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PREFACE

This Note constitutes the final report for a project to
evaluate the capacity of China's R&D system to generate innovation in
industry as a whole and in the metallurgical industry in particular. A
separate report deals with problems of innovation in China's electronics
industry. The project is part of Rand's research program in inter-
national economic policy.

The Note should be of interest to those concerned with U.S. tech-
nology transfer policy toward China and, more generally, with the
relationships among innovation, science and technology, and econocmic

growth.






SUMMARY

The Chinese leadership has now recognized the critical role of
science and technology in China's economic future and major policy
decisions have been made to accelerate technological development. This
study assesses the prospects of China's developing an R&D capability to
meet the technological needs of sustained economic growth. Our primary
concern is China's capability in industrial innovation, particularly
innovation in the metallurgical industry.

A review of the overall performance of China's industrial R&D
system indicates three interesting features in China's technological
developments. First, China has made impressive achievements in selected
areas largely through its own R&D effort, including the successful
testing and manufacture of nuclear bombs, guided missiles, and
satellites; the synthesis of crystalline bovine insulinj; and the
development of a large computer. Yet, China has failed to sustain a
broadly based advance in industrial technology. By and large, China's
industrial technology today remains far behind those of the advanced
countries. Second, the R&D system generates technical innovations far
better than it applies them. Even in the early 1980s, only 20 percent
of the scientific innovations have been utilized. Third, the number of
innovations in recent years has increased markedly, as the following

data show:!?
Number of Major Research  Number of Inventions

Results in S&T Approved by the State
1979 2,790 42
1980 2,600 107
1981 3,100 120
1982 4,100 149
1983 5,400 214
1984 10,000 264

'SY1984, p. 500; "Communique on Fulfillment of China's 1984
Economic and Social Development Plan," BR, No. 12, 1984, p. VII. See
the list of Abbreviations just before the Bibliography. Presumably
research results refer to achievements that have been certified by
evaluation committees, and inventions refer to those that have won
invention awards by the government.
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Evidently the performance in the application of research results in
production has also improved. These rather sharp contrasts in selected
versus overall developments, in generating versus applying innovationms,
and in recent versus past performances raise several crucial questions
concerning China's technological future: Why has the Chinese R&D system
been successful in some areas and not in others? What are the major
constraints on industrial innovations? In particular, why has the rate
of application of innovations been so low? What major policy changes or
institutional reforms have contributed to improvement in performance in
recent years? An analysis of these problems provides the basis for
assessing the effectiveness of China's R&D system.

In October 1982, Premier Zhao Ziyang announced a preliminary goal
for China's future technological development: By the year 2000 the
production techniques in China will basically reach the level of the
1970s and early 1980s in the economically advanced countries.? The
attainment of this goal is crucial to achieving the grand objective of
quadrupling the industrial and agricultural output of 1980 by the year
2000, because the projected increase in the supply of inputs such as
energy and steel will not be sufficient to meet the needs generated by
industrial and agricultural growth at the current level of technology.
Much therefore depends on the R&D capability. However, the lack of a
strong technological base suggests that China's R&D system was totally
unprepared and ill-equipped to face the new challenge. The workings of
the system have been undermined repeatedly by disruptive political
campaigns since the 1950s. Consequently, by China's own assessment, the
contribution of the R&D system to economic growth has been quite
limited. Four basic weaknesses in the system and its management both at
the macro and micro levels are largely responsible.

(1) The fundamental shortcoming in the management of the R&D system
prior to 1981 is that the goal of R&D has not been clearly defined and
linked to economic development, and R&D's importance has been largely
overlooked. Until recently, the primary task of R&D has been mainly to
develop science for its own sake, and R&D activities were rarely geared

to the development of industrial technology. As a result, China

27Zhao Ziyang 1982, p. 4.



- vii -

achieved some impressive scientific breakthroughs in selected areas of
basic research, but it has never developed a broad base for industrial
R&D. The prolonged neglect of R&D in the past has also manifested
itself in the under-funding of research relative to industrial needs and
in the slow development of China's human capital. Both tended to
adversely affect the productivity of the R&D system.

The share of R&D expenditures in GNP in 1979 was approximately 1.4
percent, clearly higher than in the past but considerably lower than the
corresponding shares in Japan (2.0 percent in 1973), the United States
(2.2 percent in 1977), or the Soviet Union (2.6 percent in 1975). Of
the total R&D expenditures, about 40 percent was allocated to military
R&D. And an inordinately large amount of civilian R&D expenditures was
spent on scientific pursuits unrelated to industrial technology. The
inadequate supply of science and technology (S8&T) manpower is indicated
by the small number of scientists engaged in research (a total of
328,000), 3.2 persons per 10,000 population in 1983, well below the 31
persons per 10,000 in the United States. The shortage of S&T manpower
is further compounded by the aging of the researchers, both in calendar
years and in their technical knowledge, because of long periocds of
political disruption and isolation from the outside world. The manpower
constraint is probably more restrictive than inadequate funding because
it will be more difficult to increase the quantity and quality of the
research personnel in the short run.

(2) A second major weakness of the R&D system is that the limited
resources for the system as a whole have not been efficiently utilized.
In organizational structure, the Chinese R&D system is patterned after
the Soviet system and consists of research institutes under five
separate, administratively independent subsystems: the Chinese Academy
of Sciences, universities, ministries of various industries, industrial
enterprises, and the defense sector. One characteristic of the system
is that the flow of information and resources between the research units
is fairly rigid and compartmentalized. Each research unit, not to say
each subsystem, attempts to be self-sufficient in equipment and
manpower, and rarely do they communicate or cooperate with each other.
As a result, technical manpower and scientific equipment, both very

scarce resources in China, have been underutilized, research efforts
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duplicated, and functional specialization and interdisciplinary reseaéch
almost totally lacking.

Another characteristic of the system is the rather uneven
distribution of resources among the subsystems and the research units.
The military apparently have the highest priority. Among the four
civilian subsystems, the Chinese Academy of Sciences is favored over the
industries and the universities. One indication of the neglect of
industrial research is the small number of scientists in research
organizations attached to industrial enterprises, less than 8 percent of
the entire R&D manpower in 1981, whereas in the United States the figure
is 72 percent. The distribution of research capability among research
institutes of industrial enterprises is also uneven. The institutes of
the large enterprises have the strongest capability and perform best in
promoting the application of research results. However, the research
units of the medium and small enterprises are more motivated to innovate
than the large ones. This mismatch of incentives and capability is
another reason for less than optimal use of resources.

(3) R&D productivity in a research institute has been similarly
constrained by both an insufficient supply of resources in most research
units and institutional barriers to efficient utilization of resources
within the unit. However, the latter appears to be the primary
constraint. Very often the directors of the institutes do not have the
motivation to generate innovations, nor the technical training generally
required to manage the research programs efficiently. Incentives are
lacking because, until recently, funding of research has been totally
unrelated to the performance of the institute. There is no pressure on
the directors to concern themselves with cost-effectiveness of the
research projects. The directors' limited technical knowledge is a
problem inherited from the past when a cadre was judged more by
ideological purity than technical training. According to a survey of 80
research institutes in 1981, only 20.6 percent of the management level
cadres had technical training.

Perhaps more important is the underutilization of technical
manpower within research institutes because of: (a) a rigid labor
allocation policy that does not permit mobility to match job

requirements with the researchers' capability; (b) an ineffective
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incentive system characterized by low wages, limited promotion
opportunities, and egalitarian practices in distributing bonuses; and
(c) nonprofessional demands on the researchers' time. The misuse of the
professional manpower is sometimes further compounded by the harassment
of the scientific researchers by the cadres.

(4) The weakest link in the innovation process is the lack of a
close relationship between the research institutes that generate
technical innovations and the industrial enterprises that utilize the
innovations. Historically the R&D system and the production system
developed separately and independently from each other, except for a
fairly small component attached to the industrial enterprises. The
research projects undertaken by the institutes are often unrelated to
the production problems of the industrial enterprises. But even if the
research results are useful, there is the problem of incentives to
utilize the results. On the one side, the research institutes consider
their tasks completed once their new products or technologies pass the
evaluation tests. They have no interest in promoting the utilization of
these results because it brings no financial or other benefits to the
institutes. On the other side, managers of industrial enterprises also
lack incentive to utilize results, because their primary concern is not
to introduce a new product or a new technology but to fulfill a
production quota, the most important criterion by which the manager's
performance is evaluated. Transferring a new technology from the
laboratory to the factory generally involves substantial costs in
intermediate tests, designing new equipment, building of pilot plants
and trial production. Managers either lack the resources to conduct
these tests or motivation to do so because pricing policy does not
permit a considerably higher price for a better quality product;
therefore, the new product is not likely to generate substantially
larger revenue. The lack of initiatives, resources, and information on
both sides thus leaves the final stage of the innovation process
incomplete. Meanwhile, there is no government organization to
coordinate the two systems by administrative means, nor a market
mechanism to channel the technological achievements into the production

system.



If the R&D system has so many weaknesses, how does one explain the
notable S&T achievements in the past? The explanation given by the
Chinese is that the nuclear bomb, satellites, and the Galaxy computer
all have been successfully developed by using a unique method of
organizing research: "Gong guan,' which literally means 'storming the
fort" and actually refers to a concerted multidisciplinary research
effort to carry out a mission-oriented project similar in nature to the
U.S. Apollo Project, which sent men to the moon. Three essential
features distinguish this approach from the conventional practice in
China. The first is the clearly defined mission of the project
specified by the end-users; in the examples cited above, the end-user
was the military. In sharp contrast to the traditional process in which
the demand for innovation had played almost no role at all, the strong
demand for new products and new technologies by the end-users provided
the impetus for developing and utilizing scientific achievements.
Second, the research projects were organized under a central authority
that mobilized the top talents from all branches of the R&D system, thus
by-passing the problem of departmentalism. Third, financial and
material resources to support the research program were virtually
unlimited.

The positive results of this approach clearly illustrate the
important role of demand in the innovation process and the potential for
utilizing the research manpower efficiently. Nonetheless, for China's
technological future, such an approach cannot go very far without a
solid technological base. To develop it, the deep-rooted problems with
the R&D system must be resolved.

For several years the Chinese leadership has been experimenting
with various measures of reforming the R&D system. On October 13, 1984,
The Central Committee of the Chinese Communist Party issued the Decision
on Reform of the S&T Management System, outlining the purpose, tasks,
and principal measures for reform. The fundamental objective of reform
is to link research closely with production and to raise the efficiency
of the R&D system. Accordingly, there are two major tasks: The first
is to restructure the existing R&D management system so as to create an

environment in which the research institutes will be motivated to
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conduct research directly for the end-users. The second major task is
to generate more technological achievements by utilizing resources more
rationally.

The specific measures to establish a direct and close relationship
between the research institutes and the industrial enterprises include
revamping the system for funding research and commercializing
technological achievements. Until recently, state appropriation was the
only source of funding for the research organizations. In the current
reform program, two categories of research institutes are distinguished,
and funds for each category are to come from different sources. The
first category will continue to be funded by the state directly or
indirectly through science foundations. This category includes those
involved in basic and some applied research, research on medicine and
public health, environmental protection, and key S&T projects. The
second category consists of institutes engaged in developmental and
applied research that promises immediate practical benefits. For some
time to come, China's R&D program will emphasize this type of research.
Institutes working in these projects will derive their revenues through
such activities as contracting for state-planned research projects,
undertaking projects on contract with other organizations, and
transferring technological achievements to and joint ventures with the
end-users in technological development. As of late 1984, 506 research
institutes, 11 percent of the total, have adopted the contract system.
It is expected that most institutes in this category will become
basically independent of state appropriations in three to five years.

To facilitate direct contact between the research institutes and
the production enterprises, technology markets have been established.
The various forms of technology trade include technology transfers, job
contracting, technical consulting, and other services. A patent law was
promulgated in April 1985, in part to protect the interests of the
innovators in technology transfers. The market prices of technologies
being traded will be determined through negotiations between the seller
and the buyer with no restrictions imposed by the state. Income from
such transfers will be tax-free and taxes on new products will be
reduced or remitted for a period of time. The contract system and the

technology markets are designed to institute a mechanism that generates
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the flow of technology to production. The motive forces behind the flow
will be the pressure and incentive to increase revenues on the part of
the research organizations, and the need for new technology on the part
of the industrial enterprises. During the period 1980-84, 241 large
technology fairs were organized. The first national technology trade
fair is scheduled to open in Beijing from May 14 to June 17, 1985.

To improve the efficiency of the R&D system as a whole, the
leadership emphasizes better utilization of resources by encouraging the
transfer of technology from the sectors or departments with excess
research capability to organizations that are technically less capable,
for example, from the military to the civilian sector, and from the
large research organizations or industrial enterprises to smaller omnes.
Among these transfers the flow of technology from the military to the
civilian sector is by far the most important. 1In 1984, over 8,800 items
developed by the military have been sold to civilian industries with
total transactions exceeding 430 million yuan.

The most important measures to reform the management of the
research units are a more effective use of the award system to motivate
the researchers and decentralization of decisiommaking power that
permits the director of a research institute to exercise control over
project planning, organizational changes, personnel management,
allocation of funds, and sale of research results.

