Research and Development
in Communist China

China continues to be a country of the
wooden plow and the Bomb.

Tt is difficult to place Communist
China on a world scale of scientific
and technological development. Some
think of it as a backward nation, while
others list it among the major indus-
trial powers. The paradox is real.
Whereas political and social changes
have affected the entire population,
large segments of the rural population
are still untouched by technological
change. At the same time China is a

significant producer of the world’s coal,

steel, and electric power and has sev-
eral other highly developed industries.
It continues to be a land of the man-
pulled cart, while the rapidly expanding
railroad system criss-crosses most of
the densely populated regions of the
country. China is a country of the
simple plow and the Bomb.

There is no term in the Chinese lan-
guage, and no concept, that is equiva-
lent to our phrase “research and de-
velopment.” Although native sources do
discuss ‘“‘science” and ‘“‘research,” these
words, as used in China, refer to ac-
tivities that are difficult to relate to
R & D as we understand it. When one
considers this fact, in conjunction with
the overall paucity of analytical and
textual material and the virtual non-
cxistence of statistical data, the im-
mediate question is, Why bother? The
answer is that even a superficial evalua-
tion of the scope and content of R & D
activities in Communist China is vital
to any assessment of that country’s eco-
nomic and military potential. Thus, I
have tried to draw together some rele-
vant information that will provide a
panoramic view of the R & D picture,
identify major information gaps, and

The author is China research specialist in the
Reference Department of the Library of Con-
gress, Washington, D.C. Most of the work
in this article was done while he was associated
with the National Science Foundation.

392

Leo A. Orleans

provide a possible methodological ap-
proach for measuring Communist
China’s R & D effort.

Political and Social Setting

Politics so permeates all aspects of
life in Communist China that we must
begin with the role of ideology and the
effects of the ever-shifting political cli-
mate. One can smile when he reads (1)
that “Mao Tse-tung’s thinking is not
only the best weapon for reforming
society and remolding people’s ideas,
but also the best guidance for revealing
the secrets of science and technology,”
but it would be a mistake to ignore
this as simply Communist gibberish di-
rected at the uneducated masses. State-
ments like this are directed at the scien-
tist and the engineer as well; they are
not casual statements, and the specialist
is expected to accept them and to abide
by them. Within the intensely political
climate they do have an effect on the
individual researcher’s thinking and,
most important, on his attitude and
capacity for work. Therefore, an ap-
preciation of the setting within which
R & D activities are undertaken is vital
to evaluation of the total R & D pic-
ture.

The phrase “walking on two legs,”
descriptive of many of China’s internal
policies, means that the country must
rely on both the old and the new; on
the traditional and the modern; on the
slow and the fast. It implies the use of
all possible approaches to achieve na-
tional goals. It is particularly ap-
plicable to science and technology, for
the leaders realize the importance of
instilling an awareness and an apprecia-
tion of science among hundreds of
millions of peasants and workers with

no scientific and technological tradi-
tion (2). As a result, science and tech-
nology have become common words in
the daily press and are seen in a variety
of popular slogans.

An editorial in the People’s Daily
asks rhetorically (3): “Is it an accident
when an ordinary worker with only
three years of primary school educa-
tion becomes a specialist in the scientific
and technical fields of upper space and
the origin of light?” The answer, of
course, is, “No. In the great era of
Mao Tse-tung in our country this is
an inevitable phenomenon. . . . Many
of our inventions and creations come
directly from the hands of the work-
ers; there are even more inventions and
creations in which workers play at least
some part.”

This glorification of the “nonintellec-
tual expert” is almost always accom-
panied by a slap at the professionals,
at the foreign-trained experts, and at
foreign science and technology in gen-
eral. The following example (4) is one
of hundreds that appear in Communist
literature:

Inspired by Chairman Mao’s statement
that the downtrodden are often the wisest
while the intellectuals are often the most
stupid, Shanghai’s workers have dared to
challenge established authorities and
sweep away the foreign dogmas and stere-
otypes that have shackled the develop-
ment of production. . . . “We must sweep
away the prestige of so-called specialists
and authorities who try to overwhelm us
with foreign books and stereotypes,” said
the workers. “We must tear down the
bourgeois flag and hoist the great red
banner of Mao Tse-tung’s thought in the
field of science and technology.”

The belittling of everything foreign
has been particularly evident during the
past few years, as part of the big push
for self-reliance. The following quota-
tion from an economic journal (5) is
typical.

The policy of self-reliance requires that
in the cause of building socialism a coun-
try must independently develop its econ-
omy, national defense, science and tech-
nology, culture and education, and other
undertakings according to its own concrete
situation and its own manpower, material
resources and fund supply. . . . A country
must not depend upon any other country
and become a satellite of another country.

The regime and its media of public
communications seldom differentiate be-
tween true science and “people’s sci-
ence,” or between efforts of professional
engineers and of semiliterate tech-
nicians. In their efforts to blur class
differences and to make every worker
a scientist and every scientist a worker,
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the Communists have undoubtedly
created serious morale and performance
problems with respect to the profes-
sional personnel.

