fig. 13).

2) Speed: The speed of the movement of parts of the body depends on the neuro-muscular

coordination. As for the speed of running of a certain distance, circulo-respiratory functions

join the activity in addition to the neuro-muscular functions. As a topic of the research in

this fleld, reaction time study is presented here. Although many researches have been done

in reaction time with the response of the hand to the stimulus, it would be more useful to

measure the reaction time of the movement of the body as a whohe from view point of sports

Fig. 11. - Arrangement of testing the maximal
strength of the arm flexor with the
straingauge tensiometer (Ikai and Ishii)
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activity as well as safety education. The vertical jump reaction time method has been devised

by T.K. Cureton for this purpose (3). During staying in Japan, Dr. T.K. Cureton expressed

bis opinion at a meeting that the vertical reaction time measurement would be useful for

screening the ability of sprint. For an additional purpose, the body reaction time recorder was

devised at the laboratory of the present author (Fig. 14, 15). The platform attached to the

straingauge recorder was constructed to trace the change of weight during the response of the

body to the stimulus. This apparatus resembles that of L. Lauru (10). The record of body

reaction time with this apparatus consists of two parts, one is a factor due to the speed of

conduction in the nervous system and the other is a factor due to the speed of muscle cont

raction. In Fig. 16, a sound stimulus was recorded at a signal 0, and the beginning of muscle

contraction was recorded at A, while the time of leaving the platform at B. In this figure,

the duration OA is the time for travel of nerve impulse from the receptor to the muscle,

while the duration AB is the time for contraction of the muscle. For convenience the former

may be called the nerve reaction time and the latter the muscle contraction time. It was
found that the body reaction time was shorter in sprinters, hurdlers, and jumpers than shot
putters, weight lifters, and wrestlers.

the signal of sound stmulus, the lower
the time mark of O.Isec. (Ikai, Asami
and Shibayama)

After the training, the body reaction time was decreased to some extent mainly due to shor

tening of the contraction time of the muscle. Some of the resuits were shown in table 1.

Another factor governing the speed is the reciprocal innervation to the extremities of the

human body. The rapid repetitive movement of the hands or legs were tested as tapping or

stepping ability. These functions are closely related to reflexes involving the brain stem,

cerebellum as well as the feed-back system of muscle spindle. After an electrsmyographic

study of tapping test, it was found that deteriolation of this rapid movement appeared

due to lack of rapid alternation of impulses to the agonist and the antagonist of the arm.

It is supposed that in the first stage of fatigue the timing and spacing of nerve impulses to

the corresponding muscles might be disturbed and therefore the impulses arrived at the flexor

as well as the extensor muscles at the same time, in the second stage some of the impulses

failed to reach the corresponding muscles. This means the disorientation of the pattern of

excitation of the motor area of the brain. It might ha of interest to discuss these phenomena

as a protective inhibition of the central nervous system.

The stepping is more closely related to natural behavior such as running. The subject

stepped as fast as he could during ten seconds on the platform connected wjth the straingauge

Untrained 98.0±11 .7
Bays

Trained 1 12.0± 10.7

. Untrained 93.0±12.1
Ciris

Trained 101.0±11.1

* Mean±standard deviation

recorder. The average number of stepping

for ten seconds in trained and untrained

college students.

3) Endurance. The endurance is usually

classified into strength endurance and speed

endurance. On the other hand, endurance

may be discussed as muscular endurance and

general endurance, while general endurance

Table 1. Total Body Reaction Time

Subject
(Number)

BodyConduction Contraction reaction
time in sec. time in sec. time in sec.

boys

0.210L0.031* 0.155j-0.016 0.365±0.039Untrained
(40)

Trained (48)

Top-bracket
athietes (29)

0.166-10.023 0.142±0.019

0.199+0.P33 0.125±0.01

:.

Fig. 16. A record of Body Reaction Time to a
sound stimulus. The middle curve shows

a record of reaction time, the upper

0.308±0.035

0.324 ± 0.042

girls

Untrained
(30)

Trained (15)

Top-bracket
athletes (1 1)i

0.211 ±0.023

0.164±0.016

0.200 0.021

0. 174 ± 0.02 1

0.143±0.01

0.139±0.011

0.385 ± 0.036

0.307 ±0.021

0.339 ±0.026

* Mean±standard deviation

Fig. 14. A subject who is ready to response to
a stimulus of sound or light on the
platform attached to the straingauge
recorder. (Ikai, Asami and Shibayama)

Fig. 15. The electrical recording equipment for
total body reaction tirne connected with
the platform in the next room. (Ikai,
Asami and Shibayama)

Table 2. The Number of Stepping
per 10 seconds.
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involves to a large extent cardiovascular and respiratory functions. Some of the resuits obta
ined by the tests on muscular endurance as well as general endurance are prasented here as
follows:

a) Muscular endurance. For measurement of muscular endurance, the arm ergometer has
been used by many researchers in this country as well as abroad. At the University of To
kyo, Ishiko, T (9) conducted a work with his new forearm ergometer which could be applied
to record phasic or static muscular work practically indepcnently from each other. It was

confirmed that, for both types of work, the following equation was applicable to the relation
between the load and the endurance time:

log t—alog N+b,

where t is the endurance time, N the load, a and b are constants. He stated that this relat

ion might correspond to that of Gross-Lordermann and Miiller for muscular work with the

bicycle ergometer.

The present author have been working with a newly devised simple ergometer useful for

arm and leg. This ergometer is designed to apply the load aiways rectangular to the axis of

the forearm while the angle of the elbow joint changes during the work. One third of the

maximal strength of the arm flexor was chosen for the load. The same arrangement was

used for the endurance test of the leg. This work with ergometer by the author was started

in 1959 when the author spent several weeks at

the Physiological Laboratory of Springfield Col

lege with Dr. P.V. Karpovich. This ergometer. as

shown in Fig. 17, is much reasonable to keep

the mechanical condition constant during the

work like the ergometer used by I. Fisher.

Another important point of this method adopted

by the present author was that the load was

chosen in terms of the maximal strength of the

subect. The load namely may be changed from
Fig. 17. A high school student on the test of 1/3 to 1/2, 2/3 or 1/4 of the maximal strength.

muscular endurance with the arm erg
ometer. (Ikai and Ishii) It is worth while to note that the number of

muscular contraction on the ergometer with the
load once a second is almost the same in old and young as well as boys and girls. The

number of contraction of the arm flexor ranged approximately from 60 to 70. More interesting

to know that the number of contraction of the leg extensor on the ergometer, with a load of
1/3 of the maximal strength of the leg extensor, was also about 60. In subjects specially
trained for long distance running, the number of contraction of the leg was incresed by five

times or more compared with the average.

After the daily training on the arm ergometer with the load of 1/3 of the maximal strength,
the number of the contraction of the arm flexor was increased from 60—40 to more than 150
after foùr weeks in elementary and high school boys. It might be important to recognize

some individual differences of training effect on muscular endurance in spite of an identical

schedule of training.

b) ardio-resjiiratory endurance.

On the other hand, cardio-respiratory adjustment to the endurable work was under study for

some years on the treadmill at University of Tokyo (Fig. 18). The research project with this

equipment under the help of Ministry of Education bas been concentrated to settie a prescri

ption of exercise wjth respect to age and sex for improvement of physical fitness, particularly

endurance in general, of Japanese people. This

work does flot limit the application to athietici

sm. The main purpose of this work should be

for the improvement of physical fitness of ordi

nary people in this country. The measurement

of ah out running time on the treadmiil with

8.6 upward slope at three kinds of speed:

l6Oni/min., 180m/min. and 200m/min. was on

elementary, junior high school boys and girls,

while l6Oni/min was replaced by 220m/min. on

senior high school students. On athietes the

speed of 200, 220 and 240m/min. was apphied

for the treadmili endurance time test. The res
Fig. 18. The motor driven treadmiil working

at the Physiologic Research Laboratory ult will be pubhished in the next opportunity

in Physical Education of University by the present author and collaborators at the
of Tokyo with simultaneous recording .

- Urnversity of Tokyo. The author is happy to
electrocardiogram, electromyogram,
respiratory movement, lung ventilation, cite an interesting experience together wjth a

oxygen consumption and body tempe- teacher of elementary school on the favourable
rature.

effect of one month treadmill running upon the

general improvement of physical fitness of fifth grade boys. After training of 5 minutes run

ning at speed of 180m/min. three times a week during 4 weeks, the running time on the tre

admili was doubled in these elementary school boys.

To analyse the mechanism of improvement of the endurance running time on the treadmili,

University students served as the subjects. After training of 5 minutes running at speed of

Fig. 19. An example of recores of the heart rate before, during and after the running on the
treadmill at speed of 24Cm/min. jkai, Yoshizawa, and Nakagawa)
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220m/min. three times a week during 4

weeks, the following physiological changes

were found besides the doubled increase of

running time to exhaustion as compared with

the test run. The subjects showed more

rapid recovery of the heart rate after the

test run on the treadmili and also an incre

ase of the amount of oxygen uptake per

one liter of ventilation volume at the last

minute during 5 minute test running.

World famous champion runners, includ

ing Mr. Abebe Bikila of Ethiopia, Mr. Pavel

Kantorek of Czechoslovakia, Mr. Oksanen

of Finland and Mr. Julian of New Zealand,

and Japanese top bracket distance runners

as well as Japanese swimmers, visited the

Physiologic Research Laboratory of Unive

rsity of Tokyo, and kindly collaborated to

this research on endurance. They had con

tributed to the knowledge about the highest

level of physical frtness respecting the en

durance. They had the test of 5 minute

running on the treadmill of 8.6% slope

and the speed of 240m/min. after 3 minutes

rest of a preliminary 2 minutes running at

speed of 180m/min. According to the rec

ords of electrocardiograms during and after

the test running, it was found that the rec

overy time of the heart rate after the 5

minute running should be one of the best

indices of endurance, while the pattern of

increase of the heart rate during running

involved more complicated factors of fltness.

It may be note worthy that every excellent

distance runners sweated sufficiently over

the body about 3 minutes after the start of

running. This phenomenon could be the

second wind. Without special training, one

could hardly continue his running over 3

minutes on the treadmill at the same con-

13

dition. This point should be the dead

point for the untrained. Among these

distance runners, there existed some dif

ferences of the amount of oxygen uptake

per one liter of lung ventilation volume

at the last minute during 5 minute test

running. In one excellent runner, the

oxygen uptake was 53cc. per 1 liter of

ventilation. while in another less excel

lent runner 41cc. An the breaking point

of all out running to exhaustion on the

treadmill, however, the oxygen uptake

per 1 liter of ventilation dropped to 30

—.35cc in all the subjects without regards

to the running time. This might suggest

a decrease of efficiency of absorption of

oxygen into the circulation blood from

the alveolar air must be due to shallow

breathing at this stage of running and

failure of a sufficient supply of the blood

in the lung capillaries from the heart.

It is of interest to know that researches

on the same une has been conducted by

W. Hollmann (6) of Germany suggesting

a limiting factor of endurance may be a

12
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jg. 20. Comparative representation of recovery of
the heart rate after the running on the
treadmill at speed of 24Om/min with the
slope of 8.6%. The ordinate shows the
recovery with the following index:
Recovery index of the heart rate

Maximal heart rate during running
— Heart rate after running

Maximal heart rate during running
—Heart rate at rest

Q Nakao (Japanese marathon runner),
A Yokomizo (Japanese distance runner),
x Uchikawa (Japanese marathon runner),
3i Abebe (Ethiopian marathon runner),
® Kantorek (Czechoslovak marathon ru

nner)

measurement, A
S t .1 r t measurement, 11
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Fig. 22. Records of electrocorcliograms from thc chest
of the subject before, during ancl after run
ning with wirelcss telemeter. Coutesy, Dr.

H. Maisul

considerable increase of lung ventilation at the breaking point with the ergometer.

For measuring the heart rate during actual running, swimming, and other sports, telemete

ring apparatus has been working in the field of research in physical education and sports in

this country these several years. In Fig. 21, the telemeter was shown attached to the runner.

In Fig. 22, one of the records of electrocardiograms from the chest during running was pres

ented by H. Matsui of University of Nagoya.

On the other hand, physical fitness should also be studied from the viewpoint of nutrition.

Respecting the protein intake, physical performance has been studied extensively by S. Yama.

oka of Kyoto Gakugei University.

The results of these researches will be reported in detail by the respective authors in future

issues of this publication.
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Foreword
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In order to study the effect upon the human body of “choking” in judo, the

“Research Group for the Study of Choking in Judo” was formed within the

Society for Scientific Research of Judo, Kodokan. “Choking” is a special technique

used in judo, and it Consists in strangling the neck of the adversary, thereby im

parting pain or even making the oponent fail unconscious. Hence, the physiologic

al studies on the effect of “choking” and its resulting unconsciousness is a matter

of great import in order to obtain a proper understanding of judo, and also in the

preventive aspect of the dangers accompanying judo.

The late Dr. K. Saito and bis colleagues bave made electroencephalographic

studies during “choking “, and have reported that the changes observed while the

subject was in a state of unconsciousness resulting from the “choking “, was

identical to those observed in a patient during an epileptic seizure. In the present

paper we wish to report our further studies on the subject.

The following were the main objectives of our studies:

1) The differences in the effect of the various methods of “choking “.

2) The duration of the effect of “choking” on the body.

3) The physiological mechanism of the resulting state of unconsciousness.

4) The prevention of the dangers accompanying “choking “.

t
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and during this period, very often, the subjects developed clonic cramps. Ail sub

I Experjmentai Procedure

Our experimental subjects were the following: Mr. Matsumoto, a sixth ranking
judo expert performed the “choking” on four subjects of third ranking, and one sub
ject of fourth ranking. On the same subjects three methods of “choking “, the
“Okurieri-jime”, “Katajujijjrne”, and “Hadaka-jjme” were perforrned. In the “Okuri
eri-jime “, the neck as a whole is squeezed, in the “Katajujj-jjme” the region of
the carotid arteries is pressed, while in the “Hadaka-jime “, the trachea is pressed.

The subjects were made to lie on a bed in a recumbent position in a Condition
of rest, and in the case of the “Katajujj-jjme “, the performer did the strangling
from the front. In the “Okurierj-jjme “, and the “Hadaka-jime “, the upper part
of the body of the subjects was raised approximately thirty degrees and the per-
former did the “choking” from behind.

Studies were made on the Central nervous system, the cardjo-vascular system,
and the respiratory system.

The following items were selected.
1) Electroencephalogram (E. E. G.)
2) Percentage oxygen saturation of blood in the helix of the ear.
3) Electrocardiogram (E. C. G.)
4) Arterjal blood pressure.
5) Finger and forearm plethysmogram.
6) Skin temperature
7) Respiratory movement.
8) Pupillary reflex.

9) Reaction of urine
10) Cramp or Convulsion.

At the first signal, the performer took the necessary position, at the second he
performed the “choking “, and let go his hold at the first sign of UflCOflSCjOUS

ness. The criteria for Unconsciousness was the reflex dilatation of the pupils.
Measurements were made at rest condition, then at the ready condition, and
finally throughout the “choking” period until five minutes after awakening. Sub
sequent measurements were made at 10, 15, 20, 25, 30 minutes. The room tem
perature at the time of measurement was 15.6—18.2°C (dry temperature), and 12.0
—15.4°C (wet temperature). The atmospheriC pressure was 755.0—771.3 mm Hg.

II Experimental Methods and Resuits

1) General symptoms. The subjects feU UflCOflsCjOUs after approximately 10
seconds of “choking “. The duration of Uflconscjousness was from 10 to 12 seconds

jects woke up spontaneously. While unconscious, the subjects sometimes had

dreams which were flot unpleasant. After awakening the subjects did flot com

plain of any unpleasant feelings. The dilatation of the pupils was concomitant

with the unconsciousness.

2) Electroencephalogram (E. E. G.). The subjects were put into an electricai

shielding room, and with a unipolar lead, recordings were made from the frontal

and occipital region. The silver disc electrodes were 1.0 cm in diameter, and

these were applied to the frontal region, occipital region, and the ear lobe. An

ink recording apparatus was used, and the recording paper made to move at the

rate of 3 cm per second. None of the subjects feh unconscious during the “Ha

daka-jime “, but with the “Okurieri-jime “, and the “Katajuji-jime” ah subjects

lost consciousness. In ail the cases in which the subjects fcil unconscious the E.

E. G. were similar regardless of the method of “choking “. (see Rg. )

a) In the getting ready position, the a waves were inhibited, and the /3 waves

increased as compared to those in the rest position. This is due to the feeling of

anxiety in anticipation of the “choking “.

b) In the early stages of the “choking “, the amplitude and the frequency

were increased, followed by a decrease in amplitude.

c) Just at the time the subjects feu into unconsciousness, the amplitude mark

edly increased, and reached approximately 100 V, whiie the frequency decreased

conspicuously attaining 3-5 per second, and recorded the so-called slow waves.

This we consider to be the characteristic E. E. G. of the state of unconsciousness

following “choking “, and is very similar to the E. E. G. of epileptic seizure.

During the middle period of the state of unconsciousness, superposed waves ap

peared, foliowed by a separation, and finally became 50-100 V, 3-10 per second

waves.

d) As the subjects neared the awakening period, the waves identical to those

which appear during sieep were observed, and these were superposed by (3 waves.

e) On awakening, the (3 waves became conspicuous, and after 10 seconds of

awakening the c waves began to appear in addition. After 20 seconds of awaken

ing, the E. E. G. showed a similar recording to that of the getting ready period.

After 2-3 minutes the E. E. G. returned to that of the rest period.

In the case of the “Hadaka-jime “, the E. E. G. showed an entirely different pic

turc. Waves with wider amplitudes and higher frequencies appeared, but showed

no slow waves. (see Pig. i)

From the above six cases it is definte that changes in E. E. G. may be observ

cd during the state of unconsciousness induced by “choking “, but the duration is

short, and 20 seconds after awakening the E. E. G. returns to normai and leaves

no after effect, which is quite different from that of the case with a concussion

—4—
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of the brain. In ail the above cases the performer let go his hold immediatelyafter the subjects feu unconscious, thereby limiting the effect of “choking” to ashort period, but if the choking had continued longer, the appearance of seriousafter effect is to be expected.

3) Percentage oxygen saturation of blood in the helix of the ear. The apparatus used was the ear-oxymeter. This instrument measures the percentage oxygensaturation of the circulating blood in the helix continuously without puncture.With the ear-piece attached to the helix, measurements were made after the capillaries had dilated and became arterialized. The percentage oxygen saturation ofblood at rest condition was fixed at 95%. The measurements were taken atparallel intervals with the E. E. G.. These measurements were made in order toinvestigate indirectly, the percentage oxygen saturation of the circulating blood inthe brain, as the internai carotid artery which perfuses the brain, and the externalcarotid artery which perfuses the helix of the ear branch from the common carotidartery

The changes in percentage oxygen saturation of blood in the helix during the“Okurieri-jime” and the Katajuji-jime “, were similar to each other. The percentageiowered simultaneously with the commencement of the “choking”, and the subjectlost consciousness when the percentage dropped to 86%, and continued to fali forfrom 2 to 4 seconds, and reached a minimum of 82%. As the performer let goimmediately after the subjects lost consciousness, the percentage rose quickly, andwhen it reached 90—92%, the subjects usually came to. Approximately 20 secondsafter reviving consciousness the precentage regained the resting condition value.

r

(see Pig. 2)

In the case of the “Hadaka-jime “, as was stated, the subjects did flot lose consciousness, and the fail in percentage oxygen saturation was far less marked thanin the other two methods. (see Pig. 2)
From the above resuits it was observed that the percentage oxygen saturationof the blood in the helix of the ear decreased as a resuit of “choking” and thesubjects lost consciousness when it feh markediy. It may be concluded that theoxygen lack of the circulating biood in the brain is one of the factors causingunconsciousness, as a resuit of “choking “. But the fail in the percentage oxygensaturation is flot low enough to attribute it as a soie factor in the cause of theuncosciousness.

4) Respiratory movement. In order to record the respiratory movement, a manchette was wrapped around the thorax, the changes in air pressure therein wastransmitted to a recording tambour, and from thence recorded on a kymograph.In the case of the “Okurieri-jime “, and the “Katajuji-jime “, the respiratory movement was inhibited in the inspiratory phase, with the commencement of the “choking “. While uncorïscious the respiratory movement tended toward the expiratory
—6-—
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OKURIERI-JIMEphase, and temporarily

ceased. With the a

wakening, the respirato

ry movement began to

resemble that of the

normal condition, but

momentarily, the ampli

tude and the respiratory

rate increased. Gene

rally, normal respirato

ry movement was re

gained in one to two

__________

minutes.

During the “Hadaka

jime”, respiratory move

ment was inhibited, and

coughing set in which

made the respiratory

movement irregular. 80
.

t......

After letting go the
1-IADAKA-JIME

hold, the acceleration of

respiratory movement 0N OFF

was not very marked.

(see Fig. 3)

5) Electrocardiogram

(E. C. C.). E. C. G. was

taken by the standard

limb leads. From the 80 i ...1,,,

E. C. G. recordings, the
20 30 40 56G

form, voltage of each

deflection, heart rhythm

(R—R interval), auriculo-ventricular conduction time (P—Q interval), duration of

ventricular contraction (Q—T interval) were observed.

a) Conspicuous changes were not observed in the form of E. C. G., but an oc

cassional disappearance of P wave, or the appearance of U wave were noted. (see

Pig.4)

b) Voltage of each deflection of E. C. G.. In the “Okurieri-jime “, the R1, T1

gradually became low from the beginning, and remained low for sometime after

awakening, whereas the R111 and T111 became higher and remained high until

after awakening. The R11 T11 showed the following values, respectively: R11 =R1

ON
‘I,

‘y

AWAk.EN/N
‘k

KATAJUJI- J!t’IE

y y

0FF
‘I

.50
sec

Fig. 2. Effect of choking on percentage oxygen saturation of the

blood in the helix of the ear. X—Y, unconsciousness.
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changes in the R—R in

terval were flot so pro

nounced. In the “Ha

daka-jime “, no changes

in the R-R interval were

observed (see Pig. 6)

These changes in E.

C. G.,we assume, are the

resuit of vagal inhibition

on cardiac rhythm.

6) Arterial blood

pressure. By means of

the Tycos’s sphygmo

manomenter, the blood

pressure in the brachial

artery was measured by

the auscultatory method.

During the “choking”

act, it was rather diffi

cuit to measure due to

the cramps, but after

awakening, the systolic

blood pressure rose 30

—40 mm Hg, and within

five minutes returned at

the rest condition value.

The diastolic blood pres

sure showed similar

changes. (see Pig. 7)

7) Reaction of peri

pheral blood vessel. The

volume change of finger

ATREST

OKURIERI-J7ME
I

li
BI

I L L I

__ ____ ____

ON

/(ATAYUII-J7ME
I

AT REST
BI

REA DY

OKUR!ER/-Jit’iE + R111, T11 =T1 ± T111
and generally maintain
ed similar values, but
during the unconscious
period, the R1 R11 and
R111 occassionaily show
ed higher values.

r’ Y The above changes
1 sec

in voltage is, no doubt,î
ON OFF attributable to the

change in the electrical/(ATA7UJI- JIME
axis of the heart, but
further thought must be
given also to the change
in cardiac output as a
causal factor.

In the “Katajuji-jime”,
and the “Hadaka-jime”,

.zsec the R11 and R111 some
î times showed a highON OFF

value during “choking”,
HADAKAJ!NE but in general, no regu

lai changes were observ
ed. (see ig. 5)

c) Intervai of each
deflection of E. C. G..
The R—R interval shows
the heart rhythm. In
ail the methods ofi sec

t “choking “, during the
ON OFF getting ready period,

the R—R interval short-Fig. 3. Effect of choking on the respiratory movement,
Upward stroke of the record represents inspiratory move- ened. In the “Okurieriment.
At(., cramp was occureci; during X—Y, unconsciousness. jime “, while the subject

was unconscious, the R—R interval lengthened considerably, but with the awake
ing, it shortened, and later lengthened again before going back to the rest condi
tion, five minutes after regaining consciousness. (see Fig. 6) Meanwhile, practically
no changes in the P—Q interval, and the Q—T interval, were observed. Accordingly,
the changes in heart rhythm observed were mostly during diastole.

In the “Katajuji-jime “, the changes were very similar to the foregoing, but the

READY

ON

I-/ADAKA-37ME
IJ J, V

.t
ATI?EST

REA DY

Fig. 4. Effect of choking on the pattern of electrocardiogram.

ON

and forearm was measured by plethysmograph. During the “Okurieri-jime “,

and the “Katajuji-jime”, the volume of the fingers decreased, whereas that of the

forearm increased. During the “Hadaka-jime “, in which the trachea is mostly

pressed, no such changes were observed. The changes observed during the “Okuri

eri-jime “, and the “Katajuji-jime “, were similar to the vaso-vagal syndrome. (see

Fig. 8)

8) Skin temperature. A micro-pyrometer was used, and skin tempertures in

the back of the leg of both sides, and the middle part of the lower hp were

—8—



measured. The temper

ature observed in the

back of the leg were

similar on both sides,

increasing directly after

awakening and then

gradually returning to

the normal in 25 to 30

minutes. The changes
in temperature observed

in the three mothods of
“choking” were nearly
ail similar.

The skin temperature
in the middle part of
the lower hp feu direct

ly after awakening, and
in 20 to 30 minutes,
returned to the value at

rest condition. (see Pg.

q)
The above changes

in skin temperature is
considered a part of the
reaction of peripherai
blood vesse].

T

P

I. [

R
I • • s •

1]

P.

I

R
T

‘p

•

—

percentage oxygen satu

ration of biood in the

ear hehix decreased to

82—85%, as a result of

the “choking,” but in

the “Hadaka-jime “, it

barely reached 92%. It

is inferred from the a

bove :results, that one

of the causes of fahling

unconsCiOuS as a resuit

of “choking” is oxygen

lack of the brain.

The respiratory move

ment in the “Okurieri

jime “, and the “Kata

juji-jime “, was inhibited

in the inspiratory phase,

whereas in “Hadaka

jime “, it was inhibited

in the intermediate

phase. The E. C. G.

showed the rnost mark

ed elongation of the R-

R interval in the “Oku

rieri-jime “, then in the

“Katajuji-jime “, but in

the “Hadaka-jime” it

was very slight. The

reaction of the peripher

al blood vessels in the

“Okurieri-jime “, was

manifested by a marked

constriction of blood ves

sels of the fingers and

also a slight dilatation

of blood vessels of the

forearm. The “Katajuji

jime” produced similar

change, although flot so
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Fig. 5. (A. B. C) Effect of choking on the voltage of each deflec
tion of electrocardiogram.

(C)

.-iADAKA-J7”4E

—4

9) No protein was found in the urine, before and after “choking “. ‘“T

x%

III General Discussion and Summary

1) The differences in effect of the various methods of “choking “. The effects
observed for the “Okurieri-jime “, and the “Katajuji-jime” were similar to each
other, but differed from that of. the “Hadaka-jime “. In the former two methods
the subjects feli unconscious without experiencing pain, but in the “Hadaka-jime “,

the subjects did flot lose consciousness. If the performer, during the “Hadaka
jime “, had strengthened his hold in order to make the subject lose consciousness,
the latter undoubtedly would have experienced excruÇiating pain.

The E. E. C. in the “Okurieri-jime “, and the “Katajuji-jime” showed slow
waves with large amplitudes, whilst in the “Hadaka-jime” rapid waves with large
amplitudes were observed. In the “Okurieri-jime “, and the “Katajuji-jime” the
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Fig. 7 (A.B,C) Effect of

choking on the arterial

blood pressure.
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marked, but in the “Hadaka»jime “, practicallY no changes were observed.

It is to be learned from these resuits, that in the “Okurieri-jime “, and the

“Katauji-jime “, besides the oxygen lack of the brain, the effect of stimulation of

the vagal nerve, also plays an important role, whereas in the “Hadaka-jime “, its

effect is not very noteworthy.

2) After effect of “choking” on the body. The unconsciousfleSS resulting from

“choking” recovered spontaneously in from 10 to 12 seconds. The changes in

the readings of the E. E. G., and the ear-oxymeter, showed normal values after

20 seconds. The readings of the E. C. G., reaction of blood vessels, and blood

pressure returned to normal values after 5 to 10 minutes. The changes in re

spiratory movement recovered after 5 minutes. Skin temperature readings regis

— 13 —
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tered normal values after 25-30 min

utes. From the point of view of

subjective symptoms, no unpleasant

feelings were experienced. As men

tioned previously, the performer let

go his hoid directly after the sub

jects lost consciousness, so the after

effect was very slight, whereas if he

had continued long after the subjects

lost Conscjousness the after effect

might have been quite serious.

3) Physiological mechanism of

unconsciousness by “choking “. It

is clear from the fact that in the

“Hadaka-jime “, wherein pressure is

applied mostly on the trachea, the

subjects did flot falI unconscious, and

also from the readings of the ear

oxyfneter, the cause of the uncon

sciousness resulting from the other

two holds may be attributed to oxy

gen lack of the brain as a result of

mechanical hindrance of the blood

stream to the brain. The appearance

of slow waves in the E. E. G., while the subject was unconscious, indicates a de-

pression of the activity of the brain ceils resulting from anoxia. The onset of

cramps during unconsciousness may be asphyxiai convulsion resulting from oxy

gen iack of the brain.

But the changes in physiological function, during the unconsciousness resulting

from “choking “, is caused by other factors besides oxygen lack of the brain.

The effect upon the heart appears sooner than the changes due to oxygen lack of

the brain, and may be ascribed to the action of the cervical vagal nerve.

The reaction of the blood vesseis is also thought to be of a similar cause. Ac

cordingly, the unconsciousness resulting from “choking” is the combined result

of oxygen lack of the brain and excitation of the vagal nerve, and may be con

sidered to be a pre-shock symptom.