The emphasis of the reform is to commercialize technology, and
technology markets have been established for this purpose. The
effective operation of such a mechanism depends, on the one hand, upcon
the product market that generates the demand for innovation and, on the
other, upon the factor market that relates to the supply of innovation.
The impressive achievements in military R&D in the past underscore the
importance of both conditions. The current discussions of reform have
underemphasized if not totally overlooked the crucial role of demand.
Technology markets have limited use as a source of funding for
development research if the buyers are not forthcoming. To be sure, the
economic reforms now taking place are opening up part of the product
market. But price reforms have yet to be implemented, and unless the
product prices relative to the technology purchase prices are such that
the industrial producers can make a profit, the demand for industrial

products will not trapnsform itself into demand for technology.
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Perhaps the most serious problem in the management of R&D is labor
immobility. This is serious because R&D manpower is the most critical
factor in innovation, and at present it is difficult to increase its
supply; so about the only way to increase productivity in the short run
is to utilize the existing manpower more efficiently. Yet efficiency is
hard to achieve because directors of research institutes cannot fire
people whose skills do not match demand and can only rarely and with
difficulty hire people with special skills. Furthermore, major
innovations often require the combined effort of researchers with
different talents. In a dynamic sense, efficiency is also hampered
because of the difficulty of regrouping of research personnel from
different organizations (except for state-planned key projects) in
response to changing demand for technology.

One of the major objectives of the reform is to reorient research
effort toward a developmental research. However, the new funding
arrangements for the R&D system as a whole may generate the opposite
effect. According to the Central Committee's decision, total state R&D
expenditures will increase somewhat faster than regular state budget
revenues. At the samé time state funding support for developmental
research will be reduced. This means that state funding support for
nondevelopmental research will increase much faster than the state
budget revenues. The increased supply and therefore greater ease of
getting financial support for nondevelopmental research may encourage
some research institutes to seek greater security by moving away from
developmental research.

The current reform apparently emphasizes vertical technology
transfers from the research laboratory to the factory, to the neglect of
lateral transfer from one enterprise to another. Thus far, decisions on
technology imports have been based primarily on consideration of
technical rather than economic efficiency, and the objective has been
mainly to increase productive capacity at an enormous cost while
potential benefits from absorption and diffusion have not been fully
exploited. Clearly, imported technology and advanced technology in
certain industrial centers provide an important source for techmnology

diffusion that has not been effectively tapped; however, no systematic
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measures for better assimilation of foreign technology or techmology
diffusion have been adopted.

By and large the problems and prospects of R&D in the metallurgical
industry are not too different from those of industry as a whole. 1In
the past, China has made some important achievements in both product and
process innovation in the metallurgical industry. The development of
low- alloy steel is an important example. China also discovered
techniques to recover titanium, vanadium and rare earth metals, and
pioneered injection of powdered coal into blast furnaces. On the whole,
the R&D performance of the metallurgical industry has been far better
than in most other industries. Past performance in product development
has been far better than technology development, mainly because of the
role of demand for new products by the defense industry.

Despite impressive achievements, the quantity, quality and variety
of products of the metallurgical industry cannot meet the demand of the
growing economy. The negative finding is all the more striking if one
recalls that the metallurgical industry has long been a priority sector
in resource allocation. Available information indicates that the
metallurgical industry faces the same major problems as the R&D system
as a whole. To remedy some of the shortcomings of the R&D system, the
Chinese leadership has instituted various reforms, notably transfer of
military technology to civilian use, and sending scientists abroad for
advanced training. The outcome hinges on the success of the reform
program. But the reforms will surely have positive effects on the R&D

system.
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I. INTRODUCTION

In his speech at the opening ceremony of the national science
conference in March 1978, Deng Xiaoping remarked: '"The crux of the four
modernizations is the mastery of modern science and technology....
Without a high-speed development of science and technology, it is
impossible to develop the national economy at high speed."! To
accelerate the development of science and technology (S&T), China must
rely mainly on its own R&D capability, the recent upsurge in technology
imports notwithstanding. Will China be able to develop an R&D base
capable of sustaining a high rate of economic growth? The present study
evaluates the capacity of the R&D system to generate technological
innovation in one of China's key industrial sectors, the metallurgical
industry.

Specifically this study attempts to assess the key factors
underlying the effectiveness of the R&D system, the major policy changes
and institutional reforms that have been introduced to adapt R&D
objectives and activities to the rapidly changing economic system, and
the prospects of improving the effectiveness of the R&D system. These
issues are relevant not only to assessing China's technological future
but also to evaluating the potential effects of technology transfer to
China. '

The goal of R&D,; as the current leadership defines it, is to strive
for progress in science and technology that contributes to economic
growth. For R&D to have a considerable effect on the economy, not only
will a new product or technology first have to be successfully developed
by the R&D system, but the research results will also have to be adopted
subsequently by the production system. The major barriers to innovation
in each of the two stages are different in origin, nature, and effect,
and so are the policies designed to overcome the critical bottlenecks.

It will be useful, therefore, to distinguish two components in the

'Deng, 1978. The same theme has been emphasized by other leaders
such as Hu Yaobang, Zhao Ziyang, and Nie Rongzhen. Hu, 1982; Zhao,
1982; Nie, 1982.



central issue of the effectiveness of the R&D system: the productivity
of the R&D system itself, and the effective transfer and utilization of
research results by the industrial enterprises.

Sections II, III and IV examine three important factors underlying
the productivity of the R&D system: major decisions regarding R&D
policy, organizational characteristics of the R&D system, and research
management. Section V analyzes problems of interface between the
research institute and the production enterprise. Section VI examines
specific problems of innovation in the metallurgical industry. The
present study first examines the R&D system as a whole before turning to
the metallurgical industry. It is the effectiveness of the system as a
whole that is important to China's economic modernization, and a broader
approach is therefore desirable. Moreover, an overview of the R&D
system provides a useful framework for bringing out the distinctive
features of innovation in the metallurgical industry and for checking
against generalizations based on the unique experience of a single
industry.

The basic data for this study are drawn from three main sources.
The first is information based on interviews with Chinese scientists
visiting this country and Americans having first-hand knowledge of the
Chinese R&D system. The panel of Chinese interviewees include visiting
scholars from various Chinese universities, research institutes, the
Chinese Academy of Sciences (CAS) and the State Science and Technology
Commission (SSTC). About one-fourth of them are studying pure sciences
such as mathematics, physics, biology and geophysics. The majority are
studying applied sciences, including computer programming, electrical
and mechanical engineering, and operations research.

A second important source of information is the group of Chinese
scientists and officials interviewed in China. They include high-level
leaders, administrators of research institutes, researchers, engineers
and production managers. Some are involved in policy formulation and
others in their implementation. Some are researchers in CAS and others
work in institutes of industrial ministries. Some are engaged in
research and others in utilizing the results. Their backgrounds and

affiliations are listed in the appendix.



A third source is the abundant literature on China's R&D activities
published in Chinese journals and periodicals. The documentary
materials are particularly useful in identifying the policy guidelines
and illustrating how and what R&D policies are carried out. The Chinese
economy is essentially a command economy, although some changes are
taking place; and commands come from the top generally in the form of
guidelines and specific directives. The guidelines are important
because, like the invisible hand in a market economy, they indicate to
the cadres the direction and broad outlines for change. Before working
out a detailed blueprint for change, the leadership generally begins
with experimentation of the new policy in a few selected research
institutes or localities. Examples are the Shoudu Iron and Steel
Company selected to try out management techniques for new product
development, the Zhuzhou Electronics Institute chosen to experiment with
the use of an independent accounting system in a research institute, and
the four cities (Dalian, Chonggqing, Changzhou, and Xiangfan) selected to
test the feasibility of popularizing the contract system of funding
research. Reports of these case studies from documentary materials are

important complements to the information based on interviews.
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II. READJUSTMENT OF R&éD GOALS AND POLICIES

In the three and a half decades since 1949, China has made
important headway in advancing its science and technology, primarily
through its own R&D effort. Major achievements include the successful
testing and manufacture of atomic and hydrogen bombs and guided
missiles, the launching and recovery of satellites, and the synthesis of
crystalline bovine insulin and yeast alkaline T-RNA. In recent years

the development of science and technology has been especially notable.

"

In 1983 China produced the large computer "Galaxy," tested a

1,800-channel analogue microwave system, and in developed a system for
optical fiber cable communications. But despite impressive achievements
in selected areas, the R&D system as a whole contributed little to
China's economic development. According to China's own estimate, less

than 10 percent of economic growth since 1952 can be attributed to

i

"technological progress. The crudeness of the statistics

notwithstanding, the contribution of the R&D system to the economy has
clearly been quite limited compared with the much larger contributions

of "technological progress' to the growth of GNP in other countries:?

Tu Yucai, 1982, p. 3. Even in the case of state-owned industry,
the most dynamic sector of the economy, the performance was only
slightly better. Technological progress contributed 12 percent of the
growth of industrial output (G6¥RB, March 9, 1984, p. 1). The concept,
method of calculation, and data underlying these estimates have not been
specified. Presumably, in defining technical progress the Chinese
follow the Western convention of using the term synonymously with total
factor productivity--i.e., the portion of growth of output that has not
been accounted for by increases in labor and capital input. For a
discussion of Chinese studies in this problem, see Liu Zheng, 1984, pp.
42-45. Total factor productivity includes not just the effect of R&D
but also other factors contributing to the efficient use of resources.

ZNadiri, 1972, p. 136; Tien, 1984, p. 218.



Contribution of
Real GNP Growth "Technological Progress"

Country Period (% per year) %)
Us 1950-62 3.32 32.5
UK 1950-62 2.29 44 .5
India  1950-60 4.48 23.7
USSR 1950-62 6.30 28.9
Japan  1955-60 8.70 19.5

: 1961-65 9.70 24.8

1966-70 11.60 37.9
1971-75 8.50 47 .1

One possible explanation of China's poor performance may be that
the R&D system was not very productive. Even when the R&D system
developed new products and new technologies, the industrial enterprises
adopted only a small percentage of these research results. Are there
barriers to innovation within the R&D system or in the effective
transfer of new technology from the laboratories to the production line?

According to the Chinese leadership's own evaluation, the R&D
system has indeed not been very productive as evidenced by the slow
progress in science and technology. 1In his speech before the National

Science Conference in 1978, Deng Xiaoping candidly pointed out:

The gap between China's scientific and technological level and the world's
advanced level is still very wide. Our scientific and technological
capability is still very weak, far from being able to meet the needs

of modernization.... What is the current situation in our

production technology? Hundreds of millions [of] people are tackling

the food problem which we have not really solved. The labor

productivity in our iron and steel industry is a fraction of the

advanced level in other countries. The gap is even greater in the

new industry.?

*Deng, 1983, p. 87. In 1977 he reportedly stated: '"Science and
Technology are slowing down the advance of the entire economy." "Certain
Problems Concerning Science and Technology Work," Fei-ching Yueh-pao
(Chinese Communist Affairs Monthly), Vol. 20, No. 1, July 5, 1977, p. 99.



Chinese scientists were no less outspoken about the limited
productiveness of the R&D system, and many problems with the system have
been identified.® Some of these problems relate to the leadership's
erroneous S&T policies, others to defects in the R&D system, and still
others to poor management of the research units. Where S&T policies are
concerned, perhaps the leadership's most perilous blunder is its failure
to recognize the strategic importance of scientific knowledge in the
past. The downgrading of science and technology reached its trough
during the Cultural Revolution in the late 1960s and early 1970s. Since
1978, the situation has greatly improved. The current leadership spared
no effort to rehabilitate the strategic role of scientific research in
economic development. However, in a statement before the Nonferrous
Metallurgical Society in December 1984, Fang Yi pointed out that some
people still looked down upon science and technology.® Others reported
that such an attitude was quite prevalent among cadres.® In any event,
neglect of science and technology over long periods in the past has led
to three major developments that adversely affected the productivity of
the R&D system: underfunding of scientific research, shortage of
technical manpower, and lack of coordinated development of R&D

activities and economic construction.

THE R&D BUDGET: SIZE, ALLOCATION, AND SOURCES OF FUNDING

Table 1 presents estimates of R&D expenditures and their shares in
the net material product in selected years since 1952. Included in R&D
expenditures are operating expenses of research organizations, capital
construction, expenditures for developing new products, construction of
pilot plants, and special funds for major projects. The totals in Table
1 are in current prices, so they do not represent real changes over
time. Moreover, the statistical coverage of some of the data is

incomplete, and the distinction between civilian and military R&D is not

“See, for example, Tong and Hu, 1982, pp. 10-11; Liu and Zhang,
1984, p. 230; Xia, 1984, p. 365; Yu Hongjun et al., pp. 613-621; Li
Jianbai, 1982, p. 5; Liu Jun, 1981, p. 26.

*RMRB, December 13, 1984, p. 3.