The plight of the Chinese intellectual
has been discussed by many authors
(6). The continuing vacillations of the
government’s position toward the small
professional segment of the population
clearly indicate the dilemma that per-
sists after almost 18 years of Com-
munist control. The intellectuals are in-
dispensable for the country’s future, but
they are still suspect and, presumably,
are politically the most unreliable seg-
ment of the society. While making
every effort to increase the number
of highly qualified specialists in the
country, the Communists have apparent-
ly been unable to produce a profes-
sional robot, who can be creative as
a specialist yet, at the same time, un-
questioningly accept the concentrated
unsophisticated political rubbish. Un-
fortunately for the Communists, a
thinking scientist is likely to be a think-
ing man, and the intense efforts to
“wipe out individualistic thoughts” are
diametrically opposed to the type of
thinking customarily associated with
R & D activities.

It is clear that some of the scientific
and technical personnel continue to be
skeptical about the usefulness of Mao
Tse-tung’s thought as a guide in scien-
tific experimentation, and they are taken
to task by the People’s Daily (7):

They say: “Going through every page
of Chairman Mao’s works cannot find an
engineering principle or a mathematical
formula.” It is true that such a principle
or formula cannot be found in Comrade
Mao’s works. But it is in such works that
one can find the “formula” that creates
the mathematical formula, and the “prin-
‘ciple” which points out the engineering
principle.

The constant propaganda that em-
phasizes self-reliance and runs down
foreign technology and book-learning is
designed to give the Chinese pride and
self-confidence and to combat the feel-
ings of inferiority which, presumably,
were instilled by more than half a
century of foreign domination. Accord-
ing to the People’s Daily (8), “the im-
perialists and reactionary ruling classes
spread the cult of foreign technology
and tried to destroy the Chinese people’s
national pride and make them feel in-
ferior.” Although the “China first” line
is the one most frequently heard, some
of the more serious articles directed at
the professional segment of the popu-
lation occasionally do come out with
more realistic statements on science,
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technology, and R & D. For example
9):

There is a large amount of the world’s
advanced technology which can be emu-
lated by us. If we are adept in studying
and rich in creative spirit, we can shorten
the devious road and catch up or even
surpass the advanced countries.

In some instances both viewpoints
are expressed in the same article; for
example (/0): “China must thoroughly
renounce superstitious belief in for-
eign countries and superstitious belief
in books,” and, a few pages later, “The
absorption and utilization of foreign
good experiences and good techniques
is necessary at any time for any coun-
try.”

Soviet versus Western Influences

What little activity in science and
technology there was in China prior
to 1949 was mainly Western-oriented.
Since the turn of the century thousands
of Chinese students had received their
education in the United States, West-
ern Europe, and Japan, and the reor-
ganizations and reforms of the educa-
tional system after 1911 also were
largely influenced by Western thought.
When the Communists assumed con-
trol over the mainland, they immedi-
ately repudiated all cooperation with
the West and turned to the Soviet
Union (11, chaps. 7 and 8). However,
the long cooperation between China
and the West was too solid to be easily
and quickly reversed. Western- and
Japanese-trained scientists and engineers
constituted the backbone of China’s
professional manpower, many of them
occupying key positions in the Acade-
my of Sciences, in the institutions of
higher learning, in industry, and in gov-
ernment. The difficulty of redirecting
this Western orientation of China’s sci-
entists and engineers was ignored by
the Communists, except as it touched
on political issues. Actually, the shift
in language from English, German, and
French to Russian posed great prob-
lems both for established professionals
and for aspiring students. Thousands
of Russian texts and reference works
were translated into Chinese; thousands
of scientists, engineers, and students
spent years studying the Russian lan-
guage—a tongue that does not come
easily to the Chinese—and many of the
institutions of higher Iearning adopted
Russian materials in their courses (/2).

This laborious effort of reorientation
came to a sudden halt in 1960 with

the major political schism between
China and the U.S.S.R. China was left
with Russian-made factories and Rus-
sian blueprints for industrial construc-
tion projects, but without the necessary
spare parts and without scientific and
technical advisors. After some 10 years
of intensive Russian influence in sci-
ence, industry, and education, China
once again found herself in the throes
of a painful and expensive readjust-
ment—initially a detachment from the
Soviet Union and then a gradual and
grudging return to a limited form
of Western influence in science and
technology.

In view of the earlier diatribes against
Western science and technology, the
drift toward the West may seem a
contradiction. In a sense, however, it is
just another twist of the “walking on
two legs” policy. While the propaganda
machine accelerates its denunciations of
capitalist science, schools at all levels
are introducing more and more courses
in English and other Western languages
and more and more Western scientific
and technical materials are being trans-
lated into Chinese (13).

The loss of Soviet support, particu-
larly at a time when China’s economy
was already experiencing a sharp down-
ward trend, had conspicuous economic
consequences. Likewise, the current
shift from Russian to Western influence
and the reorientation in China’s educa-
tional and scientific systems must be
having a braking influence on the coun-
try’s R & D activities.

Research and Development Goals

Given the above conditions and
moods, what can be said about Com-
munist China’s R & D goals? As ex-
pressed in articles and editorials and as
trumpeted by the national and interna-
tional propaganda media, the aim is
clear and direct: in science and tech-
nology China must overtake the lead-
ing nations of the world. The method
is even simpler: under the guidance of
the Communist Party’s Central Com-
mittee and Chairman Mao, the most

~advanced scientific and technological

achievements will naturally follow
China’s ideological revolution.

