japan is the only Asian country to ha1 e industrialized successfully, and it has done w
extremely well. Japan today is first in the production of ships, second in the production of
automobiles, third in the production of steel in
the world, and will very shortly, I predict, become the fourth nation to launch its own satelIites with its own rockets. All of tin's adds up
to the somewhat startling fact that Japan is
today the third most significant industrial unit
in the world. That is quite a development in
less than 100 years.
aspect of its national life,
Japan was a well-developed society in the middie of the 19th century-perhaps more developed than some underdeveloped countries
are today. Every field of endeavor that existed
in the West flourished in Japan before 1868
except science and its ensuing technology. In
the mid-19th century, however, after 250
years of almost complete seclusion, Japan was
abruptly shaken out of its isolation by an expansionist West whose source of strength
stemmed from a rich scientific tradition that
was unknown in Japan. At the same time, internal tension had brought the country close
to dangerous strife at the highest levels of
government. The old regime was weak, near
the point of collapse.
Yet, within 15 years after the appearance
of Perry's ships, Japan had not only set its
house in order, but it had also launched a wildb successful program of nation-building along
Western lines. Fukoku kzt6hei ( "rich country .
strong army") became a national password.
and priorities were adjusted accordingly. If the
conntq was to become a Western-style power,
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then \\ extern science auld have to be irnported just as it was. While [apart possessed an
artistic am1 philosophical basis for exchanging ideas with the West at all levels, it had no
basis for a scientific exchange and tlius no possibility for adaptations and modifications to
lead to new approaches.
Even before the governme
and had begun introducing
into the nation, almost 100 J
abroad for foreign study. Although this numher rnay not appear large, its significance becomes clearer when it is realized that as a
general rule foreign travel was prohibited. The
gokerninent itself sponsored study abroad for
the first time in 1862 aud by 1868 had sent 47
students abroad for study in France, Great
Britain, the Netherlands, Russia, and the U.S.
Time was not wasted on "frills." Whatever
was needed to make the nation prosperous and
strong received emphasis: medicine, gunner}.
engineering, general science, agriculture, manufacturing, and commerce. By 1912, more than
65 percent of all the students who had gone
abroad for study under sponsorship of the
Ministry of Education had specialized in the
"hard" areas of the basic and applied sciences.
especially the latter. (The only other majoi
emphasis was on legal studies-encouraged to
help make japan strong and independent.
The government u as dedicated to strengthening the country' as rapidly as possible. If desired results could not be obtained at home
with native talent, or if study abroad proved
inadequate, then what was needed could be
imported-not onIy foreign teachers, hut forcigii technology, patents, licenses, and pubEiiginccnng
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c o u n t q had a fiourishing culture based on a
settled agricultural economy, with educ'itional
institutions, communications, a bureaucrat} ,
and a tradition of scholarly discourse, as well
as some preliminarj accumulation of scientific
k u r ~ w l ~ d gb)
e individual scholars who liad
limited contact with Western scientific publications. It was dlw a national entity-a state
a p a n possessed large cities and a developing
national economj. The country was not di\ ided b> differences in language or culture; on
the contrary, the insularity of the Japanese
islands had engendered strong feelings of
unique identity among the people. The tradition ol centralized government and bureaucracy was a valuable legacj, as was a welldeveloped national system of education.
No matter how' well endowed a country ma!
be in the prerequisites for science, its socict)
may not respond favorabl) -or even with nmn[mental inertia-to the introduction of scientific concepts. But once science is broadly intraduced and well received within a societj.
then social change is bound to occur. Japan's
experience is testimony to this process,
Japan's natural insularity made the Japanese
suspicious, of foreigners, but it also made them
\er\ curious about the outside world. E\ en
before the 16th century they had shorn 11 great
interest in Chinese cultural acliie\ ements.
inany of which the) adapted to their own use.
Acceptance of foreign ideas, therefore, was not
a new aspect of Japanese history by the 19th
century. Informed Japanese could understand
that their couiitn, did not 1x11 e all the answers.
that there was much to be learned from the
outside world.