® Li Cizheng, 1981, p. 26; Yue Ping, 1984, p. 3; Editorial in GMRB,
April 18, 1981, p. 1.
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Table 1

R&D EXPENDITURES IN CHINA, 1953-81,
SELECTED YEARS

R&D Expenditures
Share of Total R&D

Civilian Military Total in Net Material Product

Year (Billion yuan) (%)

1964 -- -- 2.07 1.8

1965 1.50 -- -- -~

1967 -- -- 1.55 1.0

1973 -- -- 3.48 1.5

1977 2.31 -- -- --

1978 2.70 2.63 5.33 1.8

1979 3.30 2.31 5.61 1.7

1980 -- -- 6.86 1.9

Annual average:

1953-78 -- -- 2.34 1.5
1953-57 0.15 0.12 0.27 0.3
1958-62 0.79 -- -- --
1966-76 1.34 -- -- --

1979-81 -- -- 6.22 1.7

--Not available

SOURCES: Total R&D expenditures in 1953-57, 1964, 1967, and 1973 are
based on percentage shares of these expenditures in state budget expendi-
tures given in Xia, 1984, pp. 355-356, and state budget expenditures in
these years from S§Y1984, p. 420. The source does not specify whether
these figures refer to total or civilian R&D. A comparison of these
figures with total R&D in 1978 and civilian R&D in 1965 and 1977 suggests
that they may well include both military and civilian R&D. The figure for
1978 is given in Yu Hongjun et al., p. 614. The figures for 1979 and 1980
are based on statements that 0.88 and 0.97 percent of gross value of
industrial and agricultural output (GVIAQ) were used for R&D in S&T 171,
p. 202; and Xia, 1984, p. 374. For GVIAO in current prices in 1979 and
1980, see SY1984, p. 23.

Civilian R&D spending in 1965 is taken from Yu Hongjun et al.,
p. 614. That for 1977 is derived from the total for 1965 and an increase
of 54 percent in 1977 over 1965 from Liu and Zhang, 1984, p. 231. The
figure for 1978 is based on the percentage of R&D spending in GVIAO
(0.48 percent) given in Yu Hongjun et al., p. 614; and GVIAC in 1978 from
SYi1984, p. 23. The figure for 1979 is from Tong and Hu, p. 37.
Annual averages for 1953-78 and 1979-81 are taken from Tongji,
No. 5, 1982, p. 25. The same source indicates that these averages do not
include R&D in universities or institutes attached to industrial enter-
prises. They are therefore on the low side. Those for 1953-57, 1958-62,
and 1966-76 are from Xia, 1984, p. 355; Yu Hongjun et al., p. 614; and
SY1984, p. 420.

Military R&D expenditures are derived as residuals from total and
civilian R&D.

For net material product used in calculating the ratios of R&D to
net material product, see SY1984, p. 29.
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very clear. The figures in Table 1 are therefore only approximations.
Nonetheless, several interesting observations are warranted.

Military R&D constituted over 40 percent, a substantial portion of
total expenditures during 1953-57 and 1978-79. The large share of R&D
resources allocated to military research corroborates reports of military
R&D organizations having abundant technical manpower and equipment.

There has been a marked increase in R&D spending since 1978.
Average annual R&D expenditures during the period 1979-81 totalled 6.2
billion yuan, three times the amount during the period 1953-78. The low
level of spending before to 1978 may well be one of the major causes of
low productivity in the R&D system in the past. Even nowadays there are
reports that a considerable number of projects could not be carried out
or new technologies could not be put into use because of shortage of
funds.’

The share of R&D expenditures in net material product in the late
1970s and early 1980s was about 1.8 percent, considerably larger than in
the pre-1978 period. In terms of its share of GNP, the percentage would
be somewhat lower. According to an estimate by the World Bank, gross
domestic product in 1979 totalled 391.24 billion yuan at current
prices.? The share of R&D expenditures in GDP thus amounted to 1.4
percent, noticeably lower than the corresponding shares of 2.1 percent
in the United States and 1.8 percent in Japan in 1980.° However, the
interesting feature is not so much that China's share is smaller but
that the difference is really not that marked, considering the vast
differences in per capita income between China and the United States or
Japan. This suggests that the current leadership was willing to set
aside a nonnegligible share of GNP for research at a time when China was

quite poor.

"RMRB, September 19, 1984, p. 3; China Daily, May 1, 1984, p. 4;
26JR, No. 2, 1984, p. 15.

!World Bank, 1981, Appendix.

°Xia, 1984, pp. 372-373,



The Chinese leadership's willingness to increase support of R&D is
also evidenced by its declaration of intent to raise the share of R&D

funding further.!®

According to a preliminary plan drawn up by the
state authorities in charge of S&T, the funding for civilian R&D should
be increased from 0.54 percent of GVIAO in 1979 to between 0.7 and 1.0

percent during a period of five to temn years.'?

Over the longer term,
the share is projected to reach 1.2 to 1.7 percent by the year 2000 and
its absolute level to grow at an average rate of 8 to 10 percent per
year.'? Whether such a high rate of growth will be realized remains to
be seen, because, as Deng Xiaoping recently pointed out, the
availability of resources is still tight.?!?

Very little is known about the allocation of funds among different
research organizations and among different uses. The general impression
that one obtains from various reports and interviews with Chinese S&T
personnel is that in the past the leadership favored research on science
over technology, military over civilian research, research institutes
over the universities, and reverse engineering over direct transfer of
technology from abroad.!® In the opinion of some Chinese scientists,

too many resources have been allocated to pursue costly projects at the

frontier of science and to overstaffed institutes such as the Chinese

Academy of Sciences. But the priorities are clearly changing. In 1981
a five-point guideline was formulated for the development of S&T, which
called for greater emphasis on production technologies relative to basic

science, and on research institutes attached to industrial enterprises

15

relative to other research organizations. Some changes in these

directions have been taking place.l®

1®Deng, 1983, p. 214.

*1Tong and Hu, 1982, p. 37.

12¥ia, 1984, p. 374.

3Deng, 1985, p. 1.

%GMRB, November 11, 1982, p. 2; Liu Ying, 1983, p. 3.

15The five points are: (1) the development of S&T should be
oriented toward the primary goal of accelerating economic development;
(2) research on production techologies should be strengthened and a
rational technological structure should be developed; (3) industrial and
mining enterprises should attach greater importance to research and
popularize the results; (4) basic research should be expanded steadily
and gradually; and (5) foreign scientific and technological achievements
should be carefully studied and assimilated to develop China's own S&T.
RMRB, April 7, 1981, p. 1.

16pR, April 20, 1981, p. 7.
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Partly to increase the supply of R&D funds and partly to increase
the efficiency in the use of these funds, new sources for financing R&D
are being developed. Until recently, state appropriations have been the
only source of financing for research. R&D funds are channeled through
administrative departments to the research institutions attached to
these departments. The allocation of funds is largely unrelated to the
relative capability, needs, and cost-effectiveness of the research
organizations.

Such a system has several shortcomings. The research units are not
motivated to use the funds efficiently because cost-effectiveness is not
an important success indicator. Research units with a high potential to
produce results may have insufficient funds, and others may have more
funds than they can effectively use. Researchers engaged in
interdisciplinary and interdepartmental projects have difficulties
finding support because the director of each department is interested
only in projects of direct concern to his department.

To overcome these difficulties, four new sources of funding have
been developed. The first is the science fund set up to promote
research by the Chinese Academy of Sciences in January 1982. The fund
is open to applications for financial support from scientific
researchers in all departments and the applications are judged by the

Science Fund Committee.'?

In the period between January 1982 when the
science fund was established and November 1983, CAS provided 69 million
yuan to support 1,453 research projects. Besides the science fund,
there are others such as the joint seismological research fund
established by the Institute of Geophysics and the Engineering Mechanics
Institute under the State Seismological Bureau, the Earth and Space
Science Department of the China Science and Technology University, and

the Geological Department of the Beijing University and Huatong College

of Chemical Engineering.!®

Y7For regulations concerning the Science Fund, see GMRB, November
29, 1981, p. 2. Slight modifications were made in 1984. See Ming pao,
March 6, 1984, p. 3.

18GMRB, September 15, 1984, p. 1; TKP, September 1, 1983, JFRB,
January 19, 1985, p. 1.
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A second source of funds, mainly for research institutes affiliated
with industrial enterprises, is the financial resources of these
enterprises, which include their retained profits and funds allotted to

® Some successful cases of

technical renovation or operating expenses.'?
internal financing have been reported.?® As the current economic reform
allows the industrial enterprises to retain larger shares of profits
than before, this source of R&D funds may become increasingly important.

A third source of finance is the revenue of the research institutes
from research on contract with the SSTC or industrial enterprises. As
early as 1980, the SSTC began experimenting with the use of contracts to
finance developmental work.2?! Since then, more and more research
organizations have obtained support through contracts. They include the
Jinchuan Nonferrous Metals Company, the Chengdu Electronics Research
Institute, the Beijing Chemical Engineering Research Institute, the
Hangzhou Automation Research Institute, and some 53 research

22 In addition to revenue from contracted

organizations in Nanjing.
research, the research units also receive income from other sources such
as training of technicians for the industrial enterprises, consultation,
sales of their own products, and accumulation of past income.?3

A fourth source of financing research is bank lending. For
example, the People's Bank has provided 1.39 million yuan to the Zhuzhou
Municipal Electronics Research Institute to develop the CMC-80
microcomputer. The Industrial and Commercial Bank of China has also
extended low-cost or interest-free loans to research institutes in

Shanghai and Hunan to develop new products and marketable inventions.2?*®

A similar format for financing developmental work, now in the

9Tong and Hu, p. 37.

29¢MRB, December 7, 1983, p. 2.

21RMRB, November 11, 1980, p. 3.

221bid., 6MRB, June 18, 1981, p. 2, October 11, 1983, p. 1;
November 25, 1983, p. 2.

236MRB, October 9, 1983, p. 1.

24JJRB, August 28, 1984, p. 2; GMRB, August 4, 1984, p. 1.
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experimental stage, is the so-called contract with compensations. Under
this arrangement the SSTC supplies funds for research after signing a
contract with a research unit, which agrees to repay a portion of the
funds after the new product or new technology has been adopted and begun
to generate income. The Jinzhou S&T Committee, for example, supported
49 projects through contracted research during 1980-82, and 28 percent
of the total funding has already been repaid.?®

The different methods of financing research have been instituted
specifically for different types of research work. Research
organizations undertaking basic research and research comnnected with key
projects are to be funded by the state or by CAS's science fund. Those
doing mainly applied research and developmental work are to be supported
by revenue from contracts, funds provided by the enterprises to which
they are attached and that utilize their research results, and borrowing
from banks or the SSTC. But common to all sources of financing are two
basic purposes of the new organizational structure. The first is to
enlarge the pool of resources for R&D by developing new sources outside
the state budget. For this purpose, the concepts of a fund and self-
financing are emphasized. For example, funds provided by some local
science and technology committees have to be repaid, in total or in
part, sometimes with interest. Mo#e important is increasing the
productivity of the R&D system by linking the allocation of research
funds to the responsibility, tasks, and performance of the research
organizations. In the case of basic research, the science fund is
intended to encourage competition among the research units so that more
resources will be channeled to researchers with better qualifications.
In applied research and developmental work, elements of cost and
marketability of results are introduced to ensure that funds are readily

available only to the fairly efficient units.

25¢MRB, April 4, 1983, p. 1.
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SHORTAGE OF TECHNICAL MANPOWER

Another major consequence of the neglect of S&T in the past is that
China's technical manpower is currently far from adequate in both
quantity and quality to meet the needs of economic development. Unlike
the shortage of R&D funds, which can be readily increased by diverting
financial resources from other uses into research, the shortage of
research personnel is an acute problem. The total stock of S&T
personnel is rather small and the opportunity cost of increasing the .
size of the R&D group would be very high.

Table 2 presents statistics of scientific and technical persomnel
in state owned research institutes.2® In 1983, there were 6.85 million
scientists and technical personnel, a mere 0.67 percent of China's
population or 1.5 percent of the total employed. Apparently the supply
of S&T personnel is rather tight, as indicated by the declining share of
such personnel engaged in research from 7.1 percent in 1978 to 4.8
percent in 1983 despite the increasing emphasis on scientific research.
The stock of research personnel in the early 1980s is much larger than
in the pre-1978 period. Its absolute size, 328,000 in 1983, is about
two-fifths of the total of scientists and engineers employed in R&D in
the United States.?’ Of course, whether the total stock of research
personnel is adequate depends upon the demands imposed on the existing
research capability. In the judgment of SSTC officials, there is

definitely a shortage of research scientists.? The supply of personnel

in new product design is particularly scarce, constituting 1.5 percent

of total workers and employees, one-tenth of the corresponding ratio in

9

developed countries.? It is reasonable to infer that the small number

of research personnel is one of the causes for the low productivity of

the R&D system.

28gcientific and technical personnel refers to natural scientists
and technicians. For definition, see SY1984, p. 570.

27The total in the United States in 1983 was 734,000. Statistical
Abstract of the U.S., 1984, U.S. Department of Commerce, Washington,
D.C., 1984, p. 597.

2%8Tong and Hu, 1982, p. 21.

2%Yuang Jiannan, 1982.
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Table 2

SCIENTIFIC PERSONNEL IN STATE OWNED RESEARCH
INSTITUTES, 1952-83, SELECTED YEARS?

Total Number Total in

of Scientific Research Percent of Number of Research
Personnel Institutes Total in Scientists per 10,000

Year (1,000) (1,000) Research Population
1952 425 8 1.9 0.1

1960 1,969 20 4.6 1.4

1978 4,345 310 7.1 3.3

1979 4,705 317 6.7 3.3

1980 5,276 323 6.1 3.3

1981 5,714 338 5.9 3.4

1982 6,264 372 5.9 3.7

1983 6,852 - 328 4.8 3.2
SOURCE: SY1984, p. 497; EY1984, p. III-65.