The real objectives and their details
are much more difficult to ascertain,
but for the most part they conform to
the following precept (14): “All scien-
tific research is for the purpose of de-
veloping production and must be in-
tegrated with production practice. Sub-
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jects for research must come from pro-
duction and the results of research,
without any exception, must return to
production.” This theme is stressed again
and again. It not only determines the
nature and content of R & D but grave-
ly limits all activities relating to true
basic research.

Although the degree to which eco-
nomic goals have determined R & D
activities has varied over the years, the
emphasis on economic factors has al-
ways been there. It is not surprising,
therefore, that some of the specific
R & D goals can often be ascertained
from the overall goals for economic
production.

China’s First Five-Year Plan (1953-
57) for the development of the na-
tional economy contained few details
dealing with scientific and technical de-
velopment and only generally discussed
the need to raise the level of science
and technology in China. It did, how-
ever, spell out 11 fields which should
constitute the principal work of the
Academy of Sciences. Among them
were the peaceful use of atomic energy,
construction of new iron and steel com-
plexes, research on antibiotics, and re-
search on polymers.

The Second Five-Year Plan (1958—
62) was aptly described (/5) as “still-
born and swallowed up by the Great
Leap Forward.” As a matter of fact,
the full text of the Plan was never
published. The draft of the Plan did,
however, contain several paragraphs
that pertained to science. Once again
the emphasis was on the practical needs
of national construction and on the
building of socialism. The draft stressed
the need “to learn from the latest scien-
tific and technical achievements of the
Soviet Union and other countries,” re-
asserting the need to concentrate on
the science of atomic energy, on elec-
tronics, and on the techniques of auto-
mation and remote control.

A more important guide to the trends
in R & D was the first long-term plan
for scientific development, known as
the Twelve-Year Plan (1956-67). It was
formulated by the State Planning Com-
mission, with the cooperation of the
Academy of Sciences and the various
industrial ministries, and with the as-
sistance of numerous Soviet advisors.
The areas selected for scientific develop-
ment were in many instances identical
to the principal areas of emphasis men-
tioned in the economic plans. They in-
cluded the peaceful uses of atomic
energy; new electronic techniques; jet
propulsion; automation in industry;
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prospecting for petroleum and other
minerals; metallurgical studies; develop-
ment of fuels and heavy machines; ex-
ploitation of the Yellow and Yangtze
rivers; modernization of agriculture,
with emphasis on mechanization, elec-
trification, and use of chemicals; re-
search on prevalent diseases; and basic
research in the natural sciences. Al-
though presumably quite flexible, the
Twelve-Year Plan for scientific develop-
ment was also swallowed up by the
Great Leap Forward.

The adjustments that followed the
Great Leap cut across all phases of
Chinese life. In the areas of science
and technology there developed, once
again, a more liberal attitude toward
professionals and specialists, political
control was relaxed, and the emphasis
was on quality. Many of the “fly-by-
night” institutes were abolished or
merged, and the limited scientific man-
power was concentrated in research
centers which had more adequate fa-
cilities. Within the economy, the Com-
munists decreed a major shift of em-
phasis from industry to agriculture, and
it must be assumed that on the scientific
and technological front there were simi-
lar shifts in policy and a reallocation of
scarce capital.

More recently, some of the goals that
may be related to industrial R & D have
been listed as objectives of the cam-
paign for “technical innovation and
technical revolution.” These objectives
are stated as follows (/6):

1) To speed up the technical reform of
all sectors of the economy; 2) to raise
labor productivity; 3) to give an impetus
to the enterprises so that they will take
actions on their own, save investments,
and raise output; 4) to improve the qual-
ity of industrial products and increase
their varieties; 5) to improve labor con-
ditions; 6) to lower cost of products; 7)
to enrich and develop scientific and tech-
nical  theories; 8) to gradually diminish
the differences between physical labor and
mental labor.

These objectives have been incorporated
into the Third five-Year Plan, the de-
tails of which have not been published.

Admittedly all such statements re-
garding objectives are little more than
generaljties, but they give some idea
of priorities and areas of emphasis.

Nature of Research and Development

It may be well to consider Com-
munist China’s practical R & D goals
in terms of concepts familiar in the
West—basic research, applied research,

and development. Is it possible to fit
Chinese research concepts into these
common but comparatively loose cate-
gories?

Basic research is a relative term, and
the lines between it and applied re-
search are often vague and subjective.
The American definition for basic re-
search (I7) makes a special provision
for the profit-making organizations by
including “original investigation(s) for
the advancement of scientific knowl-
edge . . . which do not have specific
commercial objectives, although they
may be in fields of present or potential
interest to the . . . company.” Ironically,
to adequately describe China’s limited
basic research, one need only eliminate
the word commercial and substitute
state for company in the above defini-
tion.

In the case of applied research—re-
search directed toward practical ap-
plication of knowledge—the American
specific definition relating to profit-
making organizations (/7) is again ap-
plicable, once the word commercial is
deleted: “Research projects which rep-
resent investigation directed to discov-
ery of new scientific knowledge and
which have specific (commercial) objec-
tives with respect to either product or
process.”