explanation in both cases tor this amazing
change in national attitude;, is that national
cil c~iiiist~inces
had changed, therefore, so did
national goals. The Japanese d m e for success
was not altered; the) simply adjusted to wvi
goals, which now seemed proper against the
background of their new environment.
japan's \ alue SJ stem, with its sitnational
ethic and goal orientation, allowed the nation
an extraordinary receptivity to science after
1850, much in the same way that it allowed
the population to behave with dignity and
cooperation while under the occupation of a
formerly detested enemy after 1946.
But it is one thing to recognize national
needs and quite another to respond quickl)
to fulfill those needs, e ~ e n
with a high degree
of national receptivity to foreign concepts.
Leadership is required. This leadership was
undertaken by the Japanese government, beginning a tradition of governmental initiative
and bureaucratic influence in the sciences
that has continued to the present.
.THREE PERIODS OF SCIENTlFJf GROWTH

A broad \ ieu of the de\ elopment of science
and technolog) in Japan over the past centuq
shows three main periods of growth: ( 1) 1868
to the outbreak of World War I, 1914; ( 2 )
the intern ar period, 1918-1937; ( 3 ) the period
after World War II, 1945 to the present.
The first period saw the establishment of
man) of the basic educational institutions that
had the responsibility of training native scientists. The University of Tokyo was founded
in 1877, then reorganized and combined with
the college of technology in 1886 as Tok?o

purpose clear1). "The aim , . . .ahail be to teach
i i ~ ds t u b ~ u c hscience5 and -practical arts as
meet the demands of die State." Other hn-

ti&
diicemeiit of Lnou ledge without nec eks'dnh seeking practical applications, Jiever
'ABS given a chance to take root in Japanese
soil. The brief period of promise after World
\\ w I. when there was a slight opportunit~

eratioils. science in Japan had progressed from
magic to a foundation for national dewlopnicut-~~nljto si tfter an almost disastrous blow

During the second major period of Japan's
development of science from 1914 to 1937,
tremendously significant advances were made
in heavj industry and its supporting technologj , again with the building of national power
receiving first priority. Electricity, gas. cheniicals. ceramics, metals, machinery-all employing the most recent improvements in technology and in methods of mass productionmade large
- strides forward. But, faced with
the prime responsibility of expanding national
power, Japanese science during the interwar
years did not have time to keep u p with foreign scientific de\ elopments.
The interruption in scientific cuinnjunication caused b j the outbreak of World War I
made the Japanese realise how dependent
their science was on foreign sources of information. Japanese attention was drawn to the
task of creating an independent foundation for
scientific research, again largelj under government initiativ e and direction. Although concern was expressed at the time about the need
to develop a better foundation for basic science, it is probabl~fair to say that the raison
J e t r e of the new research institutes was to
serve industrial and military technolog!.
With the launching of its program of aggression on China in 1937, Japan\ science and
technology were mobilized for war. Basic science, the investigation of phenomena for the

tions were made to meet wartime requireinents, hut, duplicating the experience of
World M ar 1 and with \cry much increased
gravitj, Japan wa;Ã cut off from worldwide
scientific de\ elopments.
Defeat in warbrought Japan under militarj
iccupation tor almost seien years, during
which time significant change was wrought
in the organization of national science and
technology. In the earl> days of the occupation, sdentifie research in Japan almost came
to a halt. Any investigation that had militarj
iniplications was natural!} prohibited, especially studies concerning atomic energy. Intel-esti~iglyenough, Japanese inbestjgation of
the effects of atomic bombings was not entirely prohibited. Gradually, as the occupation
d e eloped
~
more confidence in itself and in the
Japanese, the resumption of research was pernutted, and in some cases even encouraged.
4111 K fc '1 0 DEMOCK4TIZh