%ear-end totals, except that for 1978 refers to mid-year total.
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The problem of limited supply of research scientists is further
compounded by the low quality of the scientists.?®® Of the total
research personnel in 1983, 4.4 percent were senior scientists, 49.8
percent were associate scientists, and 45.8 percent were in the junior
rank.?! Some associate scientists probably should have been promoted.
Still, the number of high quality scientists is inordinately small.
Another indication of the low quality is the aging of the research
personnel. The average age of research scientists in 1980 was 39.5
years, older than the average age of research scientists in the United

32

States by 2 to 4 years. A comparison of the distribution by age of

the Chinese researchers with associate rank or higher in 1980 with U.S.
researchers with doctorate degrees in 1977 shows that most Chinese

researchers have passed the most creative age of 30-40 years:3?

PRC U.S.

Age (years) (%) (%)
Below 35 0.5 26.5
35-45 ' 65.9 40.7
over 45 33.6 32.8
Total 100.0 100.0

If the researchers are segregated into five-year groups, the largest
group in China falls within the range of 40-45 years, whereas the
largest group in the United States is in the range of 35-39 years.3*

To deal with the problem of the shortage of scientific manpower,
China's leadership has adopted three different measures: education and
training of scientists, including sending students abroad; better
utilization of the existing research manpower; and transfer of

technology from abroad. Since 1978, the universities have turned out

3%Another serious problem is the inefficient utilization of
existing manpower, which will be discussed below.

315v1984, p. 498.

32Diao, 1982, pp. 4-5.

¥31bid., pp. 5-6.

#4Ibid.
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232,000 graduates per year, much more than the annual averages of 97,000
during 1949-65 and 107,000 during 1966-78.%° The question of technology
transfer will be discussed below. One aspect of the problem of
utilization is the reorientation of the research effort toward more

specific goals.

REORIENTATION OF THE PRIMARY GOAL OF R&D

The primary task of R&D has never been to support economic
development but rather "to explore the unknown, to catch up with the
advanced countries, to produce research findings and to train

talents."3®

As a result, the development of S&T has been only loosely
coordinated with economic construction. The economic administrators
have paid little attention to the use of R&D to develop new products or
new technologies. However, with the exception of military R&D, whatever
scientific breakthroughs were made were mainly developed for science's
sake and were largely unrelated to the needs of the production system.?’
An important case in point is the bias toward basic research in China's
R&D program.

The Chinese distinguish three types of research: basic, applied,
and developmental.®® Basic research refers to research with the sole
purpose of discovering new scientific knowledge. No commercial use of
the discovery is intended. Applied research refers to exploratory work
to extend the results of basic research to practical uses.

Developmental research has the specific objective of developing new
products or new technologies for use in production. No statistics are
available on the shares of total R&D resources allocated to the

different types of research. But numerous reports indicate- that in the

35sv1984, p. 492.

*SEditorial of GMRB, April 7, 1981, p. 1.

?7As one Chinese scientist described it: '"Scientific research
itself progresses in many directions simultaneously dike 10,000 arrows
being released together. A complete S&T system that was coordinated
with economic and social development did not form. Therefore, although
our nation's S&T did realize some inventions and creations, most were
singular efforts and they could not produce a major impact on the
national economy." Li Chang, 1982, p. 8. See also Tong and Hu, p. 10.

%8Tu Jiasi, 1982, p. 5; Zhang Kuangshou, 1982, p. 48.
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past basic research in China has been given top priority in the
allocation of funds and manpower, and applied research and developmental
work have been neglected.?? This is in sharp contrast to the patterns
of allocation of R&D expenditures in other countries as the following

percentages show:"*°

Basic Applied Developmental
U.S. (1983) 12.1 22.8 65.1
U.K. (1975) 16.1 25.4 58.5
West Germany (1975) 23.0 -==-77.0---
Japan (1977) 16.2 25.1 58.7

Primarily as a result of China's preoccupation with basic research, the
R&D system failed to produce any large number of industrial

4l In the words of Zhao Ziyang: 'We have achieved a very

innovations.
high level in some very difficult theoretical projects and sophisticated
technology but [have been] rather backward in production technology that
affects the production of a great variety of products in many fields.'*2
With the renewed emphasis on technological transformation of the
economy, the primary objective of R&D must therefore be reoriented from
independent development toward economic modernization. Accordingly, a
new guiding principle for S&T work was formulated in early 1981:
Economic and social development should rely on the progress of S&T, and
S&T work should be geared to the needs of economic constructiom.®?

In line with the new policy, many scientists advocated a
corresponding shift of emphasis from basic research to applied research

and developmental work.** Not all those involved in R&D were in favor

#%uan Enguo, 1983, p. 43; Wu and Jin, 1981, p. 18; Yu Hongchun
et al., 1981, p. 616; Liu and Zhang, 1984, p. 234; Lui Guoguang, 1984,
p. 366.

“%Yu Hongchun et al., 1981, p. 615; Statistical Abstract of the
v.§., 1984, p. 594.

“Tu Yucai, 1982, p. 3; Xia, 1984, p. 367.

“?7hao, 1982, p. II-147.

“3GMRB, April 7, 1981, p. 1.

“4See, for example, Jen 1983.
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of the shift. Their main arguments for greater support of basic
research were: First, some basic research must be carried out to lay
the foundation for applied research, in particular for China's major
scientific and engineering projects.*® Second, at present, basic
research actually does not absorb a large share of the total research
effort.*®

However, the current leadership decided that greater emphasis on
applied research was necessary. In his report before the Chinese

Communist Party's Twelfth Party Congress in 1982, Hu Yaobang made that

47

very clear. An even stronger statement on this point was given by

Zhao Ziyang in December 1982: '"We must strengthen the study of applied
science and attach importance to the study of basic science.... In the
field of basic research, there are some projects which cannot at present

be applied to production.... We cannot devote more resources to this

1nyg

type of work. This policy should be maintained at least until the

turn of the century, because:

Without a sound economy it is impossible to develop

science and technology. After the state achieves its goal of
quadrupling industrial and agricultural output value and its
economic strength becomes relatively firm, things will be much
easier. By then we shall have more resources for basic research
than at present. We cannot do so now because the number of our
scientists and technicians are limited and we must organize the
majority of them to participate in economic construction.*®

“SHy Xihua, 1983, p. 5; Qian Sangiang, 1982, p. 173.

“®Tong Dalin, 1982, p. 5. The figure given in this source,
S percent, excludes basic research in the military sector.

*7Hu Yaobang, 1982, p. II-6.

“®7hao Ziyang, 1982, p. II-147.

“91bid.



- 19 -

There are numerous reports that the reorientation of the research
effort has already begun. For example, the Chinese Academy of Sciences,
which hitherto has been the bastion of basic research in China, now
plans to concentrate only 20 percent of its projects on basic research,
60 percent on applied research, and 20 percent on developmental work.®®
One of its branches, the Changchun Applied Chemistry Research Institute,
readjusted its research program so that only 15 percent of its projects
were in basic research.®! Between January 1982 and November 1983, the
Science Fund administered by CAS financed 1,453 projects, out of which
72 percent were in applied research.®? The reorientation of the
research effort will probably take some time to produce any noticeable
results because restructuring the research program requires a
corresponding change in the structure of human capital in the R&D
system, and that cannot be done in a short time. In any case, the
adjustment of research priorities is only omne of the corrective measures
that will make the R&D system more productive. A second and equally

important measure is to reform the system itself.

5private communication with CAS.
S1RMRB, March &, 1984, p. 3.
52Ming pao, January 15, 1984, p. 1.
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il. REFORM OF THE R&D SYSTEM: SOME MACRO ASPECTS

The organization at the highest level of government administration
that oversees S&T work in China is the State Science and Technology
Commission (SSTC) under the State Council.! Its main functions include
coordinating the S&T work in various ministries, commissions, and
provinces; designing long term S&T development programs; allocating
research funds for new product development, intermediate
experimentation, and major projects; and organizing and managing key S&T
projects. Actual R&D projects, however, are performed by five groups of
research institutions that constitute China's R&D system.?

First, the Chinese Academy of Sciences is the largest single
research organization in China. It has 116 research institutes and 11
branches in major cities other than Beijing, with a total employment of
60,000, of which about one-half are researchers and techmicians.® CAS
is the national center for research work in the physical sciences. Its
primary function is to perform basic research, although its research
tasks include the development of new technologies for civilian and
military end-users. Institutes under CAS conducting research on
metallurgy include the Institute of Chemical Metallurgy, the Shanghai
Institute of Metallurgy, and the Shenyang Institute of Metal Research.

A second component of R&D is the group of research institutes under
the Ministries and Commissions of the State Council or under provincial,
municipal, and autonomous regional governments. Over 80 percent of the
total number of research institutes belong to this group. They are
mainly engaged in applied research or developmental work. Examples of
research organizations in this group are the Central Iron and Steel
Research Institute in Beijing, the Research Institute of Mining and

Metallurgy in Changsha, and the Institute of Nonferrous Metals Research

!A S&T Leading Group headed by the Premier was organized in 1983
and apparently was above the SSTC.

2Tong and Hu, 1982, pp. 30-31. Ma Hong, 1982, pp. 542-544; The
Chinese Academy of Sciences, 1981.

*Ma Hong, 1982, p. 542. These figures refer to totals in 1982.
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in Guangzhou, all under the Ministry of Metallurgical Industry; and the
Beijing Metallurgical Research Institute under the Beijing municipal
government.

A third group includes the research departments or institutes of
universities. Some of the major universities--Qinghua, Fudan, Jiaotong,
and Huazhong University of Science and Technology--have been conducting
research on problems related to metallurgy. In 1984, there were some
1,400 scientific research institutes in institutions of higher
learning.*

A fourth group consists of research departments in factories and
mines. Their main task is to do applied research and developmental work
related to their enterprises' technological problems. Examples are the
research institutes or departments attached to the Anshan Iron and Steel
Company, the Baotou Iron and Steel Company, and the Panzhhua Iron and
Steel Company.?®

Finally, there are the research institutes working on problems of
defense technologies. Although the main task of these institutes is to
engage in military R&D, research units in this group do not perform all
the military R&D. Some defense-related research projects are undertaken
by other institutes. For example, different kinds of alloy steel for
military uses have been developed by the Beijing Metallurgical
Institute, and CAS has participated in many projects concerning dual-

use technologies.

ORGANIZATIONAL CHARACTERISTICS OF THE R&D SYSTEM

The system described above has three distinct characteristics that
have seriously undermined the productivity of scientific research in the
past: fragmentation, compartmentalization, and uneven distribution of
resources among the five branches of the R&D system. In 1978 there were
more than 6,000 research organizations at the county level or above. By
1980, the number had risen to 8,000. The abrupt increase in the number
of research establishments, without a corresponding increase in

scientific manpower and funding, has resulted in the resources being

“Beijing Domestic Service, September 21, 1984, reported in
JPRS-CST-84-034 (October 29, 1984), p. 18.
5For a list of those research departments, see the appendix.
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spread too thin. Some of these units have organizational setups and
receive funding but have only a small staff, and some have no staff at
all. These institutes obviously lack the capability to do research.
According to an assessment by the officials of SSTC, the number of
research establishments is far too large and resources are too scattered
to be effective.®

Among the research institutes with adequate technical manpower and
funding, a different problem emerges. The R&D system has never been
fully integrated, and each of the five branches operates more or less
independently under different administrative authorities. CAS is a
system by itself under the State Council. The research departments of
the universities are funded and controlled by the Ministry of Educationm.
Research institutes performing military R&D are administered by the
State Commission for Science, Technology and Defense Industries. Those
operating under the industrial ministries, provincial or local
governments, and industrial enterprises form independent subsystems of
their own. The research units have become compartmentalized not only
among the five branches but also among institutes within each branch.
Every research unit tries to be all-embracing in its research programs.
There has been hardly any coordination or cooperation among the research
units, resulting in the waste of resources and inefficiency in several
ways. The lack of coordination has led to duplication of research
effort. For example, 160 research units have all been working on the
same problem in laser research and over 30 institutes have been
conducting research on rare earth magnetic materials.’ There has also
been duplication in the purchase of equipment from abroad. For example,
over 400 sets of equipment to produce semiconductors have been imported
by six different departments.® In an economy where economic activity is
coordinated by the State Planning Commission, duplication of effort
among research units is tantamount to intra-firm repetition of effort by
different research teams in a market economy. In part this has been due

to a lack of communication among the research units. This self-imposed

®*Tong and Hu, 1982, p. 36; Zhao Tongwen, 1983, p. 35.
"Yang Jike and Jin Qijin, 1981; ¥P, April 8, 1984, p. 3.
86MRB, August 22, 1980, p. 4.
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isolation has also resulted in duplicating research that has already
been completed abroad.?®

Further, because different research units operate under different
authorities, each unit is concerned only with the directives from above.
There is no incentive to cooperate with other units. Indeed, the
feeling of self-interest is so strong that the research institutes often

® The root cause of this

impose information blockades on each other.?
attitude is that, until recently, the transfer of new technology from
one unit to the other has brought no benefit to the original innovator.
The incentive to keep the new technology to oneself has become even
stronger with the opening of certain markets to competition and the new
emphasis on profits. Competition in the product market inevitably leads
to competition in technology. One important way to maintain a
competitive advantage is to keep the technology secret. This has been
the practice of some industrial enterprises for a long time. For
example, the Shanghai No. 3 Electric Wire Factory, a leading
manufacturer of electric wires, used to prohibit its employees from
revealing any technical information to other manufacturers.?'?!