According to the American defini-
tion (/7), “development is the systematic
use of scientific knowledge directed to-
ward the production of useful ma-
terials, devices, systems or methods, in-
cluding design and development of pro-
totypes and processes.” All the discus-
sions and descriptions, in Chinese
sources, of R & D activities indicate that
most of the time and effort is expended
in functions that would normally fall
into the category of development.

Nevertheless, when one states the
view that the volume of basic research
in Communist China is insignificant, a
frequent response is, “How can that be
possible? They produced the Bomb!”
The explanation is, simply, that the sci-
entists directed to produce the Bomb
had much of the necessary informa-
tion already available to them. Many
of the physicists were Western-trained,
they had access to Western literature,
and they had.considerable Soviet as-
sistance in the middle 1950’s. In that
sense, a large part of the R & D work
involved in production of the Bomb
could be considered almost develop-
mental in nature. Other achievements
periodically reported in the Chinese
press as major scientific breakthroughs
are seldom the result of true theoreti-
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cal research, because in almost every
instance the effort is mission-oriented.
This statement is in no sense a dis-
paragement of Chinese science but is,
rather, an indication of the practical
(from the Communist standpoint) phi-
losophy that governs R & D activities.
If in the process of pursuing the prac-
tical the scientists manage to stray and
come up with new findings that extend
knowledge but have no immediate prac-
tical application, the result may be con-
sidered a bonus (Z8). It is the American
view (19) that “the basic researcher
must . . . be able to dream and have
faith in his dreams. . . .”; in the view
of the Chinese Communist Party, the
dream has no part in research.

Over the years, the proportion of
basic research to total research seems
to have fluctuated in direct proportion
to the state’s policies toward scientists.
Apparently there is a natural pull to-
ward basic research, experienced by
most scientists. Whenever the regime
relaxes its controls, the scientist drifts
toward theory. The more liberal poli-
cies never seem to last, however, and
are always followed by a harsh reac-
tion in the form of a fierce ideological
campaign directed against intellectual-
ism and individualism—two derogatory
terms which, to the Communists, have
become almost synonymous.

Structure, Performers, Content

It is impossible to present a neat
picture of the management and direc-
tion of the various institutions engaged
in R&D activities. It is known, for
example, that the Academy of Sciences
with its research institutes is a major
performer of research and development.
Institutions of higher education not only
maintain their own research facilities
but also control some facilities that are
administratively attached to them. Some
universities (and their research facilities)
are directly under the Ministry of Edu-
cation in Peking, while some are under
provincial and local administration (see
Fig. 1). Research institutes are also
maintained by industrial ministries and
even by individual plants. To further
complicate the situation, industrial min-
istries and some factories run special-
ized colleges. The multiple formal and
informal controls within this elaborate
system appear to be almost limitless.
The confusion is accentuated by the
numerous reorganizations and political-
ly dictated shifts in management that
have occurred over the last 15 years.
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Presumably the Scientific and Tech-
nological Commission, which was set
up under the State Council, sits at the

~apex of this tangled superstructure and

is in some measure responsible for all
R & D activities in the academies, in
the institutions of higher learning, and
in industry. At any rate, this com-
mission, created in 1958 through the
amalgamation of the Science Planning
and State Technological Commissions,
is the highest-ranking scientific and tech-
nological body on the mainland (20).

Under the Commission is the Chinese
Academy of Sciences (Fig. 1), which
remains the most important single cen-
ter for scientific research and develop-
ment. Through its five academic de-
partments it controls over 100 research
institutes. Still other research institutes
are found under the regional branches
of the Academy, which are located in
every province and in most of the ma-
jor cities. The branch research insti-
tutes are under the direct supervision
of the provincial, scientific, and tech-
nological committees and, with few ex-
ceptions, are inferior in terms of both
personnel and equipment.

In addition to the Chinese Academy
of Sciences there are the Chinese
Academy of Medical Sciences, under
the Ministry of Public Health, and the
Chinese Academy of Agricultural Sci-
ences, under the Ministry of Agricul-
ture. Both of these academies receive
some guidance from the Academy of
Sciences, share some of the top scien-
tists with the Academy, maintain in-
dependent institutes, and operate some
research institutes through the parent
ministries.

Universities and other institutions of
higher education maintain laboratories
and other facilities and direct the work
of specialized research institutes at-
tached to them. Although there are
some notable exceptions, the amount of
R & D performed at the institutions
of higher education is relatively in-
significant as compared to the activities
of the Academy and the industrial min-
istries and enterprises. Probably this is
a reflection of the shortage of highly
qualified personnel and modern equip-
ment, the more competent personnel
and the better equipment being con-
centrated in institutions which conduct
full-time research.

An article in China Reconstructs
(21) states, “In new China, the basic
policy for scientific research is service
to production.” It is therefore not sur-
prising that industry, which is charged
with the building of China into a mod-

ern power through the “mass move-
ment for technical innovation and tech-
nological revolution,” plays a para-
mount role in Communist China’s re-
search and development. The National
Planning Commission and the National
Economic Commission share with the
State Scientific and Technological Com-
mission responsibility for much of the
planning for, and control over, indus-
trial R & D.