4) Prevention of the dangers accompanying “choking “. Since the load for the

heart and the rise of blood pressure is marked, it is dangerous to perform the

“choking” hoid on subjects with heart trouble or with hypertension. It is also

clangerous for youngsters whose central nervous system and heart have flot yet

attained complete development. But for those trained in this field, it is quite

harmless, although care must be taken, flot to continue the hoid after the subject

fails unconscious.
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1KM, Micnio AND AJ.THUR H rE1NHAUS. Some factors
modzfying the expression of Izuman strength. J. Appi. Physiol. i6(i):
157—163. ig6i.—The maximal pull of forearm flexors was
increased and, in some instances, decreased in predictable
fashion by a loud noise, by the subject’s own outcry, by cer
tain pharmacologic agents (alcohol, adrenaline, and ampheta
mine), and by hypnosis. Significant average changes ranging
from +26.5% to —31% were observed. An analysis of these
data and that of others leads us to regard ail performances short
of the maximum limit, which is aiways imposed by the structure
and prevailing physiologic state of the performing muscles,
to be manifestations of acquired inhibitions that in turn are
subject to disinhibition by pure Paviovian procedures, by
anesthetization of inhibitory xnechanisms, or by pharmaco
logically induced symptorns serving as stimuli for disinhibition.

iE PuLLING POWER of a muscle is ultimately a func
tion of its cross section and the physiologic state of its
tissues; but the actual performance of a muscle fluctuates
more rapidly and over a wider range than can be fully
accounted for by changes in these factors. In fact there
are many reasons for assuming that the muscle and
peripheral nerves are the most stable links in the neuro
muscular sequence that produces a voluntary contrac
tion. The causes of rapid and reversible changes in
muscle strength must therefore be sought in central
mechanisms.

Changes in the central nervous system may be brought
on by factors that modify the physicochemical state of
neurons and synapses such as oxygen tension, hormones,
pharniac.ologic agents, and temperature changes. Col
lectively, these may be designated neurologic or physio
logic factors. The activity of nerve centers and their
influence on activity is further determined and modified
by the racial history and individual experiences of the or
ganism. Individual experiences account in large measure
for differences in action between persons and for differ
ences in the action of the same person from moment to
moment and day to day. Although this behavior is

Received for publication June 20, 1960.
‘Professor of Physiology, University of Tokyo; 1958—1959 Fuibright Scholar and Grantee of the Asia Foundation.

aiways subject to physicochemical factors already men
tioned, its individual character is primarily the resuit of
environmentally induced experiences that include every
impact with the inanimate and animate world, including
experiences with parents, teachers, and peers. Although
it is futile to attempt a clean dissection between the effects
of such individual learning experiences and those of
physicochernical origin on the expressions of strength, it
is relatively easy to identify two categories of initiating
agents that differ in their manner of working. Because
the modus operandi of physicochemical agents has been
most closely observed by physiologists, they are desig
nated ‘physiologic’ factors, and because the actions of
man’s animate environment and culture on his behavior
have engaged the attention of persons interested in his
psyche, those actions are designated ‘psychologic’ factors.
Granted that both factors operate on the same nervous
system and granted that psychology is a special phase of
brain physiology, it is nevertheless useful to speak of
physiologic and psychologic factors. Physiologic factors
set the relatively fixed and outermost limits, psychologii
factors, the more proxirnate ones. In this sense it is appro
priate to speak of a physiologic and a psychologic limit.
Capacity is the aiways undetermined measure of the
former. Performance is aiways limited by the latter.

Factors that determine the physiologic limit are rela
tively well understood. The aim of this study is to throw
light on the mechanism that determines the psychologic
limit and how this limit is changed.

METHODS AND RESULTS

The tension of right forearm flexors in maximum
effort was measured with a cable tensiometer as described
by Clarke (i). A specially adapted armchair positioned
the seated subject’s forearm at right angles to his upper
arm. A wide canvas beit fastened to the subject’s wrist
was attached to a -inch cable that descended perpen
dicularly and at right angles to the forearm to fasten into
the same base to which the chair was fastened. Cable
tension resulting from maximal efforts to flex the forearm
was read in arbitrary units on the tensiometer dial and
converted to pounds by reference to a calibration curve.

Reprinted from JOURNAL or APPLIED Pnys,oLooy
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TABLE . Statistical Analysis of Changes in Human
Certain Psychologic and Pharmacologic Interventions

1. Prehypnotic pulls
2. Pulls in hypnosis under suggestion of

strength
6 69.2 87.5 +18.5 +26.5 6.88 6.50 0.01

Highly signifi
cant

i. Prehypnotic pulls
2. Posthypnotic pulls under suggestion

of weakness
6 69.2 47.3

Highly signifi
—21.9 31.7 12.50 4.38 0.01 cant

i. Prehypnotic pulls
2. Posthypnotic pulls under suggestion

of strength

i. Prehypnotic pulls
2. Pulls in waking state after hypnosis

t. Pulls in blank control (adjusted) from
6th to 3oth min.

2. Pulls from 2nd to 27th min. after ai
cohol

t. Pulls in blank control (adjusted) from
6th to 3oth min.

2. Pulls from 2nd to 27th min. after
adrenaline

10 71.8 76.5 +4.7 +6.5 3.17 1.48 0.2 Not significant

1. Pulls in blank control (adjusted) from
6th to 3oth min.

2. Pulls from 3oth to 6oth min. after 30

mg amphetamine sulphate

10 70.5 8o.o +9.5 +13.5 3.65 2.60 o.o5 Significant

b) The average of single, terminal pulls accompanied
by a shout compared with the mean of the averages of
ail pulls flot immediately preceded by a shot or shout
discloses a 7.5-ih. or 12.2% increase attributable to the
shout. This improvement, also, is highly significant
(P = o.ooi).

c) Although we have insufficient data for statistical
analysis we are satisfied that the time elapsed between
the shot and a subsequent pull in some way infiuenced
the effect of the shot on the pull. In preliminary test ses
sions, lower-than-normal pulls were so often recorded
when the shot was fired simultaneously with the pull
that we discontinued this practice and did flot include
sessions with this timing in the sessions here reported.

d) Figure 3 shows how greatly subjects varied in their
responses to the shot. Thus subject PH showed no re
sponse whatever, whereas others (JR and PC) showed
increases of more than 30% following shots; several suh
jects (TM and PC on April 24) appeared to show a post
poned effect of the shot, marked by increased perform
ance in the second and third pulls after the shot; and the
same subject rnight show very different responses on
different days (compare PC on April 24 and May to).

Hypnosis series. Each of the 10 subjects employed in the
blank control series was subjected to hypnosis. 0f this group
three proved refractory in repeated attempts to hypno

tize them. The procedure involved fixation of vision on
the timing dc k. This was followed by instructions to
close the eyes and imagine the dock receding into the
distance plus various other suggestions to induce relaxa
tion and sleep. In from 10 to 15 minutes the subjects were
tested for certainty of the hypnotic state by simple sug
gestions of rigidity and limpness of arms and legs. When
the arm was held so rigid that neither the hypnotist for
his associate could bend it the subject was considered
ready for further testing. He was then told that he could
now see the dock, that he was getting stronger and
stronger, that he could break ah records, and that
nothing would hurt while he did it. Then followed five
measures of strength, which he performed in time with
the sweep hand of the dock in 5 minutes. He was then
told that at the count of three he would awaken but find
himself very weak for minutes, that his muscles would
pain when he pulled against the strap, that at the end of
five pulls he would become very strong for five successive
pulls, and that on command he would thereafter return
into a deep sieep. Upon the hypnotist’s third count the
subject awoke, waited until the second hand reached the
one o’clock position as instructed, and pulled just as he
had been told for io times. Invariably the first five pulls
were considerably below his normal and the subsequent
five pulls were very strong. The operator then told him

Forearm Flexor Strength Induced by

t. All pulls per session without shot
2. AIl pulls per session preceded by shot

6i .5 66.o +4.5

Means Compared N M, lb. M,, lb. M, — M,, lb. dhange, % u P Significance

i. All pulls per session without shot or
shout

2. Pull with shout

+7.4 0.82 5.42 0.001
Highlysignifi

cant

35 6i.5 6g.o +7.5 +12.2 0.95 7.89 0.001
Highlysignifi

cant

Highly signifi
6 69.2 84.7 +15.5 +22.5 g.8g 4.10 0.01 cant

6 69.2 82.1 +12.9 +18.7 8.73 3.70 0.02 Significant

10 66.3 70.0 +3.7 +5.6 2.80 1.32 0.3 Notsignificant
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to go to sleep. In Lnis second sleep he was given sugges
tions that when he awoke on subsequent command he
would feei wonderful, better than he had feit for a long
time, etc. He was then awakened and told the hypnosis
test was ail over but that he should pull another five
times. Six of the seven subjects who were hypnotized
showed identical response patterns. Their performances
are reproduced in a composite curve in figure 4. Because
of variations in the time taken to induce hypnosis in
these subjects the time scale on the horizontal axis is flot
continuous. Suggestions of strength increased the average
pull 18.3 lb. under hypnosis and 55.5 lb. in the state of
posthypnotic suggestion (see table i). Suggestions of
weakness and pain reduced the average strength in a
period of posthypnotic suggestion nearly 22 lb. below the
prehypnotic controls. Ail these differences aré highly
significant (P = o.oi). In the terminal waking state
there was persistence of the strength increase at a some
what reduced levei, i.e. 12.9 lb. above the control with
a P value of 0.02 for the difference.

The seventh subject who responded to hypnosis de-
serves speciai presentation. This subject, whose record is
given in figure 5, was an experienced weight lifter. Some
what skepticai of hypnosis, he set out to disprove it. In
consequence, he made an exceptional effort and pulled
as much as i6o lb., breaking ail previous records, in his
prehypnosis pulls. After three attempts extending over
neariy 2 hours he was finally hypnotized. His display of
strength both in the hypnotic state and under posthyp
notic suggestion neyer fuily equaled his superefforts in
the control period. Maximal effort under hypnosis in one
instance caused him to pull himself down and neariy off
the chair. This no doubt reduced his recorded perform
ance. The posthypnotic suggestion of weakness was,
however, very effective as in the other six cases. To satisfy
ourseives and him that he really had been hypnotized

I I

________

4:34 4:41 500 - -

FIG. 5. Record of unusual forearm flexor performance in hyp
notic series. Subj. JR, an expert weight lifter, set new record in
control period which apparently approximated his physiologic
limit and, therefore, was flot exceeded under hypnotic suggestion.

he was told that the hypnotist would brand his hand
with a red-hot poker and that this would cause a blister

‘- to form. When he was touched with the hypnotist’s closed
fountain pen he screamed. The blister that appeared
within the hour took a week to heal and served to con
vince the subject of the reaiity of hypnosis.

We interpret the findings in this subject to indicate
that he was able, probably because of long training, to
approximate his physiologic limit in the waking state
and therefore suggestion could lower but flot further
raise his performance.

Alcoliol series. The 10 subjects used in the blank control
series were observed in five maximum pulls before the
consumption of 15—20 ml of 95 % ethyi aicohoi in water.
Two minutes after the alcohol was taken testing was con
tinued once a minute for 25 minutes. Each circie in

I 234
figure 6 represents the average of 10 pulls (one by each
subject) recorded for the minute indicated. The curve
of the biank control bas been drawn on the graph in an
adjusted position determined by overlapping the curve
of the first five pulls of the control with the five prealcohol
pulls of the experimental series.

In order to assure, for the statisticai analyses presented
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FIG. 6. Average of maximal forearm flexor performances of t o
subjects after consumption of 15 to o ml of 95% alcohol in water
compared with average performances of the same subjects in
blank control series. Control corne is adjusted vertically to level of
prealcohol tests. Arrow indicates taking of alcohol.

FIG. 7. Average of maximal forearm flexor performance of 10

subjects after 0.5 ml of a 0.1 % solution of adrenaline intramuscu
larly compared with average of same subjects in blank control stries.

in table î, valid comparisons of our findings under the
influence of alcohol, adrenaline, and amphetamine with
a comparable set of control values the following was
done: the difference between the average of the first five
pulls in the blank control series and the average of the five
pulls before administering the pharmacologic substance
was added or subtracted from the blank control values
of each minute depending on whether the initiâl values
of the control were below or above the experimental
values, respectively.

For each session ail pulls recorded after alcohol con
sumption were averaged. The mean of the 10 averages
after alcohol compared with the mean of the 10 averages
of the adjusted blank control performances of the same
to subjects disclosedn increase of 3.7 lb. attributable to
alcohol. This improvement of 5.6 %, although flot sta
tistically significant, is discussed further below.

Adrenaline series. The same 10 subjects were injected
intramuscularly with 0.5 ml of a 0.1 % solution of
adrenaline after recording five maximal pulls. Two
minutes later strength testing was resumed at intervals
of i minute for 27 minutes. The average performance of
the 10 subjects at each minute is graphed in figure 7
together with the curve of the blank controls for the same
subjects, adjusted graphically as described for alcohol.

Statistical treatment of these data as for alcohol shows
an improvement of 4.7 lb. (6. %), which is flot signifi
cant.

Amphetamine series. Each of the same 10 subjects was
tested five times ifi 5 minutes before taking three 10-mg

tabets of amphetamine sulphate by mouth. Twenty-five
‘minutes after taking amphetamine, testing was resumed

• and continued at î -minute intervals for 30 minutes. The
average of the pulls of the 10 subjects at each minute is
graphed in figure 8 together with the blank control
curve adjusted as for alcohol and adrenaline.

A statistically significant improvement of 9.5 lb.
(13.5%) attributable to the amphetamine effect is re
corded in table t.

DISCUSSION

AlI observations reported here support the thesis that
the expression of human strength is generally limited by
psychologically induced mlii htions.

5 30 35 40 45 50 55 MIN

Control curve is adjusted vertically to level of prealcohol tests. Arrow
marks injection time.

no. 8. Average of maximal forearm flexor performance of t o
subjects before and after 30 mg amphetamine sulphate by mouth
compared with average of same subjects in blank confr01 stries.
Control corne is adjusted vertically to level of preamphetamine
tests. Arrow marks taking of amphetamine.

The various interventions by which we increased per
formance in one way or another reduced these inhibi
tions. The greatest and most consistent extension of per
formance took place in hypnosis, a purely mental
phenomenon. The early, apparently excitatory, effect of
alcohol is properly attributed to its primary narcotic
action on inhibitory mechanisms, but this is followed by
more widespread depression. Figure 6, by conforming to
this sequence of events (i.e. increased performance fol
lowed by reduction), thus also supports our basic thesis.

Increased performances under drugs, excitement
states, and hypnosis have been reported also by others
but few persons have proposed possible mechanisms for
their explanation. Campos, Cannon, Lundin and
Walker (2) in 1929 observed in dogs the lifting of muscu
lar fatigue by injections of adrenaline but with far from
uniform results. They believed the explanation shourd
be sought in a central mechanism but confessed complete
ignorance as to its nature. Ten years later Lehmann,
Straub, and Szakâll () in exhaustive experiments estab
lished that Pervitin (t -phenyl-2-methylaminopropane)
produced up to threefold increases of performance on a
bicycle ergometer. Finding no metabolic changes or im
proved cireulatory adjustments to account for the in
creases and always finding exhaustion signs commensu
rate with the work performed, they concluded that
Pervitin in no way improved physiologic mechanisms
but merely served as a central excitant. They said the
end point of any performance is neyer an absolute fixed
point but rather is when the sum of all negative factors
such as fatigue and muscle pain are felt more strongly
than the positive factors of motivation and will power.
Pervitin, they added, lets the former appear weaker and
the latter stronger, thereby extending the subjective
limits of performance f0 use up more of the reserves that
normally protect the individual from excessive exhaus
tion. Ailes and Feigen in 1942 (‘.) reported greater per
formance in man under amphetamine. They said the
drug inhibits the production of fatigue. Systemic circula-
tory effects following their higher doses of Benzedrene
(20 and 40 mg) cannot, according to them, account for
the improved performance by any direct effect on the
muscle. They looked for limiting factors and for the
Benzedrene effect to reside in the central synapses but

“ ALCOHOL L.!&_!j —O ALCOHOI. ADRENAL.INE IFIG. il
80 -

- .J. — BLANK CON1I1OL

:
o

70

O ADPCNALINE
o,

BLANPÇ CTR]
8—i 6.

I I I I I
,

I I I I I I
5 10 15 20 25 30 MIN 5 10 15 20 25 30 MPJ

- A17E1AMINE
oooo0 O

000 0 081 -- o0,o

71’
e,

.—cAMPH€ANINE
CLANS CONTRDL1

I I I I I I



162

dared not, speculate further. 0f special interest is their

finding that the amplitude of the patellar reflex increases

under Benzedrene coincidentally with the Benzedrene

prolongation of finger flexion recorded on a Mosso type

of ergograph. Since exaggeration of the patellar reflex

is itself a sign of release from higher central domination

and also the first sign of oxygen deprivation of higher

centers, it is flot unreasonable to postulate a dectly

chemical or a pharmacologically triggered disinhibition

to explain these findngs. Spengler in 1957 () also identi

fied amphetarriine as prolonging performance through

action on higher centers but suggd no possible

mechanism for iLs action.
More recently amphetamine (i -phenyi-2-aminopro-

pane) as amphetarnine suiphate was employed in studies
by Smith and Beecher (6) and by Karpovich () to de-

termine the action of so-caiied ‘pep pulls’ on performance

in various swimming, runnng, aid weightevents. In

addition to simple placebos, Smith and Beecher (6) used

alternately also secobarbital, acclaimed to possess

euphoric and depressing effects, to help isolate the real

amphetamine effect. Both studies report great variations

in performance attributable to the drug. Smith and

Beecher (6) found improved performance in a majority

(about 75 %) of athletes under amphetamine. Some also

did better under secobarbital than placebo and some did

best on placebo. They found less amphetamine effect

when performance was in competition against test mates

than when it was singly timed. Excluding weight events,

amphetamine performance neyer equaied performance

in true competition except when a selected group of

swimmers were specially motivated by the promise of a

steak dinner, which at Harvard has become an award of

great symbolic significance. Thus amphetamine sub

stituted in part for the excitement of competition.

Karpovich (7), on the other hand, found no significant

difference in 50 of his 54 subjects. Only three swimmers

did better on amphetamine and one did signiflcantly

better on placebo.
Both studies express concern over the inability to

separate drug and psychologie causes. Smith and Beecher

say, “. . . it was possible for the performance to be better

on ‘amphetamine days’ than on ‘placebo days’ flot be

cause the ‘pep puIs’ invigorated the athiete or height

ened his motivation but simply because he noticed

unusual feelings and sensations and assumed this meant

he had been given the ‘pep pili’, expected help from it,

and so performed better than usual.” It is significant

that both the depressant secobarbital and the excitant

amphetamine are reputed to have euphoric effects. If

the small doses of secobarbitai associated with a fair

number of improved performances were sufficient to

elicit the euphoria without significànt depression, then

such improvement may also have been due to the trigger

ing of a psychologic mechanism by a drug-induced symp

tom. Since ah of our subjects reported marked symptoms
resulting from these drugs, this interpretation seems best

to explain our own findings with amphetamine sulphate,
epinephrine, and perhaps alcohol. From experiences of

everyday life as weli as from Paviovian experimentation

(8) there is ample evidence that any unusual sensory
experience àr excitement may inhibit inhibitions. Such

disinhibition may weil account for ail improvements

noted in these experiments and for the even greater per

formances exhibited in bona fide competition. Alter

nately, the secobarbitai effeci may be expiained as

.iharmacologic suppression of inhibitions as postulated

above for alcohol.
In the shot and shout .reries our procedure most closely

follows that of Pavlov. In fact this study was conceived

in our iaboratory nearly 5 years ago when e sought to

parallel on man Pavlov’s experiments with external in

hibition. If one assumes that the expression of strength

is normaliy restrained by the aches of sprains and strains

associated with maximal effort, even by the sharp admo

nitions of overprotective parents against overdoing, and

that these operate as conditioned stimuli of inhibiting or

negative conditioned reactions, then such inhibitions, as

in Pavlov’s dogs, should be subject to external inhibition

by loud sounds, etc.
In our experiments the sweep hand coming to the one

o’clock position served as the stimulus for a conditioned

response, the contraction. A surprise shot fired simuita

neously with thjs stimulus would be evoking the ‘orient

ing or focusing reflex’, or by otherwise acting as an ex

ternai inhibitory agent, inhibit the contraction response

and thus account for the lesser strength usually noted

with such synchronism. Accepting the view that such in

hibition radiates ovcr the cortex to involve many neural

centers, the greater-than-normal pulls exerted when the

shot preceded the pull by 4 to i o seconds would be ex

plained by the inhibition of inhibiting mechanisms in

areas to which the shot-induced inhibition had, in the

intervening time, spread. Should such spreading continue

for as much as 90 seconds, as claimed by Bykov () from

the findings of Krasnogbrsky, Fursikov and Kogan, we

could account in this way also for the instances in which

we found above-normal strength in the second pull, as

long as 64 seconds after the shot.

MICHIO IKAI AND ARTHUR H STEINHAUS

FIG. 9. Case of a young woman displaying unusual improvement

of strength under hypnosis. This case provided dues to probable

cause of normally prevailing inhibitions.
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Les Japonais,

* Dans tout cet article,
es noms propres seront
donnés à la façon
japonaise, c’est-à-dire
avec le nom de famille en
tête.

• Ce qui caractérise l’avalanche des ar

ticles publiés en France depuis un an ou

deux sur le Japon est l’absence de recul

historique. Ce pays est souvent étudié

comme si son histoire avait débuté ré

cemment ou après la Seconde Guerre

mondiale. Or, beaucoup de spécificités

du Japon actuel s’expliquent naturelle

ment ou ne prennent leur véritable signi

fication que sous un éclairage historique.

La science japonaise a été initialement.

comme l’on peut s’y attendre, la science

importée de Chine. Bien que certaines

connaissances et certaines techniques

aient vraisemblablement déjà été impor

tées individuellement par les immigrants

des quatrième et cinquième siécles, la

trace la plus ancienne d’une initiative of

ficielle remonte à l’année 533, où l’empe

reur du Japon demanda à la cour de

Paekche, en Corée, de lui envoyer des

spécialistes en science du calendrier, en

divination et en médecine. Cet envoi fut

suivi d’autres et, à partir du vir siècle, le

Japon organisa lui-même des missions
d’études en Chine, jusqu’à l’an 894 où

elles furent arrêtées par décret impérial.

A cette première vague d’influence chi

noise, succédèrent quelque cinq cents

années durant lesquelles les contacts en

tre les deux pays furent très réduits. Avec

la reprise de relations commerciales offi

cielles au début du xv siècle, la science

chinoise connut un regain d’intérêt au
Japon grâce aux nouveaux apports qui

accompagnèrent cette reprise, avant de

céder définitivement la place au milieu du

xix siècle à la science occidentale avec

laquelle le Japon avait eu son premier

contact en 1543, lorsqu’un bateau à bord
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duquel se trouvaient des Portugais por

tant des armes à feu s’échoua sur l’île de

Tanegashima, au sud du Japon.
Durant cette longue période d’in

fluence chinoise apparaissent déjà cer

taines spécificités de la démarche japo

naise, qui permirent au Japon de négo

cier cette rencontre avec la science occi

dentale sans difficulté, à l’inverse de la

Chine. Ces spécificités s’observent au

mieux dans l’astronomie qui, à cette épo

que, occupait une place centrale dans

l’activité scientifique. Comme le fait ob

server l’historien Nakayama Shigeru,(l)

l’astronomie chinoise était une science

exacte qui recherchait des régularités. Au

contraire, pour les astronomes japonais.

l’objectif n’était pas de rechercher des

régularités dans la nature, mais de pré

dire ce qui allait se passer et de pouvoir

prendre les mesures éventuellement né

cessaires: une éclipse pouvait en effet

être un signe du ciel, de nature à faire

douter des vertus de l’empereuret rendre

nécessaires des cérémonies d’exor

cisme. Dans ces conditions, c’était essen

tiellement les phénomènes imprévus et

les irrégularités qui attiraient l’attention

des astronomes japonais, lesquels en ve

naient même à ne plus consigner les élé

ments prédictibles sans intérêt dans une

astronomie essentiellement utilitaire,

proche de l’astrologie. De plus, la science

en Chine était liée à la politique. Le ca

lendrier était un monopole d’Ètat, exi

geant un système officiel de calcul. La

philosophie officielle, c’est-à-dire le

confucianisme, qui était à la base du sys
tème politique, était, comme l’astrono
mie officielle, exportée pour maintenir la

souveraineté de la culture chinoise sur

les satellites et voisins de la Chine. Pour

le Japon, au contraire, il n’y avait pas de

raison politique qui justifiât d’une telle

orthodoxie. Les daimyo(2l gardaient de

larges pouvoirs et certains avaient leur

propre calendrier, tel celui de Satsuma.

De même, tandis qu’en Chine les astro

nomes occupaient une position dans la

hiérarchie des fonctionnaires, ils étaient,

au Japon, considérés simplement

comme des techniciens. La liberté de

choisir entre plusieurs théories au Japon

était en fait aussi importante que la re

cherche d’un principe unitaire en Chine.

De plus, le Japon n’avait pas la prétention

d’imposer une influence extérieure et ses

astronomes celle de croire que leurs dé

couvertes aient à être universellement

acceptées. En fait, avant le xx siècle, le

Japon ne croyait pas qu’il pouvait partici

per à la découverte universelle de la

connaissance.

Le Japon était en pleine mesure de

bénéficier de la science occidentale.

Dans ces conditions, lorsque l’in

fluence scientifique occidentale com

mença à s’exercer, les Japonais purent

rapidement changer de la science chi

noise à la science européenne. Pour les

Chinois, au contraire, la rencontre avec la

science occidentale était dramatique.

Accepter la science européenne équiva

lait à rejeter les valeurs traditionnelles, la

rejeter revenait à rester sans défense

contre les menaces de colonisation par

les puissances occidentales. On ne peut

manquer, en rappelant cette alternative
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la science et la technologie parMarcDupuis

I Le temps n’est pas si éloigné où l’image scientifique du Japon en France était encore essentielle

ment celle d’un pays qui ne savait qu’imiter. De cet extrême, il semble que l’on soit maintenant tombé

dans un autre: certains veulent voir dans le Japon le pays le plus futuriste du monde et en brossent un

tableau où l’on ne voit plus que robots, microprocesseurs et biotechnologie.

• Ce qui est certain, c’est que le Japon s’est hissé au premier plan dans les technologies de

production de masse. Ce qui est reconnu aussi, c’est que non seulement au niveau des technologies

de production mais également à celui des produits, le Japon ouvre maintenant la voie dans certains

domaines, y partageant la première place avec d’autres. Ainsi est-il généralement admis par les

spécialistes, qu’à la suite de l’achèvement du plan de développement des circuits intégrés à très haut

degré d’intégration (VLSI) lancé en 1976, le Japon est maintenant en tête, à égalité avec les Etats

Unis, dans ce secteur d’extrême pointe.

I Sans entrer ici dans une revue systématique et fastidieuse des principaux domaines technologi

ques, on peut dire que le Japon a une position forte dans des secteurs aussi divers que la sidérurgie, la

mécanique de précision, la robotique, les communications optiques, la biotechnologie, l’aquaculture,

la construction antisismique et les transports terrestres à haute vitesse. Cette seule liste, qui n’a

nullement la prétention d’être exhaustive, témoigne d’un haut niveau de la technologie japonaise

dans de larges zones, même si subsistent aussi certaines zones de faiblesses telles que la prospec

tion pétrolière sous-marine et l’aéronautique ou si coexistent des points de faiblesse et des points

forts dans certains domaines importants: par exemple l’avance dans les VLSI n’empêche pas qu’il

existe un retard dans les circuits intégrés spéciaux à usage militaire.

• Dans ces conditions une question subsiste, que le lecteur s’est sans doute déjà posée: même si le

Japon peut être maintenant considéré comme un pays dont la technologie compte, est-il pour autant

un pays dont la science compte?
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(1) Nakayama Shigeru, A
history 0f japanese
astronomy, Harvard

University Press, 1969.
Notre analyse des
différences entre les
attitudes chinoise et
japonaise à légard de la
science est inspirée de
ces travaux.
2) Chefs provinciaux
M Vie, Histoire du Japon

des origines à Mai71,
PU F).

Figure 1. Les Japonais ne sont pas que des exportateurs d’appareillage électronique; ils en sont les premiers consommateurs (photo A). D’une
manière générale, les nouveautés techniques sont bien acceptées et diffusent rapidement dans la société japonaise. Le patient qui est installé
sous l’appareil à rayons X de l’hôpital Teishin sur la photo B est examiné non pas par le technicien figurant au premier plan mais par un spécialiste

qui, de Tokyo, interroge le malade et dirige l’appareil en fonction de l’image radioscopique qu’il reçoit sur un écran. (Cliches Fondation du

Japon).
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‘administation informe, coordonne,

ncourage mais ne décide pas seule.

Etats-Unis

dépenses totales
de recherche (DIRD)

en milirards de francs courants

part de la recherche
dans la production

intérieure brute en %

part des entreprises et de l’Etat
dans le financement

de la recherche

Figure 2. Les dépenses de recherche Japonaises représentent aujourd’huI plus du double des dépenses françaises et plus du tiers des
dépenses américaines. Le pourcentage de la production intérieure brute consacré à la recherche est plus important qu’en France, élément qui
prend toute sa valeur si l’on se souvIent qu’il s’agit essentiellement de recherche civile, li n’y a pratiquement pas de recherche militaire au Japon,
alors qu’elle représente environ 40 % de la recherche publique française. Enfin, au Japon, contrairement aux autres pays, les entreprises ont à
peu près le mème poids dans le financement et dans l’exécution de la recherche, ce qui reflète la faiblesse des transferts de l’Etat vers l’industrie
sous forme de subventions, (Source D.G.R.S.T. Les chIffres 1978 sont des estimations.)

où s’est trouvée la Chine il y a quatre
cents ans, de penser aux changements
de cap de la politique chinoise de ces
toutes dernières années envers le déve
loppement scientifique et technique. il y
eut, en tout cas, aux xvi et xvii siècles un
premier tournant que le Japon sut pren
dre et non la Chine.