Another outcome of the compartmentalization of the research units
has been the virtual lack of interdisciplinary research except for a few
selected projects organized by the SSTC. As many Chinese leaders
recognize, this is a major shortcoming because nowadays scientific and
technological breakthroughs generally require the concerted effort of
scientific workers from several different disciplines.!? The

3

development of the T-RNA synthesis is an example.® For the most part,

?According to one estimate, about 40 percent of the topics are
repeating research projects that have been solved. NP, April 8, 1984.

1%For example, the Xiangtan Coal Mining Machinery Factory would not
even show their blueprints to a potential producer. KMRB, January 7,
1984, p. 5.

Y1RMRB, February 18, 1985, p. 1. Similar practice in the textile
industry has also been reported in RMRB, June 28 and July 9, 1983.

1ZNil1, 1982, p. 6; Lu Jiaxi, 1982, p. 12; Zhao Tongwen, 1983,
pp. 34-37.

13pR, No. 6, February 8, 1982, p. 3.
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the lack of coordination from the top and communication among the
research units makes such an approach difficult to pursue.

The distribution of research capabilities among the five branches
of China's R&D system has been highly uneven. By and large, the
military units are better off than the civilian, CAS better than the
universities, independent research institutes better than the research
departments of industrial enterprises, and those in large state-owned
enterprises better than those in small collective enterprises.'* The
uneven distribution has its origin in China's patterning its R&D system
after the Soviet Union's. The high priority assigned to military R&D is
an obvious example. Less conspicuocus but no less important is the
separation of the educational system from the R&D system. For a long
time research in universities has been deliberately deemphasized.
Although the institutes of higher learning have a sizable group of
scientists, research funding and scientific equipment are in acute
shortage. For instance, research funds for universities in 1981
amounted to only one-twentieth of those for CAS.'® And only 10 to 20
percent of all the teachers in institutions of higher learning have
participated in scientific research.!®

Table 3 shows the distribution of China's R&D manpower among four
sectors: industry, which actually comprises all the material-producing
subsectors; universities, which include health facilities; government;
and research organizations. Similar data are presented for the United
States. The two sets of data are only roughly comparable because of

different statistical coverages in the various categories.!”

'“Liu Wing, 1982, p. 3; Kuan Enguo, 1982, p. 3; JFRB, April 18,
1984, p. 4.

®Liu Wang, 1982, p. 3.

1SNCNA, November 16, 1977, reported in Summary of World Broadcasts,
FE/W958/A/3 (December 7, 1977).

}7The Chinese data refer to those of state-owned research
organizations only, whereas the U.S. data refer to totals for the
country. The Chinese data include only physical scientists, whereas the
U.S. data apparently include social scientists in all categories except
industry.
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Table 3

SCIENTISTS AND ENGINEERS EMPLOYED IN R&D
IN CHINA, AND THE UNITED STATES, 1981

PRC U.S. PRC U.S.
(000) (%)
Industry 25.0 499.7 7.4 72.3
Universities 16.0 83.3 4.7 12.0
Government 4.0 66.0 1.2 9.5
Research 293.0 42 .4 86.7 6.1
Organizations
Total 338.0 691.4 100.0 100.0

SOURCE: SY 1981, p. 453; Statistical Abstract of
the U.S. 1984, U.S. Department of Commerce, Washington, D.C.,
1984, p. 597.

The data in Table 3 indicate a striking feature noted earlier: the
small percentages of total research persomnnel in both industry and
universities. Some of those in research organizations in China should
be included in industry, for the research units under the various
industrial ministries actually perform research for the corresponding
industries. But even if we transfer a sizable portion to industry, the
percentage would probably be far smaller than that in the United States.
This may be one of the factors underlying the limited contribution of
R&D to economic growth. The contrast in the percentages of those in
universities is less marked, but it does substantiate the observation
that research in universities in China has been somewhat neglected.

The lopsided distribution of R&D manpower, equipment, and funding
among the five branches, together with persistent compartmentalization,
have resulted in suboptimal utilization of China's research capability--
underutilization of resources in some units and acute shortage in

others. Take, for example, the use of computers.
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Up to May 1979, 332 large computers have been imported at a cost

of $326 million. The rate of utilization is only a fraction of the

effective operating time of 20 hours a day. Less than one-third of

the computers operated up to 10 hours a day. Of the 234 large

computers in Anhui Province, only 3 operate over 8 hours a day.!®
The underutilization of computers is by no means an isolated case. A
survey of equipment use in Jiaotong University in the first half of 1980
reveals that, of the 315 cases of major equipment costing over 10,000
yen each, one-fourth have been lying idle during those six months.!®
Similarly, thousands of large precision instruments in Beijing on the
average were in operation only 1,000 hours per year or about 40 percent
of the time.?® An important reason for the low utilization rate
is that the unit to which the piece of equipment belonged would not let
other units use it.

A similar but more serious problem is the underutilization of
scientific manpower, perhaps the scarcest resource in the R&D system.
This phenomenon arises mainly because the channels of mobility are
almost totally blocked by the rigid personnel allocation system and the
reluctance of the directors of research units with surplus personnel to
let some of their people go. In allocating college graduates, the
Ministry of Labor adopts the following priorities in descending order:

1

the military, heavy industry, and light industry.? Once a person joins

a given unit, it is extremely difficult to change jobs. Not only does a
person have to have approval to move from the units involved, he also
has to obtain permits from the personnel departments in both localities.

People in charge of personnel departments are more interested in

18Yang Jike, 1981.

1°6MRB, July 19, 1984, p. 2.

29RMRB, April 22, 1983, p. 3. The utilization rate is calculated
on the assumption of six working days a week and eight hours per working
day.

2lgyang and Zhang, 1982, p. 4.
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contrclling population movement than in balancing the needs of different
research units. Generally, it is easier for one to move from big to
small cities, from urban to rural areas, and from coastal provinces to
the interior. But because of the difference in living standards between
those areas, few are willing to change jobs in those directions. As a
result, there has been hardly any mobility at all, perpetuating the
uneven distribution. Meanwhile, .immobility leads to inbreeding, and the
lack of interchange of ideas with scientists from the outside saps the
vitality of the research unit.

To summarize, the R&D system has many shortcomings. The crucial

ones have been succinctly outlined by Zhao Ziyang:

Some research institutes in fact have only a few scientific
and technological personnel. . . . The research units in
various fields are not well organized; nor do they coordinate
well with each other. . . . Many units duplicate their
efforts on the same projects. . . . Various departments are
in rivalry, blocking each other. . . . The distribution of
the scientific and technological forces is irrational. Some
units are over-staffed and others are under-staffed.??

These shortcomings signify serious problems with the organizational
structure and management of the R&D system, but they also suggest.
potential areas for improving the efficiency of resource use within the
system as a whole. It is against such a background that the leadership

has called for major institutional reforms of the system.

MEASURES FOR REFORMING THE R&D SYSTEM

The leadership has long recognized that the system needs to be
reformed. Several measures designed to revitalize the research
organizations have been under experimentation since 1980. For example,
a process of consolidation has begun. Many research institutes without
clearly defined goals or capability have been abolished or merged into
others; and some, especially those in universities, are being
strengthened and new organizations specializing in technical consulting
services have emerged. By 1981 the number of research establishments

had been reduced to 4,300 from over 6,000 two earlier years.23

227hao Ziyang, 1982, p. II-148.
23Ma Hong, 1982, p. 544.
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Consolidating the establishments is but one aspect, albeit an important
one, of the problem. Many unpublicized discussions have taken place
within the leadership concerning the redundancy of unqualified persomnnel
in research organizations. Because of the established policy of the
"iron rice bowl," meaning no firing of employees in almost any
circumstances, consolidating scientific manpower turns out to be a much
more complicated issue than consolidating organizatioms.

Another reform that has already been carried out is the
introduction of institutional arrangements to increase the rate of
utilization of equipment. In Beijing, for example, research units with
large scientific equipment have been instructed to offer some free time
(at least one half day per week) for use by other units. The Beijing
Science and Technology Development Center is in charge of allocating and
coordinating such uses. In three years the number of hours of operation
for some equipment increased 15-fold.?2*

The most important changes, however, are those designed to: (1)
institute cooperative effort among research units, particularly those in
different branches of the R&D system; (2) break down the barriers
between branches and units through market forces by commercializing
technology; and (3) transfer technology from the surplus to the
deficient units.

The first major step toward coordinating S&T policies at the
highest level was the establishment of the S&T Leadership Group in 1983.
The move apparently was made on the instruction of Deng Xiaopang, who,
in late 1982, noted the difficulty of utilizing S&T manpower more

efficiently:

The S&T personnel are scattered among military and civilian sectors
and among various research units and universities. One cannot
utilize technical manpower rationally unless one can break down the
barriers between departments and territories, and to do so we need
a centralized management. Without a strong and authoritative
organization it cannot be done.?2®

24pMRB, April 22, 1983, p. 3.
256MRB, December 1, 1982, p. 1.
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The S&T Leadership Group was meant to be the authoritative organization
above all departments, commissions, and ministries, headed by Premier
Zhao himself. The establishment of the Leadership Group provides a
powerful decisionmaking mechanism at the center so that suboptimizing at
the departmental level can be avoided. But it also suggests how deep-
rooted the problems of departmentalism really are.?®

Actually, the leadership has had some experience in organizing
research that involves scientific persconnel from different departments.
The Chinese term for such an approach is "Gong guan," which means
literally "attacking the fort" and actually refers to mission-oriented
research similar in nature to the U.S. Manhattan Project, which produced
the atomic bomb.2? The Chinese used the same approach to develop the
nuclear bomb, satellites, and the "Galaxy' computer. During the current
Sixth Five Year Plan period, 38 key projects are to be tackled with the
same concerted effort of multidisciplinary scientists from different
research units. The essential feature of this approach is that the
barriers between branches of the R&D system are only temporarily pushed
aside.

Once the mission is completed, the researchers return to their
original units and go about their business as before. To remove the
barriers permanently, the leadership has taken several steps to promote
active cooperation among the research units. One such measure is the
establishment of technology and information exchange centers, the
primary function of which is to foster horizontal linkages among
research organizations. For example, nine teaching cooperation centers
have been set up in Shijiazhuang, Zhengzhou, Nanjing, Xian, Beijing,
Dalian, Changchun, Bengbu, and Wuhan, with 80 military institutes and
schools and 13 military units and their research organizations

28

participating in various cooperation programs. These centers have

267 frequent complaint by some researchers is that CAS is
overstaffed, overfunded and underproductive. Whatever element of truth
there may be in these statements, CAS is politically too powerful for
any drastic changes.

27Nie, 1982, pp. 6-7; Kou Yu, 1982, pp. 11-12.

28Bejijing Domestic Service, November 21, 1984, in FBIS, Daily
Report, November 23, 1984, p. K8.
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been organized to assist the participants in learning from each other,
to facilitate exchange of information, and to make better use of their
equipment and research laboratories. In the civilian sector, the same
kinds of centers have been set up in various localities. For example,
the Chongqging Science and Technology Development and Exchange Center and
the Center for Scientific Intelligence were established in 1984 with 35
research organizations under the central or provincial government and
some 190 research units attached to universities or factories as

29  These centers enter into contracts with the

participating members.
research units to tackle specific problems for industrial enterprises.
Other transdepartmental research organizations have also been set
up on a functional basis. One such case is the United Chemical Reaction
Engineering Research Institute established jointly by the China
Petrochemical Company, Zhejiang University and the Huatong Chemical
Engineering College to pool their resources together to work on problems

of reacticn engineering.?®

Another example is the Oceanic Development
and Technological Center in Qingdao that claims the membership of CAS,
the State Oceanic Bureau, the Ministry of Education and the Chinese
Navy.3?

Ad hoc arrangements between ministries to cooperate in specific
research tasks are also being developed. For instance, the No. 609
Research Institute under the Ministry of Aeronautics and the Chongyuan
and Daqing oilfields under the Ministry of Petroleum Industry cooperated

2 In a sense, these

to develop new technology to recover petroleum gas.?®
new organizations are simply extensions of the concept of "Gong guan,"
aimed at improving the efficiency of the R&D system as a whole, by
institutionalizing interdepartmental cooperation in mission-oriented
résearch among different research organizations. Parallel developments
within organizations to promote interdisciplinary research are also

found in Nanjing University and Fudan University.?3?

2°6HRB, April 23, 1984, p. 1.

39GMRB, October 13, 1983, p. 4.

316MRB, April 16, 1984, p. 2.

32RMRB, June 28, 1983, p. 3.

336MRB, April 7, 1984, p. 2; JFRB, May 20, 1984, p. 2.
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Another major institutional reform that helps to remove mutual
blockades between research units is the commercialization of technology.
One of the reasons for the blockade is the lack of incentive on the part
of the research unit to provide technical information to other research
units. Until recently, technology has not been recognized as a
commodity that has market value. Technology is transferred from one
unit to another through administrative decrees. The suppliers receive
no benefit and therefore are not motivated to disseminate research
results. In 1984, the leadership openly declared that technology should
be commercialized,?®* which takes the form of transferring scientific
research results with compensation; sometimes open markets are organized
for selling such items. The Shanghai No. 3 Electric Wire Factory,
mentioned earlier, no longer practices technological blockades and has
agreed to transfer technology to six other factories in return for an

5 Commercialization of research

estimated fee of 0.26 million yuan.’®
results promotes horizontal transfer of technology among research units
and is even more important in vertical transfers from research units to

production enterprises.