As mentioned above, there are vari-
ous organizational units at the na-
tional, provincial, autonomous district,
and municipal levels that conduct R & D
in support of industrial needs. There
are the research institutes under the di-
rect control of the industrial minis-
tries; there are laboratories and re-
search facilities which are an integral
part of the factory; there are special-
ized colleges which are run by the
industries and which contain research
facilities; there are also arrangements
between plants and Academy research
institutes for cooperation on specific
research projects. More and more re-
search institutes of the Academy of Sci-
ences seem to be tying their R& D
activities to the requirements of specific
plants and industries. The evolving pic-
ture suggests that, within the system of
close cooperation existing between the
research institutes under the Academy,
the institutions of higher education, and
the industries, it is the latter that have
the most direct control over much of
the content and nature of research.
This has been particularly true during
the last few years.

Although the overall national R & D
goals, like the economic goals, are es-
tablished at the highest levels through
the Scientific and Technological, Na-
tional Planning, and National Economic
commissions, many of the decisions re-
garding the content of research to be
pursued at the plant and institute level
are left to the local authorities. This
relative freedom of decision at the low-
est production levels runs contrary to
the usual image of monolithic China,
but it is evident in the commune, in
the factory; and in the local executive
committees. Again and again the lead-
ers declare that research projects must
originate from production and that re-
searchers must formulate programs that
are compatible with production needs.
The authority is unquestionably implied,
and sometimes clearly stated.

The functions and responsibilities of
what Communist China calls the “de-
sign” sector extend considerably beyond
what is generally included under “de-
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sign” in the West. In China, in some
instances the terms design and R & D
are used synonymously (22). In dis-
cussing new technology within the in-
dustrial sector, the Chinese speak of
“seven barriers”—research, experimen-
tation, design, manufacturing, testing,
installation, and usage. According to a
Chinese economic journal (23), the de-
sign sector, approximately in the center
of this sequence of functions, under-
stands more about current production
needs and realistic conditions than the
scientific sector does, and more about
foreign technological conditions than
the production enterprises do. The de-
sign personnel are therefore encouraged
to participate in research and experi-
mentation as well as in manufacturing
and testing. They are also encouraged
to ‘“‘assign specific tasks” to scientific
research units, institutions of higher
education, and production units (24).

Much of the responsibility for de-
sign is relegated to the plant level; this
may be construed as an indication of
lack of industrial sophistication, for, as
long as scientific and technical changes
are initiated from the bottom, they are
likely to be in the nature of improve-
ments :and minor - innovations rather
than major technological breakthroughs.
Relatively little is said about the cen-
tral design bureaus under the various
ministries, which surely employ the
more qualified personnel and are likely
to be involved in more refined R & D.
It is possible that their role is diminish-
ing -and that some of the personnel in
the central design institutions have been
transferred to the plant level, where
they will be more aware of the practical
problems of production.

Cooperation in research between in-
dustries, the universities, and the Acad-
emy research institutes has been part
of the R& D system for years. The
standard procedure, however, has been
that of contractual obligation whereby
a production enterprise transferred
funds to a research institute or a uni-
versity for work on a specific research
problem. Undoubtedly contractual re-
lations between the factory and the in-
stitute continue, but recently there has

been emphasis on more and more infor- -

mal integration of research. Thus, dur-
ing the research and testing stage, per-
sonnel from a particular factory are
sent to work at the research institute;
when the product or device is ready for
design, production, or installation, the
research personnel from the institute
are assigned to work at the factory.
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This is referred to as the “mutual dis-
patch of personnel” system.

This discussion would not be com-
plete without at least a mention of
military R & D. That the Chinese Com-
munists have been engaging in the de-
velopment, testing, and manufacture of
modern military weapons and equip-
ment is well known, but there is little
to be learned from the mainland press
with regard to military R & D.

Presumably, prior to 1958 military
research was mainly conducted in a
few of the suitable facilities of the
Chinese Academy of Sciences. In 1958,
through establishment of the Military
Science Academy, the Ministry of Na-
tional Defense took direct control over
military R & D. The Military Science
Academy, in addition to its own re-
search activities, probably directs re-
search in a number of specialized re-
search institutes subordinated to it,
some of them perhaps having been
transferred from the Academy of Sci-
ences when the Military Science Acad-
emy was created.

The ministries of Machine-building,
which are responsible. for the manu-
facture of military hardware (including
aircraft and tanks) and of the more
modern weapons which may be cur-
rently in production, must be among
the most frequently reorganized institu-
tions in Communist China. Like other
industrial ministries, the Machine-build-
ing ministries maintain some of the
research institutes and educational fa-
cilities, which also must be involved in
some R & D activities, in many in-
stances in cooperation with the Mili-
tary Science Academy. In addition,
much of the civil research performed
in the country has military uses and im-
plications.

Measurement of Research and

Development

In view of the complexities of meas-
uring the level of R&D in the ad-
vanced countries, it is not surprising
that at present it is impossible to meas-
ure Communist China’s R& D effort
with any degree of accuracy. There are
no figures on the number of persons
engaged in R & D activities, no data
on capital invested in R & D, no re-
cent statistics on wages. What follows,
then, are some highly qualified and oc-
casionally impressionistic estimates that
may help clarify the problems, indicate
information gaps, and give a rough idea

of the human and capital resources in-
vested by the Chinese Communists in
activities more or less conforming to
U.S. concepts of R & D.