Après un début d’enseignement de la
science occidentale assuré essentielle
ment par les Jésuites, intervint en 1641 la
fermeture stricte du Japon pour quelque
deux cent trente ans. Craignant une
déstabilisation politique, le gouverne
ment décida de fermer pratiquement le
pays aux contacts avec l’étranger, ne
gardant qu’une fenêtre à Nagasaki, par

• laquelle seuls les Hollandais et les Chi
nois furent autorisés à continuer à com
mercer sous un stnct controle (le proces
sus avait commencé en fait dès 1612).
Grâce à cette fenêtre, cette fermeture fut

- - à l’égard de la science loin d’être com
plète. En effet, sous le Shogun Yoshi
mune, qui gouverna le Japon de 1716 à
1745, l’étude du savoir hollandais’ fut
encouragée pour des raisons analogues
à celles qui avaient été à l’origine de l’im
portation de l’astronomie chinoise, à sa
voir des raisons d’utilité; il fallait réviser
le calendrier et le rendre précis pour
l’agriculture, il fallait développer la mé
decine. Il s’agissait aussi d’utiliser les
connaissances étrangères pour en tirer

des avantages économiques, de nature à
consolider le régime féodal qui montrait
des signes de décadence; à mesure que
la menace étrangère se précisait, furent
encouragées les études à fins mïlitaires.
Un point très important est que beaucoup
de ceux qui étudiaient alors la science et
la technique occidentales étaient d’an
ciens samourais qui, après que les Toku
gawa eurent pris le pouvoir et pacifié le
pays, avaient été contraints à se recon
vertir du métier des armes à celui d’admi
nistrateur ou d’éducateur.

Les samouraïs qui occupaient les pos
tes les plus importants étaient ceux dont
les talents prévalaient dans la gestion,
l’économie et les finances. Quant aux
éducateurs, ils ouvrirent des écoles dans
tout le Japon: les gens les plus pauvres se
saignaient pour y envoyer leurs enfants,
car la connaissance était alors un gage de
prospérité familiale. Elle est devenue
maintenant le synonyme de promotion
sociale. Ainsi, même si la quantité de
science occidentale apprise durant la pé
riode de fermeture a été mince, le fait
important est que le Japon a su utiliser
cette fermeture pour élever le niveau
d’éducation de sa population, avant de
s’ouvrir à partir de 1850 à l’importation
des sciences et des techniques étrangè
res, laquelle devint délibérée et massive à
la restauration de Meiji en 1868. Le Japon
présente ce cas unique d’avoir été en

pleine mesure, dès la fin du xix siècle,
d’absorber très rapidement l’acquis
scientifique et technique de l’Occident;
ce n’est pas là un petit mérite à mettre à
son actif.

Une connaissance utile et
indIspensable à l’indépendance
nationale.

La première spécificité que ce survol
de l’histoire scientifique du Japon fait
ainsi apparaître est que la connaissance
scientifique, importée de l’extérieur par
vagues successives, a toujours été en
premier lieu considérée par les Japonais
comme une connaissance utile. Cela ex
plique l’orientation sociale de nombreu
ses actions de recherche et développe
ment, telles par exemple que la mise en
oeuvre de services télématiques à l’usage
de la population dès 1964. Cette orienta
tion sociale combinée au niveau d’éduca
tion élevé de la population a pour effet
que les technologies diffusent de façon
non seulement très douce et très natu
relle, mais aussi très rapide (fig. 1).

La connaissance est aussi considérée
comme indispensable à l’indépendance
nationale, comme cela a été le cas à
l’époque de Meiji, ou indispensable à la
survie économique ainsi qu’elle a été
constamment perçue depuis la fin de la
Seconde Guerre mondiale. L’innovation

part des entreprises et de l’Etat
dans l’exécution
de la recherche

—
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est actuellement à l’ordre du jour en
France, essentiellement parce que notre
industrie commence à ressentir seule
ment maintenant la compétition créée
par les industries étrangères, et en parti
culier l’industrie japonaise. il faut se dire
qu’elle l’est au Japon depuis plus de cent
ans pour des raisons analogues d’indé
pendance militaire ou économique, et
l’on ne réalise pas assez en Europe l’in
tensité de la tension innovatrice dans le
quel baigne le Japon. Le pays est vérita
blement en alerte technologique perma
nente, à l’affût de tous les progrès, dé
couvertes et innovations qui apparais
sent dans le monde entier ou qu’il est
possible de réaliser par soi-même.

Une question qui est souvent posée à
ce point est de savoir comment, depuis la
Seconde Guerre mondiale, le Japon a su
effectuer à temps les bons choix techno
logiques, être efficace dans la conduite
des recherches que ceux-ci exigeaient et
bâtir les industries capables de fabriquer
les produits qui en résultaient. Pour l’ex
pliquer il faut tenfr compte des spécifici
tés de la société japonaise.

Pour la politique de la science, il
n’existe pas dans ce pays d’instance qui
ait un pouvoir de décision sur l’ensemble
de la politique de R et D. En effet, les
compétences sont partagées entre les
différents départements ministériels
concernés, et dans chacun des secteurs
dont il a la tutelle, chaque département
est pratiquement maître chez lui. Dans ce
partage, c’est le ministère de l’industrie et
du Commerce extérieur (MITI) qui s’oc
cupe de la recherche industrielle. Dans le
cadre d’un dialogue étroit et permanent
entre le MITI et l’industrie sont définis,
dans l’ordre, les choix industriels, les
choix technologiques, les programmes
de recherche de base, de recherche ap
pliquée et de développement qu’il va fal
loir entreprendre pour atteindre les ob
jectifs retenus, ainsi que la répartition en
tre l’État et l’industrie des charges finan
cières et de l’exécution des programmes.
Cette façon de procéder garantit une cer
taine efficacité dans les résultats, parce
qu’un ministère puissant et une industrie
dynamique sont en position de porter
toute leur attention et concentrer tous
leurs moyens pendant le temps néces
saire sur l’ensemble de la chaîne, allant
de la recherche de base à la réalisation
industrielle. Du point de vue des applica
tions, les recherches ne peuvent man
quer d’être utiles, puisque les applica
tions sont définies au départ.

Avant tout, être informé.

Pour faire les bons choix industriels et
technologiques, il importe tout d’abord
d’être très bien informé: la collecte et
l’analyse de l’information sont faites au
Japon pour la plus grande partie par l’in
dustrie et les associations techniques et

industrielles, lesquelles organisent d’in
nombrables groupes de travail ou com
mandent des études aux nombreux
»think tanks» existant dans ce pays:
l’annuaire des »think tanks» japonais ne
comporte pas moins de cent soixante
noms. Ces think tanks sont des organis
mes pour la plus grande majorité privés,
qui réalisent sur contrat les études les
plus variées, sur l’économie, la prospec
tive technologique et industrielle, la so
ciologie, etc. Leur taille va de quelques
employés à quelque cinq cents pour le
plus grand, l’institut de recherches No-
mura. Tous ces organismes n’ont sans
doute pas la même qualité, et la plupart
font plus un travail de collecte d’informa
tions que d’analyse créatrice. Mais cette

collecte est exhaustive et c’est pourquoi
les grandes sociétés japonaises soutien
nent toutes financièrement les plus im
portants d’entre eux. Chaque grande so
ciété ne veut surtout pas prendre le ris
que d’être moins informée que les autres.

De son côté, l’administration a égale
ment ses propres instruments. Ceux-ci
sont officiels ou officieux. Dans le cas du
MITI, l’organisme officiel est le Conseil
des technologies industrielles. Celui-ci
ne comprend pas moins de neuf comités
et trente-deux sous-comités, chargés de
réfléchir sur la politique de la recherche
et de la technologie industrielles. Les
membres en sont rémunérés. Mais, paral
lèlement, existent de très nombreux
groupes d’études officieux attachés aux

= I

Figure 3. Seki Takakazu, un des grands mathématiciens de l’histoire des sciences qui vivait au
Japon au XVII. siècle, est le représentant d’une longue tradition de recherche scientifique
théorique. Cette activité » gratuite a été développée au Japon, indépendamment de la techni
que .utiie», par d’autres hommes. (Doc. Fondation du Japon.)
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Le Japon i’est pas seulement un copieur de technologie,
Il a une tradition scientifique.

directions du ministère et qui jouent un
rôle encore plus important. Leurs mem
bres ne sont pas rémunérés, mais les in
dustriels ne voudraient surtout pas man
quer d’en faire partie, pour avoir accès à
l’information. Ces groupes d’études,
comme les conseils officiels, sont com
posés de spécialistes venus de tous les
horizons, choisis par les directions du
ministère: université, administration, in
dustrie, presse, associations de
consommateurs, etc. Une direction tech
nique (il y en a environ vingt-cinq) peut
ainsi posséder de un à trois groupes
d’études officieux. Comme leurs mem
bres, ainsi que ceux des groupes d’étu
des officiels, sont aussi membres des
groups de travail des associations pro
fessionnelles, il en résulte un flux conti
nuel et massif d’informations de l’admi
nistration vers l’industrie et vice versa.

Le vrai rôle du MITI.

Les choix à faire, les programmes de R
et D que ces choix vont exiger, les indus
triels qui vont en être chargés (en dehors
de la part généralement réduite qui est
confiée aux laboratoires de l’État), font
l’objet de larges discussions entre le
ministère et ces multiples conseils.
Lorsqu’un consensus général est atteint,
les projets sont présentés directement au
ministère des Finances, après un examen
sous l’angle de la coordination intermi
nistérielle, par l’Agence de la science et
de la technologie. Mais le MITI n’ira pas
défendre un nouveau projet aux Finances
s’il ne sait pas par avance combien l’In
dustrie est prête à dépenser. En fait, pour
les projets visiblement très prometteurs à
court et moyen termes, les différentes
compagnies compétentes ont souvent
engagé des recherches sur leurs propres
fonds, avant même que le gouvernement
n’ait pris de décision, afin d’être en posi
tion concurrentielle lors de la répartition
des tâches. Pour les projets potentielle
ment importants mais visiblement non
rémunérateurs à court terme, la politique
générale des sociétés japonaises est d’y
participer pouréviter que les communau
tés scientifique et industrielle et même le
grand public ne puissent croire qu’elles
n’ont pas été choisies pour raison d’inca
pacité. Les grandes firmes japonaises
sont en effet très soucieuses de leur
image de marque.

On pense parfois en Europe que le M1TI
est le moteur principal et le maître tout
puissant de la chaîne recherche - déve
loppement - production industrielle.
C’est là sous-estimer grandement la part
de l’industrie japonaise dans la dynami
que globale et se méprendre sur le rôle
réel joué par le MITI. Le rôle du MlTl, qui
n’en est pas moins très important, est de
faire circuler l’information, de faire se
dégager une stratégie d’ensemble et de
mettre de l’ordre dans l’activité parfois

trop bouillonnante d’entreprises en
concurrence très vive, d’être un fédéra
teur entre certaines d’entre elles pour les
projets qui dépassent la taille d’une seule
entreprise et enfin d’apporter, quand il le
faut, le soutien financier de l’État. Sur ce
dernier point, il faut dire que ta tendance
de l’État japonais n’a jamais été d’être un
exécutant en R et D (sauf au moment de la
Seconde Guerre mondiale). Depuis Meiji,
la politique du gouvernement a été tradi
tionnel lement de transférer l’activité
technologique vers l’industrie et de la
centrer sur cette dernière (fig. 2).

En évoquant le rôle fédérateur du MITI,
nous touchons à une faiblesse du sys
tème japonais de R et D. C’est que si la
taille d’un projet ne dépasse pas la lar
geur du groupe — que celui-ci soit un
laboratoire, un institut de recherche, ou
l’appareil de recherche d’une grande
firme — il peut être organisé d’une façon
parfaite et exécuté de la façon la plus
huilée; par contre, tout projet qu’un seul
groupe ne peut traiter nécessite la pré
sence d’un fédérateur pour pouvoir être
mené à bien. En d’autres termes, le sens
du groupe et la concurrence sont trop
fortes pour que des groupes différents
réussissent à se fédérer par eux-mêmes.
C’est pourquoi l’organisation de la R et D
au Japon a souvent l’aspect d’une struc
ture qui est à la fois localement parfaite et
pleine d’imperfections si elle est considé
rée globalement: elle est à l’image de
l’urbanisme des villes japonaises.

Un double emploi n’est pas grave.

L’imperfection la plus fréquente, tout
au moins aux yeux de l’observateur occi
dental, est la duplication ou même la mul
tiplication des travaux entre organismes
concurrents. Alors qu’en France l’on at
tacheta plus grande importance à la défi
nition de la structure idéale pour l’en
semble du pays et que l’on dépense
beaucoup d’énergie à constamment la
définir et la redéfinir, c’est là une préoc
cupation qui ne semble pas compter
beaucoup dans la démarche japonaise.
L’on attache plus de prix à la compétition
et aux considérations humaines: il est
plus important de tirer le maximum des
hommes. C’est pourquoi les duplications

- sont fréquentes, non seulement à
l’échelle du pays, mais même à l’intérieur
d’un groupe. Elles sont considérées
comme non nécessairement mauvaises
dans une atmosphère de concurrence; il
est difficile d’autre part, dans une société
où ta face compte tant, d’écarter un cher
cheur réputé spécialiste d’un sujet au
profit d’un autre qui lui serait supérieur—
l’harmonie du groupe prime — ou encore
de limiter, pour des raisons de planifica
tion, à une équipe ou à un laboratoire
l’accès à un sujet nouveau: dans ce pays
à l’affût de la nouveauté, toute nouveauté
provoque en effet de tels engouements
que ces limitations sont impensables.

Un exemple typique de duplication qui
ne se serait vraisemblablement pas vu en
France nous est donné par la manière
dont la Régie des télégraphes et télépho
nes s’y est prise pour développer au dé
but des années 1970 un grand ordinateur
pour le temps partagé. Au lieu de confier
ce travail à la firme qui lui aurait semblé
présenter les meilleures garanties, elle a
préféré diviser ses crédits entre trois de
ses grands fournisseurs traditionnels, à
savoir Nippon Denki (NEC) Fujitu et Hita
chi, et demander à chacun de développer
une machine en coopération avec ses
propres chercheurs. Outre qu’elle pou
vait penser tirer avantage de l’émulation
entre les trois compagnies, il s’agissait
aussi de ne pas gâter de bonnes relations
avec l’une ou l’autre. Le résultat est que
l’on pouvait voir, au moment de la livrai
son des prototypes au Laboratoire cen
tral, les trois compagnies se disputer les
ascenseurs pour monter aux trois étages
qui leur étaient réservés, les consoles de
trois machines aux performances similai
res

Une tradition de la science « gratuite n.

Venons-en maintenant à la recherche
fondamentale. On trouve parfois écrit —

c’était encore le cas récemment dans un
journal français pourtant réputé sérieux
— que le Japon ne fait pas de recherche
fondamentale et qu’il se contente d’in
dustrialiser les découvertes des autres.
C’est là l’affirmation la plus inexacte,
contre laquelle nous tenons tout d’abord
à nous inscrire en faux. Même si la
connaissance scientifique a été perçue
depuis toujours comme une connais
sance utile, il existe une veine très an
cienne d’intérêt pour la science pure.
Celte-ci est apparue bien avant la pre
mière importation massive de 1868, avec
la formation à partir du début du xvii siè
cle d’une école japonaise de mathémati
ques (Wasan), dont le représentant le
plus illustre est Seki Takakazu (1642-
1708), que les historiens des sciences
n’hésitent pas à placer parmi les plus
grands mathématiciens de tous les temps
(fig. 3). Seki en effet introduisit tes nota
tions algébriques, inventa les détermi
nants pour résoudre les systèmes d’équa
tions linéaires, développa une méthode
de solution des équations de degré supé
rieur à 2, obtint des valeurs très appro
chées du nombrez par la manipulation
de séries d’ordre infini, etc. Le Wasan
était en fait un art plus qu’une science: un
mathématicien publiait un livre et posait
des problèmes; un autre les résolvait et
en posait d’autres, et ainsi de suite.

Le point le plus important est que
moins le problème avait d’applications
pratiques, plus il était prisé. C’est là un
autre aspect spécifique de l’attitude ja
ponaise devant la science qui s’observe
encore aujourd’hui sous deux tendances,
bien qu’à un degré moins extrême. La
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Figure 4. Tomonaga Shinichiro (photo A), prix Nobel de physique 1965, très sensible aux aspects esthétiques de la physique théorique, était un
parfait représentant de la tradition scientifique japonaise. Le Japon n’a encore eu que trois prix Nobel et deux médaiiies Fieids, mais nous n’en
sommes qu’à la quatrième génération après Mciii et beaucoup d’esprits brillants ont été attirés par l’industrie. La photo B représente Leona Ezaki
recevant son prix Nobei de physique en 1973. (Clichés Fondation du Japon). . -

(3) Pour la France, le
total des budgets de

Université et du CNRS
en 1980 sélevait à 7
milliards de francs.

première est que les scientifiques japo
nais qui s’intéressent à la science pure
s’intéressent peu à l’application: ils s’in
téressent à la science pour la science. La
seconde est que certains d’entre eux ai
ment avant tout polir certains travaux
dans des domaines spécialisés, sans
chercher à les relier à des ensembles plus
vastes. Leur démarche évoque celle de
certains artistes et est sans doute proche
de celle des mathématiciens du xvii siè
cle. Certains scientifiques ont à la fois les
dons de créativité et le style de l’artiste et
savent intégrer leurs travaux dans les
grands courants scientifiques; ils peu
vent alors devenir les plus grands sa
vants, avec cet intérêt pour les aspects
esthétiques de la connaissance scientifi
que, qui relève d’un intérêt général au
Japon pour l’esthétique. Le meilleur
exemple est fourni par le physicien To
monaga, prix Nobel, qui était très sensi
ble à la beauté de la forme en physique
théorique (fig. 4).

L’existence parallèle de deux attitudes
aussi différentes à l’égard de la science —

l’utilitaire et la non-utilitaire — a une rai
son historique. Ce ne sont pas les mêmes
hommes qui ont été chargés des métiers
d’ingénieur et de savant à la restauration
de Meiji. A cette époque, il fut reconnu
très vite par une certaine partie de l’élite
japonaise quil n’était pas suffisant d’im

porter la technologie, mais qu’il était in
dispensable aussi, pour atteindre un dé
veloppement analogue à celui des puis
sances occidentales, de maîtriser la
science pure. De son côté, le gouverne
ment était pressé d’instituer une univer
sité de type occidental pour donner au
Japon les attributs d’un Etat moderne.
L’université de Tokyo naquit ainsi en
1877. L’université japonaise se déve
loppa peu à peu et il faut réaliser que le
niveau atteint aujourd’hui par la recher
che fondamentale japonaise n’est pas le
résultat d’une ascension récente, mais
d’une progression lente, marquée par
une certaine pause lors de la Seconde
Guerre mondiale. Ainsi — cela est peu
connu — le physicien Nagaoka Hantaro a
été le premier à proposer en 1903 et à
étudier, pour l’atome, un modèle consti
tué par un noyau positif entouré d’élec
trons négatifs. Il est le premier grand phy
sicien japonais. Honda Kotaro fut ensuite
l’auteur de travaux connus en magné
tisme et en physique des métaux, et Nis
hina, après un séjour au Danemark avec
Niels Bohr, fut le premier à introduire la
physique moderne au Japon en 1925. A la
veille de la Seconde Guerre mondiale, le
niveau de la physique japonaise n’était
pas bien loin de celui de la physique eu
ropéenne, notamment grâce au célèbre
Institut de recherche physique et chimi

que (Rikagakukenkyusho ou Riken) qui
était pour le Japon ce qu’était pour l’Al
lemagne le Kaiser Wilhelm lnstitute à
Berlin.

Actuellement, plus de la moitié du bud
get de l’État pour la R et D est absorbée
par la recherche universitaire; 772,8 mil
liards de yens, soit environ 15,5 milliards
defrancsen 198013). Les parts respectives
de la recherche fondamentale, de la re
cherche appliquée et du développement
dans la recherche universitaire étaient en
1978 de 57,3, 37,3 et 5,4 %: ceci démon
tre au moins l’ampleur de l’effort de l’Etat
pour la recherche fondamentale.

Où en est la recherche japonaise?

Quelle est la qualité des résultats? Il
n’est pas aisé de prononcer un jugement
de valeur sur l’ensemble de la recherche
fondamentale d’un pays, car il faudrait
d’abord définir les critères pour le faire.
Certains, bien sûr, feront remarquer que
le Japon n’a guère jamais reçu que trois
prix Nobel (Yukawa, Tomonaga et Esaki)
et deux médailles Fields (Kodaira et Hiro
naka). Mais le prix Nobel consacre sou
vent des travaux anciens et ce qui nous
intéresse est le niveau actuel de la re
cherche fondamentale japonaise. Ce qui
semble pouvoir être dit, après confronta
tion entre le jugement de l’auteur et ceux
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ntre l’université et l’industrie fonctionne

n réseau complexe de relations de maïtre à élève,

L d’anciens condisciples, de sociétés savantes

d’un certain nombre de membres de la
communauté scientifique française, c’est
que tout d’abord il existe, répartis dans
des domaines variés un certain nombre
de scientifiques japonais très brillants, et
ensuite que la science japonaise dans
son ensemble a maintenant atteint, dans
un nombre suffisamment élevé de do
maines, un niveau tel que l’on peut dire
qu’elle compte sur le plan international.
Certes elle présente encore certains
points faibles mais, inversement, ii existe
aussi des domaines où le Japon occupe
globalement une position forte. Ainsi en
est-il, par exemple et sans prétendre être
exhaustif, de la théorie des probabilités,
de la physique statistique, de la physique
des métaux, de la diffraction électroni
que, de la chimie des hauts polymères et
de la microbiologie.

En cherchant à évaluer le niveau géné
ral de la science japonaise, comparé à
celui d’autres grands pays scientifiques,
il faut tenir compte du fait que la néces
sité de l’effort technologique a
consommé et continue de consommer un
certain nombre des esprits les plus
doués. En effet, il est significatif que

beaucoup plus d’étudiants s’engagent
dans l’étude de la technologie que dans

celle des sciences pures. Les pou rcenta
ges sont respectivement de 20 % et 3 % à
l’échelon national, et restent de cet ordre

au niveau de l’élite, comme le montrent

les valeurs des mêmes pourcentages à
l’université de Tokyo, à savoir 25 % et

8 % L’alternative pour l’étudiant japo
nais n’est pas tant entre la recherche fon
damentale et la recherche industrielle

qu’entre devenir ou non professeur,
D’une part la recherche fondamentale n’a

pas le caractère aristocratique qu’elle re
vêt facilement en France, l’enseignement

des sciences donné à l’école primaire et

au lycée ne prédisposant pas l’étudiant à
la considérer comme telle; d’autre part, si
le professeur d’université garde un rang

élevé dans la hiérarchie sociale, le pres

tige des grandes firmes attire en revan
che un bon nombre des meilleurs esprits,

la prospérité économique de ces derniè
res années aidant.

li semble au total que le développement

de la recherche fondamentale au Japon

dépende, comme en Occident, de l’exis
tence d’hommes capables de créer des

centres d’attraction, lesquels aussi appa

raissent et disparaissent. De ce point de

vue, le Japon a évidemment le handicap

d’être entré dans la course beaucoup

plus tard que les pays occidentaux: la

quatrième génération de scientifiques ar

rive seulement à maturité,
Quels sont les rapports entre la recher

che universitaire et l’industrie? Il fait

tout d’abord observer que le partage sec

toriel des compétences entre les adminis

trations présente au moins deux avanta

ges. Le premier est que même en cas de

situation économique difficile, les crédits

destinés à la recherche universitaire ne

sont pas réduits par rapport à ceux de la

recherche industrielle. Il ne s’agirait pas

tant de réduire les crédits de la recherche
universitaire que de diminuer le poids du

ministère de l’Èducation par rapport à ce
lui du MITI, cequi, dans le contexte socio

logique japonais, serait très difficile à en

visager. Le deuxième avantage est que ni

l’université ni l’industrie n’estiment qu’el

les ont à se limiter à un ou plusieurs mail

lons de la chaîne de R et D. Ainsi l’univer

sité a une activité importante dans le dé

veloppement et l’application des techno

510 VOLUME 12

Figure 5. L’espace n’est pas une activité de pointe au Japon. Mais cette fusée M-3H-2 etce satellite scientifique baptisé Kyokko Ont l’originalité

d’avoir été conçus et lancés par... une université (Institut des sciences de l’aéronautique et de l’espace, université de Tokyo). lis illustrent

l’existence d’une recherche universitaire active qui n’hésite pas à passer de la recherche fondamentale aux applications. (Cliches Fondation

du Japon).
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Iogies — les meilleurs exemples sont le
développement des lanceurs de satellites
par l’université de Tokyo (fig. 5), les re
cherches universitaires sur la fusion
contrôlée, les moteurs automobiles, les
robots, la biotechnologie. Inversement,
l’industrie a une activité importante en
recherche de base orientée: ainsi les la
boratoires centraux des grandes firmes
effectuent-ils essentiellement des re
cherches de base et publient-ils des jour
naux scientifiques dont le contenu ne
déparerait pas les publications de facul
tés des sciences, pour certaines d’entre
elles. La société Mitsubishi Kasei a même
créé un Institut des sciences de la vie
uniquement consacré à la recherche
fondamentale en partie, il faut le dire,
pour soigner son image de marque.

Une coordination naturelle entre la
recherche et l’industrie.

Le système d’organisation sociale en
gendre aussi une certaine coordination
interne entre recherche fondamentale,
recherche de base orientée et recherche
industrielle, lesquelles coexistent dans
les mêmes structures et sur les mêmes
lieux.

Mêmes) lechercheurd’unefirmejapo
naise se concentre sur la recherche ap
pliquée et le développement, cela ne
l’empêche pas pour autant de rester à
l’affût de tout ce que produisent lesfacul
tés des sciences et de technologie des
universités japonaises. La coordination
s’effectue alors de façon officieuse mais
très efficace par les relations de maître à
élève, les relations entre camarades de
promotion à l’université ou même au ly
cée, ainsi que par la participation déjà
mentionnée de nombreux professeurs
d’université aux innombrables organes
consultatifs créés par l’administration et
l’industrie. Leur position de neutralité
vis-à-vis de l’une et l’autre et le respect
traditionnel envers ceux qui enseignent
ou ont atteint un haut niveau de compé
tence leur valent souvent d’être placés à
la tête de ces instances, Mais l’élément
moteur peut-être le plus important dans
les relations université-industrie est
constitué par le placement des élèves ou
le recrutement des nouveaux employés,
Le professeur a la responsabilité morale
du placement de ses élèves et cultive
pour cette raison des relations avec l’in
dustrie. Inversement, les grandes socié
tés tiennent à s’assurer les meilleurs élé
ments des universités. C’est pourquoi el
les versent régulièrement aux laboratoi
res avec lesquels elles entretiennent tra
ditionnellement des relations, des som
mes de montant limité, destinées à re
mercier le professeur de ses conseils et
des étudiants qu’il leur a adressés et en
même temps garantir les mêmes conseils
et la qualité du recrutement pour les an
nées suivantes et. d’une manière géné
rale, à maintenir une atmosphère de

confiance entre la société et le profes
seur. Ces versements sont parfois faits en
nature: équipements ou frais de voyages.
Cette pratique explique le montant relati
vement réduit des contrats passés offi
ciellement par l’industrie à l’université
(1,35 milliard de yen en 1976).

Un autre canal très important de trans
fert d’informations de l’université vers
l’industrie est constitué par les très nom
breuses sociétés savantes et associa
tions techniques ou industrielles, les
réunions attentivement suivies que
celles-ci organisent, et les journaux
qu’elles publient. Que ce soit dans la
communauté industrielle ou dans la
communauté scientifique, il existe une
circulation massive de l’information:
ainsi la bibliothèque du Département de
physique de l’université de Tokyo est-elle
abonnée à elle seule à 151 journaux
étrangers, 8 journaux japonais en langue
anglaise et, ce qui est le plus intéressant à
noter, 20 journaux en langue japonaise:
ces derniers permettent une diffusion ra
pide des travaux en cours à l’intérieur du
Japon qui sont susceptibles d’intéresser
les physiciens. La grande presse spécia
lisée concourt même à la diffusion de l’in
formation scientifique et technique: le
quotidien économique Nikon Keizai ou
les quotidiens industriels Nikkan Kogyo
et Nihon Kogyo publient des informations
scientifiques et techniques générales.
L’hebdomadaire Kagaku Shimbun est
plus spécialement consacré aux nouvel
les scientifiques (4).

Quelles leçons peut tirer l’observateur
occidental du développement scientifi
que et technique du Japon? La première
concerne l’organisation de la recherche
au Japon là, comme dans bien d’autres
activités humaines, les structures les plus
logiques et en apparence idéales ne sont
pas nécessairement les plus efficaces. Le
second enseignement est que, pour le
développement technologique notam
ment, la circulation massive de l’informa
tion est essentielle. Le fait que la société
japonaise soit une société de l’informa
tion est un élément important dans la
réussite économique du Japon. Enfin la
troisième leçon touche à un domaine que
malheureusement, sous peine d’être trop
long, nous n’avons pu aborder dans le
cadre de cet article, qui est celui de l’en
seignement scientifique durant les cycles
primaire et secondaire. Nous dirons sim
plemer;t que cet enseignement a pour ca
ractéristiques principales d’être intuitif,
orienté vers le concret, et vise avant tout à
ce que l’élève sache utiliser les connais
sances acquises. L’enseignement japo
nais est vraiment démocratique en com
paraison avec l’enseignement français,
en ce sens qu’il permet à chacun de tirer
le maximum de ses capacités.