TRANSFER OF TECHNOLOGY FROM THE MILITARY
TO THE CIVILIAN SECTOR

As noted earlier, although China's stock of R&D personnel and
equipment for the system as a whole is in acute shortage, some branches
of the system have surpluses. One striking example is the marked
difference between the military and the civilian sectors. The military
sector has a strong technical force. As early as the 1350s, a large
group of scientific and technical personnel was assembled to work for
the military establishment. TFrom then on, the pool of scientific
manpower in the military sector continued to grow as a result of
priority allocation of university graduates and scientists trained in
military colleges. By the early 1980s, the ratio of scientific and
technical manpower to total employment in the defense industries was

three times that for the country as a whole.?®

*“RMRB, November 17, 1984, p. 1.
35RMRB, February 18, 1985, p. 1.
38Yeh Zitong, 1982, p. 4&.
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Furthermore, the equipment and instruments in the military sector
are more modern and complete. For example, the number of pieces of
large high-precision equipment and numerically controlled equipment
acquired by the Ministry of Ordnance far exceeds that of the Ministry of
Machine-Building. The scientists in the R&D sector have also
accumulated considerable experience as evidenced by their successful
development of many technologically sophisticated weapons and the new
materials and technologies required to produce these weapons. However,
because the civilian and the military R&D units operate under two
different administrative systems and because of overcautious national
security consideraticns, the military research organizations for a long
time remained isolated from their civilian counterparts. Often some new
products and technologies already developed by the defense industries
could have been used by the civilian industries but were shelved, while
the civilian research organizations waste their time and efforts to
develop the same products and technologies.

In the late 1970s the leadership decided to transfer technology
from the military to the civilian sector in order to take advantage of
the more advanced technical know-how and to make use of the surplus R&D
capability in military research institutes. The policy guideline was:
"Consider both the needs of the civilian and military sectors and the
needs in peace and war at the same time; military products should have
pricrity; and use the civilian sector to generate revenues for the

"37 Not all the comrades were happy with the decision. "Some

military.
believed that developing civilian products was an extra burden and was
not doing proper work. Some science and technology personnel thought
that developing civilian products would waste technology, affect
specialization, and deal a blow to the military industry."3® But
economic considerations from the standpoint of the military sector

itself were compelling. Since 1979, state budget allocations for

defense have been declining.®® The cutback affected the defense

37Yeh Zitong, 1982, p. 45.
3%Nanhua, 1982, p. 53.
39571984, p. 421.
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research institutes. In the Nanhua Institute, for example, "there were
not many tasks, and for a while [the institute] was in a half-starved
state. Many jobs were unstable, discipline was lax, and ideology was
distracted. The entire institute was short of money."*° From the
standpoint of the economy as a whole, the economic benefits are obvious.
Most research activities possess externalities because a new product
{(e.g., a new alloy) could generally be used in many downstream
industries, and a new process (e.g., a variable-speed hydraulic clutch)

! Furthermore, the rate of

could be used by several industries.*
utilization of China's R&D capability would be raised, thereby
increasing the efficiency of the R&D system.

The transfer generally takes the following forms: direct transfer
of new technology, new materials or new products (e.g., adapting the
conveyor belt for munitions to transporting food products for the
Shanghai Taikang Food Processing Factory); the use of military R&D
capability to design equipment for civilian use (e.g., developing dust-
removal equipment for the Shanghai Yangpu Electric Power Plant); the
transfer of technical manpower on a temporary or part-time basis to work
in the civilian sector (e.g., the absorption of some 130 engineers from
the Ministry of Aeronautics into civilian industries); and assisting
civilian enterprises in effectively absorbing imported technology (e.g.,
the development of a duplicating machine by a military factory in
Beijing based on technology imported from Japan).®?

By 1984, the Ministry of the Ordnance Industry had carried out 557
research projects jointly with civilian research institutes and
transferred to civilian industries such technologies as heat treatment,
precision casting, and metal drawing. The Ministry of the Astronautics
Industry has provided data gathered from the satellites for use in
geological surveys. The Ministry of Nuclear Industry has adapted the
uranium extraction process to use in tungsten extraction. In sum, there
has been a rapid increase in the number of transfers in recent years.

In 1983 there were only 400 such transfers. In 1984 more than 6,800

“°Nanhua, 1982, p. 53.
“1JFRB, August 17, 1982.
“2Yeh Zitong, 1982, pp. 45-66.
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contracts for technology transfers were signed and some 3,800 of these
transfers were completed.

The intersector transfer, however, is not without some economic and
political difficulties. Transfers are not always cost-free because some
technical adaptation, intermediate experimentation, and training of
personnel are often necessary. Cost considerations have often been
ignored in military production, but they are important in the
manufacture of civilian products. Furthermore, the transfer policy
sometimes runs into difficulties because of reluctance of some people in
the military R&D system to release their surplus technical personnel.*?
On the whole, however, economic results of the transfer have been
reported to be impressive.®**

The transfer of technology between the military and the civilian
sectors is not always a one-way transfer. The civilian R&D also
contributes to military technological development in two ways. It
supplies modern dual-use equipment to the military and it develops new
materials for the defense industries. For example, in 1983 factories
under the metallurgical industry successfully fulfilled 945 agreements

45

with the military to develop new products. Other cases of transfers

to the military have also been reported.®® Little is known about
imported technologies and their effect on military R&D. It seems
reasonable to assume that they too contribute indirectly to military
research. In any case, the intersectoral flow of technology between the
military and the civilian research units is certainly a positive move

toward reforming the R&D system.

“3A case in point is the Office of Defense Industries in Shanghai,
which refused to let 250 of its technical people go. GMRB, April 9,
1984, p. 1. As if to rebut the early report, JFRB (May 7, 1984, p. 1)
carried an item that described the contributions of the defense
industries in Shanghai to the civilian sector.

“%See, for example, Xinhua, November 29, 1984; RMRB, December 28,
1984, p. 1; Xie Zutong, 1984, pp. 6-9.

“SJJRB, April 26, 1984, p. 1.

“$For example, a fire-resistant paint was put into use in some
military products. GMRB, May 10, 13982, p. 2.
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IV; REFORM OF RESEARCH MANAGEMENT

When we examine the R&D process at the institute level, we see a
different set of problems impeding the development of research. They
are different from those discussed above in that they originate in the
research unit, involving the people doing the research, their working
and living conditions, and decisionmaking at the institute level. This
section examines the principal barriers to innovation in a research
unit, the various measures introduced to reform the management system,

and the problems that remain.

WORK INCENTIVES OF THE R&D PERSONNEL

The current incentive system encourages research effort through
wage increases, bonuses, awards, and other nonpecuniary benefits. The
system, however, has not been working well and several explanations for
its ineffectiveness have been noted: Salaries have been low compared
with the wages of production workers, promotion has been difficult, the
award system has been mismanaged, consulting services have been
restricted, and the intellectuals have continued to be harassed by some
cadres.

Complaints by many interviewees that their salaries were lower than
those of physical workers have been borne out by a survey of over 5,000
workers and employees in Beijing in 1982.! The survey shows that,
except in the age group of 51 years and over, the income of mental
workers, including researchers, was lower than that of physical workers
in all other age groups. On the average, the monthly income of a mental
worker was below that of a physical worker by 7 yuan, or about 9 percent
of the former's salary. The findings of another survey of S&T personnel
and production workers were even more striking. The income of the
mental worker group lags behind that of the physical worker group with

the same years of work by 10 to 15 yuan, and in some localities as much

'Ho Xiaopei, 1982. A mental worker, as distinguished from a
physical worker, is defined as one who earns his living by using his
brain power. The group includes teachers, scientific researchers,
engineers and technicians, and medical doctors.
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as 40 yuan, or 50 percent of the average monthly income of a mental
worker.? The low wages apparently affect the researchers' morale. Not
surprisingly, Wang Renzhong, Chairman of the Financial and Economic
Commission of the National People's Congress, proposed an increase in
the wages of intellectuals,?® but concrete measures have yet to be taken.

The remuneration system has other shortcomings. Because of the
emphasis on egalitarianism, wage differentials among researchers are
small.® Their salary scales are unrelated to performance, but are based
on the number of years of work. There is no penalty for being
unproductive. The researcher cannot be fired, but moving up in rank is
difficult because of an inefficient promotion system.® The extreme
difficulty of getting promoted is suggested by the very large numbers of
R&D personnel with very low ranks. As of 1979, there were 4.7 million
scientists and technicians (excluding social scientists) in state-owned
organizations, constituting 86 percent of the national total. Of the
4.7 million, 90 percent were primafy scientific and technical personnel
(equivalent to research assistants), 9 percent held the middle rank of
assisfant research fellows, and only 1 percent were senior resarchers
with associate or full professor rank.® As the State Science and

Technology Commission reported:

Most of the 1.5 million middle~-aged scientists and technicians
trained prior to the Cultural Revolution have worked for twenty

to thirty years. They are now handicapped by an imperfect review
and promotion system. More than 80 percent of them still hold the
rank of primary technicians. Only 10 percent or more have acquired
the rank of middle-level scientists or technicians.’

2Scientology Research Group 1981, p. 24. In one case, the salary
of a 40 year old intellectual was lower than a 20-some-year old
apprentice in a factory. Ming Bao, Hong Kong, May 21, 1984, p. 1.

*Wen Hui Bao, Hong Kong, May 28, 1984, p. 7.

“Ibid.

*For some of the defects of the system, see GMRB, March 8, 1983,
June 11, 1983, and June 19, 1983.

®*Tong and Hu, 1982, p. 24.

’Ibid, p. 25.
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Because promotion is difficult and the system permits arbitrary
decisions by administrators, abuses of the system sometimes occur.®

If the research personnel are underpaid with little chance of
promotion and are not motivated by the award system, how does one
explain the notable advances in S&T in the past? Three different but
not necessarily mutually exclusive explanations have been offered. The
first is that the researchers are driven by their own initiative and
dedication to science, not by high salaries and awards. The second is
that there are nonpecuniary incentives. For example, those with
outstanding contributions are commended as model workers.? Joining the
Communist Party offers an opportunity to the capable S&T personnel to
climb the political ladder. Until recently, it was extremely difficult
for an intellectual to become a party member. The difficulties largely
remain because many members still look down upon scientific knowledge,
while others are biased against the middle-class background of the

intellectuals.®® However, the situation is changing, albeit slowly.}?

A third explanation of China's S&T achievements in the absence of a
rational incentive system is organization. The Chinese attribute their

success to their method of mobilizing and concentrating R&D capability

12

to solve priority research problems. None of the American

scientists interviewed questioned the effectiveness of such an approach in
attaining results in particular areas. They pointed to the U.S. Manhattan

Project as a counterpart. But several were skeptical whether

8See, for example, the case of a researcher in the Guangdong
Earthquake Bureau attempting to get a promotion by irregular means as
reported in GMRB, March 16, 1983, p. 2.

*RMRB, March 27, 1984, p. 1, July 19, 1983, p. 2; GHRB, May 29,
1983, p. 1, April 22, 1983, p. 1., October 12, 1983, p. 1.

19%¥RB, July 4, 1983, p. 1.

'15ee reports of intellectuals joining the Party in GMRB, June 28 -
July 1, 1983,

*2Nie Rongzheng, 1982.
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in the long run such an approach would be more productive than first
developing a technological base. If the goal for China's S&T program is
broadly based technological advance, then the lack of an effective

incentive system might well remain an important problem.

R&D Manpower: Supply, Quality and Utilization

R&D is a labor-intensive service industry. Its performance depends
primarily on the quantity and quality of the personnel in the research
unit. Three distinctive features in China's S&T manpower system have
been singled out as major impediments to inmovation: uneven
distribution of S&T manpower and lack of mobility among the research
institutes, degeneration of the quality of the existing R&D personnel,
and underutilization of the researchers in the R&D unit.

Does a given research institute have adequate technical manpower to
perform its research tasks? To a considerable extent, it depends upon
the characteristics of the research unit, because thé distribution of

R&D manpower among different typesiof research instiéutes is highly
':uneven. Institutes in the military sector have mdre-qualified ménpower
than those in the civilian sector; and those operéting as independent
units, such as the Chinese Academy of Sciences, have more than those in
universities or research units attached to industrial enterprises.

Those attached to large enterprises have more than those in small
ienterprises, those in state-owned enterprises are better manned than
collective-owned enterprises, and those in the big cities have more
scientific personnel than those in remote areas.!® If the research unit
happens to be in a less favored position, it is likely to have a
manpower problem. The highly uneven distribution has adverse effects on
research performance, because institutes with less manpower suffer from
inadequate R&D capability, and those with more manpower do not

necessarily produce better results.!®

'3JFRB, April 18, 1984, p. 4. In particular, northwest and
southwest China, the coal industry, and transport services lack
scientists. China Daily, March 28, 1984, p. 1.