The volume and level of R&D is
of course directly related to the num-
ber and competence of a country’s sci-
entists, engineers, and technical person-
nel. The shortage of professional and
semiprofessional manpower in Commu-
nist China has been a stumbling block
and matter of constant concern to the
regime. Nevertheless, the progress that
was made in expanding the educa-
tional system is impressive: it is esti-
mated that, as of January 1965, 1.4
million persons on the Chinese main-
land had completed some form of high-
er education (25).

In the analysis that follows I focus
on the engineers and the physical scien-
tists, or that body of specialized man-
power which constitutes the true ac-
celerating force of a country’s scientific
and technological development, overall
economic growth, and power potential.
Omitted from the analysis are research
personnel in the life sciences, medicine,
and agriculture. Much of the method-
ology is omitted from the text; unless
otherwise stated, the figures are my own
estimates (26).

It is estimated that, as of January
1965, there were 450,000 engineers in
Communist China who had completed
some form of higher education. In just
15 years the proportion of engineers in-
creased from one-sixth to one-third of
the total number of individuals with
higher degrees. It must be pointed out,
however, that among the 450,000 are a
large number of graduates who are little
more than technicians. As part of the
“walking on two legs” philosophy,
Communist China runs various kinds
of higher technical schools—from a 2-
year provincial engineering college to
the Science and Technology University
in Peking, which graduates highly com-
petent engineers after 4, 5, or 6 years
of training. It is therefore estimated
that there are only 200,000 engineers
with sufficient competence to participate
in R & D work (27).

Whereas there has been a tremendous
increase in the proportion of engineers
in the population of individuals with
higher degrees, the proportion of scien-
tists has actually decreased—another in-
dication of the practical nature of plan-
ning in Communist China. As of Jan-
uary 1965 there were an estimated 85,-
000 scientists in China, exclusive of
scientists in medicine and agriculture.
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Of this total, perhaps 55,000 are physi-
cal scientists.

How many of these engineers and
scientists are actually engaged in
R & D? As mentioned above, it is dif-
ficult to establish such a figure even
for the West. Many scientists and engi-
neers devote only part of their time to
R & D activities, and even the individ-
uals themselves would find it hard to
say exactly when they are engaged in
R & D and when in other pursuits. Be-
cause of the additional professional and
political demands on such people in
China, their time is probably even more
fragmented. Furthermore, the already
tenuous line between engineer and tech-
nician would be particularly elusive un-
der a system which produces engi-
neers that are little more than techni-
cians and technicians who may achieve
the title of engineer. Where so much
of the R & D is production-oriented, it
would also be particularly difficult to
define the point where R & D stops
and production begins.

One possible way to achieve a rea-
sonably accurate estimate of the man-
power involved in R&D is to con-
sider each of the three major R & D
sectors: research in the institutions of
higher education; research at the Chi-
nese Academy of Sciences and all of
its branches; and industrial research
(work at ministerial research institutes
and factories) and R & D at miscel-
laneous research institutions.

On the basis of educational data, of
miscellaneous figures for the size of
senior research staff at the Academy of
Sciences, and of other directly relevant
or tangential data, it is estimated that
there were 53,000 scientists and engi-
neers involved in R & D in Communist
China in 1965 (28). This total is com-
prised of 27,500 scientists and 25,500
engineers, of whom an estimated 4500
were in institutions of higher educa-
tion, 3500 were at the Academy of Sci-
ences, and 45,000 were in industrial
plants, research institutions under in-
dustrial ministries, and other institu-
tions.

In addition to the main body of scien-
tists and engineers, two other major
categories of R & D manpower have to
be considered: (i) the technicians and
laboratory workers (most of whom
have at least a secondary education)
and (ii) an auxiliary body of workers
and employees who range from admin-
istrators to custodial personnel. Work-
ers in these two categories are essential
to the total R & D effort, and their num-
bers are important to an estimate of
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the total R & D wage bill. On the basis
of some reported ratios for China and
other countries, it is estimated that in
1965 there were 160,000 supporting
technical personnel and slightly over
200,000 nontechnical supporting per-
sonnel, for a total R & D manpower
of some 425,000 (including the 53,000
scientists and engineers). Admittedly the
8 to 1 ratio for supporting personnel
and the engineers and scientists working
in R & D is high, but this ratio is usual-
ly high for less advanced technologies.

In view of the many crude assump-
tions that had to be made in deriving
the R & D manpower figure for Com-
munist China, it would be foolhardy to
place too much stock in the final esti-
mate. Yet it is probably not unreason-
able to expect the total manpower en-
gaged in R & D in the engineering and
the physical sciences to fall somewhere
between 375,000 and 475,000.

Measuring the cost of R&D is a
tenuous undertaking at best. The cost
of research does not appear as an en-
try in national budgets, and decisions
regarding the emphasis to be placed
on R&D and the money to be spent
on it are made by the department, min-
istry, or office most familiar with the
research requirements, costs, and prob-
lems. The only directly relevant figures
published by the Chinese Communists
are those for the science budget, which
are available through the late 1950’s.
Although originally most of the science
budget went to the Chinese Academy of
Sciences, larger and larger proportions
of the growing science appropriations
have been allocated for other uses.
Thus, in 1957 the Academy received
only 31 percent of the national science
budget (11, p. 83); the remainder was
designated for the support of research
and the expansion of physical plant in
various other institutions.