Dernière question: jusqu’où pourra al
ler le développement scientifique et
technique du Japon? L’opinion de l’au

teur est qu’en matière de technologie il
pourra allertrès loin caravec un excellent
fonctionnement, centré sur l’industrie, de
la chaîne recherche de base orientée -

développement - production industrielle,
allié à un enseignement dont les caracté
ristiques conviennent particulièrement à
la technologie, il est possible de faire
beaucoup, à condition bien évidemment
d’y mettre les moyens en hommes et en
capitaux. ce que semble actuellemeit
vouloir faire le Japon. Pour ce qui est de
la science pure, le peuple japonais dis
pose des mêmes capacités que tout autre
peuple européen. Néanmoins sa popula
tion présente cette singularité d’être res
tée extrêmement homogène. Cette ho
mogénéité lui a été précieuse pour le dé
veloppement de la technologie, mais
alors que la créativité scientifique la plus
grande semble se situer là où sont les
grands creusets humains, l’on peut se
poser la question de savoir si, pour pro
gresser au-delà d’un certain seuil, le
peuple japonais ne devra pas à son tour
se mélanger à d’autres. II y perdra peut-
être une partie de sa substance et de son
génie, mais y gagnera par d’autres ap
ports: c’est peut-être là qu’est le défi au
quel le Japon devra faire face d’ici la fin
de ce siècle, r

Dossier

Pour en savoir
plus:

• Masayoshi Sugimoto and David
L. Swain, Science and culture in traditkj
na) Japan. A.D.600-1854. The MIT Press.
1978.
• Nakayama Shigeru. David L. Swain
and Vagi En (Eds), Science and society in
modem Japan: selected historical sour
ces. University of Tokyo Press. 1974.
• Shigeru Nakayama. A history 0f japa
nese astronorry. Chinese background
and western impact, Harvard University
Press, 1969.
• Marc Dupuis, La Recherche scientifi
que et technique au Japon, dans «Pro
blèmes politiques et sociaux», Série
Extrême-Orient n° 361, 1979, la Documen
tation française.
• T. Dixon Long, The dynamics 0f lapa
nese science policy, dans «Science poli
cies 0f industrial nation». Praeger Publis
hers, 1975.
• Terutomo Ozawa, Japan’s technologi
cal challenge to the West. 1950-1974: Mo
tivation and accomp!ishment, MIT Press,
1974.
• Merton Peck, with the collaboration of
Shuji Tamura, Technology, dans .‘ Asia’s
New Giant», The Brookings Institution,
1976.

(4) Le Nihon Keizai
(Léconomie du Japon) a
une édition le matin et
une le soir, tirant au total
à environ 3 millions
dexemplaires. Nihon
Kogyo et Nikkan Kogyo
n ont qu’une édition par
jour et des tirages de
ordre de 500 000

exemplaires.
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(4) Le Nihon Keizai
(Léconomie du Japon) a
une édition le matin et
une le soir, tirant au total
à environ 3 millions
dexemplaires. Nihon
Kogyo et Nikkan Kogyo
nont qu’une édition par
jour et des tirages de
tordre de 500 000
exemplaires.

logies — les meilleurs exemples sont le
développement des lanceurs de satellites
par l’université de Tokyo (fig. 5), les re
cherches universitaires sur la fusion
contrôlée, les moteurs automobiles, les
robots, la biotechnologie. Inversement,
l’industrie a une activité importante en
recherche de base orientée: ainsi les la
boratoïres centraux des grandes firmes
effectuent-ils essentiellement des re
cherches de base et publient-ils des jour
naux scientifiques dont le contenu ne
déparerait pas les publications de facul
tés des sciences, pour certaines d’entre
elles. La société Mitsubishi Kasei amême
créé un Institut des sciences de la vie
uniquement consacré à la recherche
fondamentale en partie, il faut le dire,
pour soigner son image de marque.

Une coordination naturelle entre la
recherche et l’industrie.

Le système d’organisation sociale en
gendre aussi une certaine coordination
interne entre recherche fondamentale,
recherche de base orientée et recherche
industrielle, lesquelles coexistent dans
les mêmes structures et sur les mêmes
lieux.

Même si lechercheurd’unefirmejapo
naise se concentre sur la recherche ap
pliquée et le développement, cela ne
l’empêche pas pour autant de rester à
l’affût de tout ce que produisent lesfacul
tés des sciences et de technologie des
universités laponaises. La coordination
s’effectue alors de façon officieuse mais
très efficace par les relations de maître à
élève, les relations entre camarades de
promotion à l’université ou même au ly
cée, ainsi que par la participation déjà
mentionnée de nombreux professeurs
d’universïté aux innombrables organes
consultatifs créés par l’administration et
l’industrie. Leur position de neutralité
vis-à-vis de l’une et l’autre et le respect
traditionnel envers ceux qui enseignent
ou ont atteint un haut niveau de compé
tence leur valent souvent d’être placés à
la tête de ces instances. Mais l’élément
moteur peut-être le plus important dans
les relations université-industrie est
constitué par le placement des élèves ou
le recrutement des nouveaux employés,
Le professeur a la responsabilité morale
du placement de ses élèves et cultive
pour cette raison des relations avec l’in
dustrie. Inversement, les grandes socié
tés tiennent à s’assurer les meilleurs élé
ments des universités. C’est pourquoi el
les versent régulièrement aux laboratoi
res avec lesquels elles entretiennent tra
ditionnellement des relations, des som
mes de montant limité, destinées à re
mercier le professeur de ses conseils et
des étudiants qu’il leur a adressés et en
même temps garantir les mêmes conseils
et la qualité du recrutement pour les an
nées suivantes et, d’une manière géné
rale, à maintenir une atmosphère de

confiance entre la société et le profes
seur. Ces versements sont parfois faits en
nature: équipements ou frais de voyages.
Cette pratique explique le montant relati
vement réduit des contrats passés offi
ciellement par l’industrie à l’université
(1,35 milliard de yen en 1976).

Un autre canal très important de trans
fert dinformations de l’université vers
l’industrie est constitué par les très nom
breuses sociétés savantes et associa
tions techniques ou industrielles, les
réunions attentivement suivies que
celles-ci organisent, et les journaux
qu’elles publient. Que ce soit dans la
communauté industrielle ou dans la
communauté scientifique, il existe une
circulation massive de l’information:
ainsi la bibliothèque du Département de
physique de l’université de Tokyo est-elle
abonnée à elle seule à 151 journaux
étrangers, 8 journaux japonais en langue
anglaise et, ce qui est le plus intéressant à
noter, 20 journaux en langue japonaise:
ces derniers permettent une diffusion ra
pide des travaux en cours à l’intérieur du
Japon qui sont susceptibles d’intéresser
les physiciens. La grande presse spécia
lisée concourt même àla diffusion de l’in
formation scientifique et technique: le
quotidien économique Nikon Keizai ou
les quotidiens industriels Nikkan Kogyo
et Nihon Kogyo publient des informations
scientifiques et techniques générales,
L’hebdomadaire Kagaku Shimbun est
plus spécialement consacré aux nouvel
les scientifiques (41,

Quelles leçons peut tirer l’observateur
occidental du développement scientifi
que et technique du Japon? La première
concerne l’organisation de la recherche
au Japon; là, comme dans bien d’autres
activités humaines, les structures les plus
logiques et en apparence idéales ne sont
pas nécessairement les plus efficaces, Le
second enseignement est que, pour le
développement technologique notam
ment, la circulation massive de l’informa
tion est essentielle, Le fait que la société
japonaise soit une société de l’informa
tion est un élément important dans la
réussite économique du Japon, Enfin la
troisième leçon touche à un domaine que
malheureusement, sous peine d’être trop
long, nous n’avons pu aborder dans le
cadre de cet article, qui est celui de l’en
seignement scientifique durant les cycles
primaire et secondaire, Nous dirons sim
plemer:t que cet enseignement a pour ca
ractéristiques principales d’être intuitif,
orienté vers le concret, et vise avant tout à
ce que l’élève sache utiliser les connais
sances acquises. L’enseignement japo
nais est vraiment démocratique en com
paraison avec l’enseignement français,
en ce sens qu’il permet à chacun de tirer
le maximum de ses capacités.

Dernière question: jusqu’où pourra al
ler le développement scientifique et
technique du Japon? L’opinion de l’au

teur est qu’en matière de technologie il
pourra aller très loin car avec un excellent
fonctionnement, centré sur l’industrie, de
la chaîne recherche de base orientée -

développement - production industrielle,
allié à un enseignement dont les caracté
ristiques conviennent particulièrement à
la technologie, il est possible de faire
beaucoup, à condition bien évidemment
d’y mettre les moyens en hommes et en
capitaux, ce que semble actuellemeit
vouloir faire le Japon. Pour ce qui est de
la science pure, le peuple japonais dis
pose des mêmes capacités que tout autre
peuple européen. Néanmoins sa popula
tion présente cette singularité d’être res
tée extrêmement homogène. Cette ho
mogénéité lui a été précieuse pour le dé
veloppement de la technologie, mais
alors que la créativité scientifique la plus
grande semble se situer là où sont les
grands creusets humains, l’on peut se
poser la question de savoir si, pour pro
gresser au-delà d’un certain seuil, le
peuple japonais ne devra pas à son tour
se mélanger à d’autres. Il y perdra peut-
être une partie de sa substance et de son
génie, mais y gagnera par d’autres ap
ports: c’est peut-être là qu’est le défi au
quel le Japon devra faire face d’ici la fin
de ce siècle. , •
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Pour en savoir
plus:

• Masayoshi Sugimoto and David
L. Swain. Science and culture in trad,t,o
nal Japan. A.D.600-1854, The MIT Press,
1978.
• Nakayama Shigeru, David L. Swain
and Yagi En (Eds), Scienceandsocietyin
modem Japan; selected historical sour
ces, University 0f Tokyo Press. 1974.
• Shigeru Nakayama, A history of lapa
nese astronorny. Chinese background
and western impact, Harvard University
Press, 1969.
• Marc Dupuis, La Recherche scien titi-
que et technique au Japon, dans Pro
blémes politiques et sociaux», Série
Extrême-Orient n° 361, 1979, la Documen
tation française.
• T. Dixon Long, The dynamics 0f japa
nese science policy, dans «Science poli
cies 0f industrial nation«, Praeger Publis
hers, 1975.
• Terutomo Ozawa, Japan’s technologi
cal challenge to the West. 1950-1974: Mo
tivation and accomp!ishment, MIT Press,
1974.
• Merton Peck, with the collaboration of
Shuji Tamura, Technology, dans «Asia’s
New Giant», The Brookings Institution,
1976.

LA REcIiERcI-fE N 121 AVRiL 1981 VOLUME 12 PAGE 511



BIOTRON
KYUSHU

fi

RE$ERCH CENTER
INSTITUTE 0F DESIGN



I

In 197], Biotron Reseorch Cen.ter was established in Kyushu Institute of Design,

Fukuoka, Japon.

The main purpose of our Biotron is to offer the controlled climatic environment for
studies in ergonomics. The study of relationships between mon and climotic environment

forms major port of ergonomics.

The controlled climafic environmenfal foctors are air pressure, air temperoture, air
humidity, illumination and air movements. It is designed not only for short period
experiments but olso for long period experiments e. g. o few weeks. t is o two-storied
building with o total of 575m

2 in area. On the first floor we have o mochinery room
ond the Zootron, and on the second floor the six Homotrons ond the control room.
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Fig. 1. 1. Plane figure cf the first floor (in mm)

1 ContraI panel 5 Treadmill operatng panel
2 Computer (PDP-t2) 6. Connecter ponel
3. CCTV operating table 7, Treadmill
4. VTR 8. Wind tunnel
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_________________________
9. Zootron Tank No 1

10. Zoatron Tank No.2
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Table 1

4,500 4,500 T
22,700

Area Pressure Temp. R.H. Light WindName 2m kg/cm 2abs. % Lux. m/s.

The control room 94 — — — — —

Homotron No.1 34 1/4---4 7—- 25±1.0 75—7. 5 — —

Homotron No.2 23 1---1/2 —10---+50±1.0 60—80±7.0 — —

No.3 16 — —10---+50±1.0 30—80±7.0 0---9000 —
Homotron No.4

Homotron No.5 23 — —10---+50±1.0 30’—80±7.0 0—-4000 —

Homotron No.6 61 — 15— 30 * 40-80 *
— 030

Zootron Tank 0.73
No.1 No.2 (90x80x5 1/44 —15+50 2080 — —

* Temp. & R.H. cf the wind.

-

_____

5,000 4,700 4,500 4,500 4,500 4,500

.22,700

Fig. 1. 2. Plane figure cf the second floor Fig. 2. Inside view of machinery room



The Control Room
The control room s provided with a contraI panel, a digital data processing computer

system (PDP-12), a CCTV-operating table and various measuring instruments. The

control of air pressure, air temperature and air humidity in each laboratory (Homotron

and Zootron Tank) are operated with the control panel, manually or automatically.

By the use of the digital computer, the condition in each laboratory s controlled

with the responses of sublects. The control room is connected with each laboratory

respectively by about 100 cables.

The data from each laboratory are received by the various instruments in the control

room. The inside state of each laboratory s observable through the CCTV-camera

controlled by the CCTV-operating table and s also recorded by the VTR if necessary.

(t I’ —u— F- i’ øoU øct

Fig. 5. Inside view of control room

0

,
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Fig. 3. Data processing computer system Fig. 4. CCTV-operating table Fig. 6. Control panel



Fig. & Inside view of

Homotron No.1

Fig. 9. Inside view of Homotron No.2

Homotron No.1
The Homotron No.] consists cf a pre-room and a laboratory. The air pressure can

be controlled et wifl between 1/4 and 4 afm. abs. and also the air temperature can

be varied. The pre-room s furnished with o compact toilet and o washbowl, and the

Iaboratory is furnished with two beds. It is possible to get things in and ouf through

hatch, even when the air pressure is controlled. So the subjects can remain for a long

period, if necessary, and they can be observed with infrared CCTV—camera even

though in dark inside.

Homotron No.2
The Homotron No.2 s provided with a treadmili which con be operated either in

the control room or in this Iaboratory. The air pressure con be controlled at will

between 1/2 and 1 atm. abs., and the air temperafure and the air humidity can also

be varied. The capacities cf the treadmiil Speed(m/min.)O—300, Incline (°)O—20J

ji, ,1_L_- , øt-t

Bed
2 Jnfrored TV cornera
3 Infrored Iamp
4 Hatch
5 Wrndorn
& Corrnector porrel
7 Lghs
8 ToIet
9 Woshbowl

10. Entronce hatch

Fig. 7. Plane figure of

Homotron No.1 (in mm)



Homotron No.3, No.4 and No.5
The air temperature, the air humidity and the illumination in the Homotron No3,

No.4 and No.5 are controllable. The No.3 and No.4 are the same in the variable
range cf these environmental factors, but the No.5 s e littie larger than those and
has a compact toilet in order to make longer experiments available. These laboratories
can be linked f0 the control room with tubes, so that respiratory gases can be analyzed
in the control room.

L No.5 l -f L-

Fig.1O.
Inside view of

Homotron No.5

Homotron No.6
The Homotron No.6 has o Gttingen wind tunnel with jet nozzle cf l000Xl000mm

at ifs opening, through which the wind goes into the collector 2000mm off the opening.

The wind velocity can be changed from 3m/sec f0 30m/sec. t is possible f0 control

the air temperature and humidity cf the wind.

F’ No.6(t 3Om/sect*h0 jVJ).

%__-_______ \‘

Fig. 11. Inside view of Homotron No.6



Zootron
The Zootron is used for experiments dealing with small animais. t consists of the

two Zootron Tanks (No.] and No.2) and a casual space. The air pressure, the air

temperature and the air humidity in the tanks are confrollabie. The animais in the

tanks can be observed on the CCTV-monitor in the control room and aiso directiy

through the smali windows.

-

Fig. 12. Inside view of Zootron

Fig. 13. Inside view of Zootron Tank



This report is the resuit of the com
bined efforts of two of the world’s Iead
ing experts on Japan’s economic and
technological worlds—Dr. lames C.
Abegglen and Mr. Akio Etori.

Dr. Abegglen is vice president of the
Boston Consulting Croup and a leading
expert in the world of international mar
keting. He has been a consultant to multi
national corporations in the chemical,
petroleum, food and other industries and
has worked with consulting firms in
Japan for over 15 years.

Mr. Akio Etori is an award-winning and
respected writeron science and technol
ogy, having covered these areas for over
20 years. He is currently managing editor
of Saiensu, the japanese language edi
tion of Scientif,c Americar, and japan’s
leading and most prestigious publica
tion in this field.

Their report is based on firsthand
knowledge as ll as intervie with top
executives in Japanese industry.

TH E
COVER

Symbolically resting on a tray used in
the ancient japanese tea ceremony are
two of today’s most sophisticated elec
tronic components. The 4-bit one-chip
microprocessor (upper right), a product
of Matsushita Electric, japan’s largest
consumer electronic company, is used
in 6-hour VHS video recorders, micro
wave ovens and Technics high-fidelity
components. The IC/Flexible Printed
Circuit (lower left), consists of 6 lC chips
in three separate packages and was
designed and developed by Nikon engi
neers for use in their most advanced
camera, the Nikon F-3, the f irst camera
to offer an LCD viewtinder readout.

Cover photo by Phil Marco.

“Following the ar, our nation actively
imported technology from the Western
advanced economies, devised improve
ments and also put into effect our own
development capability. As a result, the
technological level of our nation’s industry,
while stiil showing a gap in certain leading
technologies, has in most sectors advanced
to the top level of the world. Our nation’s
products have achieved a high evaluation
internationally based on a high level of
product technology ref!ected in high
quality and reliability, and in precise de
livery and effective after-service. These spe
cial qualities are to be maintained in the
future and the general level of technology
heightened.

“Stili, in order to deal with various prob
lems cf the 1980’s, it is flot merely a matter
of refining existing technology or improv
ing the competitiveness of products. 4”e
must advance individual, creative techno
logical development. There is some concern
about this capability. However, our nation
holds the largest share of patents issued by
the United Sta tes to foreign nationals;
since 1972, technological exports have ex
ceeded imports in newagreements entered
into; considering the current high level of
technology and the considerable increase
in the number of science graduates, we
conclude that the potential for technologi
cal development is quite high.’1

HOW COOD
IS JAPANESE TECHNOLOCY

This is the conclusion reached regarding
japan’s technology today by the lndustry
Structure Council of the Ministry of Inter
national Trade and lndustry in its April,
1980, report/’Vision of Industrial Policy in
the 1980’s’This report makes an effort to
quntify Japan’s relative technological
position. Using an index of several factors
related to technological performance, with
the United States as 100, Japan is rated as
only 22 in the late 1960’s—about equal to
France and the United Kingdom, but well
behind WestGermany’s index of 40. Apply
ing the same factors a decade later, japan is
rated at 50, well ahead of France and the
United Kingdom, and about equal to
Cermany.

The lndustry Structure Council also
reports on a survey of vie of Japanese
businessmen, askingwhether in 71 industry
categories Japan is superior to, equal to or
inferior to the United States in technology.
In only two categories, both related to steel,
is japan given a superior rating, while Japan
is rated inferior to the United States in 26
industries. However, japan is seen by these
businessmen as technologically inferior
to Western Europe in only eight industry
sectors.

Like the MITI advisory group, the busi
nessmen see japan’s capability for de
velopment as lagging behind current tech
nological levels, although they feel japan s
about at Western European levels in devel

opment as wetl as technology.
Whatever the concerns Japanese might

express about the future, the accomplish

mentis extraordinary. If one accepts these
calculations, in ortly one decade, Japan
moved from a technical level one-fifth that
of the United States to a level half that of the
United States, and in the same decade from
one-haif the level of West Germany to
approximate parity. Other calculations give
japan an even more substantial position in
technology. In a recent econometric analy
sis, its concluded that Japan had reached
U. S. levels of technology around 1972 or
1973, and it was further concluded that a
continuation of high investment by Japan
relative to the Linited States would mean a
steady shift to japan’s advantage in tech
nology. Since the differential in investment
has remained very greatly to Japan’s advan
tage, this leads to the view that japan now
has a measurable adntage in overall tech
nological level over the United States—
and, by extension, an even greater advan
tage over other economies.2

MORE RESEARCH ERS
THAN CERMANY, FRANCE

AND THE U.K.

There is no question that japan’s current
research effort is substantial. It is not, how
ever, especially large in research expendi
ture. As a percent of gross national pioduct,

japan
U.S.
W. Cer.
France
U.K.
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BLJSINESSMEN’S EVALUATION 0F

)APAN’S TECHNOLOGY
(71 industrial sectors)

Technological Level
(number et sectors)

US. W Eur.

Japan
superior to 2 2
Japan
equal to 41 55
japan
interiorto 26 8
Not rated 2 6
Source Vt5Ion of tndustrial Pohc in the 1980s.
pp 279.80.
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Late
1970s

272
571

94
62
78

Researchers
(O)

late 1%Os

_______

158
550

72
55
57

Source Vision or industrial PoIic n the 1980s, p
278

Percent
increase

+ 72
+4
+31
+13
+ 37

‘Hhju S.enda, no Tsusan Sei,a&u B,ion Sangyo Kozo
Shingikai Tuho Sangvo Sho. 1980. pp. 83-4rn Translatcd
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japan’s research expenditures lag behind
those of France and Germany and Il
behind those of the United States. The
effort s greater when seen in terms of
numbers of researchers deployed. Japan
reports more research personnel than Ger
many, France and the UK combined—a
total of 272,000, or about haif that of the
Llnited States. This suggests a rather lower
level of expenditure per researcher, but in
any event does flot indicate an exceptional
effort or capability overali.

ROLE 0F
GOV E RNM E NT

There isa widespread tendency to attrib
ute )apan’s successes to the exceptional
powers and abilities supposed to be exer
cised by the government of Japan. The field
of technology is another case of this mis
placed, or egregiously oversimplified, argu

L ment. Much, for example, has been made
of the subsidy provided by MITI to the
electronics industry for the development

[ ofvery large-scale integrated circuitry There
was, indeed, a subsidy. But it totaled only
$1W miflion .er a seen-ear penod, dMded
among several producers. By the standards
cf R&D expenditure cf that industrç and
the subsidies provided by other govern
ments to their semiconductor industries,
the subsidy is trivial.

lndeed, the direct financial support cf
the Japanese government te science and
technology is conspicuously-.-and perhaps
even dangerously—limited. Fora very long
time, two-thirds of total research expendi
ture in Japan has been funded by the pri
vate sector. That is, whiie the total research
expenditure by Japan is not great, the
proportion provided by government is
smailer than in any of the other major
economies. This s consistent with the gen
eral pattern in japan, since the total direct
intervention by governmerrt in the economy
is iess in Japan than in the countries of the
West (e.g., total taxes as percent of GNP are
only about 20 percent in lapan, compared
with over 30 percent in the United States
and over 40 percent for most of Western
Europe).

The Japanese government summarized
its position recently as toilows: “. . . Japans
ratio of research expenditure to CNP is iow
at 2.1 percent (as of fiscal 1977) compared
with 2.5 percent in the United States and
2.6 percent in the Federal Repubiic of
Germany (both as of 1977). Meanwhile, in
lapan the governmental contribution to
the total national research ependiture aise

stands at only 27.4 percent (as of fiscal
1977) as against 50.5 percent in the United
States and 48.5 percent in the Federa! Repub
lic of Cermany (both in 1977)... As a mat-
ter cf principie, technoiogical innovation
should be the job of innovators—namely,
businesses themselves”

COOPERAT ION,
NOT ANTACON 15M

Perhaps the conclusion should be that
government R&D expenditure is largely
wasted, and that Japan bas benefited pre
cisely because cf the smail amounts of
government funding availabie for technol
ogy, support, and the pressure on the busi
ness firm te fund developments.

This too ould be an orsimplification.
The Japanese government has played an
important role in Japan’s meving to techno
logical parity with the world. That role is
more subtie and indirect than is generaliy
seen, but no iess important.

The role of the Japanese gevernment in
support of technological advancement can
be seen in at least three aspects: 1/ the for
mulation cf industrial policy, 2/ measures in
support of that industrial policy, especially
in indirect ways through tax and deprecia
tion schedules and industry rationalization
measures and 3/ in the earlier period through
the 1960’s, direct control over technological
imports. Most important perhaps, the goy
ernment’s role in relation te technology
needs to be seen in the more general con
text of government-business relations in
Japan: a context of cooperation and mutual
support rather than antagonism.

INDUSTRY’S
SOPHISTICATED POLICY

Briefly, japan’s industrial poiicy notes
that a nation’s income is a resuit cf the
productivity cf the nation’s resources of
capital and labor. It is through the improve
ment cf the technological level that these
resources are made more productive. This
leads to the conclusion that the nation
must steadily shift its resources of capital
and labor to higher levels cf value-added,
to more sophisticated sectors technoiog
ically, if steady improvement in living
standards is to be achieved.

Like any policy, however well-founded,
Japan’s industriai policy in execution often
yields te some extent te political and stra
tegic considerations. Agriculture is an
example. While iapan’s yieids per land unit
are among the highest in the world, the
productivity cf agricultural workers is low
and product cost high.Yet the familiar
political problems cf conservative govern
m’ents trying to deal rationaliy with farmers
handicap japan no less than other countries.
Also, abandoning domestic food produc
tion in favor of more cost-etticient imports
poses a strategic problem like that facing
Japan in terms of supplies of energy and
most raw materials. Thus Japans agriculturai
policy is net simply economically rational,

but is a complex outcome of conflicting
requirements.

Yet, Japan’s industrial policy is applied,
usually effectively. The shipbuilding crisis
of the last few years is a good example.
Japan supplied about half cf the world’s
shipbuilding market, with ery efficient yards
and leading technology. However, much cf
shipbuilding is labor-intensive and steel
intensive. With low-cost steel, and with a
relatively low-cost and very flexible labor
force, Japan led in such low value-added
secters as the building of tankers. This is not
the kind cf industry in which the resources
of a highly developed economy should bu
invested.

HOW TO LET
A DYING INDUSTRY DIE

With the collapse of the world ship
building market after the 1973 oil crisis,
Japan was ieft with enormous surplus
capacity. The response, painful but entirely
raticnal economically, bas been te close
down 40 percent cf total capacity. Ccv
ernment funds were made availabie te as
sist in buying back and scrapping excess
capacit’ç but in fact only about half cf
these funds have been used while the tar
get reductien cf capacity was achieved.
A government-appreved cartel was estab
lished te allecate production, banks sorked
together te previde emergency funding,
and the industry erganized itself te plan
and eversee the capacity reduction. AIl
yards deemed obsolete have been closed,
and the remaining yards are the newest,
specializing in more sophisticated ship
production, with the highest efficiency. The
remaining shipbuilding industry in japan
shouid bu notably productive and efficient
as the market recevers.

Simple enough, one might say. Yet this is
hardiy the response of the other major
shipbuilding eccncmies, where funds vere
deveted to support dying yards rather than
te closing them. lt is the wide recognition
and understanding cf economic forces, the
ability te elicit cooperation, and the ability
te move tcward the economically rational
solution that distinguishes the policy cf the
japanese government.

Note the implications for technology.
In Japan, cnly yards less than a decade
or so oid will continue in production. Ail
will bu the mcst efficient cf Japan’s efficient
industry Several of the smailer companies
have combined, with the resulting potential
for larger-scale, more efficient operations.
This raises the levei cf technology in the
industr’ç but without invention, develop
ment or significant technologicai change.

Trade poiicy is another sector that is
informed by overall industrial poiicy, and
that has direct reievance to technoiogy. The
contrastwith the United States is especiaily
marked. US. trade policy bas as its centrai

Econom,c Survey ot lapan 7978/1979 Economic Plan
ning Agenc, Japanese Covernment. The apan Times,
1980. p. 137.
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concem the protection of industries in trou
ble. One need only remember the enor
mous political efforts made by the United
States to protect the domestic textile and
shoe industries to appreciate the U_S.
position. Again, as the U.S. steel industry
began to encounter the inevitable result of
its long failure to invest to improve its pro
ductivity, so-called orderly marketing agree
ments—an exercise in hypocritical pro
tectionism—were forced on U.S. overseas
suppliers. More recently, a laggard televi
sion industry was granted the same protec
tion. Autos are now being proposed for a
similar kind of shelter.

ZERO TARIFFS
ON AUTOMOBILES

Japanese protectionism, leaving aside
agriculture, has had an opposite thrust.
Protection bas been provided those indus
tries that are in need of protection because
oftheirnewness and theirfragilityas emerg
ing industries. Thus protection is negotiated
for the semiconductor and computer indus
tries, and telecommunications. Textiles are
a mature industry and, in the large, net
appropriate for Japan’s level of develop
ment.Therefore, japan’s textile tariffs are
among the lowest in the rld, and textile
imporis increased more than 40 percent
annually through much of the 1970’s.
Similarly, the auto industry is mature and
doing weIl. Japanese auto tariffs are now
zero, and imported cars are, in the bargain,
exempted from Japan’s stiif emission con
trol requirements.

The impact on technology level is again
direct. Sectors of high value-added, and
high technology, with high growth poten
tial, are afforded as much trade protection
as can be arranged. This allows a nurturing
of technology in the domestic market until
competitive scale and sophistication are
achieved Converseîy, low-value-added,
low-technology, and low-growth sectors are
exposed to trade competition to help force
a shift of capital and labor out of those
sectors and into higher technology sectors.