‘“China Daily, April 24, 1984, p. 4.
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The problem of uneven distribution of technical manpower has
another important aspect. The Chinese educational system is patterned
after the Soviet system,Awhich emphasizes highly specialized training
starting at the college level. Consequently, their expertise is
generally restricted to a rather narrow field. As Fei Xiaotong, the
renowned sociologist, puts it: "Once our students enter a university
they are tightly tied to a specialized field. . . . The scope of their
knowledge is so narrow that they become totally useless when slightly
misplaced.'® As a result, many technical personnel contribute little
to the research performance if their positions do not fit their rather
narrow training perfectly.

If technical manpower is inadequate in a research institute, or if
the available personnel do not fit into the research program, can the
director of the institute hire the specialists he needs? The answer is
that it is almost impossible, for three reasons. First, some cadres see
the technical people as private assets of their institutes and would not

16  Second, the technicians

let them go even if they are doing nothing.
themselves are often reluctant to move to organizations with inferior
working and living conditions. They do not want to be transferred from
state-owned to collective-owned enterprises, from big to small units,
nor from cities to the rural areas. Third, the rigid bureaucratic
system makes it very difficult to get a transfer approved. The
procedure requires the favorable decisions of over 20 offices and a

rejection by any one of them would abort the transfer.!’

About the only
alternative open to the institute in need of additional research
manpower is to employ young college graduates sent to it by the Bureau
of Labor. 1In the end, the whole R&D system operates below its optimal
level so far as manpower allocation is concerned, because the young and
inexperienced graduate is generally less productive than the technician

who remains idle elsewhere and because the institute hiring the young

graduate deprives some other institute of critically short manpower.

13"professor Fei Xiaotong on the Relation between S&T and the

Development of Social Economy," Kexue Jishu (Science and Technology),
No. 7, 1981, p. 8.

1China Daily, April 24, 1984, p. 4.

1"Wen Hui Bao, May 8, 1984, p. 7.



- 40 -

The Chinese leadership is clearly aware of the inadequacies of the
current personnel system. In 1984, the State Council promulgated a set
of regulations designed to promote mobility of scientific workers,
particularly from the urban to rural areas, from large to small cities,
from coastal to remote areas, and from departments and organizations
with surplus manpower to those badly in need of scientific manpower.!®
In line with this policy the State Council transferred 363 outstanding
scientists from 16 government departments to 13 major projects, mainly
to assist in the construction of these projects, but also to break down

® At the local level some transfers have

barriers between departments.?
been taking place after special care has been taken to ensure that those
being transferred do not have a pay cut.?’ For example, 581 people have
been transferred from Shanghai research institutes.2?! Some of the
transfers were on orders from higher authorities, and some were made
according to personal requests. Meanwhile other measures to promote
mobility are being tested on a limited scale, such as recruiting from
other cities and establishing talent exploitation centers.??

The productivity of the research institute depends not only on the
size, but also the quality of the research persomnnel. Today, China
faces a serious problem of quality of its technical manpower. The
educational level of these people as a whole is not high. Only 45
percent of the total scientific and technical force have college or

23

higher advanced degrees. Furthermore, their technical knowledge is

largely obsolete. Most important members of the technical staff are

1%For the regulations, see RMRB, May &4, 1984, p. 3.

1%China Daily, May 28, 1984, p. 1. .

20 FRB, May 5, 1984, p. 1.

21%inhua, Beijing, February 3, 1983, in FBIS, February 8, 1983,
p. 09.

22por example, 107 scientific and technical workers have been
recruited by Shenyang from out of town. - GMKB, December 10, 1983, p. 2.
For samples of advertising for scientists, see GNRB, January 27, 1984,
p. &, February 28, 1984, p. 3.

23L,in and Wang, 1984,
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* A decade of isolation

college graduates of the 1950s or early 1960s.2
from the outside world during the Cultural Revolution left them stagnant
with obsolete technologies, widening the gap between China's
technological level and that of the developed countries.

This situation created the urgent need for knowledge renewal
through continuous education of the researchers. In recent years two
major steps have been taken in this direction. The first is to send
middle-aged scientists abroad for reeducation. The second is to arrange
refresher courses to update the knowledge of the technical personnel.
The State Science and Technology Commission, for example, plans to
retrain all its 10,000 officials within the next three years.?2%

Like other policies, continuous education runs into obstacles.
Although the State Council specified that senior researchers can have
three to six months' sabbatical leave every three years for reeducation,
the regulations were ignored.?® This was due in part to some unresolved
problems, such as sources of funding, and in part to the resistance of
the cadres, who failed to see the need for continuous education.?’

The underutilization of scientific manpower due to the uneven
distribution of the technical force among institutes was noted above.
The problem of misallocation of resources also arises within the
research institute. If one looks at the research institute as a
production unit and the technical workers as factors of production,
output depends mnot so much on the stock of technical manpower but on the
services of these people measured in manhours. Under the present
system, a good part of the researcher's working time is spent on
activities unrelated to the research task. In his speech at the opening
ceremony of the National Science Conference on March 18, 1978, Deng
Xiaoping pointed out that scientists should be guaranteed at least five

days a week to do research.?® But again for a variety of reasons,

24Tbid.

28xinhua, Beijing, March 13, 1984, in FBIS, March 14, 1984, p. K21.
For similar programs in the Chinese Academy of Sciences and other
organizations, see GMRB, September 13 and 28, 1983, RMRB, August 28,
1983, p. 3.

2SRMRB, August 28, 1983, p. 3.

276MRB, April 1, 1982, p. 2; and Lin and Wang, 1984.

2%Deng, 1978. TFang Yi, Head of the SSTC, emphasized the same point
in an interview with science journalists. Science, Vol. 206, No. 4416
(October 26, 1979), p. 427.
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Deng's directive was never carried out. Guo Musun, Director of the
Chemical Metallurgy Institute of the Chinese Academy of Sciences, spent
less than 20 percent of his time on research.?® Pan Weichun, an
associate professor of biology in Beijing University, could devote about
30 percent of his time to experiments. That these are not isolated

30

cases is confirmed by many reports. The competing uses of a

researcher's time include political studies, conferences, administrative

1

work, second jobs, and household chores.? As a result, the progress of

research projects slows down because of the limited labor input.

Supply of Equipment and Scientific Intelligence

In addition to technically qualified scientific manpower, research
institutes need equipment and information for the researchers' use. In
present-day China, both are in short supply. According to an American
electronics engineer, the Chinese have talented people with good
theoretical training and the ability to generate original ideas. But
experimental research lags far behind. The facilities in the
electronics industry are equivalent to those of the United States 15
years ago. To meet the need for modern facilities, all sorts of
equipment will have to be imported. This condition is apparently true

of other industries.??

The problem is compounded by the many
bureaucratic obstacles that stand in the way of equipment acquisition.
The case of Huang Hanguo is an example.?®® A lecturer at the Hebei
Mining College, Huang wanted to import a piece of Japanese equipment for
a project supported by the Chinese Academy of Sciences, the Ministry of
Metallurgical Industry, and the Hebei Provincial Science and Technology
Commission. It took him three and half years before he finally cleared

19 departments to obtain the funds in domestic currency and another 23

departments to get the foreign exchange. Meanwhile a new model replaced

2%JJRB, April 3, 1984, p. 1.

39Tbid; GMRB, June 1, 1983, p. 4.

'6MRB, July 5, 1982, p. 2; August 20, 1983, p. 3; RMRB, September
23, 1982, p. 33 June 19, 1983, p. 5; JFRB, April 19, 1984, p. 2.

32Dong Qiansang, 1981.

33RMRB, March 19, 1982, p. 5.
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the one that he originally wanted to acquire. Similar complaints have
been voiced by researchers in the Sonics Research Institute of CAS,
Jilin University, Hefei Cement Research Institute, and Harbin Industrial

College.3*

As Deng Xiaoping noted, the enormous amount of time wasted
in dealing with the bureaucracy is a great loss to China.?®®

Just as the scarce technical manpower is often underutilized, so
are the research facilities, mainly because of the tendency for each
research institute to develop an independent and self-sufficient system.
In some extreme cases the equipment has been destroyed.®® However,
efforts have been made by several institutes to use large equipment
jointly, thus economizing on foreign exchange.?®?

To a researcher, complete and up-to-date information relevant to
his research is indispensable, not only to avoid reinventing the wheel,
but also to build upon the research results that others have achieved.
China's information service actually began as early as the 1950s, but
its development was disrupted in the 1960s and 1970s. Apparently the
system is not very efficient, as suggested by a report that 40 percent
of China's research projects in physics repeated research done abroad.?3®
The information system has shortcomings: The database is small, the
service is slow, and the information centers duplicate each others'
efforts.??® Perhaps for these reasons, the system is grossly
underutilized.*® Each year China spends over 100 million yuan on
scientific documents and publications from abroad, but less than 10

percent is being utilized.®! To improve the information service,

34GMRB, August 27, 1983, p. 2.

*®Ibid.

3%For example, the cadres in the Zhejiang Light Industry Research
Institute melted some imported equipment to get the precious metals
contained in them. RMRB, April 7, 1984, p. 4.

37RMRB, April 8, 1984, p. 1.

I8JFRB, June 2, 1981, p. 4.

*9Yu Yongyuan, 1981, pp. 38-39.

“®See, for example, the case of the Fushun Scientific Intelligence
Research Institute. GMRB, September 2, 1983, p. 2.

%!1,i Xiaoshan and Fu Lansang, 1984.
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Fang Yi, former head of the SSTC, announced in early 1984 that three

important measures would be undertaken.*?

A computerized nationwide
information network will be set up and linked to those in Europe and
North America, providing ready references and up-to-date scientific and
technological information abroad. Construction will begin on a national
information center this year in Beijing. And a Bureau of Scientific
Intelligence will be established to supervise information collecting,
processing, and service throughout the country. The effect of these
measures on the R&D system remains to be seen, but they indicate the

leadership's awareness of the importance of efficient information

services.

R&D Management: Characteristics and Problems

Who makes the major decisions concerning resource allocation and
evaluates research results in an institute? The question is of interest
because the capability, motivations, and decisions of the R&D management
directly affect the productivity of the research unit.

‘ The general assessment of the qualities of the R&D managers by the
researchers is rather negative. The most common criticism is that
research institutes are usually managed by Party members with no
technical knowledge, who run the institutes as political organizations
rather than as research institutions, and who often harass the

“3  Sample surveys of certain localities corroborated some

researchers.
of these charges. For example, the educational level of the managers
was indeed rather low. In Tianjin, of the 303 management level
administrators in 80 research institutes, only 20 percent had some
technical training. The majority of them, 66 percent, had at most a

4% The reason for this is that many cadres were

high school education.
originally peasants or workers. Those who rose to their present ranks
during the Cultural Revolution are especially weak in their formal

education. Whatever the reason, the low level of their education seems

Y2RMRB, January 19, 1984, p. 1.

“33ee, for example, Beijing Municipal Science and Technology
Commission, 1979.

““Ho Congxiu, 1981, p. 15.
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to have created widespread antagonism between the cadres and the
researchers.
Literally dozens of cases have been reported about the

%5 One Chinese scientist

intellectuals being harassed by the cadres.
visiting the United States suggests three possible explanations for the
mistreatment of the intellectuals: The intellectuals are independent
thinkers and often question the wisdom of the uneducated cadres; with
the current emphasis on S&T by the Party leadership, the cadres are
jealous of the intellectuals and see them as a threat to their power;
and, historically, Party members have had great disdain for
intellectuals. The suppression of the researchers is hardly conducive
to the efficiency of the R&D process. The latter, unfortunately, is of
little concern to the cadres. Until recently, funds for the institutes
came from the central or provincial government and were in no way
related to the institute's performance. The cadre also has not had any
incentive to produce better research results because these results have
not brought the institute benefits; there has been no protection under
patent laws, and any other organization could use the inventions
developed by the institute without having to pay any compensation.®®
China's leadership hopes this situation will change after April 1985
when a newly drafted Patent law goes into effect.

In general, research projects are selected by the state, directors
of research institutes, or researchers subject to approval by their
directors. Projects initiated by researchers are rare. The most common
practice is selection by the SSTC and the directors of the research
institutes. This system has caused inefficiencies in the R&D process in
several ways. First, in assigning research topics to various research
groups or institutes, the R&D leadership sets technical targets but
rarely relates these goals to economic costs and benefits.*? The result

is the tendency to quest for the most advanced S&T regardless of cost.

45Sec, for example, RMRB, January 30,\l983,,p. 3, April 13, 1983,
p. 3, March 30, 1984, p. 3; GMRB, March 11, 1983, p. 1. January 20,
1984, p. 1; Ming Bao, May 12, 1984, p. 3.

“SRMRB, January 24, 1983, p. 5.

“’Tong Qiansong 1981.
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Another consequence is the development of S&T unrelated to the needs of
the economy.

Second, as noted earlier, because of lack of communication and
coordination among research institutes, duplicated efforts on the same
topic by many institutes have wasted a lot of manpower, the scarcest
resource in the R&D system. For example, over 30 institutes work on
developing magnetic materials from rare earths and about 100 research
institutes are doing research on laser crystals.

Third, misplaced emphasis in the selection of topics has led to
large expenditures over long periods of time with little results. In
choosing projects, people tend to favor theoretical over experimental

“®  This bias toward theoretical research to the neglect of

topics.
experimentation has at times produced low quality products. The design
of the internal combustion engine for locomotives is a case in point.*?®
The researchers were so overconfident of their theoretical calculations
that they skipped experimental research for many of the parts, with the
result that the engine had only a short useful life. There are several
reasons for this bias. Traditionally, the intellectuals prefer working
with their minds to working with their hands. Furthermore, experimental
research requires new equipment because the available facilities are too
old and acquiring equipment is an ordeal.®" To the directors, a
breakthrough in theoretical research brings more glamour and prestige to
the institute than the development of a new product.