In addition to the science budget
there are numerous other sources of
funds for financing Communist China’s
R & D effort. For example, part of the
scientific research at the universities is
supported by appropriations for higher
education; industrial ministries finance
research in their institutes from operat-
ing budgets; most of the defense R & D
is financed through the defense budget
and through the Ministry of Defense;
the Ministry of Public Health sets aside
funds of its own for research; limited
funds for scientific research are also
probably expended by the local pro-
vincial and municipal governments. In
many cases funds for specific projects
may come from several sources, through

contractual obligations and direct grants.
It is apparently possible, for example,
for the Academy of Sciences to provide
funds for research done at one of the
institutes of the Ministry of Defense
at the same time that the Ministry of
Defense is financing certain activities of
the Academy.

Given the necessary information, the
direct approach would call for analysis
of all budgetary data in order to derive
the cost of China’s R & D. Since the
necessary facts and figures are lacking,
here 1 take a venturesome shortcut.
I have tried to come up with some
rough figure for the cost of the total
R & D effort from the manpower esti-
mates given above.

Over the years, the Communists have
made a number of attempts to stand-
ardize the country’s wage system, but
all these attempts have been unsuccess-
ful and there is little more wage uni-
formity in China’s planned economy
than there is in the capitalist countries
of the West. The Chinese have not
published any comprehensive wage
scales for many years, but on the basis
of available data it is estimated that
in 1965 the total wage bill for R& D
personnel was 468,960,000 yuan (29).
Then, there are various incentives other
than wages.

Although the Party line will
never admit to it, the Communists
have learned, from sad experience, that
the way to insure harder work and
higher production is to provide financial
incentives rather than appeal to idealism
(though idealism does exist to a sig-
nificant degree among the young). There
are bonuses for inventions and improve-
ments, bonuses for hard work, rent
allowances (or free housing), and other
forms of incentives which require funds
over and above the basic wages. For
example, according to one plant man-
ager, the bonus for superior workers
amounts to 8 to 10 percent of the
salaries and usually covers 8 or 9 per-
cent of the workers (30).

Other expenditures that should be in-
cluded with wages are specific funds
set aside by individual enterprises for
labor insurance, medical and health al-
lowances, welfare allowances, and so
forth. Bonuses, special wage allowances,
and costs of other incentives must be
considered part of the total wage bill,
which is consequently increased by 15
percent, to 539,304,000 yuan.

The next question is, What propor-
tion of the total R& D cost—which
includes land, buildings, equipment, and
office supplies as well as materials
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and processed goods needed to conduct
experiments and development proto-
types—do wages and salaries represent?
In the West, wage and salary costs
generally fall within the 40- to 60-
percent range. Is this fact pertinent to
the estimate for Communist China?
Yes—if only to provide a base from
which to speculate. This proportion
would not change much with changes
in the scientific and technological level
of an individual country. In general,
certain relationships hold: the less de-
veloped a nation, the smaller the scien-
tific and engineering manpower re-
sources, the lower the wages, but also
the less sophisticated the equipment,
the simpler the plant, and the less ambi-
tious the goals. In China the situation
is somewhat different. Short of capi-
tal, the regime attempts to extract the
maximum contribution from its man-
power resources at minimum cost. Al-
though there are some built-in nonideo-
logical incentives, every effort is made
to hold down the salaries of professional
personnel in order to prevent a wide
gap between their income and that of
the ordinary workers and even the
peasants.

On the other hand, China’s R & D
goals are considerably more am-
bitious than might be expected nor-
mally in a country of its economic de-
velopment. The R & D effort in the
area of consumer goods, for example, is
small, but scarce resources are poured
into research in heavy industry and ad-
vanced military technology. Thus, I
assume the wage and salary cost, in
China’s R & D, to be at the bottom of
the range, or 40 percent of the total
R & D cost. On this basis, the estimate
for total R&D cost in Communist
China in 1965 is 1350 million yuan.

Is there any way to evaluate this
figure—to determine whether it is “in
the ball park” Can it be compared
with figures for other countries? Even
with the most reliable R & D statistics
international comparisons are risky and
imprecise, due to differences in con-
cepts, definitions, and data-collection
procedures.

One common method of measuring
R & D is to express it as a percentage
of the gross national product. Since
what is covered by the term gross na-
tional product differs from country to
country, this method introduces an ad-
ditional variable, but it avoids a con-

version into dollars, and the cost of .

R & D is measured within a uniform
fiscal and conceptual system. If Com-
munist China’s gross national product
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was 120 billion yuan in 1965 (31),
the 1350 million yuan spent on re-
search and development would consti-
tute about 1.1 percent of it. If the
R & D expenditures were not 1350 mil-
lion yuan, they probably were within
the range of 1200 to 1500 million yuan,
and if they did not constitute 1.1 per-
cent of the gross national product, they
probably constituted between 1.0 and
1.2 percent. It would be unjustifiable
to formulate far-reaching conclusions
on the basis of these figures, often de-
rived through rather strained assump-
tions. Nevertheless, the results do not
seem entirely unreasonable, and I of-
fer them in the hope that they may
stimulate further discussion and more
refined measurement.