AIl of this is, however, rather far from the
image of a government that possesses some
specialinsight or foresight in its planning
for technology. There s a view in the West
that somehow the Japanese government
has been especrally clever in predicting the
future et technology. This s simply flot the
case. MITI’s so-called national research proj
ects have flot provided notable output—
witness the long efforts to develop an
electric car, for example. lndeed the Japa

nese government bas been distinctly in
error in its forecasts rather often, in much
the same fashion as governments every
where.The familiar story about the resist
ance to Sony’s initial efforts te license
transistor technology is an example. The
government’s failure to foresee IBM’s third
generation computer technology is another.

It is, in tact, not the affirmative actions
of the japanese government in support of
specific technologies that make its role
valuable. It is rather the generai policies
pursued tn encourage growth and encour
age the move te higher levels of value
added that make the government effective.
We have again an instance of the adage
that t is net in the power of governments
to do great good, but rather they have the
power te prevent harm.Tax policies that
encourage new products are an example.
There was an interesting case a few years
ago when the govern ment allowed a cut
back on the high commodity tax on color
television if the set employed solid-state
technology Ciearly, the industry moved fast
to employ semiconductors.

Depreciation schedules are a better
example. Fast writeoffs on new investment
do net requ ire that the government make a
judgement on the merits of a particular
investment. It is only required that the goy
ernment understand that new investment
will, by definition, tend te incorporate more
advanced technology. Therefore, any tax or
depreciation schedules in support of new
investment in general will have the effect
of raising the overall level of technology
with the judgement as to the usefulness of
the technology left te the entrepreneur and
the marketplace rather than to a govern
ment decision. )apan’s success is a power
fui argument in favor of less government
rather than more, in favor of the competi
tive marketplace rather than central plan
ning, and in favor et policies to encourage
vigorous investment rather than to stim
ulate consumption.

This emphasis on the indirect iole of the
Japanese government in support of techno
logical advance is flot to say that the role
has aiways been so indirect. In the very
earliest stages of Japanese industrialization,
in the l9th centur’ the Japanese govern
ment took the initiative in establishing indus
tries in a number of cases, turning them
over to private investors after the initial
period. (lndeed, this history no doubt
explains in part the positive attitude toward
government on the part of the business
community today.)

More to the point of this review during
the immediate postwar period the govern
ment played a very direct role in supervising
and regulating the intlow of foreign tech
nology to lapan. rhe context needs brief
revrew. Japan went to war in the mid-1930’s.
The long tocus on military production,
and the long isolation trom the advanced
economies. added to wartime devastatron
of plant and equipment, meant that in the

mid-1940’s, Japan was virtually bankrupt of
modem technology. The military situation
influenced )apan’s industrial decision
making process.

THE GREAT
“MAKE-OR-BUY” DECISION

Under these conditions, a critical initial
decision was the classic make-or-buy deci
sion.That was rather easily resoived; the
need was so great and the availability quite
suif icient te lead to a buy decision. indeed,
the need was so great that Japanese com
panies, out of desperation, were prepared
te pay any price for foreign technology At
this point the government intervened, f0
regulate both the price paid and the length
of the agreement—another form of price.
AIl import of technology te Japan required
specific government approval, with the
government an active participant in the
negotiations.This state of affairs continued
essentially unti I the end of the 1960’s, when
it was judged that the marketplace could
svrk without assistance and without too
great a cost te Japan.

THE BASIS FOR
TECHNOLOGICAL PROGRESS

Japan’s technological progress is net the
resuit of govemment programs and funding.
Rather, it is the resuit of a highly competi
tive market economy, in which companies
are required te invest heavily te maintain
market position.This high level of invest
ment is made possible by a high savings
rate, both individual and corporate. As will
be noted later, this process of competitive
investment is greatly aided by a system of
labor relations that greatly facilitates the
investment process. An understanding of
the Japanese achievement and potential in
the area of technology must, however,
begin with an appreciation of the very high
investment levels that have characterized
modem Japanese history.

lnvestment is, of course, the correlate of
savings. It seems that there is no very clear
or definitive explanation as to why a given
country bas had for very long periods a
characteristic level et savings and invest
ment. One might speculate that the keen
japanese sense of being a poor nation with
few resources and, thereby, a need te hus
band available resources, explains the
japanese pattern. Thus the Americans,
with a long-held sense of infinite space and
resources, have a more profligate pattemn
of low savings and investment. In this
notion, the basic attitudes eventually
become embedded in tax and other policies
that perpetuate the underlying attitudes.

Or again the Japanese sense of being
besieged in an unfriendly world, of being
isolated and subiect to imperial predators.
may play a part in determining savings
behavior. It has aIse been noted that
Japanese traditional. pre-industrial patternS
of tood, dress and housing continued welI
into the modem period. Thus the produc
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tivity returns from industrialization vere
available for savings and investment from
die !ag in modernization of consumption
habits.

Whatever die explanation — and the
matter is no cjoubt multi-determined—
there can be no question of the results. For
a long time, Japan has had die highest
levels of capital formation, and of private
investment in plant and equipment, of any
of the developed economies. For Japan,
as for other economies, the post-1973
depression brought some reduction in the
overall level of investment. But Japan’s dis
tinctive relative position remains as before.

JAPAN, A FIERCELY
COMPETITIVE MARKET

ft is essential to complete the view of
Japan to appreciate that the Japanese
economy is a market economy, arid fiercely
competitive. Again, like misperceptions of
the iole of the japanese govemment, this
fact is frequently not appreciated by com
mentators on japan. Perhaps distance blurs
corporate distinctions. In any event, the
competition for market share in Japan is
inexorable. This is especially true in a market
economy under conditions of high growth,
since it is with high growth that share
positions can most readily change. The firm
that fails to add capacity under conditions
of high grov’th quickly finds itself out of
die race. As growth slows, die final suc
cessful survir s the firm that has invested
most heaviland efficiently. Since growth
in Japan has1been especially high, it is no
surprise tha4 competitive investment has
been heavy.l

This sets iii motion a virtuous cycle. The
investmentsj in plant and equipment, in
cost impioement and product improve
ment, that nake for success in the highly
competitiv domestic market, are the very
factors that make export competitiveness
possible. The numerically controlled lathe
is an example. The high investment rate of
japanese companies, directed in part to
reducing labor input and labor costs, pro
vided a wide market for the NC lathe. The
exploitation of this domestic market led to
a cost and quality position in NC lathes
that bas given risc to an explosive growth
in exports over the decade. This allows fur
ther investment and product innovation.
just as the U.S. cycle of low savings, km
investment and declining export perform
ance leads to inflation, currency crises and
declining real incomes, so the inverse of
the cycle is enormously rewarding.

THE INDIVIDUAL
TAKES ON THE GIANT

lt might be noted that the leader in this
NC lathe fleld is not a large and intemation
ally known cornpany, but is Mon Seiki, a
firm that was until recently small and is
still privately held. The competitive, info
vative thrust in Japan bas tended not to
corne from the companies bearing the
great and famous names of history Seila,
leading the world in watch production, is
afamilyfirm. Honda, leadingin motorcycle
production and making an impressive mn
at die auto industr is a post-war, mdc-
pendent success.The highly individual
business philosophy of giant Matsushita
Electric’s founder helped it become japan’s
largest consumer electronics company and
is one reason its National, Panasonic,
Quasar, and Technics producis have world
wide respect. The list of non-saibatsu firrns
of world position is a long one—Shiseido,
Pioncer, Sony, Fuji Film, Canon, Toyota,
Casio. These names alone should be suifi
cient evidence of the degree of competi
tion that prevails in those industries in
japan that have achieved greatest interna
tional success in technological innovation.
These ware not firms that began with spe
cial advantage, either with government or
banks, and these ware not firms that ware
nurtured by group affiliations. In the fast
moving sectors of high technology and
consumer marketing, die seemingly faored
firms of Japan have generally not prospered.

The search for the key to japans eco
nomic and technological success is aIl too
often focused on the policies and plans of
die Japanese gowrnment. It is a competent
government, at least in its bureaucratic
structure, and deserves credit. it bas flot
earned position as die principal cause of
success, however, and is best seen as facili
tator and moderator. In an ultimate sense,
die real cause lies in whatever it is that
has lcd the Japanese people to be savers
and investors, and to compete vigorously
for economic advantage. Without the
competitive thrust, investment languishes
and savings lie fallow.

QUALITY—A PRODUCT
0F LABOR OR AUTOMATION

It is this investrnent level that explains
die high quality of japanese products. There
isa quite understandable tendency of many
Japanese to attribute the high quality of
Japanese pioducts to the diligence of die
Japanese work force. As will be noted,
die work force is indeed a key factor in the
move of japan to higher technology. But
die explanation of high quality lies in the
investment in design, and in the invest
ment made to take labor out of the prod
uct. That the quality of labor is high in the
bargain is a great advantage. However, t is
investment in automation that explains the
consistent quality. Matsushita Electric’s
Panasert, for example, 15 flot Iust a machine,

but a patented process that automatically
selects, inserts and affixes components so
diat color TV printed circuit boards—the
heart of the chassis—can be assembled
from start to finish without human hands.

Astartling pieceof evidenceon Japanese
quality levels was offered recently by a U.S.
businessman. He reported the experience
of his company in purchasing semiconduc
tors of a particular type from three Japanese
and from three U.S. suppliers.

The quality of the japanese product was
high. This is of special interest because
semiconductors are an instance of the U.S.
producers taking the labor-intensive part of
semiconductor production—the wiring of
the chip—off-shore to low labor rate coun
tries to achieve cost savings. The japanese,
handicapped by their inability to fire their
labor force and by their relative lack of
expenience in managing foreign labor,
invested heavily to automate what had
been the labor-intensive part of semicon
ductor production. The quality differences
reported by Hewlett-Packard are the result
of that heavy investment.

LABOR RELATIONS
AND TECHNOLOCY

High savings, leading to high investment,
in a competitive economy. That is the mes
sage of Japan regarding technological ad aC
vancement. To complete the pattern, how
ever, it must also be noted that the system
of employment and labor relations of Japan
provides exceptional support for the intro
duction and diffusion of technology.
lndeed, it is perhaps not too much to say
that none of the Western systems of cm
ployee relations, with the possible exception
of Germany’s, would allow the rate and
degree of technological change that has
taken place in Japan in the post-warperiod.

The japanese labor force has many ad
vantages in terms of technological change
and advance. It is, first of ail, a highly
educated labor force.

PRODUCT QUALITY DIFFERENCES:
4K AND 16K RAM’S

Fieid Hewlett
Failed Failure Packard

Test on per 1(») Quality
Arrivai Hours Index

(Percent) (Percent)
japanese
Supplier

A 0 0.01 89.9
B 0 0.019 87.2
C O 0.012 87.2

U. S.
Supplier

X 0.19 0.09 86.1
Y 0.11 0.059 63.3
Z 0.19 0.267 48.1

Sources Richard Anderson. computer Division.
Hewlett-Packard as reported in The Economist. April
26. i9aJ
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indeed, given the intensive nature of
japanese primary and secondary educa
tion, it may ii be at the shop floor ievei
the best educated work force in the vrid.
Dropouts f rom the educationai system are
few and the US. concern with functionai
iiliteracy seems not to be a concern in
Japan. The educational system also seems
welI-designed for technoogical matters.
Earlier studies by Prof. B. Bloom at the
University of Chicago indicated that jap
anese secondary-ievei students score weli
above the youth of other nations in math
ematics, when standard trsts are adminisiered.

The labor force is homogeneous. There
are no divisions in race, ethnic background,
religion and the like that can make man
agement difficuit. Further, the value system
associated with the Confucian ethic—
especialty with regard to respect for eiders
and superiors—that is pervasive in Japan
is very useful indeed in the context of a
large corporate structure. hnaliy, the labor
force of Japan is sti ii fairiy young, although
this factor changes as the age structure of
lapan shifts sharpiy upward over the next
decades.

WHY NEW TECHNOLOCY
IS NO THREAT

In terms of technologicai change, this
labor force and its mode of organization s
exceptionally supportive. in the Western
system of employee relations, new tech
nology isa real threat. By definition, it threat
ens job security and compensation. In the
japanese case, there is no threat. Job secu
rity is assured, and compensation is only
slightly linked to a particular task. Thus, to
the extent that new technology, whether
process or product, wiii make the company
more prosperous, the worker has every
reason to encourage its introduction. Fur
ther, the worker has a sufficient ievel of
education to be able to deal with the new
technology. And the company, obliged to
continue the worker’s employment, has
every incentive to train him to do so.

it is this svstem of employment and com
pensation that makes possible the svrker’s
concern with product quality that has 50
impressed foreign visitors to japan. There
has recently been much interest in the so
cailed Quality Control Circies of japan,
where workers meet to improve product
rel iabi I t’y and production efficiency. Atten
tion to a particular device like the QC
circle may be a case of mistaking form for
substance. The important fact is that the

basic system of employment in japan is
more secure and iess conflict-ridden than
in most countries. To an unusual degree,
the potential for confrontation between
management and strker has been mini
mized, and a considerabie identity of
interest bas been established. On that base,
QC circles and other devices can prosper.
Their effectiveness in many US. companies
might be less.

MANAGEMENT’S SUPPORT
0F TECI-INOLOGY

The lapanese workplace, therefore, k
highly receptive to new technology, and s
entirely capable of absorbing it. Factors
supportive of technological change are by
no means confined to the shop floor. man
agement shares these interests. There are
additonal aspects of management that
sould appear to be supportive of techno
logical deveiopments in the company. First,
neariy ail japanese executives are university
graduates, in contrast to many of those in
Western Europe. Their interest and appre
dation of new technoiogy is thereby that
much greater.

The continuity of management would
aiso seem important. Programs of research
and development can be carried through
and are not subject to jarring discontinuity
owing to sudden changes in senior man
agement. Nor are programs subject to
piunder by a senior research or manage
ment officiai ieaving to set up his own
firm. Assuming that continuity does not
stifle initiative—and for most lapanese
companies it seems not to do so—this con
tinuity must be helpful.

Two additionai management issues noted
are first, the japanese company is under
extraordinary pressure to grow, not simply
owing to the wishes of shareholders pri
mariiy. Every person in the company sees
bis future prosperity as dependent on the
growth and success of the f irm. The f irm
cannot cut back the labor force, or seii a
part of its business, to deal with economic
downturns. it must fight its way back by
internai growth—again, the theme of high
investment rates, with the notion that each
product group in the company must seek
improvement and innovation.

And the growth must be internai. t is a
coroilary of the employment system that
companies in japan, or even parts of com
panies, are not bought and sold. Since the
employee is an integral part of the company,
it cannot be dealt with as a simple aggre
gate of assets and iiabilities.Further, com
biningjrk forces under these empioy
ment conditions is exceptionally difficult.
On the whole, one might conclude that
this inability to diversify the acquisition, or
to cut losses by sale of a business, is
supportive of solid technological change
and improvement.Crowth must be generic:
programs must be pursued to a conclusion;
innovation must corne f rom within.

With this, japanese management is flot

subject to the kind of short-term earnings
per-share pressure that characterizes much
of U.S. business. The stock market tends to
value gowth—that is, capital gains poten
tiai—more highly than short-term changes
in profitability. Further, the executive’s com
pensation is flot related directly to share
price since stock options and the lik are
flot avaiiable. Ail of this tends to make fora
longer time horizon, and a willingness to
undertake investments that offer no near
term advantage but will pay out handsomely
in the longer term. Thus there is both exec
utive continuit’ and a need and willingness
to make long-term investments.

It is in this highly supportive context of
labor arid management characteristics that
competitive investment is made. The poten
tial for technological change is high from
the investment level, and the opportunity
for introduction is high from the nature of
the relationships within the company. The
result is Japan’s leap to technical parirç and
even leadership.

BUVING THE TECHNOLOGY
0F THE WORLD

The acquisition of technology from
abroad by the Japanese has been discussed.
What needs to be appreciated is the mas
sive scale of that acquisition. From 1950
through 1978, japanese entities entered into
a total of some 32,000 contracts for the
input of new technology to japan. As noted,
the government played a part in controlling
the cost to Japan of this importation of
technology. It seems to have done so with
some skill. The cumulative cost of the pur
chase of essentiaily ail of the technology
in the world bas been only $9 billion over
the period. Current US. research expendi
ture is variously estimated at about $50
billion. In other svrds, fora fraction of the
US. annual expenditure, japan closed the
technology gap.

It is through these figures that one can
appreciate the extent to which the sorkplace
of Japan provides a supportive setting for
innovation. One might argue that this mas
sive fiood of new technology could not
have been introduced effectively into the
workshops of the United States or Great
Britain. The system of employment and of
union relations would simply flot have
allowed it, even assuming a labor force of -

sufficient adaptability to incorporate so
great a series of changes.

However, as japan moves into the 1980’s,
there is widespread recognition that this is
the era in which japan must move to its
own independent technological deveiop
ment.There are many questions as to
whether japan cari succeed, and the issue
needs close examination. However, it is
well to note that if patents are a measure
of competence, Japan seems to be doing
well.The lndustry Structure Council of
MITI examined the pattern of the registra
tion in the United States of patents by
foreign nationals.The resuits are startlirig.

.IAPANESE
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A 600% INCREASE
IN PATENTS

Patents registered in the United States to
Japanese have increased nearly six times
in the decade fiom 1966 to 1976.

Japanese nationals are now the Iargest
single foreign national source of US, pat
ents. In addition, U.S. patents registered by
foreigners have grown from 20 percent of
total patents to nearly 40 percent of total
patents in the same period, while the num
ber of patents issued has not increased. Is
this a measure of U.S. loss of research leader
ship? What is the potential for Japan in
technological development?

RESEARCH EXECUTIVES’ VIEW
0F JAPAN’S POSITION

The men who manage the Research and
Development efforts of Japan’s major com
panies appear to have a realistic view of the
present state of their technology. Discus
sions indicate a good deal of self-confi
dence in the present level of competitive
development.

Matsushita Electric’s Senior Managing
Director Dr. S. Kisaka, for example, noting
that “We’d like to keep up the unique posi
tion of Matsushita as the top electronics
manufacturer;’ goes on to explain that,
‘V/e at Matsushita have distinguished our
seives by ‘vertical integration’ in which ve
produce from very basic electronic com
ponents and parts to the finished products.
By producing high-quaiity components and
parts for our own use, can aiways main-
tain the highest possible quality in the
finished products. The outstanding charac
teristic of our firm is that ail research at
Matsushita Electric has been conducted
with the firm conviction that Ai! research
is for the happiness of mankind. lt’s be
cause of this phiiosophy that we’ve come
up with the VTR, Video Camera, theater
sized Projection TV, high-reso!ution TV!
VTR system and other products’

Managing Director Mr. M. Masujima of
TDK Electronics Co. states a general view:

“Ne are certainiy strong in production
technology The principal reason is the high
qua!ity of our vvorkers. If you look at facto-
ries in the United States, Taiwan and Korea,
you find no vvorkplaces that can assemble
a work force of the high quality that e
have in lapan. Our engineers also are first
class, and this is one factor in our level of
technology. But beyond that is the overall
contribution made by the quality of our
workers, of our human resources. Given
the same equipment, a vork force in Taiwan
twice our size, or one in America 40 per
cent greater cannot reach our levels of
output. Company scale is a factor But with
out adequate motivation, such things as
inspection systems will flot provide prod
uct quality Even with ,ntegrated circuits,
because our lapanese vvork force is the
most diligent, ‘ can achieve high produc
tion levels with high quaiity’

OVERTAKING
THE WEST

Again, asked about the basis for the over
taking of the West by the Japanese auto
industr’ç Senior Managing Director Mr. J.
Tanaka of Nissan Motors concludes that
“The greatest factor is the diligence of the
japariese. This is true flot only of the way in
which they work, but in the content of the
work as well. it is this factor that has been
our support”

The recurring view is that the homoge
neity of the ork force, the high educational
level of the svrk force, and the system of
relatively strife-freevrk relations has been
a principal factor in these companies’ tech
nical achievemenis to date. Managing Direc
tor Mr. T. InoueofVictorCompanyofJapan
takes this view:

“The japanese production system involv
ing career employment is a truly unique
feature, isn’t it. The fact of being an island
nation; with that, the homogeneity of the
population — because of these factors, hu
man relations are not simply based on rights
and duties. Our companies are groups, de
rived from this background. There isa context
of loya!ty. This has provided a positive envi
ronment for technological development.”

Some question of the durability of these
factors in the face of increasing size and
complexity of companies is expressed.
Senior Managing Director Mr. K. Yamamoto
of Toyo Kogyo notes:

“In lapan, human relations and organi
zation are in a single tune. However, as the
organization becomes larger, and as it comes
to include â number of separate sections,
consensus becomes more ditficuit to achieve.
Sectionalism begins to appear. Radical
ideas, and ideas rich in originaiity, are more
difficult to express’

While Mr. Yamamoto expresses confi
dence that Toyo Kogyo is dealing success
fully with these problems, he raises an
important issue for the future of Japan’s
vrk system.

THE COMPETITIVE
AUTO INDUSTRY

In consideringtheirsituation and con
trasting it with other countries there is also
a theme in the remarks of these executives
that is critical of United States Manage
ment in particular. Mr. J. Tanaka of Nissan,
looking to future competition, touches on
this issue:

“Our future competitors are General
Motors and the German auto industry.
Looking at their plans, it appears that they
are foilowing closely the approach of the
japanese industry, and aiming at the
Iapanese industry Since they are large-scale
companies, their financial power is con
siderable, their technical capability ade
quate, and as they plan to roil us back,
will have some problems. However, in the
American case, perhaps beca use of the
structure of the companies, each single

year’s company results become very impor
tant. Thus, for example, when setting up a
iong-term plan for five years torward, com
pany results are seen to drop because of
capita! requirements for the plan. And the
long-term plans are flot carried out. In my
vievv this is the major problem for America.
For the sake of short-term profits, old
equipment is used far too long. This is true
of ail US. industry Even looking at General
Motors plants, the assembly unes are very
much out of date. They are using the meth
ods Nissan used in 1965.”

Similar themes are expressed by Dr. A.
Ouchi, Senior Managing Director of Nippon
Electric Company:

“Using integrated circuits as an examp!e,
America was the innovator, andin the 1960s
manufactured the chip domestically, carry
ing out assembly in the low-wage countries
of Southeast Asia. if I vvere an American
engineer, I v.uld probably have done the
same. However, fortunately or not, the
japanese vere some years behind and tying
to catch up. Because e were behind in
using low-wage labor, ‘ instead sought to
automate. Vs4th automation, were able
to achieve very high quality and at the
same time, with appropriate machiner,,,
achieve very low cost ieveis. For exampIe,
in our Kyushu plant, with complete auto
mation e can produce at ten times the
Ievei of hand assembly, and leaving depre
ciation aside, have much lower costs with
complete product quaiity.

“Labor unions are a factor in this. in the
West, automation means firing people. in
the caseof lapan, the compan’ygivespriority
to maintenance of vvrk and therefore if
automation improves the profits of the com
pany, there is basic agreement to it. Again,
in America, because long-range plans cannot
be estabiished, short-term profita bility
becomes the target. Thus, as with lCs, they
are quick to take machinery to places where
wages are low”

Rather clearly, Japan’s R&D managers
credit their success to good management,
good tabor, and a willingness to invest.
There is little suggestion in their remarks of
a special brilliance in planning, nor in crea
tivity. There is a strong suggestion of self
confidence, hovever, as expressed by Senior
Managing Director Dr. T. Sasaki of Sharp
Corporation:

“in the process which proceeds from
scientific concept to engineering and actuai
product production, I feel that in the stage
of production .technology, fapan generaily
leads the United States. Beginning with
Germany and compared with Europe gener
ally, lapan is vveli in the lead. However, our
definitive lack is in ideas and concepts.
japan takes these from the United States,
Britain and France who excel in this area,
and engineers them into high leveis of
output”

This view of Japan as adapter and applier
of imported concepts is rather widely held
by Japan’s research directors. Accord ing to
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Stiil another major company n the elec
tronics sector, Matsushita Electric, looks
at the 80’s as ‘The Age of lnformation/
the Age of Energy: according to Senior
Managing Director Dr. S. Kisaka. He
expiai ns:

“The coming age of information may be
looked at from four viewpoints: 1) Global:
With expansion of vvrldwide communica
tions networks, including, among others,
submarine cables, optical fibers, and com
munications satellites; 2) Social: CATV,
multiplex TV broadcasting, office automa
tion, and electronic transaction of busi
ness; 3) Home: In formation interfaced with
society through the system listed above;
and 4) Personal: Pocket computer/data
bank/translator. and pocket telephone. On
the other hand, the coming Age of Energy
will be characterized by new energy tech
nologies, especially solar energy, and
energy conservation with energy saving
through more refined electronic con trol.”

Civen the generai Western view of Japan,
these research executives put remarkably
littie emphasis on government support in
meeting their research and development
goals. The general view seems to make a
quite clear distinction between basic
research and corporate research activitç
and seems to indicate that government
support should flot be directed toward the
business community. In a somewhat criti
cal vein, Divison Manager Mr. H. Ohsawa
of Toshiba states:

“Japanese companies, including my
own, have insufficient concern with basic
research. Their attitude is that the govern
ment, through the national universities and
MITIs research facilities, should focus on
this. In their view, manufacturers have the
task of applying the resuits of the basic
research.’

This view is in fact generaliy accurate.
Mr. M. Masujima of TDK was asked what
he thinks about government aid to busi
ness in the research sector. He replied:

“In the case of our company there is
absolutely none. Further, we do not need it.
Instead of aid to companies, there should
be more aid to universities and to national
research institutions. It is there that basic
research should be strengthened. From
there, projects can be handed on to com
panies. It 15 only in that way that major
results can be achieved.”

Dr. T. Sasaki of Sharp, whose positive
views of the level of Japanese produc
tion technoiogy have been noted, seems
to summarize the general view about the
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needs of the future:
‘l think that each sector —government,

the universities, and industry—should
put more stress on encouraging science
rather than encouraging scientific tech
nology. Indus try can amply develop tech
nology. However, for the encouragement
of science, scientific research budgets
are insu fficient. A cause of limited goy
ernment aid 15 the fact that there is no
military funding. To balance the lack of
funding, I think it is necessary to have
industry-university cooperation. For ex
ample, required facilities might be jointly
established at the companies. University
staff can make good use of the facilities,
and at the same time, more effort will
be needed in support of basic and gen
eral concepts for which equipment is not
necessary.”

These views are those of executives in
companies in which the directions and
potential for further technological devel
opment can be fairly clearly identified
in the near term at least. But not ail
industries have a promising future. It is
useful to recail the general view in japari
that the nation grows not only by pursuing
promising technologies and growth, but
by concurrently allowing the marketplace
to diminish the role of industries that
have reached technological maturity.
Steel is just such an iridustry. Despite
the fact that Japan is the acknowledged
leader in techno!ogy and in production
cost position, steel imports into japan
are growing rapidly, and new sources of
steel products are clearly emerging as
effective competitors.

Technological change and economic
growth are the shift of resources from
mature industries to growth sectors with
higher technological leveis and therefore
higherleveisofvalue-added. Thejapanese
response to pressure on the steei indus
try is therefore of special interest. Dr. T.
Ikeshima, Executive Vice President of
Sumitomo Metal industries offers a point
of view:

“Thinking only of the steel industry,
the advance of the developing countries
as competitors is flot pleasant to con
template. However, from a different point
of view, a widening of the GNP gap is
certainly flot a plus in terms of the inter
national environment. As countries raise
their living standards, and increase their
use of steel, the increase in demand wiII
lead to a growth of their steel industry.
At the same time. there will also be a
requirement for higher value items, and
the supply of these will be a plus for
lapan. We should view the issue in this
manner; we japanese have been trajned
to see the issue in this way.

“Earlier we studied America, and we
can now be considered to have surpassed
America. However, that is because of
America’s own stagnation. I feel that when
humans are more or less hungry. they
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should be pursuing some goal As they
gradua 11v begin to reach their objective,
they strive to pull ahead as leaders. In
that view, we intend to support the tech
nical efforts of other countries as much
as possible, and in as many places as
possible. The most eager are Taiwan and
South Korea. However, if leaders and
workers do not really share common inter
ests, great difficulties result. Both coun
tries depend on imported raw materials.
in the same way as lapan. We hope they
will expand and develop.’

THE ISSUE 0F INNOVATION
in technoiogy, as in so much else related

to thei’r economy, the japanese have
caught up. By ail indications, their tech
nology 15 at the highest leveis.

From flower-mat making, to import
substitution, to irtdustrial competence
of the highest sort, japan s the first
non-Western society to have traveled the
eritire distance from handicrafts to tech
nical eminence. t wilI be some time
before the world, and the Western world
in particular, entirely adjusts to this
change.

Japan too is having some difficuity
adjusting to the change. Trade and
investment policy, appropriately protec
tionist earlier, have changed only in the
past decade. Perhaps the most difficuit
adjustment though is in the seiection of
further goals. Having caught up in so
many areas, what targets are next?

(A) major requirement for the stable
growth of the japanese economy in the
future is the acceleration of technologi
cal innovation. The chances for our suc
cess in overcoming the energy problem,
for one, crucially depend on it. There
are more reasons why we must acceler
ate the development of new technology.
First, the level of japanese technical
accomplishments has generally caught
up with those of the major industrial
countries 0f the West. Also, the level
0f income in this country.. . has rapidly
improved so that it is close to parity
with the Western countries.