One of the recommendations made I)>
American scientific advisory missions to the
occupation authorities was to discourage the
Japanese tendencj to organize science and
scientists on a hierarchical basis. As a result,
the occupation encouraged the democratization of tlie Japanese scientific world on all
fronts. The establishment of the Science Comicil of Japan ( SCJ ) in 1949 was a direct result
of this (x-cupation policy. The primary aim of
the SCJ was to mobilize professional talent in
dl1 fields to ad\ ise the government in the dc\ elopment of science and technology, research utilization, research trairiing, scientific
adniiiiistratioii, and the infusion of science in-

sible military applications
of scientific research
--both a legacy from wartime experience and
a requirement of postwar conformity to an
tiriti-militarj posture-has caused, for exampie, serious delays in the development of Japanese space science. Research in rocketry ma\
be permissible, the reasoning goes, but since
guidance $>>stemshelp to turn observation
rockets into war n~issiles,guidance systems had
better be a\oided. Research on guidance systerns was not emphasized for a long time at
the University of Tokyo, and, perhaps as a consequence, the iiniversity has yet to achieve
success in orbiting a scientific satellite.
During 1966 and 1967, the Uifiersitj
launched three Lambda rockets, somewhat
similar to the American Scout rocket. The
primary design purpose of the Lambda was
probably not to launch a satellite, but there
was some possibility that it could, so the Japanese decided to see if it would work. The
Lambda Rockets were launched from Uchinoura, the most important space base in Japan,
which is run by the University of Tokyo. The
Ministry for Science and Technology has yet
another base in Tanegasliima, and there is a
military base on the island of Niijima off
Tokyo. This points up the division in rocket research sponsored by the government, by education, and by the military, The scientists who
engage in rocket research for the military do
not participate in the space research activities
being carried out at the University of Tokvo,
primarily because the university wants to
de\ elop rockets onlj for peaceful purposes.
If the politicizing of science and the hypersensitivity of certain scientists to alleged
schemes of the military to control research
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Jetlt I L ) <ne tintidpp> coijdttioua thi-it t*\oli t ~ l
out ot the occiipatioii period, the increased
participation and greater mobility of Japanese
scientists dre decided!) happv results. Although the occupation wrought these changes
in attitudes as well as others in scientifka eduo r iresearch i~istication, in the ~ r g ~ i n i ~ a t ioi
ttites and scieiitific societies, dud in the direction of international scientific exchange, the
foimdation of s t w i ~ c ein Jcipauwent unaltered.
Cm ernmen t initiiith e and the iinportdtioii
ot foreign technology remain the b..i;>ick e j ;>tolietiof 'tcieucc in Japan Ch eath e scienc<~
lias jet t o come to full bloom. Like othei
of
nations, Japan cainot escape the i~~fliienre
its histor). The old inaster-tippreiitice re1atio.nships, the custom of secret techniques, the
prestige of the national over the prhate nuiversities, the tendency to departmentalize and
equalize research, the consciousness of a hierarchy and mutual exclusiveness among researchers in nui\ersities and in industry, the
fear of niilitary applications-all of these factors have worked both to impair scientific cooperation and to hinder the development of
creath P scientific traditions.
SllE LESSON TO BE LEARNED

After a centur) of development in the sciences, the problems of basic science and the
development of its creative aspects are beginning to he giver1 national recognition in
Japan. The country is groping for the establishment of a national science policy. Such a
program might go a long way in replacing
jealousy, suspicion, rivalry, and shortsighted~iesswith scientific cooperation.
The most important lesson that can be
drawn from the Japanese experience is that
no matter how much effort is spent on building scientific traditions swiftly, there is neither
a shortcut nor a substitute for the development
of a nationally based, cooperatively organized,
research foundation for the stimulation of
creative, basic science. Science through goveminent initiath e and foreign technology, and
science for national power, may offer significant encouragement for the growth of native
scientific traditions, but creative science does
not appear to flourish until scientific research
is supported for its own sake, 'without am
immediate thought of practical applications.