Perhaps the most obvious explana-
tion of why a relatively poor country
such as Communist China would al-
locate so much of its scarce capital to
R & D is the explanation that this is
where the Chinese Communist Party
wants to concentrate the country’s re-
sources. The Party is determined that
China will achieve great power status
as quickly as possible. Since, to her
leader, “great power” is synonymous
with “military power,” much of the
effort must be directed toward military
R &D (32). There is no one to ques-
tion the decisions and no one to sug-
gest that the funds would be better
spent in improving the living condi-
tions of the people.

It is customary to conclude by con-
sidering the future, but it would be the
height of folly to prognosticate about
China at the height of the “great pro-
letarian cultural revolution.” The one
thing that can be safely said is that
the current developments on the main-
land are not likely to improve China’s
status in the world of science and tech-
nology. The fanatical efforts to purge
“bourgeois” thinking, the postpone-
ment of the new school term, the
determination to increase the propor-
tion of university students from peasant
and worker families, and the insistence
that peasant and intellectual alike cram
into his head the writings of Mao Tse-
tung—all this must reflect adversely on
all scholarly endeavors. The accentua-
tion of the drive to fortify and extend
this political control undoubtedly has
exacerbated the already latent hostility
between the political cadres and the
scientists and engineers. These develop-
ments may not reduce the expenditures
on R&D, but they are likely to af-
fect the performance of the individuals
engaged in R & D activities.
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Quasars: Rapid Light Fluctuations

Observed light fluctuations may provide evidence
for a recently discussed mechanism for quasars.

Surprising new discoveries about
light fluctuations in a particular quasi-
stellar object (quasar) may be inter-
preted as occultation effects, as Can-
non and Penston (I) were the first to
point out. With this clue, I use here
the published observations to infer as
much as possible about the structure
of the quasar. The resulting model is
remarkably like one I proposed for
quite other reasons. If it is valid, it
shows that a quasar may be regarded
as an early stage in the formation of
a system like the nucleus of a galaxy;
at any instant, the optical radiation
would come from one or a few tem-
porary stars situated among a very
large number of protostars, the oc-
cultations being caused by some of
these. In the first place, the possible
significance of the work is to show that
features of these observations may soon
lead to much detailed information about
the constitution of quasars. Moreover,
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cal astronomy in the University of Sussex, Eng-
land, and, at present, foreign visiting professor
of the American Astronomical Society in the
Berkeley astronomy department.
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insofar as the present interpretation is
correct, it strongly indicates that the
quasar manifestation must be sought
in an early stage in the evolution of
the type of system considered here and
not at a very late stage as suggested
from time to time.

Observational Data

Observations by Sandage (2) and by
Kinman, Lamla, and Wirtanen (3)
show that the optical brightness of the
quasar 3C 446 was apparently steady
during most of 1964 and 1965, that it
began to increase in late 1965, and
that by mid-1966 it was about 20
times brighter than in previous years.
Since then, observations, including
those of Wesselink and Hunter (4)
and of Cannon and Penston (), show
rapid fluctuations of brightness. The
agreement between the various sets of
observations is good, but the picture
obtained by combining them is more
complex than that obtained from any
one set.

Great Cultural Revolution. Presumably all
incentives have been abolished at least for
the present.

31, There are a number of series of estimates
of Communist China’s gross national product.
This estimate is based on data shown in
Y. L. Wu et al, Economic Potential of
Communist China (Stanford Research Insti-
tute, Menlo Park, Calif. 1964), vol. 3.

32, China’s military budget is a puzzle in and
of itself and is certainly outside the bounds
of this inquiry. What proportion of the
expenditures are in the area of R&D
is a question difficult to approach from
either the military or the R&D side.
The cost of China’s nuclear program, for
example, is variously estimated at between
1 and 2 billion yuan—a reasonably broad
range, considering the nature of the avail-
able information. The R &D share of
this program should not constitute more
than a fraction of the total.

33, Figure 1 is adapted from a chart pre-
pared by Mr, Wang-chi, Science and Tech-
nology Division, Library of Congress.

The significant features of the rapid
fluctuations appear to be the follow-
ing; the first six were obtained by com-
bining all the available luminosity mea-
surements into a single “light curve.” (i)
The maximum brightness in every
oscillation appears to be the same
(about m,, = 16) within the uncer-
tainties of the measurements. Without
more closely spaced observations, this
is perhaps a safer statement than that
of Cannon and Penston about the “flat
top,” although its significance may be
similar. (ii) The minima attained
seem to have significantly different
values. In fact, the oscillations may be
described as dips below 16m with
depths ranging from about 10 to 70
percent in brightness. (iii) In general,
in any fluctuation, both the main fall
and main rise in brightness are abrupt
(lasting less than a day), and there
is no evidence of asymmetry. (iv) Dur-
ing the almost 200 days of the obser-
vations, there were some ten clearly
discernible dips. (v) A rough estimate
of the fraction of the total time spent
at or near maximum brightness is 50
percent. Again, a better estimate seems
impossible without more closely spaced
observations. (vi) Features (iv) and
(v) imply that the average duration of
a dip is about 10 days. (vii) The radia-
tion in the optical continuum shows a
high degree of polarization which does
not seem to vary much throughout the
observations, although the position
angle of this polarization appears to
fluctuate somewhat. (viii) Comparison
with other quasars, and possibly with
3C 446 itself when it was first ob-
served, shows that 3C 446 has been
seen under circumstances exceptional-
ly liable to manifest such fluctuations.
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