“If only in the interest of the interna
tional division of labor, there fore, lapan
is faced with a pressing need for develop
ing a more knowledge-intensive type
structure of industries in a short rime.
We also need a technology of our own if
we are to improve the living environment.
given the “high-density society’ we have
in this country. AIl these considerations

underscore the importance of techno
logical innovation, especially in the
development 0f technology of indigenous
origin.”4

To date, the technical accomplish
ments of japanese industry have been
focused on what might be called the

fconomic Surey 0f lapan 1978/1979 [conomc Plan
ning Agency, lapanese Covernment. The Japan Times,
Ltd. Tokyo p 2O
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middle-range of technology —watches,
cameras, autos, and home entertainment
products. japan has a minuscule aero
space industry, only a modest position in
atomic energy developments and a dis
tinctly secondary position in computers
and computer-related areas. Japan’s
successes have been greatest in mass
produced items, in process engineering
and in quaiity control. The successes
have been considerable and should flot
be minimized in any way, but are in a
sense a measure of the task of moving
to new technology in terms of invention
and basic innovation.

In considering whether Japanese indus
try can, in tact, move to a new level of
technological output, the initial ques
tions usually relate to whether the pattern
of high savings and investment, of sup
portive labor relations and work force
quality, and of stable and competent goy
ernment can be maintained. These are
perhaps flot the critical questions. The
crises of the 1970’s provided a severe test
of the durability of these aspects of
Japanese society and industry. They have
survived the test very well indeed. It is
reasonable to expect their continued sur
vival well into the future, barring some
external catastrophe.

A question that must be asked con
cerns the ability of the Japanese to in no
vate in the industrial sector, in the sense
of creating new products and systems.
There can be no present answer to the
question, since it only now arises as an
appropriate issue. That the Japanese are
creative is clear enough. The existence
of a distinct and unique culture, with
special art forms and living styles, is
surelytestimonytocreativity. Individuals
like Tange in architecture, Munakata n
art, Kenzo in high fashion, and Mishima
and Kawabata in literature are creative
by any measure and in every sense.

The question remains, however, as to
whether in a corporate context, with
emphasis on group values and group
centered behaviors, the same degree
of creativity can be fostered. japanese
cliches like “The nail that sticks out
gets hammered down” are folk-wisdom
testimony to the pressures to conform to
group expectations. These pressures must
be oppressive to the development of
innovation.

Yet it can also be argued that a sup
portive group context allows creative
risk-taking because the costs of failure

are Iess extreme than in the more punish
ingclimateofwork relations in theWest.
It can also be held that the processes of
research and discovery in modem mndus
try are in their nature more a group activ
ity than an individual activity. The
model of a Thomas Edison tinkering alone
in a lab s hardly a suitable model for
development work in aerospace or next
generation semi-conductors.

A related and often discussed ques
tion is whether the Japanese suffer some
special handicap in terms of the devel
opment f software and of systems tech
nology. -As with the issue of industrial
creativity, the answer will have to await
the outcomes of the next years. Certainly
Japanese competence in mathematics s
generally high. Clearly, Japanese invest
ment in this area has been relatively lim
ited from the absence of large-scale
government programs, as in the United
States. And, in a sense, the need for
development in this area arises on(y after
the hardware has been put in place, and
is therefore in any event the next stage
of concemn for the Japanese.

Another major question about Japan’s
ability to deal with the issue of develop
ing unique technology is set out by the
Economic White Paper. ‘. .. What matters
15 creativity in the private sector. But the
government also has as large a role to
play flot only in sharing research and
development expenditure with priva te
industry butin improving the educational
and research institutions at large.”5

Just as there has been general agree
ment that the quality of primary and
secondary education in Japan is very high,
so is there general agreement that the
financing and facilities for higher educa
tion in Japan are at a low level. Further,
graduate training s largely for academic
careers, and the system of compensation
of the major companies offers little incen
tive to undertake graduate study before
entering the work force. Japan’s compa
nies have made up for these deficiencies
by in-house training programs for the most
part. The question remains as to whether
Japan will produce a sufficient supply of
highly trained specialists. The current
efforts to establish a research-centered
university and community near Tokyo
are a recognition of the need. The
slowness of development of that com
plex s a measure of the problem.

Apart trom govemnment support to edu
cation, there is the more general ques
tion of government support to research.
Substantial military and space budgets
have provided a subsidy base in the
United States for the development of jet
engines, aircraft. electronics, special
metals and other leading-edge tech
nologies. There is little prospect of
japanese industry getting this kind of
base support. No doubt tax concessions
and very fastdepreciation scheduleswill

be employed, and semi-govemnmental
units like the Nippon Telephone and Tele
graph Corporation and the utilities com
panies will provide indirect financing.
But for very large-scale projects more
direct government financing is likely to
be needed. Japan has not yet established
a system for such support.

Thus there are substantial and unre
solved questions about Japans ability
to become a major source of new tech
nology for the world. Yet perhaps the
factor that makes a positive outcome
most likely is the clear recognition by
the Japanese government and business
community that there is an overriding
need for innovation, and a wide agree
ment that the national interest requires
that major efforts be concentrated in this
area. Along with this agreement on goal,
there is a generally high level of self-
confidence about the ability of the
japanese economy to meet its goals.

The period since the 1973 oil crisis
has been for most of Japanese industry a
period of consolidation and regrouping.
The success of the effort, measured by
relative economic growth currently, in
ternational competitiveness and im
proved corporate resu Its, has led to a
degree of self-assurance flot previously
visible on the part of the japanese eco
nomic community. The next goal is inno
vation. It would be an imprudent gambler
who would bet against their reaching
the goal. And, in fact, a shift to signifi
cant innovation in science and technol
ogy would be simply a natural and Iogical
extension of japan’s economic devel
opment until now. For the world, the
prospect of japan as a major source
of capital and as a major source of
technology over future decades, should
be an encouraging one.
5 Economic Survey o )apan 1978/1979 Economic Plan

ning Agency. japanese Covemment. The apan Times,
Ltd Tokyo. p. 203.
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I.

Mon cher collègue,

16 Septembre 1976

Monsieur le Docteur K. Seki

Chargé de recherche du laboratoire
de Physiologie de la Plongée
JAMSTEC
2—15 Natsushima—cho’
Yokosuka- shi
237 (Japon)

J’ai été très heureux de trouver sur mon bureau, à mon
retour de vacances, votre magnifique présent qui symbolise si
bien le raffinement de votre pays. J’ai été d’autant plas
touché que je crois comprendre qu’il est l’oeuvre de !4adame
votre mère, ce qui naturellement augmente singulièrement sa
valeur à mes yeux.

Je vous prie de lui transmettre mes respectueuses
salutations ainsi que mes remerciements.

J’ai aussi reçu votre lettre du 9 Septembre et je me
suis réjoui de savoir que vous aviez été nommé Chargé de
recherche du laboratoire de Physiologie de la Plongée de Jamstec.
Il s’agit pour vous d’une nomination bien méritée et je suis
persuadé que vous y ferez de l’excellent travail.

Il est bien évident que je serais heureux d’être au
courant de vos travaux. Nous ajoutons le plus grand prix à la
collaboration entre le Japon et la France, étant donné la
valeur des travaux de l’Ecole japonaise de Physiologie du
Travail et Ergonomie.

Je vous demande de bien vouloir transmettre à cette
occasion mes meilleures salutations aux collègues japonais
que j’ai la chance de connaître, et en particulier au Docteur
Kogi.

Veuillez agréer, mon cher collègue, l’expression de
mes sentiments très cordiaux ainsi que mes félicitations
renouvelées.

A. Wisner

j - ,-
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JAPAN MARiNE SCIENCE ANF) TECFINOLOGY CENTER

(JAMSTEC

HEADQU\RTIRS

NATUSHIMA.CH0,

YOKJSUKA 237 JAPAM.

TEL. 0468 (65) 2865 6490 1558

Dr. Kunihiro SEKI

JAMSTEC
2-15, Natsushirna-do, Yokosuka le 9 Septembre 1976
Yokosuka-shj,
237-JAPON

a Monsieur le Professeur A.WISNER
22, rue Emile Dulois,
75014—PARIs
FRANCE

cher 4Dnsieur le Professeur

A partir de 10 Septembre, Nomt CHAI.E DE RECHERCHE

de Laboratoire de Physiologie de la Plongee de JAZ’LSTEC. Je m’ipresse

de vous en infor. Quand Je restais à Marseille, que Je tiens a

Vous en rerrercier. D’ autre part, Je serais heureux si vous vouliez

bien m’aider de vous conseils. Vous avez acxuis une très grande

experience sur laquelle J’ainerais beaucoup pouvoir canpter.

Veuillez recevoir, cher bnsieUr le professeur

1 eesion de entixtnt respectueux et ditingues1

K.SEKI

..—-
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CHANGEMENT 0E LA0RAT0IRE

0E Monsieur SEKI Kunihiro

Son séjour en France se terminant fin Aot3t 1976,

Monsieur Kunihiro SEKI a le plaisir de vous communiquer ses

nouvelles adresses au Japon.

- Adresse profesionnelle

JAPAN MARINE SCIENCE ANO TECHNOLOGY CENTER
(JANSTEC)

2-15,NATSUSHXMA-CHO, YOKOSUKA-SHI

237-JAPON

Tél. 0468 (65) 2865
(65) 1558

- Adresse permanente

2226, SHIMODAKANO, TOYONAKA-CHO, MITOYO-GUN,

KAGAWA-KEN

7 69-1 5-JAPON

Tél. 087562-3768

/( À À Ç

L -- --- -

“‘

s
• r7



ORGANIZATIONAL STATUS 0F ‘NINGEN-KGAKU’

(ERGONOMICS) RESEARCH IN JAPAN

Kazutaka KOGI, M.D.,

Railway Labour Science Research

Institute, Kokubunji, Tokyo, Japan



INTRODUCTION
Ergonomics or human factors engineering is caiied ‘ningen—

kogaku’ in Japan. ‘Ningen’ refers to human and ‘k5gaku’ ta
engineering or technoiogy. This term may impiy two features.
Engineering demands optimized systems solution, whereas it is

claimed that as one of human sciences individuai work and lif e

should be within the scope 0f study.
These two featureS emerge f rom a brief historicai sketch. The

word ‘ningen—kgakU’ was first coined in 1921 into a book on motion

study by K. Tanaka. In the same year, the Institute for Science of

Labour was founded in a spinning miii. There physioiogists and
psychologistS took part in the study 0f effects 0f work ioad and
environinentS and tried to praise biologicai principies as their

standpoints.
The end of the war marked revival 0f the work—science. How—

ever, since engineering psychoiogy had flot been strong, the human

f actors concept was introduced rather as a new area of engineering

that called from its side for cooperative work 0f medicine and psy—

chology, the stress being laid on the design of man—machine units.

The first national conference on ergonomics was held in 1963. In

1964 the Japan Ergonomics Research Society (J.E.R.S.) cane into

existence. There have been 50 far 10 national conferences on

ergonomicS, as annuai meetings since 1967. The past one decade saw

formation 0f ‘ningen—kgakU’ groups on a large scale, mainiy orient—

ed to equipment and work—piace design. Systems engineering tendency

is stronger than ever, but few groups seem to have succeeded to or—

ganize real cooperative work of engineers and life scientistS.

ORGANIZATION
The main disciplines represented in the society are engineering,

psychology, physioiogy/medicine and industriai design (Table 1).

49 % are working in universities, 12 % in research bodies and 31 %

in industry.

Table 1. Disciplines represented in J.E.R.S. (1969—70).

Disciplines Registered meinbers Active mernberS

(1143 persons) (168 trustees)

Engineering 32 % 23 %

Psychoiogy 13 27

Medicine 14 22

Physioiogy 8 13

Industrial Design 11 2

Apparel Design li 4

Others 11 9

The contributors at the 10 national conferenCes distributed

among about 50 university departments, 18 research establishments,

16 enterprises and 4 hospitals. Five research groups each of which

contributed more than 5 % of total papers at the last f ive confer—

ences are Industrial Products Research Institute, Raliway Labour

Science Research Institute, Architecture and Industrial Design

Departmeflts 0f Chiba University, Administrative Engineering course

of Keio university and the Institute for Science of Labour (I.S.L.).

There follow courses 0f machine engineering, industriel management
or biomedicai electronics in universities, national aerospace or
aerornedicai laboratories, living environment laboratories 0f women’s
colleges and industries 0f automobile, computer or iron and steel.

Table 2. Distribution of Research items reported at the
J.E.R.S. conferences (344 reports, 1963—69).

Research items Percentage

Perception and motor skilis
Posture and work space
Human control and systems design
Aerospace and vehicie design
Work load and fatigue
Controls and dispiays
Environrnental factors
Anthropometry
Others

Table 2 demonstrates the scope of J.E.R.S. activities.
There have been numerous anthropometric projects in institu

tions like Products Institute and others. About 200 basic anthro
pometric items were standardized in 1970. Posture, static load and
work—space studies are performed by I.S.L., Raiiway Institute and
other vehicie or furniture design groups. In the design cf seats
Chiba University is especiaiiy active.

The area 0f visuel perception and dispiay is investigated by
many psychologicai and technological laboratories. The area may be
extended to acquisition cf sensory—motor skilis and attention.
Controi/dispiay relations are studied mostiy in aviation and vehicie
fieids. Automobile driving and traffic safety have generated a
volume 0f researches in most 0f specific institutions mentioned.
Design of consumer products aiso comprises a substantial area.

The studies pertaining to human contrai analysis and systems
design are being conaucted by technoiogists as in universities of
Tokyo, Osaka, Keio and other research institutions. Systems design
projects seem, however, to show stiil reluctance to make the work
‘muiti ‘-discipiinary.

Vigilance or monotony is approached by work scientists. They
are aiso invoived in fatigue studies using a variety of tests and
polygraphic technique. Mental ioad assessment beiongs ta their
current topics. I.S.L. is aiso known by its abundant calorimetric
date of industriai workers. Public heaith peopie and industriel
physiciens contribute much in regulation 0f environmentai conditions.
Many physiciens are aiso activeiy invoived in human factors work.
Effects cf vibration or acceieration are also the interest 0f speci—

j f ic engineers.
As a sampie 0f work—science activities, brought—in research

items of the I.S.L. (Table 3) show that studies on work ioad and
environmentai conditions comprise major areas. Most of them are
concerned with such actuel probiems as adequate communication time
rate for air traffic controliers. Increase of items on on—job
disorders is obviously relevant to work design.

I
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Table 3. Research items entrusted ta the Institute
for Science of Labour

Research items 1949—55 1963—69
(615 items) (725 items)

Work capacity and job adjustment il % 5 %
Work load and fatigue 31 23
Environmental conditions 17 27*
Prevention of diseases

(a) Intoxication and pneumoconiosis 16 21
(b) On-job disorders and accidents 8 14

Food and nutrition 5 3
Socioeconomical conditions 0f work 12 7

and life

(Purely diagnostic and measurements activities are excluded.)
* Including air pollution problems of 4 %.

Institutions like I.S.L. undertake part 0f the consultant work,
but in general there are few specialists firms of consultants in
the human f actors field.

Inter—enterprise huraan factors groups are found in automobile,
shipbuilding, camera, furniture, iron and steel industries. Japan
Automobile Research Institute and Maritime Labour Research Insti
tute are sponsored by the related industries. Research Sections cf
the J.E.R.S. 0f fer also industrial application work in apparel
design, road—sign, underwater or aviation fields.

PUBLICATION ND TRAINING
The society’s journal, Jap. J. 0f Ergonomics, is one 0f main

publications for research results, but many contributions are found
separately in various specified journals as J. Sci. 0f Labour by
I.S.L., md. Engineering, Operations Res., Jap. J. 0f Ind. Health
and Journal 0f Soc. cf Automotive Engineers. Reports of independent
institutions are also important sources.

Nearly 10 textbooks with titles 0f ‘ningen-k5gaku’ have appear—
ed. But the need for a comprehensive textbook is felt. A checklist
for work design was worked up by a special committee of the society
in 1967.

For general undergraduate machine engineering or design
students, 40—60 lecture hours are often spent on human factors.
The number 0f engineering institutions offering courses with human
f actors emphasis is increasing. National Kyushu Institute cf Design
offers a course in ergonomics. (In institutions preparing psycho—
logists, physiologists and other human biology specialists usually
little attention is paid to human factors, with a few exceptions.)
But in these institutions educational programs are not uniform.
There grows slowly an awareness of the need for more training in
human factors work. For people in industry, only some short train
ing courses are held and training depends generally on apprentice—
ship level.

CURRENT TREND AND CRITICS
The difficulty 0f human f actors work seems ta lie bath in the

understanding 0f man’s dynamics in his working environnent and in
multiple data analysis.

In the first place, we find no universal agreement on ergonomic
criteria. •There are criticisms that human factors work is too
narrow ta salve design 0f work as an individual social activity.
Systems approach often ignores social and ecological conditions in
which work is done, and the work—science, with its integrated lod
assessmeflt, is flot in a position ta present e clearer model. Sym—
boliC is the assessment 0f multiple data. In the face 0f S heap 0f

multiple charts it is asked what an ergonomic approach is.
In 1969 an ergonomists committee acted as a technical ‘umpire’

0f a labour—management confrontation 0f locomotive engineers and
proposed the single—engineer plan. But criticisifi arose among work—
science circles that there is little scientific basis ta back the
committee report in view 0f dense train operatians with freguent
night shifts and numerous level crossings. The dispute was f inally
settled by the exclusion 0f midnight and other particular trains,
but it called for grave reflection on an ‘ergonomic’ judgrnent.

Secondly, we know technical optimization 5 0f ten rejected if
it lacks cultural considerations. As an example, recent computeriz—
ation of the sales 0f Pmerican magazines caused a bulk 0f con—

plaints among readers. People felt insulted when requested every

month for the subscription fee for the next term. The f irm had ta
amend its project also for other reasons 0f the kind. Another
example is people’s persistence to classical unit 0f land area,
tsubo, which is based on a two—mat size 0f 3.3 m2. A mat 0f 91 x
182 cm is a practical and comprehensible unit in Japanese daily life.

Now that people are cornpelled ta indicate only by m2, they compute

in mmd dividing by 3.3 to get a cancrete image af the size.
Thirdly, more severe criticism is that the fixation of warking

patterns results f rom an ergonomic solution. The consequencies are
often easier but fragmentary, comprehensible but skill-killing work.
Monotony is e typical difficulty. A work that does not exclude the
advancement 0f individual creative skill will be future problem.
An attempt is being undertaken by ‘ergologists’ group through under—
standing 0f ecological and biological factors in human routines of
work and life, as a cooperative work of work—scientists and anthro—
pologists. Such measures as re—appraisal 0f dynamic physical
activity, alternation cf complex but not—discouraging tasks, ap—
preciation 0f autonomy in work and others would be areas for
consideration.

There is strong hope in us that the exchange of ergonomic work
should not be limited to human factors data and techniques only,
but extended to this actual subject of ‘the human and technolagy’,
being aware 0f different culturel background.
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Experimental Study on Mental Strain of Navigators
— I

—Physical and Mental reaction of Navigators

during sea navigation watch.—

T. Kuroda

Abstract

Using Ergonomies method, the writer attempt to examine the dynamic aspect of mental

Strain of Navigators during sea navigation watch.

The results are as follows:

1. Physical and mental reaction of Navigators are caused by following stimuli, for example,

searching L’t Ho,. altemation course md existence of other vessels.

2. Pattern of P.G.R. shows extreme difference between open sea and narrow charinel,

skilled and unskilled, approaching pier and sea going.

3. C.T.G. rate, in good triffic condition, shows regular fluctuation, but in traffje conve

rgency or risk of collision shows acceleration.
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Ergonomic research in the «i Tanker N’iio-

by H. Manabe et al.
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Brgonomic Researoh in the Ou Tanker Nissho Maru

,H L1:J ÀI3T

t

4

We researched in the accomodations in the Ou Tanker, S. S. Nissho-Maiiai on the Persian

Guif Line. Resuits are as follows.

Illumination—levels at night in some rooms are lower than that of Janese Industrial

Standard. We can obtain standard levels of illumination by fluorescent laznps instead of

incandescent lamps.

The color design of the accomodations in the ship provides comfortable isual environ—

ments.

Noise level in the ship was taken by the sound level meter and the feqmncy analyzer.

On the other hand, sulyective estimations of the noise was given by mea of Semantic

Differential method and questionaire. As the resuit of these, it is sugest that below 60

phon (A) in the living rooms, below 80 phon (A) in the work areas may desirable in

the ship.

The atomospheric conditions of the living rooms are rather improved by tihe air condi—

tioning, but in some work areas such as Engineroom and Galley it is so lhst and urgent

improvements are expected.
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ENVIRONMENT ASSESSMENT AND CONTROL IN FOUNDRIES
IN RELATION TO WORK LOAD

Sadao HORINO, Japan

Introduction
Like in other manufacturing industries, the

workshop environrnent in foundries involves
many hazardous factors. In spite of technical
progress that has taken place in foudries, the
main safety and health problems remain just as
before. Occupational injuries and diseases of
the foundry workers are relevant to their work
shop environment and general working condi
tions, such as hours of work, and the problems
involved in both these factors had flot been
solved by exsisting installations which were par
tially ‘automated.’

It has become less attractive for the younger
generations these days to have jobs in foundry
workshops. This tendency is clearly indicate in

the recently surveyed labour force composition

in foundries. The average age of the workers
was 44.1 years, and more than 64% of the total

259 workers in three establishments combined

were over 40 years old. Teen-age workers were

very few, and those in their twenties were only
15%. Such distorted age composition is un
.ioubtedly due to the dirty, hot or cold, poorly
ventilated, inadequately-lighted, and dangerous
environment in foundry workshops.

This paper intends to assess the environ-
mental conditions in foundries in relation to
work load, comparing the resuits between auto-
mated une processing and manual workshops,
and then to suggest some engineering re€oi

mendations for effective environmental control
in foundries.

Method
The field survey was carried out in four

fondry firms. They produced parts for diesel
engines, parts for hydraulic devices for con
struction machinery, parts for food processing
equipments or home-appliances. The number of
workers in each firm varied from about 30 to
130.

Physical measurements in atmospheric con
ditions, illumination, noise, and air-borne dust
concentrations were conducted at almost ah the
major workshops. Among them, two automated
line processing workshops and nine manual
workshops were chosen for further study.

For these two types of work, various tools
were applied. An ergonomics check list was
used by 9—10 ergonomics specialists. Subjective
feelings of general fatigue were recorded for
several days for each worker before and after a
day’s work. And, subjective evaluation of en
vironments using 50 pairs of adjectives were
also recorded for each worker, simultaneously
with physical measurements. Time study was
conducted to study frequency of various work
ing postures.

Resuits
Through the physical measurements and as-

7 7

/1e4(7’k (7fra)i57

Suteo OGAWA: Hirohata Works. Nippon Steel Corpo
ration, Fujicho 1, Hirohata-ku, Himeji-shi, Hyogo,
Japan

J C’(r2_
PraceQShp t.f A; Cc.,l-et-.i€



FREE COMMUNICATIONS 249 250 8TH ASIAN CONF. OCCUP. HEALTH

sessments of the working environments in van
ous workshops, it was found commoniy, regard
less of the size of the enterprise and their pro
ducts, that exposure to the remarkable dust
concentrations and high noise levels were pri
manily observed in almost ail the workers sur
veyed as shown in Table 1. The general dust
concentrations varied between 3 and 38
mg/m3, in some finishing processes the highest
measurement reaching the 300—400 mg/m3

Exposure to noise was significant due to
accelerated mechanization. General noise levels
for the foundry workshops varied between 70
and 100 dB(A), and various pneumatic devices
caused noise levels reaching above 90—110
dB(A), some times being close to 120 dB(A).
Frequency analysis for some moulding ma
chines and devices indicated that their sound
included higher frequency components harm fui
to the worker’s hearing.

Illumination was another factor which
needed active improvement. Many workshops
had illumination levels of under 100 lx. It was
also observed universaliy that the air-borne dust
accounted for poor and inefficient iighting.

There were no systematic ventilation and
air-conditioned system in the wrkshops,
though the plant building structures had high
ceilings and wide and open doors. Therefore,
the temperatures were very close to those of

Chapter

1. Work space
2. Seat and foot Test
3. Con trois
4. information displays
5. Combination of dis

piays and controls
6. Working environment
7. Posture and static

work load
8. Dynamic work load
9. Hours of work and

work performance

Total

(Note: checkers were 9—10 ergonomists.)

the outdoors, nameiy it was very coid during
the winter and very hot in summer.

An ergonomics checkiist consisting of nine
chapters and 334 items was used to evaluate
those two kinds of workshops (automated une
processing work and manual moulding work). A
check item which was checked by more than
haif of the checkers was regarded as indicative
of necessity for taking ergonomic counter
measures. Frequency of items checked by more

than haif of the checkers in each chapter in

percentage of the total number of check items

was calculated for each chapter and shown in

Table 2.

The frequency of checked items was higher

than 50% for the chapters 1, 6, and 8; nameiy
for workspace, environment and dynamic work

load. The frequency of checked items was

higher than that for the manual work as to ail

chapters from I to 6 including working space

arrangement and workshop environment. Only

in chapters 7 and 8, which referred to posture

and static and dynamic work load, the frequen

cy for the manual work was higher than that

for the automated une processing work.
This implies that the automated une mould

ing systems which are contributing to a higher

productivity in comparison with the manual

work do not necessanily provide good work

places from ergonomic viewpoints.

According to the analysis of subjective rat

ings of the environment by means of the

Semantic Differential method, profile of evalu

ations of the workers was different between

two types of workshops. The typical profile is

shown in Fig. 1.

Workers who were doing their jobs on the auto

mated une processing felt much more dusty and
noisy, and feit workspaces narrower than peo

pie of other shops did. And the workers on the
automated unes also evaluated their environ-

ment as rather confined, tiresome, boring,

heavy, hard and irritating.

It should also be noted that the workers

producing much noise feit relatively noiseless

than the workers who were making Iess noise in
their work and were affected from outside

noise. It was common to almost ail the work

shops studied that noise and dust of some
working places such as moulding machines and
frame breaking machines affected ah the other
workers in the same building.

Figure 2 shows the relative frequency of

various postures in automated hne paced work

and unpaced manual work. Paced work in

cluded more standing postures and fixed pos

tures than the manual work did. And manual

moulding job included in high frequency un

natural postures such as forward bending with

maximum efforts. Even in automated une jobs,

high frequency of deep foreward bending either

with or without maximum efforts was observed
due to poor design of the workspace and mate

rial handling equipments.

Figure 3 shows a fixed standing posture in
automated une processing work. The workers

are engaged in setting cores in frames repetitive

ly. Figure 4 shows a deep bending posture

which is seen generally among manual moulding

work. The worker is assembling an upper frame
with a lower frame with deep forward bending

with the maximum efforts. And Fig. 5 shows
another deep forward bending posture in manu

al moulding. Figure 6 shows that the worker is
obliged to push heavy frames by hands with
deep forward bending posture due to poor
designing of the material handiing equipment of
the automated hne processing.

Table 3 shows the average rates of subjec

1234567

*—*: Manual x—x: Line process

Fig. 1. Profile of the feelings and subjective evalua
tion for environment in the manual workers and
the une process workers.

Table 1. Noise and air borne dust concentrations in various foundry workshops.

Workshops

Moulding and pouring
M. and P. core setting

Noise dB (A) Air borne dust concentration
— mg/m3

Line process

Mechanized moulding

Manual moulding

Core making

Sand mixing

Finishing

Melting furnace

Core knock out

6.7 — 8.6*
2.2 — 13.5*

5.0*

Work at the table
Sheli moulding

Grinder
Pneumatic chipper
Pneumatjc chipper
Hand grinder

3.8 —

2.5
2.2 —

5.0* —

3.8 —

73 —l12
82 — 105*

77 — 105*

70 — 97
72 — 97*

75 — 88

72 — 90*
72 — 88

83 — 94

78 — 99•
104

92 — 118
95• — 118

66 — li9

77 — 108k
75 — 95*

50 — 69

17.5*
10.5*
17.5*
97*
6.0*

Over head crane operator cabin
Office

3.1 — 99*

38.9*
133.0* — 217.0*

3.6 — 17.5*
389.5* — 479.1*

1.3 — 28.7*

3.7 — 17.5’

4.7 — 6.0

+: over 90dB (A), s: over 5 mg/m3

1.0 — 4.7

Table 2. Frequency of items checked by more than
halfofthe checkers from ergonomic points of
view in the manual moulding work and the une
process moulding work.

level.

Number Line
of Manual process

items work

22 50.5% 90.9%
26 7.7 42.3
56 14.3 28.6
36 5.6 25.0
37 2.7 35.1

50 52.0 68.0
39 48.7 46.2

35 82.9 74.3
33 45.5 45.5

334 33.5 48.5

Spacious

Open

Composed

Free and easy

Bnight

Clean

Transparent

Conform in
throat

Neatly

Quiet

Vjvid

Calmful

Refreshed

Cheerfuly

Light

Soft

Liberated

Safe

New

\ \
î )\
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\
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//* X

* X

*\ î
/

X

/ /X

X

* X

Snug

Close

r Narrow

confined

Dark

Dusty

Stagnant

Pain in throat

Dinty

-Noisy

Tired

Innitating

Boring

Depressing

— Heavy

Hard

Restricted

Dangerous
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tive feelings of fatigue before and after work
for manual workers and automated line worlc

ers. The 30 items listed are those proposed by
the Industrial Fatigue Research Committee of
the Japan Association of Industrial Health.

The mean frequency of complaints of fati
gue after work was 16.1% for the manual work

ers, higher than that of the automated workers
of 13.6%. The manual workers complained

more of most items of the second component

indicating difficulty in concentration, as well as
stiff shoulder and low back pain. And on the
other hand, the frequency of the complaints

was higher for the automated une workers with
respect to tiredness in the legs, yawning and
drowsiness. Il can be regarded that these dif
ferences between two groups resulted from dif
ference in the major working postures as weIl as
difference in type of work.

Discussion
We have seen that poor environment and

inappropriate work space arrangement clealy
present problems also relating to work load.

Relative frequevcy (%)

5tanding

J

Forewaed hand, slighs

Fo,eward bend, deep

Forewa,d bend, maximum

Table 3. Mean rates of subjective feeling of fatigue for the manual moulding workers and tise line process

moulding workers before and after work.

RueS and squat 4
5itting 0v 5 chair

Lave procem: Muuldiug, O— o

Lyse ses, X—x

Manual peucess: Moulding, •

Fig. 2. Relative frequency of postures in foundrv wor/c.

M. snd P., A A

Line process
Manual workers

Category Item workers

before after before after

J Feel heavy in the head 16.3% 14.3% 8.0% 8.0%

(Dull-druwsy factor) Feel tired in the whole body 15.4 15.9 8.0 16.0

Feel tired in ifie legs 21.1 34.9 26.0 56.0

Yawning 13.0 4.0 24.0 20.0

Feel bot headed or muddled 16.3 1 1.1 10.0 14.0

Become drowsy 23.6 8.7 8.0 14.0

Feeleyestrain 23.6 41.3 16.0 42.0

Become rigid or clumsy in movement 11.4 12.7 10.0 6.0

Feel unsteady wbile standing 11.4 9.5 4.0 6.0

Want tu lie down 13.8 19.0 6.0 14.0

li Feel difficulty in tbinking 8.9 9.5 2.0 4.0

(Factorofdifficulty Become weary oftalking 6.5 4.8 4.0 2.0

in concentration) Becume nervuus 10.6 17.5 6.0 8.0

Unable to concentrate 11.4 11.9 6.0 6.0

Unable tu show interest in flsings 11.4 7.9 4.0 4.0

Become foregtful 15.4 16.7 8.0 14.0

Lack of self-confidence 5.7 4.0 0.0 0.0

Anxiuusabout things 17.1 18.3 8.0 18.0

Unable tu straighten up oosture 9.8 11.9 4.0 2.0

Lack patience 13.8 13.5 12.0 12.0

III Have aheadache 14.6 12.7 4.0 8.0

(Factor uf physical Feel stiff in the shoulders 26.8 42.9 20.0 26.0

disintegratiun) Feel pain in the low back 26.8 46.0 28.0 36.0

Feel constrained in breathing 8.1 1 1.1 8.0 8.0

Feel thirsty 14.6 37.3 22.0 34.0

Have a husky voice 19.5 19.0 6.0 8.0

Experience dizziness 6.5 3.2 4.0 4.0

Have eyelid spasm 3.3 5.6 12.0 8.0

Have tremor in the limbs 2.4 7.1 0.0 0.0

Feel iII 7.3 9.5 2.0 10.0

Number uf cases 123 126 50 50

Fig. 4. A deep beuding posture in manual enoulding Fig. 5. A deep forbvard bending posture in manual

inoulding work.

Fig. 6. Pushing a heavy frame by hands with deep

forward bending posture in automated lime

pro cessing wurk.worlç.
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replacement of men by machines. From the

working conditions viewpoint, appropriate

design of a job should primarily involve reduc

tion of environmental hazards and excessive

work demands, and to realize this, more practi

cal means are needed, which do flot necessarily

include higher automation.

And even in automated une processing, poorly

designed work space resulted in very high pro

portion of unnatural working postures and in

tensified work load, which was specifically

combined with constant exposure to dust, noise

and climatic stress.

As engineering countermeasures for these

ergonomic problems, I suggested re-arrange

ment of workshops layout and the flow of

processing in the plant so that hazardous en

vironment may not affect other neighboring

workshops. Pouring and core knocking work

shops should be arranged at a fixed area in

stalled with effective dust and noise control

equipments. Secondly, the overhead cranes

should be taken away from the workshops and

be replaced by ground level material handiing

devices or equipments, so that re-arrangement

of workplaces may become easier. And thirdly,

a new type of the work bench for manual

moulding which is adjustable in the height and

inclination, is being developed to make work

ing postures more natural and easy. Finally,

better workspace arrangement and machines

with less noise and dust should be taken into

consideration in the automated unes.

A common misunderstanding about ergono

mies solution of human problems in the work

shops is that they must involve a high degree of

mechanization, automation or some form of
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Introduction
There are an inereasing number of intercity truck drivers who are engaged

in long hour night driving. This is due both to increased demand for freight
traffie using expressways and to traffic regulations in large cities prohibiting
in-fiow of large size trucks in thc daytime. These drivers are subject to
fatigue developing in night hours as well as to disrupted driving performance
linked with monotonie vigilance peculiar to expressway traffic.

Continuous driving of few hours or more is known to produce advanee
fatigue (Crawford, 1961; Laurell, 1976; Nozawa, 1975; Ohkubo, 1976). The
night driving which is virtually affected by biological circadian rhythm and
sleep loss may not only enhance the effects of fatigue but also accelerate
performance deterioration. Although efforts have been made to preseribe
regulations concerning limit of continuous driving time and related working
conditions, there are few reports which deal specifieally with possible
regulations on night driving. (Horino, 1974; Nozawa, 1975).

The ‘continuous driving time’ used here means driving hours without
taking any rest. While the maximum speed limit on the expressway is
formally provided in the government ordinance, there is no provision on the
limit of driving hours. Even the notification by the Ministry of Labour
issued on 9 February 1967 concerning the improvement of working conditions
of road traffic drivers did not say anything about it, although an officiai
tentative plan in 1962 on improvements of personnel management of long-
distance truck drivers had indicated the necessity of such a limit (Nozawa,
1972).

In an attempt to elucidate physiological and psychological conditions of
continued expressway driving at night, a field study was conducted on drivers
of intercity trailers and large cargo trucks, special attention being paid to the
influences of the single-driver system and to the effects of short and long rests
taken in midnight hours.

JouAL! YfJlfZ.
/nterna*oncç/ Con fer’euict on 7re4aatat esauzLs (lkya)
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Work performance assessment ol intercity truck drivers

)
A field study conducted for assessing the intercity truck drivers’ work performance
revealed that driving hours in the single-driver system was prolonged and that fatigue
by night driviug was significaut. variatious of reaction time for subsidiary visual
siguals during driving by night confirmed effects of the monotonic vigilance task and
significant effects of frequent short rests on recovery of fatigue-induced deterioration.
A long rest in the middle of the route proved effective to help recovery in terms of
variations in OFF level and subjective fatigue complaints. It is suggested that the
limit of continuous driving time may be around l—15 heurs and that more short and
long rests sheuld be given.

1



Method

The field survey was carried out for 27 truck drivers of five firms, of which

15 drivers were driving long trailers in the single-driver system and 12 were

driving large cargo trucks in the two-driver system (Table 1). Their driving

distance varied 250—570 km along an expressway between Tokyo and Osaka.

During the whole driving time, heart rate, subsidiary reactions to a secondary

task in which the driver was to identify correctly two kinds of visual signais

displayed in front of the driving position, frequency of changing lane positions

or operating the clutch pedal and resuits of direct observation of driving time

a.nd other events were recorded on jagent tapes.

Table 1. Type of trucks and number of subjects investigated.

Truck

Number of Number of Driving distance

System trucks studied subjects per one shift

Full trailer
(18 tons)

Single
driver

Ordinary cargo Two

(11 tons) driver

15

6

15

12

570 km

250—350 km

Total
21 27 250—570 km

Measurement of critical fusion frequency of flicker was conducted before

and after short and long rests as weII as before and after the shift. On these

occasions, except short rests, feelings of general fatigue were also recorded for

each driver by a questionnaire including 30 items of somatic and mental

feeling proposed by the Tndustrial Fatigue Research Committee of the Japan

Association of Industrial Health in 1970, the items being divided into three

categories according to factor analytic studies (Kogi, et al., 1970).

Some intra-cab noise and atmospheric conditions during driving were also

measured. Then a questionnaire survey for over 1000 truck drivers was also

performed to confirm the resuits of the field studv.

Resuits

General fatigue by long-hour night driving

Most of the intercity truck drivers began their work shift at their home

terminai after 19:00 and finished their shifts at 7:00—8:00 the next morning as a

rule. Figure 1 shows the terminai-to-terminal hours, and percentages of

actual driving hours to terminal-to-terminal hours in the single-driver systein

and the two-driver system. The average terminal-to-terminai hours for the

single-driver system was 11.8 hours ranging between 101 hours and 129 hours,

meaii actual driving being 88 hours. The average terminal-to-terniinal hours

in the two-driver system was 105 hours, whiie the actual driving hours per

person for the two-driver systein varied from 39 hours to 59 hours, the average

being 47 hours. Thus the ratio of actual driving time to terminal-to-terminal

hours was 67.2—86.6% for the single-driver system (the average 753%) and

355-547% for the two-driver system (the average 44%). In the case ofthe

Work per/ormanc asressflent o/ intercity truck driving

single-driver system, often the drivers frotu two different cities exchanged their

truck at a shuttie station located on the middle of the route. If is suggested

that work under the single-driver s stem was more concelltrated than that

under the two-drjver system as is pointed out by Nozawa (1973).

sing1edr system I L two-drjver systen

Figure 1. Comparison of driving hours of different working shifts in the single
driver system (A—L) and the two driver system (M—R). Numbers indjcate
percentage of actual dring time () in the time required for the driving.

It should be noted that none of the drivers took any sleep aL the Sleeping

facilitjes of the shuttie station Instead, when they arrived at the service
area nearest to the dowutowu terminal earlier than scheduled in the moruing,

they took short naps in the cab. A reason for this was the strong traffic
regu1atj5 for these large vehicles in the city areas. Due to the driving at a
constant speed on the expressway whieh was generally between 80—100 km/hr
on the average drivers operated the clutch pedal less frequentiy (once per
20 min on the average), than in the downtown (once per 03 min on the
average). Such a stable flow of operatjois on the expressway was likely to
make the driving monotonous which is particularly the case in the darkness.

This was shown by lowered heart rate levels observed during the night driving
as already reporfed by other authors (Dureman 1972; Hildebrandt et al.,
1974; Laureil, et cl., 1976).

Ifltra-cab envjronmenf was characterjzed by the constant and high noise
level of 85—102 dB(A) and irregular temperature distributions Temperat

at the driver’s lower leg level svas higher than aL face level, in colflparison with
outside air. It is noted that the present cab-ovei type truck, which has its
engine compartment under the driver in the driving position, is apparently

causing a direct heat and noise exposure to the driver (Horion, 1974).
The mean rates of eaeh subjective feeling of fatigue for truck drivers before

and after driving is showii in Fig. 2. The nuinber of subjective fatigue com
pliants considerably increased after driving. The mean frequency for the
total 30 items increased from 27 % before work to 211% after work. The
mean rate of the first category (dullness and drowsifless) increased the most
from I 8 % before work to 35.2% after work. The second highest compliants
were indicated in the third category (physical discomfoi.t) Incrase in the

frequency exceeding 40% of 26 drivers was distinct for such items as ‘feel
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11 Feel dlfflculty in thioking

12 Becone oeorp ut talking

13 Becoee eere005

14 Unable ta concentrate

n 15 Uneble ta show ieterest in thlngs

Il Secoee fogetto!

11 Lack of self-conf,dence

18 Anelous about thiigo

14 boaS!. ta ocra lçhten up posture

20 Lack patience

21 liane a headache

22 Feel stlff In toc shoulders

23 tee! pain In the 10w bock

24 tee! tonstraine) In breathing

25 tee! thlrntp

26 bon o husky 0010e

27 Eoperience aizoineso

28 boue eye!ld spasn

29 bbaoe trenor In ton haUt

32 tee! il!
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tired in the legs’, feel muddled ‘, ‘feel eye strain’, and ‘feel stiif in the

shoulders ‘. Particnlarly it was over 60% for su eh items as ‘feel eye strain’,

and ‘feel stiif in the shoniders’. Predorninance of localized fatigue feeling

of the drivers shonld be noted.

MEAN RATES h%h

10 20 30 40 50 63 70 80

I tee! heaoy In toc heu)

2 Pool tire)!, toc obole boa

.0
I

3 Foc! tire) In the legs

4 Iosieg

8 8ecane rsgld or c!umsy In uonnes

b tee! bot boude) or nuddled

6 Becune droosy

7 Foot oye strale

Poil unstea)p ohile standing

12 Wast ta hie doua

o
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Figure 3. Variations of reaetion time measured as a secondary task during driving
in the single-driver system. Thick hues show niean variation. R indicates
rest period, a indicates omission of the reaction, and b mistaken response.

(%)
100

80

60

40

Figure 2. Mcan rates of subjective feelings of fatigue in the course of night shift

for truck driver before work (o) and after work (•). Number of subj ects

investigated before work was 28 and 26 for after work.

Effects o/ short rests

An example of the relationship between reaction times and short rests

in the single-driver system is shown in Fig. 3. Large dots linked together

show variations of mean reaction times for every 10 minutes periods. It is

clear that before and after taking short rests, the reaction times changed

signiflcantly, demonstrating that taking rests has a meaningfnl effect on the

recoyery from fatigue brought about in driving the expressway at night.

Figure 4 shows cumulative frequeucy distributions of reaction times for

three successive 30-minutes driving sessions. It is indicated that nearly

80% of the reaction times during the third session were longer thau the

mediau value for the first session. The differeuces in the distributions between

the first and third sessions was significant (Laureli et al., 1976). These results

are evidcnce that frequent short rests are effective to prevent performance

deterioration in the midnight driving. A suitable limit continuous driving may

be inferred on the basis of this diagram to be shorter than two hours, preferably

around 1—15 hours.

Driving session

I : 0 -29 min.

30—5g min.

111: 60-8g min.

-200 -150 -100 -50 0 50 190 150 290 250 300 350 400 450 (msec)
-201 -i4i -ibi -51 -1 4g gg 149 19g 24g 299 349 39g 4g 44g

Variation from the value Ut the initial stage

.Effects of long rests after several hours of driving

Figure 4. Cumulative frequcncy distribution of variation of reaction time for

subsidiary visual signais from the value at the initial 30 min pcriod of driving
for four night shifts along the exprcssway in the single-driver system.

Mean rates of ench category of subjective fatigue feelings before and after

a long rcst are given in Fig. 5 for both the single driver and two-driver system.

The results suggest that a long rcst in the middle of the route was effective

enough to reducc fatigue feelings. The mean rates for total items for drivers

of the two-driver system, for cxample, showed a large decrease from the 25%
bcforc the rest to thc 10% after the rest. A similar tcudency eau be observed
for drivers of the single-driver system, though the recovery by a long rest was
more marked for drivers of the two-driver system. The reason for the dif
ference may be rclated to the fact that drivers in the two-driver systeni did
uot take any short rests along the route, while drivers in the single-driver

system took 5—6.
Figure 6 shows a geueral teudcncy for the level of the C.F.F. value to

decrease nutil a long rest at thc terminal station in the middle of the route
and to rccover aftcr this long rest, and again to decrease to a lcvel lower than
the level before the rest.
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When the drivers arrived at their home terminal, the OFF feu once and
gradually recovered toward the resting level. The vigilance task of driving
at a constant speed along the exprcsswa-y in the darkness may be an important
factor causing the decrease of the ccrebral activity level in driving. The
similar variation has been reported in railway locomotive driving (Kogi, 1968).
Significant recovery of the arousal level after a long rcst confirms the neccssity
of taking sufficient rcst.

o,
C
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ai
4-

ai

o,
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ai

4-

4-
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ai

ai
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ai
z

Category 0f subjective feelings 0f fatigue

Figure 5. Mean rates of subjective feelings of fatigue in thc course of a night shift
for truck drivers in the single-driver system (•) and the two driver-systcrn

o). Ns and Nt indicatc thc number of drivers studicd for the single and
two-drivcr systems. respcctivclv.

4
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Figure 6. Variations of the ratio of the critical fusion frequency to pre-work value

as a function of timc elapscd from thc shift hcginniug in the single-driver
system. The diagram show variations for 4 truck drivers. The mark ,

indicates thc sbift end. Dottcd lincs indicate rest pcriods.

Drivers’ attitude toward tire working systems

Truck drivers’ attitudes wcre analyzed as regards the single-driver system,

limit of continuous driving time, drowsv driving and occupational ill-health.

Concerning the work load of the single-driver system as coinparcd with

that of the two-driver svstem, 283% mcntioned vcry much harder ‘ and

20.5% mentioned ‘comparatively harder’. Thus, about haif of the drivers

complained of increased work load by the single-driver system.

Table 2 shows opinions of truck drivers on the continuous driving hours

on the exprcssway. A limit of two hours ranks first, thrce hours second, and

one hour third. WThen answcrs for 2 hours and 25 bours arc put together, a

limit of two-three hours ranks first. Thus, a general tendcncy of drivers

is to prefer a limit of about two hours or less, although a distinction bctween

short and long rests may be necessary to interpert the rcsults.

Table 2. Truck drivers’ opinions on the continuous driving hours.

Hoxi’ mars)’ liours do 3-ou tbink will be suitablc for drivers as a limit of time of
continuous driving for safc driving on the cxprcssway ?

a. 1 hour 218(194%) f. 35 honrs 32(29%)
b. P5hours 62( 55 ) g. 4hours 79(70
o. 2 hours 267(238 ) h. 45 hours 7(06)
d. 25 hours 106( 95 ) i. 5 hours 10(09
e. 3 hous-s 229(204 ) j. No answer 119(99

j In vicw of the ILO Convention 67 of 1939 (limit of continuous driving time

of 5 hours) and the ILO’s 1954 proposal providing a resting period of not less

than 30 minutes to ho taken between the 4th and Oth hour after the start of

driving, absence of such regulations in this country must be criticized (Nozawa,

1975). Popularization of cxpressway driving, increascd size of rond vehicles,

and spread of the single-driver system demand implementation of regulation

of the limit of continuous driving hours. The vivid accounts of drivers also

point to an urgent neccssity of the regulation.
Asked about the relationship between slecp deficit, driving sleep, and

accidents, 972 drivers or 860°/ replied that thoy actually had the risk of

driving asleep. 89 or 79% saying they liad such risks ‘often ‘(Table 3).

Main reasons for reducing sleeping hours are suggested to be (1) pro-

dominance of night drives, (2) traffic jams acceleratcd by increasing passenger

cars and timc-based traffic regulations as a result of this, (3) single-driver

systems and frequent continuous driving applied as measures of rationalization

and countermeasurcs against shortage of drivers.
Majority of the drivers were suffering froin some degree of low back pain.

Fifty-four percent of the drivers replied that they felt low back pain, and 53%

claimed that they had to be absent from duty duc to uow back pain (Table 4).

Such a high frequency of low back pain among the truck drivers suggests that
it should be rcgarded as a kind of occupational disease for this type of work.
This vicw is supported by the fact that 47% of thc drivers had corne to feci
low back pain though thcy had no such pain before becoming a truck driver.

Working at night imposes additional load on drivers who are engagcd in
intense vigilance task of high mental strain. The questionnaire survey rcsults

IllaT IIIIft-1 Ifl fiT IUIIIT
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confirmed the well-known fact that occupational drivers working at iiight have
a high rate of digestive organ disorders (Unten Rôdô Anzen Ïinkai, 1973).
Tooth troubles were found in more than haif of the drivers, many having
troubles indicating tooth socket disorders. As for gastro-enterie disorders,
27.4% eomplained of stomach-ache, 37.8% sour stomach, and 31.9% said
they had experienced gastric diseases. These resuits point to the presence
of chronic type of disorders among drivers, presumably due to frequent night
works.

Conclusion

As the truck drivers move with the vehicle, they have less opportunity to
take sufficient rest, compared with ordinary fact.ory workers. Frequent
night work aiid long-distance drives worsen the situation. Irregular sleeping
time, sleep in unfavourable conditions such as sleeping in the cab, frequent
disrupted sleep (especially in the daytime), and poor quality of sleep are
considered to have adverse effects on the drivers.

Table 3. Drivers experience of driving asleep.

‘Have you had the risk of driving asleep while on duty?’

a. No, not at ail 140(12.48%)
b. Yes, occasionallv 832(73.6
e. Yes, often 89( 7.9
d. No answer 69( 6•1

Table 4. Experience of low back pain of truck drivers.
Have you ever suffered from low back pain so intense as to hamper the

driving operation?’

a. No 311(27.5%)
h. Yes, but onlv before I hecame a truck driver 8( 07
e. Yes, although I ha.d flot before I hecame a truck driver 532(47.0
d. Yes, both before and after I became a• truck driver 79( 70
e. No answer 202(17.8)

Decline in the perceptual and performance parameters during the night
driving on the expressways was very noticeable. In this respect, the drivers
of the single-driver system were apparently more handicapped than those of
the two-driver system.

Because the short rests have favourable effects on the recovery from such
functional deteriorat.ions, a certain limit. for a continuous driving period at
night should be prescribed for these drivers. This limit would be no longer
than two hours and possibly as short as around 1—1 5 hours, as suggested by
the resuits of the present study.

On the other hand, a long rest in the middle of the route taken in addition
to the above-mentjoned short rests is suggested to be efficient enough to prevent
the advancing fatigue due to midnight drives. This would mean that. a sleeping
period after driving hours is as important as regulations of working hours.

More attention shou}d be paid to assurance of frequent short rests and of long

rests enabling a certain length of substantial sleep interrupting the night

driving.
High incidence of low back pain and tooth troubles as well as gastro-enteric

disorders is regarded as a kind of occupational illhealth for this type of work,

which requires irregular working hours and high mental strain.

In conclusion, following points seem to be realized for promot.ing safety

and health of the intercity truck drivers.

(1) Drastic revision of traffic regulations on intercity large size trucks in

favour of the improvement of the drivers’ conditions.

(2) Restructuring of the working system of such drivers, emphasis being

laid on the re-examination of such problems as the single-driver system

and the predorninant night drives.

(3) Improvement of driving and expressway conditions in order to facilitate

takiiig short and long rests wherever these become necessary. Pre

scription of the limit of a continuous driving time and resting periods

as well as improvement of resting facilities along the expressways are

essential.
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PHYSICAL WORK LOAD ON AND DERMATOSES
0F FEET 0F DAM WORKERS STANDING

ON AN INCLINED PLANE
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of Technology, Kanagawa University, Kanagawa-ku, Yokohama, Japon
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Physical work load on and skin changes of feet of workers dealing
with asphait paving of a large rock-fihled dam surface with an inclination
of 27.5 degrees were investigated. While the operators of finishing
machines stayed mostly on their machines, workers dealing with sup
plementary and miscellaneous work, ail being elderly farmers working
part tirne for a subcontractor, spent more than 70% of their working
time standing on an evenly inclined surface. The work flow among these
standing workers was restricted by the conditions of the finishing machines
resulting in a variety of work patterns and in frequent changes in working
positions. According to oxygen intake and heart rate measurements,
work by standing workers was physicaily moderate but ascending and
descending on the smooth siope were much more difficuit than level
walking. Feelings of general fatigue were more frequent among machine
operators, while tiredness in the legs remarkably increased in standing
workers. The latter had higher fatigue rates for the posterior part of
lower legs, ankle, and sole than the former. Painful callosities and burn
scars were frequently observed on the soles of the feet of standing workers.
These symptoms are most likely connected to the peculiar standing
postures on steep and smooth inclinations and with the heated asphait
surface.

Work on an inclined surface which occurs sometimes in industrial activities
offers characteristic problems in terms ofwork Ioad and safety. Studies on human
performance on a siope have mainly be done in general working (DEAN, 1965) and
in forestry where the work is physically difficult and even dangerous. FUJIBAYAsHI

et al. (1956) and Tsui (1970) reported that the standing posture in relation to
the siope angle was an important factor determining the working load and the
energetic cost. It has been reported that a siope steeper than about 15 degrees
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becomes very unfavorabie with respect to both energy expenditure (DEAN, 1965)
and safe performance (ANMA, 1973). Restricted freedom of motion and
psychological influence associated with work in a high place should also be
taken into account (KAN0, 1962). When the siope is quite even without any
significant roughness, as in the case of a dam surface, the work on it seems parti
cularly dangerous, the unstable posture and the slippery surface having strong
influence on performance and safety.

Technical developments in construction engineering have made it possible
in recent years to construct a dam in mountain areas near level land applying
the rock-fihled system. This type of dam surfaces demands unique asphait-paving
work to prevent water leakage at the upper-stream side of the dam. The paving
work must be done on a very wide and steep even siope having an inclination of
nearly 30 degrees which is believed to be an approximate upper limit for a man to
be able to stand. Work on such an even siope should be greatly different from
work on level ground. We have found fatigue symptoms and skin changes which
were closely connected with the local loading of the legs and feet due to standing
on the inclined dam surface.

MATERIALS

Work load and local fatigue symptoms of maie workers engaged in con
struction of a rock-fliled dam were investigated during a field study conducted in
August 1972. The work consisted of paving and finishing of a mixed asphalt
material on a large even slope inclined 27.5 degrees. Specially designed finishing
and rolling machines were used which were hauled up and down by means of
cables from a large winching machine fixed on the top of the dam. The asphait
material was heated in advance in a plant and carried to the top of the dam by
trucks. It was then transferred into a moving dumper on the slope by means of
a crane attached to the winch. The dumper was moved down the siope by cables,
the asphait material was put into a container on the finishing machine called
a finisher. The material was heated again with propane gas to about 150°C.
Amending and manual finishing work was necessary after the asphalt was paved
by the finisher. The speed of pavement was 1—6 m/min, a pavement lane being
3 m in breadth and 160m in length. Joint-compacters were used to make the
joints of neighboring lanes compact. Finaily vibrating rollers were used three
times in order to compress and harden the surface.

The workers were divided into two groups; a group of machine operators who
usually worked sitting on the machines, and a group of standing workers. The
former included operators of the winch, finisher, and vibrating rollers. The latter
worked on foot standing directly on the steepiy inclined plane, doing the finisher
adjusting work, amending the pavement, raking, or manipulating the joint
compacters. AI! workers wore rubber-soled Japanese sneakers called jika-tabi.
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The work of standing workers was considerably strenuous because they had to
keep their posture on the steeply inciined slope the even surface of which was
flot at ail rough. They often had to assume haif-rising postures, and had to ascend
and descend the siope because the temperature of the surface material immediately
after being paved was as high as about 100°C or more. The paving work had to
stop when it rained, so that it was necessary to start the pavement of the lane over
again from the bottom in order to assure the homogenous quality of the pavement
of each lane. A general view of the dam surface is shown in Fig. I with a dumper,
a finisher, and a vibrating rouer. Figure 2 shows examples of the standing postures
ofworkers engaged in finisher-adjusting, raking, and joint-compacter manipulation.

Fig. 2. Working postures of the standing workers on the siope surface. From right to
Ieft, two workers adjustjng the finisher, a raking worker, and a worker manipulating
a joint-compacter.
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Fig. 1. Asphalt paving machines and workers on the slope of a rock-filled dam.
From right to Ieft, the dumper, the finisher, and the vibrating rouer.
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These workers worked 9 hours a day from 7.00 A.M. to 5.00 P.M. with a lunch
break of an hour, except operators of vibrating rollers who worked until 6.30 P.M.
Work at the dam site began in October 1971. Nearly one year was needed for the
whole pavement work of the dam, pavement being completed in five layers of
6 cm in depth each. The average age of 16 machine operators studied was 28.4
years and that of 14 standing workers studied vas 45.4 years.

Time study was conducted on 5 machine operators and 7 standing workers
by recording the stop-watch readings for every part of the work. For 4 subjects,
the heart rate during work or while walking on the siope was recorded by means
of telemetering the electrocardiogram and recording it on an ink-writing oscil
lograph. Oxygen intake was measured by sampling the expired air in Douglas
bags and analyzing it by the Haldane technique.

Feelings of general fatigue were recorded for each worker on a questionnaire
including 30 items of somatic and mental fatigue symptoms. Another check-sheet
having illustrations of the anterior and posterior aspects of various parts of the
body was used to record the parts of the body in which each subject recognized
local fatigue sensation. The completion of both kinds of questionnaires was
done before and after a day’s work. Measurements ofthe critical fusion frequency
of flickering red light and of the threshoid of patellar tendon reflex were also per
formed before and after work, the former being measured several times aiso
during work.

In the course of the field study, which originally aimed at the general assess
ment of the work load, we noticed that the fatigue was especialiy prominent in
the legs in relation to the characteristic position of feet while standing on the
inclined surface. This led us to investigate the skin changes of the sole of the feet
of standing workers. The soles of the feet of 9 standing workers were inspected
and photographed to record skin changes such as callosities and burns. An
imprint of each sole was taken on a sheet of paper by applying cinnabar seal ink on
the whole sole. Percentages of each type of dermatoses were obtained for each
of the 13 sections of the sole, i.e., 5 toe sections, 3 sections on the pad of the fore
part of the sole, 2 sections on the central part of the sole including the hollow,
and 3 sections of the surface of the heel.

DISCUSSION 0F RESULTS

Time sludy resuits
Table I shows working time composition for different kinds of machine

operators’ and standing workers’ jobs for the pavement of the inclined dam
surface. The total observation time differed among jobs because it sometimes
happened that the time study was interrupted by ram which forced stoppage of
work. As a matter offact, work on the wet and slippery surface was very dangerous
and could hardly be carried out. In the table, main work means the primary

Observation time(min) 303 188 187 448 172 395 383
(Number of persons) (2) (2) (1) (2) (1) (2) (2)

Mainwork 21.9% 48.6% 27.3% 26.1% 25.0% 22.6% 20.0%
Complementarywork 18.9 2.5 1.6 14.3 7.6 22.5 6.2

Preparatorywork 3.3 5.8 0.5 2.7 2.3 6.8 8.4

Otherworks 8.7 13.8 0.5 25.7 46.5 29.3 16.9

Waiting 18.8 16.5 46.5 2.7 4.1 16.2 42.1

Rest 16.5 6.4 23.5 28.6 4.7 2.7 6.3

Unknown 11.9 6.9 — — 9.9 — —

Working position
ontheslope 100.0 94.2 0.0 81.0 76.7 74.7 61.6

onthelevel 0.0 5.8 100.0 19.0 23.3 25.3 38.4

production work for that kind of job. It includes hand-wheel operation for
a finisher operator, ascending and descending operation of a vibrating rouer,
control operation of winding the up and down cables of the dumper and the finisher
for a winch-portai operator, fine adjusting of the machine direction and of the
pavement thickness for a finisher-adjusting worker, manipulation of a joint
compacter, control by shovel of the material fiow from the finisher to the dam
surface for an amending worker, and smoothing of the paved iane using a rake
for a raking worker. Complementary work of the table means incidentai and
subsidiary work intervening between those main operations except for preparatory
work.

It can be seen from Table I that the percentage of main work was rather low
on the whole between 20 and 27 %, except for operators of the vibrating roller
who were engaged in main work during neariy half of the working time. This
was primarily due to the fact that the paving work flow was restricted by the
finisher which sometimes came to a standstill due to various sorts of trouble.
The operation of the vibrating rollers, on the other hand, couid be conducted in
dependently from the flow of work, so that the percentage of main operation was
high for roliers. Percentage of compiementary work vas relatively high for the
finisher operation, finisher adjusting, and amending work. These three jobs were
closely connected with each other. When the finisher got into some trouble and
the constant flow ofwork was disturbed, the operator was busy performing checks,
adjusting cables or burners, and giving instructions to others, while the standing
workers helped adjusting the machine, arranged or cleaned tools, moved around
smoothing the surface, connecting and disconnecting their safety ropes. While
the rate of waiting time was high for the winch-portai operator and rakers, the
difference between the machine operators and the standing workers as a whole was
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Table 1. Working time distribution of asphait paving work on an inclined dam surface.

Machine operators Standing workers

Component Finisher Vibrating Winch- Finisher Joint- Amending Rakingroller potal adjusting compacteroperator operator operator
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noticeabie in comparison to the percentage of other works, the latter workers
undertaking other miscellaneous works more frequently than the former. This
might be connected with the difference in the working skills and in the employment
system; the operators were permanent employees of the construction company
and specially trained, and the standing workers were temporary employees of the
subcontractor who were ail farmers working part-time. Thus doing miscellaneous
tasks was expected to the latter, the tasks being variable according to the mo
mentary flow of work and to the instructions of operators. As a resuit, moving
on foot on the inclined surface was very frequent among standing workers.

If the percentage of actual working time was caiculated as the sum of percen
tages of main, complementary, preparatory, and other works, it was the highest
for joint-compacter work (81.4%) and for amending (81.2%), foilowed by rouer
operation (70.7 %), finisher adjusting (68.8 %), finisher operation (52.8 %), raking
(51.5 %), and winch-portai operation which had the lowest value of 29.9 %. A
considerable part of the waiting time of the winch-portai operator was spent
watching operations of the dumper and the finisher.

Percentage distribution of the working positions is shown in the lower part
of Table 1. Operators of machines spent their working time mostiy on the machine
which had its own level floor. The percentage of time spent by standing workers
on the inclined plane was lower, varying, from 62 to 81 %. These workers tried to
get off the inciined area particuiariy when the finisher neared the top or bottom of
the dam. When the finisher was in operation midway, along the siope, however,
the standing workers were obliged to stay on the slope, it being safer to stay near
the finisher than walking around the siope whose cooled and hardened surface
was very slippery. Resting or waiting was done on the slope often in a squatting
position with the back showing the hiilside.

Resuits of the time study indicate that the standing work on the inclined dam
surface may be greatly dependent upon the operation of the finishing machine.
Not only the main work but also most of other secondary work of the standing
workers must be done while standing and walking on the siope. This contrasts
with the working positions of the machine operators who rarely stand on the
siope. It seemed common to ail the standing workers to move frequentiy on the
siope. This kind of situation will produce various kinds of physiologicai and
psychoiogicai effects on the workers, especiaily in relation to keeping postures
peculiar to such a siope.

Oxygen intake and heart rate level
Oxygen intake and average heart rate increase during the main part of the

work and during walking on the inclined dam surface are shown in Table 2.
Oxygen intake and heart rate increase were relatively smail for workers handiing
machine operations such as roller work, while the main types of the standing work
on the siope belonged to physicaiiy moderate work. Thus the heart rate increase

for the main standing work was around 30 beats/min or iess. Raking which was

done mainiy in a forward bending posture seemed more difficult than other types

of surface work.
In the case of ascending and descending the siope, the physical load was far

more pronounced. Descending proved to be even difficuit than level waiking,

which confirms data by McDoNALD (1961) showing increased energy expenditure

for walking downhill above 20 percent grade. Ascending the slope on foot

demanded a high oxygen consumption of around 2 liters/min, producing a large

heart rate increase. Because of frequent ascending and descending of a small

distance during any type of standing work, the actual working intensity of stand

ing workers was estimated to be often higher than the values indicated in the

table.
Examples of heart rate change during walking on the siope are shown in

Fig. 3 for three subjects. As shown in the figure, descending produced a heart

rate level reaching about 120 beats/min which was higher than that in usual level

walking. This impiies thatdescending the steep, even surface may not necessarily

be easier than usual level waiking, presumably because particular control of the

waiking posture and of ieg motion may be required for descending ich a com

pleteiy even siope. Ascending usually produced markedly high heart rate levels

exceeding 160 beats/min within 1—2 mm, so that recovery took place only gradualiy.

Ascending seemed to be very strenuous also because stepping forward with the

foot pivoted was very unusual and hard to control.

Subjective fatigue feelings
The average rates of subjective feelings of fatigue before and at the end of

work are given in Table 3 for the two workers’ groups. The 30 items in the table
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Table 2. Oxygen intake per working minute and average heart rate increase

from the resting level for main types of work on the dam sufrace.

Type of work

191

Stature
Subject

(cm)

Body
weight

(kg)

02 intake
(mI/min,
STPD)

Average
heart rate
increase

(beats/min)

69 511 6.3Vibrating roller operation
Finisher adjusting
Amending
Raking
Ascending 1.3 m/sec

1.2 m/sec
0.7 m/sec

Descending 1.4 m/sec
1.4 m!sec
0.4 m/sec

Level walking 1.4 m/sec
1.5 m/sec

A 177
A 177
B 158
C 175
A 177
C 175
D 165
A 177
C 175
D 165
C 175
D 165

69 1000
47 596
65 1330
69 2150
65 2290
60 1770
69 1170
65 1040
60 836
65 820
60 1210

10.5
20.3
34.2
75.6

101.9
78.7
40.0
71.8
40.1
30.4
29.7



are those proposed by the Industrial Fatigue Research Committee of Japan Associ
ation of Industrial Health in 1970, the items being divided into three categories
according to the factor-analytic studies of SAIT0 et al. (1970) and K0GI et al. (1970).
Machine operators complained of fatigue in general more frequently than standing
workers for each of the three categories. In many items, including tiredness of
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the whole body, drowsiness, shoulder stiffness, and low back pain, the average

rate for machine operators decreased after work, whereas there was a common

tendency ofthe average rates of almost ail items to increase in the case of standing

workers except for drowsiness and lack of patience. This suggests that the

machine operators tended to feel tired even before work. Early start of the day’s

work and long daily working hours especially for vibrating roller operators

should be taken into account.
The most prominent difference between the two groups, however, is the fact

that the machine operators most frequently checked the ‘eyestrain’ item after work

while the most frequently checked item for the standing workers was ‘feel tired

Table 3. Mean rates of subjective feelings of fatigue for machine operators
and standing workers before and after work.

Machine operators Standing workers
Category Item

before after before after

I Feelheavyinthehead 34.2% 26.3% 8.7% 17.4%

(Dull-drowsy Feel tired in the whole body 50.0 34.2 21.7 21.7
factor) Feel tired in the legs 44.7 47.4 43.5 65.2

Yawning 34.2 42.1 4.3 26.1
Feelhotheadedormuddled 31.6 42.1 13.0 17.4

Becomedrowsy 60.5 21.1 30.4 4.3

Feeleyestrain 21.1 60.5 21.7 47.8

Become rigid or clumsy in movements 5.3 15.8 4.3 8.7

Feel unsteady while standing 13.2 21.1 4.3 8.7

Want to lie down 28.9 26.3 13.0 13.0

II Feel difficulty in thinking 5.3 10.5 0.0 0.0

(Factor of Become weary of talking 2.6 7.9 8.7 13.0
difficulty in Become nervous 10.5 5.3 8.7 13.0
concentration) Unable to concentrate 13.2 10.5 8.7 8.7

Unable to show interest in things 21.1 18.4 0.0 0.0

Become forgetful 10.5 15.8 8.7 13.0

Lack of self-confidence 0.0 5.3 0.0 4.3
Anxious about things 5.3 10.5 4.3 4.3
Unable to straighten up posture 10.5 2.6 4.3 0.0

Lack patience 26.3 18.4 8.7 13.0

III Have aheadache 10.5 26.3 0.0 13.0
(Factor of FeeI stiif in the shoulders 50.0 44.7 13.0 21.7
physical Feel pain in the low back 42.1 36.8 26.1 34.8
disintegration) Feel constrained in breathing 13.2 10.5 8.7 13.0

Feelthirsty 21.1 21.1 8.7 13.0
Have a husky voice 2.6 5.3 0.0 0.0
Experience dizziness 7.9 5.3 0.0 4.3
Have eyelid spasm 15.8 28.9 4.3 13.0
Have tremor in the limbs 2.6 5.3 8.7 13.0
Feelill 18.4 13.2 0.0 8.7
Number of cases 38 23
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in the legs.’ The complaint of eyestrain among machine operators increased from
a mean rate of 21.1 % before work to 60.5 % after work, while that among standing
workers increased from a nearly equallevel of 21.7% before work to 47.8% after
work. The tiredness in the legs, on the other hand, increased for machine operators
only by 2.7% from 44.7% to 47.4%, but it remarkably increased for standing
workers from 43.5% before work to 65.2% after work.

It should be noted that the standing workers were relatively older than machine
operators and that the standing workers were ail farmers working part-time.
The re]atively low rates of fatigue for the standing workers might have been
associated with such differences. The above-mentioned contrast between the two
groups of workers for eyestrain and leg tiredness might have resuited from the
difference in the type of work. In particular, the very high mean rate of the leg
tiredness among standing workers is conspicuous, since the rate of other related

On-foot workers
before work N=25

mmWm
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items such as tiredness of the whole body, yawning, and shoulder stiffness was

comparatively small among them.

Figure 4 shows the mean rates of local fatigue feelings at various body parts

before and after work for the two workers’ groups. It is clear from the figure that

the machine operators feit fatigue at various body parts even before work and

that the standing workers tended to complain of local fatigue less frequently.

The local fatigue feelings were the most frequent in the upper and low back regions

of machine operators, the mean rate exceeding the 30% level. In contrast to

machine operators, the standing workers had higher mean rates for the posterior

part of lower legs, the ankle, and the sole especially after work. The fatigue of

the knee was also frequent among standing workers, while none ofthem complained

of local fatigue in the hip and the thighs. These results strongly suggest that

localized fatigue frequent among standing workers should be attributed to their

peculiar standing posture which produced particular local stress on the lower legs

and feet.

The quality of the tiredness of the legs would thus be assumed to be very

different between the two groups of workers; while the tiredness was felt by machine

operators diffusely along the legs, the tiredness felt by the standing workers was

localized in the leg regions below the knee level, the ankle and the sole of both

feet comprising center areas of the leg tiredness sensation. Generally speaking,

no Iaterality was found in these respects.

Dermatoses on feet of standing workers
The above results indicate that the quality of fatigue may be considerably

different between the operators of construction machines and the part-time workers

who stand while working ah day. Although the measurements of functional tests

such as the test of critical fusion frequency of flickering light and the threshold

measurement of patellar tendon reflex gave rio consistent resuits for either of these

two groups, the investigation of the subjective fatigue has revealed that the fatigue

of standing workers was associated with the peculiar standing posture necessitated

by the work on the steep, smooth slope. The fatigue feelings of machine operators

might be related to rather monotonous operation of the machines in a continuously

sitting posture.

The standing workers of the present study told that the maintaining of the

standing posture on such a steep inclination was flot only fatiguing but often very

painful due to constant irritation ofthe feet. Such painful sensation was apparent

ly relevant to the observed high rate of subjective fatigue predominant in foot

regions. As causes of pains these workers mentioned unavoidable irritation of

ankles and soles while standing, formation of painful calluses, and burns on the

soles of their feet. They mentioned that foot pains were especiahly remarkable

from the second month of the inclination work until the third or fourth month.

After these months they seemed to be rehieved from severe pain and became more
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or Ïess accustomed to standing work on the siope. The period of severe pain might
have resulted from formation of calluses on feet and from recurring burns caused
by walking on heated asphait. Calluses thus formed remained as long as a
worker continued working on the siope and would disappear within six months or
so after the worker returned either to farm work or to usual construction work.

Callosities on feet of a male operator of age 29 who often did the work of
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a standing worker are shown in Fig. 5. Callosities were remarkable on the heel,

the pad of the fore part of the foot corresponding to the metatarso-phalangeal

joints of the toes, and the enlarged ends of the toes. The callosities were thicker

on the great toe, the medial part of the pad of the fore part, and the lateral and

medial parts of the heel. The marginal ends of the callosities of these parts were

so thick that they Iooked like they were projecting sharply from the neighboring

skin surface or like a round edge. The skin external to the hollow of the sole of

the feet also had callosities, though they were flot so thick as in the above-mentioned

parts.
Figure 6 shows the imprint made with cinnabar seal ink of the soles of both

feet of a standing worker age 46 taken on a sheet of paper. Callosities were also

prominent in this subject on the heel, the fore pad, and the great toe of both feet.

Small round and irregular spots on these parts and on the lateral end of the right

sole corresponded to scars caused by blisterings due to recent burns. A large

Sole sections

Fig. 7. Percentages of workers with burns and callosities on the sole of inclined-plane

workers.

I
196 S. HORINO and K. KISHIDA 197

Fig. 5. Callosities on sole caused by working on the slope.
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Fig. 6. Footprints showing burns and callosities of a standing worker.
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fissure of the skin was observed along the dorsal end of the callosities on the pad
of the fore part of the left foot. The subject mentioned that the fissure part was
very painful and that it had been gradualiy formed in accord with the development
of the callosities.

Percentage of standing workers with scars of burns and with thick caliosities
are indicated in Fig. 7 for the 13 divisions of the sole of both feet. It is clear
that burns as weli as callosities were frequent on the pad of the fore part of the
sole and the surface of the heel, the percentages being almost equal for the right
and the ieft sole. Formation of thick callosities were also seen on the bail of the
great toe and the skin external to the hoilow ofthe sole where burns were sornetimes
observed.

MIuRA (1957) reported that pressure of the metatarso-phalangeal joint part
of the sole and of the center of the great toe increased when the heel height was
eievated in wearing a high-heeied shoe. The pressure levei of these parts reached
3—4 kg/cm2 for the heel height of 4 to 5 cm or more, while pressure of the surface
of the heel decreased to less than 2 kg/cm7. This may imply that the distribution
of the pressure of the sole whiie standing and waiking on an inclined surface would
also be very different from that of normai levei standing. As a resuit, the skin of
the great toe and of the pad of the fore part of the sole would receive unusual ir
ritation. The pressure distribution within the heel surface would iikewise vary
according to the standing direction of feet on the siope. Recurring irritation of
mechanical nature may resuit in formation of callosities on the soie which are often
very painful. These are simiiar to painfui caliuses seen on feet of workers standing
ail day, as reported and discussed by ScHwARTz et al. (1957).

One should note here that such dermatoses on feet are flot usual for the asphait
paving work conducted on the level or on a sioping road. Usuai road construction
workers may be abie to easily avoid stepping on heated surface, while the work on
an evenly inclined steep siope makes it difficult to avoid the hot areas, the hot but
sticky surface being even preferred by workers to stand on to have a more secure
foothoid. This situation may be also reievant to smali burns on the skin of arm,
neck, and face caused by smali pieces of heated asphait materiai flying from the
dumper or the container of the finisher. Since heat may produce on the soies the
same effect as by mechanical pressure, the standing workers of the present study
had been apparentiy exposed to high risks of dermatoses on feet. The presumed
combined effect of mechanical pressure and heat may be evidenced by very high
percentages ofthick cailosities accompanied with hum scars on feet of these workers.
Many machine operators had also more or less diffuseiy developed caliosities on
feet, but burns were rare among them.

CONCLUSION

In conclusion, the characteristic aspects of the work load of workers standing
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on an evenly inclined steep siope may be represented by the variety of unstabie

working postures, by strenuous efforts associated with ascending and descending,

and by fatigue concentrated in the lower leg and foot regions. Dermatoses local

ized on the sole of workers is evidence of such a unique kind of loading. Because

the main part of asphait paving has been mechanized, the manuai work itself does

flot seem necessarily strenuous. The dependency ofthe work on the finisher opera

tion as weli as the restriction of the working postures, however, resuited in very

irregular working patterns of those standing workers and in very high rates of

localized symptoms.
The concomitant effect of heat on the feet of standing workers indicates

another characteristic aspect of the working system of the seemingly highiy mecha

nized asphait paving. It was apparent that heat locally appiied to the sole of

workers helped develop not only fatigue of the legs but aiso dermatoses which

were 50 painful in the first months of the pavement work. The described asphalt

paving system may be an example of incompiete mechanization which may demand

r a variety of supplementary manuai iabor but without previous deiiberations on the

working habits of the workers and on the inconveniences to them. Devising

a levei piatform to be attached to the finishing machine or the provision of heat

proof shoes, for example, would have greatly ease the workers’ load and prevent

possibie harm. Working postures similar to those of the standing workers on the

dam surface are occasionally seen in other industrial activities such as roofing

and forestry work. The present results indicate that to properly assess the working

load of these workers care should be taken to clarify the possible effects of postures

restricting working habits. More information is needed to expiain the compiex

reiationship between characteristic working postures and the integrated work load.

We are very grateful to Mr. Y. Endo of the Institute for Science of Labor for bis kind

guidance and assistance and to Dr. K. Kogi of the Raiiway Labor Science Research Institute

for bis valuabie suggestions and heip. We are most indebted to ail the workers who supported

the present work with understanding.

REFERENCES

ANMA, S. (1973) Cha-dôryoku-tekisaiki ni yoru jiko no chôsa kekka to sono taisaku (Survey on

accidents caused by tea reaping machine and their countermeasures). Division of Agriculture

and Forestry of Shizuoka Prefecture.
DEAN, G.A. (1965) An analysis of the energy expenditure in level and grade walking.

Ergonomies, 8: 31—47.
FuJIBAYAsHI, M., TsuJI, T., and WATANABE, S. (1956) Ringyô rôdô no sagyô-kyôdo ni kansuru

kenkyû (Studies on work intensity in various forestry operations). Buli. Goy. For. Exp.

Sin., No. 86, pp. l—182.

KAN0, H. (1962) Shinrigaku kara mita kôsho sagyô (Psychological views on working on the

height). Rôdâ no Kagaku, Vol. 17, No. 9, pp. 4—li.

Kom, K., SAIT0, Y., and MITsuHAsHI, T. (1970) Vahdity of three components of subjective

fatigue feelings. J. Sci. Labour, 46: 251—270.

198 199



200 S. HORINO and K. KISHIDA

McDONALD, 1. (1961) Statistical studies of recorded energy expenditure of man, Part II,
Expenditure on walking related to weight, sex, age, height, speed and gradient. Nutr.
Abst. Revs., 31: 739—762.

MIuRA, T. (1957) Ashi f0 hakimono (Shoes and foot health). lnst. Sci. Labour, Tokyo, pp. 54—87.
SAIT0, Y., KoGI, K., and KAsHIwAGI, S. (1970) Factors underlying subjective feelings of

fatigue. J. Sci. Labour, 46: 205—224.
ScHwARTz, L. TuLIPAN, L., and BIRMIxGaM, D. J. (1957) Occupational Diseases of the Skin.

Lea and Febiger, Philadeiphia, pp. 126—128, 790—793.
Tswi, T. (1970) Ringyô rôdô ni okeru sagyô shisei (Working posture in forestry work). Rôdô

no Kagaku, Vol. 25, No. 4, pp. 9—14.



4

F

J. Human Ergol., 6: 159—166, 1977

ENVIRONMENTAL FACTORS AND WORK PERFORMANCE
0F FOUNDRY WORKERS

tcck

%W4I’ Sadao H0RIN0

Ergonomics Laboratory, Department oflndustrial Engineering, Faculty of Technology,
Kanagawa University, Kanagawa-ku, Yokohama, Japan



Ergonomics Laboratory, Depariment ofindustrial Engineering, Faculty of Technology,
Kanagawa University, Kanagawa-ku, Yokohama, Japan

Environmental factors such as atmospheric conditions, lighting, noise,
and dust in foundry factories of different sizes were evaluated by direct
physical measurements and a subjective rating method using an ergonomic
checklist. Working postures and subjective feelings of fatigue of the
workers were analyzed in various types of foundry shops. The results
showed that work load was highly connected with poor working postures
and unfavorable arrangement of work space as well as with poor work
place environment, particularly in terms of dust and noise. Forward
bending and squatting positions, which were attributable to the manual
working height on or just above the floor level, occupied 70—90 of the
actual working time handling large-sized casts, while the work using a
table allowed workers more frequent erect standing postures. It seemed
essential to redesign the fundamental working processes and to improve
the work surface height. A comparison was then made as to performance
patterns and electromyographic activities of main muscles between the
traditional molding work on the floor and the work at a newly developed
hydraulic lift-table operated by foot pedals. The new table assured the
worker of an optimal standing position and proved to be an effective
means of redesigning the work space.

Like in other manufacturing industries, the workshop environment in foundries
comprises many hazardous factors. In spite of technical progress that has taken
place, major safety and health problems of foundries remain just as before. Oc
cupational injuries and diseases such as low back pain are closely related to the type
of the foundry work systems and to their environmental factors in which the space
arrangement may be included. The problems involved in these factors have flot
been solved by existing installations of such foundries which are partially auto-
mated.

It has become less and less attractive for young workers to seek jobs in a found
ry. This is reflected on the very disproportionate age composition of foundry
workers, more than 60 of them being over 40 years old (H0RIN0, 1975). On
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the other hand, molding work which is a major process in a foundry often requires
long-term skilis and hence maintains traditional work methods. Many kinds

of moiding work are performed at the floor level, handiing of heavy materiais being
done in deep bending or squatting postures. As a resuit, the majority of such

workers suifer from low back pain (H0RINO, 1976).
The purpose of this paper is to assess the environmental conditions offoundries

in relation to work performance, and to propose some practical solutions from ergo
nomic points of view. A comparison was made between the traditional molding
method and the automated line processing. The former was then compared with

a new method using a newly designed worktable whose height was adjustabie.

METHODS

A field survey was carried out in five foundry firms. Their products were parts

for diesel engines, parts for hydraulic devices, parts for food processing equipment
or home appliances. The number of workers in a firm varied from about 30 to

130.
Physicai measurements of atmospheric conditions, illumination, noise, and

air borne dust concentrations were conducted. Then of ail the major workshops,

two automated processing unes and fifteen manual workshops were chosen for the

study. Subjective evaluation of environment using 50 pairs of adjectives was

made by each worker. Subjective feelings of fatigue were recorded for several

days by each worker before and after a day’s work. Further, ergonomics check

list which had been developed as a rating method for working systems (K0GI et al.,

1973) was used by ten ergonomics specialists.
A motion and time study was undertaken in order to study the relative fre

quencies of various working postures and durations of these postures. Combina

tions of the eye and hand height at work in various situations were also recorded.

Electromyographic activities of the back, shoulder, and abdominal muscles were

recorded and analyzed in an attempt to compare the relative muscular load between

three basic working positions; working on the floor, working at a table of fixed

height, and working at an adju stable table of the optimal height.

RESULTS

It was commonly found, regardless of the size of the enterprise and the kind of

their products, that exposure to high dust concentrations and high noise levels were

primary environmental problems; dust concentrations varied between 3—38 mg/m3,

and noise level ranged between 70 and 100 dB (A) or more, pneumatic devices

causing noise levels of 90—l 10 dB (A). Illumination was another factor to be im

proved, because illumination levels below 100 lx were frequently found and dust

in the air often accounted for insufficient lighting. Due to absence of systematic
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ventilation and air-conditioning systems, the temperature was usually close to that
of outdoors.

An ergonomic checklist consisting of fine chapters and 334 items was used to
evaluate two kinds of workshops, j. e. conveyor line shops and manual molding
shops. The frequency of items checked by more than haif of the checkers in each
chapter is indicated in Table 1. The chapters in which more than 50 of the items
were checked by the majority were the chapter on work space, that on environment,
and that on dynamic workload. The frequency of items checked for the conveyor
processing was higher than that for manual working as to chapters concerning work
space, controls, displays, and environment. Only in chapters on postural and static
workload and on dynamic workload, the frequency for the manual work was higher
than that for the line processing. This means that an automated molding system
with a high productivity does flot necessarily provide for better workplaces from
ergonomic points of view.

Profiles of subjective ratings of the environment by workers according to the
semantic diiferential method were diiferent between two types of workshops, as
shown in Fig. 1. Workers of the automated unes described their environment as
dustier, noisier, and narrower than people of other shops did. The automated
une workers also evaluated their environment as rather confined, tiresome, boring,
heavy, hard, and irritating. It was noted that workers making much noise felt
relatively noiseless than those making less noise in their work, as mentioned pre
viously by MATsuI et al. (1969). It was found that noise and dust of some work
places, such as those with molding machines and frame breaking machines, af
fected all the other workers in the same building.

The relation between eye height and hand height during work is shown in

1. Work space
2. Seat and foot rest
3. Controls
4. Information displays
5. Combination of displays

and controls
6. Working environment
7. Posture and static

work load
8. Dynamic work load
9. Hours of work and work

performance
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Table 1. Frequency of items checked by more than haif of the checkers
(9—10 ergonomists) from ergonomic points of view in the manual molding work

and the une process moiding work.

Chapter Number of
items

Manual
work ()

Line process
work (%)

22
26
56
36
37

50
39

35
33

50.0
7.7

14.3
5.6
2.7

52.0
48.7

82.9
45.5

90.9
42.3
28.6
25.0
35.1

68.0
46.2

74.3
45.5

Over ail 334 33.5 48.5
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Fig. 5 Comparison of EMG patterns during simulated work on the floor and on the adj
ustable table. 1, setting molded parts; 2, adjusting the dimension of molded parts; 3,
setting a jig preparing for pouring.

Fig. 2. Although the hand height in manual working varied fairly widely for the
same eye height level, the range of the hand height seemed to determine the eye
height, implying that the workers would be ready to bring the eyes to a suitable
position at the risk of unfavorable bodily positions.

Figure 3 shows the relative frequency of various postures during manual work
in different situations. The manual molding on the floor was being done mostly
(70—90%) in forward bending and squatting postures. The frequency distributions
of duration of various working postures in manual molding work on the floor are
shown in Fig. 4. More than 50% of forward bending occasions lasted less than
5 sec, but at the same time a certain proportion of deep forward bending and
squatting occasions tended to last more than 20 sec, depending on the flow of work.

The mean frequency for 30 items of fatigue feelings after work was 16.1 %
for manual workers and 13.6% for conveyor une workers, the former complaining
more frequently of most items of the difficulty-in-concentration factor, stiif shoul
ders, and low back pain. This contrasted with higher frequency of complaints by
conveyor une workers with respect to tiredness in the legs, yawning, and drowsiness.

Figure 5 illustrates the electromyographic activities of the back, shoulder, and
abdominal muscles for three types of simulated work either according to traditional
molding methods on the floor or using a newly designed adjustable table whose
height, direction, and inclination could be changed to an optimal condition by
means of operating a hydraulic system by foot-pedals. The activities of the back
extension muscles at the L4 level were less for the traditional method than for
work using the adjustable table, while those of the trapezius and at the thoracic
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level were larger for the former. Because the smaller activities at the L4 level
meant suppression of the muscle activities due to deep forward bending (OKADA,
1972; M0RI0KA, 1977), both the Iower back and shoulder muscles proved to be in
a more favorable condition when the adjustable table was used. The larger pos
sibility ofworking in an erect standing posture at the adjustable table thus appeared
to reduce substantially the workload, as suggested also by ZENz (1967, 1975).

DISCUSSION

We have seen that inappropriate work space and environment arrangements
clearly present problems also relating to workload. This is also true for auto
mated unes where poorly designed work space often results in a very high propor
tion of unnatural postures and intensified work which are specifically combined
with constant exposure to dust, noise, and climatic stress.

As an engineering countermeasure to these ergonomic problems, I suggested
re-arrangement of the workshops and the flow of processing in the plant, so that
hazardous environment of pouring, core knocking, and others may flot affect other
workshops and considerations about work space with less noise and dust may be
made in the automated unes. Secondly, replacement of overhead cranes by ground
level material handiing devices was recommended, so that re-arrangement of work
places would be easier. Thirdly, a new type of work bench for manual molding
which is adjustable in height, direction, and inclination is being developed so as to
make working postures more natural and easier.

A common misunderstanding about ergonomies solution to human problems
in the workshops is that they must involve a high degree of mechanization, auto
mation, or some form of replacement of men by machines. From the working
conditions viewpoint, appropriate design of a job should primarily involve reduc
tion of environmental hazards and excessive work demands. To realize this, more
practical means are needed, which do flot necessarily include a higher degree of
automation. h is required to work up a valid solution which is compatible with
long-term development of individual skills while eliminating unhurnan aspects of
the working environment.
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