Cne important milestone in the innovation process is the Jian ting
bhui, i.e., a committee meeting that evaluates and certifies the research
results. The purpose of the evaluation test is to determine whether the
new product or new process meets certain technical standards. At
present, evaluation tests are conducted by authorities at four different
levels: mnational, ministry, local and base level, depending upon the

importance of the product.®! The galaxy computer, for example, was

“8GMRB, January 15, 1983, p. 2; Kexue-jishu, No. 10, 1981, p. 6.

“3Tiu Ying 1982, p. 3.

*%1bid.

®1Zhang Kuangshou, "Preliminary Analysis of Statistics of Science
and Technolegy', Sichuan Caijing Xueyuan Xue Bao (Journal of the Sichuan
College of Finance and Economics), No. 1, 1982, pp. 47-51.
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evaluated at the national level by the State Evaluation Commission.®?

If the new product or process passes the test, the research phase of the
innovation process is completed, and the result is formally listed as a
science and technology achievement.

The evaluation test may inadvertently become a barrier to
innovation. If the tests are too strict, the product remains in the R&D
stage. More often than not, the tests are not very rigorous, in which
case the new product is considered a success; but no production units
would knowingly accept it, and so again the innovation process is
incomplete. Reportedly the evaluation tests are frequently performed

52 There are several reasons for this. Where the

superficially.
technical standards are not clearcut, the decision of the evaluation
committee is generally favorable because those presenting the new
product at the meeting may some day be evaluating the committee member's
own product. Another reason is that the manager of the research unit
has the incentive to produce as many certified products as possible in
order to get a bonus from the state, even though some research results
are still not quite ready for testing. He therefore tries hard to

5% A third reason is that members of the

influence the committee.
committee are mostly administrators with little technical knowledge of
the product being tested.®® Such abuses are presumably more prevalent
at the local than at the national level. The responsibility, however,
does not always lie with the management of the research unit. But
whatever the cause, these abuses may explain in part why such a low

percentage of the research results reaches the production stage.

2¥ing Pao, Hong Kong, December 24, 1983, p. 1.
*35ee, for example, GMRB, August 9, 1982, p. 2; RMRB, June 6, 1982,

S“GMRB, August 9, 1983, p. 2; RMRB, January 2, 1984, p. 3.
*SGMRB, December 15, 1983, p. 2; RMRB, January 12, 1984, p. 7.
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MEASURES OF MANAGEMENT REFORM

Among the many shortcomings of research management, two are perhaps
critical: the lack of reseacher incentives and the poor quality of
management. The root cause of both problems is that rewards to the
researchers or directors are totally unrelated to their performances.
The key is to link the two elements. Thus the principal reform measures
emphasize a bonus and award system to motivate the researchers and a
responsibility system to induce the directors to use their key resource
more efficiently.

The bonus system that has been introduced recently provides for two
kinds of bonuses: awards in scientific research for major achievements
in natural sciences, inventions, and technical improvements, and bonuses
for successfully fulfilling an R&D contract under the new contract
system. The awards are granted by the SSTC, China's highest scientific

® The bonuses are funded by the clients of the research

governing body.”®
institute. In December 1978, the State Council promulgated the
Regulations on Awards for Inventions, and in 1980 Regulations on Awards
for Scientific Achievements. Subsequently a Recommendation and
Examination Committee was established under the SSTC with 34 members
headed by Wu Hang, Deputy Chairman of the SSTC. The Committee has 10
specialized groups for metallurgy, chemistry, mechanical and electrical
engineering, electronic instruments and meters, building, geology and
mining, agriculture and forestry, medical science and public health,

57

military medicine, and textiles. Five different grades of awards are

distinguished. Special class awards go to major key inventions. The
first class award winner receives 10,000 yuan, second class 5,000, third
class 2,000 and fourth class 1,000. For example, a new smelting

technique for vanadium titanium magnetic iron ore was given a first

®®Local governments and industrial ministries also grant awards.

For example, the Shanghai Municipal Government awarded prizes to 249
science and technolecgy achievements. JFRB, Shanghai, April 27, 1984,

p.- 1. 1In 1983, the Ministry of Coal Industry gave awards to 56 outstanding
workers in science and technology. FKMRB, July 15, 1983, p. 3.

*7The Commission in charge of science, technology and industry for
national defense has also established its own examination committee for
military inventions. It has such special groups as nuclear industry,
aviation, space science, and ordnance.
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class award in 1983.%%® During the period 1978 to 1983, the SSTC gave
awards for 642 inventions. In 1984, the State Council decided that the
amount of cash awards for inventions and natural science achievements
would be doubled, starting in 1984.5°

Relative to the research workers' average annual salary of 1,000
yuan, these awards are sizable. In principle, they should provide
strong incentives for the researchers to innovate. In practice,
however, the incentive effect is somewhat nullified because the
researchers often receive only a fraction of the award, as the following

data show:®®

No. of Major

Locality Total Award Researchers Award Received

(yuan) (yuan/researcher)
Zhuzhou 500 7 15

1,900 unspecified 15
Shanghai 16,500 unspecified 30-100

2,000 5 60

1,200 1 400
Hangzhou 2,700 2 50
Unspecified 2,000 unspecified 35
Unspecified 1,000 1 300

According to governmment regulations, if the invention results from joint
effort, those who participate in the research should get at least 70
percent of the award; and if it is the result of the work of a single
individual, that individual should receive the entire award. The
regulations, however, are generally ignored by the Party cadre who
decides how the award should be distributed. To be sure, there are

cases where the Party cadre distributes a fairly large share to the

1

researchers.® But such instances are less prevalent than those when

*8Xinhua, Beijing, October 17, 1983, reported in FBIS, Daily
Report: Ching, October 13, 1983, p. Kl2.

*SRMRB, May 13, 1984, p. 3.

°°CMRB, September 23, 1983, p. 2, November 27, 1983, p. 2; JFRB,
May 11, 1984, p. 2; RMRB, March &4, 1983, p. 3.

¢l8ee, for example, the case of the Shanghai Materials Research
Institute reported in JFRB, May 11, 1984, p. 2, and the Micro Computer
Research Office of Jiaotong University reported in March 22, 1984, p. 1.
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the Party cadre distributes the award on an egalitarian basis.®?
Reportedly, such practices have seriously hampered the enthusiasm of the
researchers.®?

In addition to the awards and bonuses, a researcher can supplement
his regular income by lecturing, writing, and consulting. At the
present stage, when S&T personnel are acutely short and unevenly
distributed among enterprises, consulting can help to relieve
technological bottlenecks in such areas as small enterprises.®* At
present the management system discourages the researchers from earning a
side income. For example, one researcher had to contribute 30 percent
of the royalty from his publication to the institute where he worked for
its welfare fund.®® Another highly publicized case is the prosecution

¢ However, the situation

of an engineer for receiving a consulting fee.®
is beginning to change. There are more cases of researchers receiving
bonuses for consulting work.®7

The responsibility system is part of the current economic reform
program that emphasizes decentralization of decisionmaking power. Until
recently research institutes were funded entirely by the state. The
research director is simply an administrator for the state and has no
authority or initiative to manage the resources efficiently. Under a
new system now being tested, the director is given the authority to make
decisions in three major areas: personnel decisions; control over the
funds of the institutes, including the allocation of funds among
alternative uses and raising the salaries of the more productive

researchers; and selling or transferring the technology they develop and

dealing with other organizations independently. They have also the

*26MRB, November 27, 1983, p. 2. Some cadres even went as far as
attempting to deny the researchers any prize mdhey after the researchers
won the award. GMRB, December 18, 1983, p. 1, April 26, 1984, p. 1.

$3RMRB, March 4, 1983, p. 3, and JFRB, March 22, 1984, p. 1.

¢4GMRB, January 29, 1983, p. 1.

85GMRB, March 6, 1983, p. 2. _

¢ SGHRB, December 23, 1983, p. 1. ~—

$'Ming Bao, October 10, 1984, p. 3; China Daily, February 10, 1983,
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responsibility to complete the research projects on schedule under
contract with the supervising departments of the government.

Preliminary results of these reforms are encouraging. For example,
after the new bonus system was introduced in the Shanghai Light Industry
Research Institute and the Chengdu Municipal Electronics Research
Institute, the number of projects completed far exceeded that of the

€8 Similarly, a comparison

preceding year and revenues increased sharply.
of 20 institutes in Beijing that adopted the responsibility system with
those that have not instituted reforms shows that the former group
performed much better in terms of work load, research results, and

utilization of results.®?

REMAINING PROBLEMS

It would be premature to conclude that reforming research
management has been an unqualified success. The reform has just
begun, and several problems remain unresolved. One difficult problem is
that of immobility of scientific manpower. In principle, opening the
market for technology will promote R&D activity and efficiency by
bringing together forces of demand and supply that hitherto have been
dislocated. But such benefits can be realized only if the factor
inputs, in this case the scientists, can flow freely into areas or
organizations producing the products in demand. The situation in China
now is one of opening the product market without opening the factor
market.. Just how far one can proceed to reap the economies of scale
under conditions- of restricted labor mobility remains uncertain.

Another sticky problem is mistreatment of intellectuals. As
recently as late 1984, there were numerous reports of intellectuals
being suppressed and humiliated. How widespread such practices are is
not known. But until the scientists are given a workable environment to
make use of their talents, their productivity is likely to be seriously

affected.

$8JFRB, March 22, 1984, p. 1; RMRB, June 7, 1984, p. 5.
®3China Daily, June 20, 1984, p. 3.
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An unsolved problem is the uncertain role of the Party secretary in
the research institute. The Party secretary used to be the power center
of the organization. If the center shifts to the director of the
institute, how would that affect the operation of the institute?

Already there are reports that in some cases the decentralization policy

is being implemented only half-heartedly.?®

7RMRB, January 5, 1985, p. 2.
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V. UTILIZATION OF RESEARCH RESULTS

Of the total number of research results achieved by the research
units, on the average only 10 to 30 percent have been utilized by the
production enterprises.! Two major factors account for the sluggishness
in applying the research achievements to actual production: the current
economic system and policies have provided no incentive to the
production managers to utilize the research results, and there are no
institutional arrangements for the research institutes and the
production enterprises to work together to complete the final phase of

innovation.

MOTIVATIONS AND CAPABILITIES OF PRODUCTION MANAGERS

Why do the production managers have little incentive to develop new
products or adept new production processes? As Zhao Ziyang explains:
there is neither pressure, nor benefits, nor financial support for them

to do so.?2

Under the distribution system in China, the production
manager of a state-owned enterprise has no marketing problem, even if
his product's quality is low and production costs are high.® The state
commercial system purchases every item produced by the enterprise,
regardless of market conditions. The manager is therefore under no
pressure to develop a new product or to seek a more efficient
technology.

From the standpoint of the production manager, the most important
success indicator is fulfillment of production quota, not innovation.

To introduce a new product or technology, the manager diverts his

resources from regular production and risks losing his bonus in the

'Lu Yehcai, 1982, p. 3. The situation in the Navy is no better.
Over the past few years, the Navy has had over 4,100 technical
innovations, but only 17 percent of them have been applied in practice
and popularized. RMRB, November 15, 1983, p. 3.

2Zhao Ziyang, 1982, p. 4.

*This is no longer true today. A limited degree of competition has
been introduced, particularly among factories producing consumer goods.
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event that he cannot fulfill his production quota.* Besides, even if
the manager decides to take the risk, there is not much profit for his
enterprise because the state's pricing and tax policies actually
discourage innovation.® The current pricing policy does not permit
higher prices for better quality products.® The cost of producing a new
product is generally higher than that of an old product because of
development costs. But the prices of new products are often set fairly

7 Tax regulations do

low, making them less profitable than old products.
allow preferential treatment for new products,® but the regulations are
so strict that very few products have been granted tax exemption. For
example, 5,938 new products have been developed in Shanghai since 1979,
but only two received preferential tax treatment.® Another form of the
irrational pricing practice is illustrated by the management fee
received by the construction enterprise. The size of the fee depends
upon the volume of construction work. The construction enterprises
reject a new technique that can economize the volume of construction
work because it also reduces its management fee.'®

The production manager is further constrained by the lack of funds
to adopt the inmnovation. In order to apply the research results, the
production manager has to go through a series of trial production and
other developmental tests before actual production can begin. The
enterprise generally does not have adequate funds for developmental
work.'! Up to the 1980s, the industrial enterprises in China had
limited funds and authority to use those funds at their discretion.
Depreciation allowances were low to begin with, averaging about &
percent of the value of the capital stock per year.'2? Only half of the

depreciation allowances were left with the enterprise, hardly adequate

“JFRB, April 26, 1984, p. 1.

*Wu Hang, 1981; Tong and Hu, 1982, p. 34.

®Tong Qiansang, 1981.

"Ku Renzhang, 1980, p. 29; China Daily, February 10, 1983,
P. 4. Sometimes, the factory suffers a loss because the price of a new product
is set too low. Kuan Enguo, 1983, p. 44.

®Kung Min, 1983, p. 34.

SChina Daily, February 10, 1983, p. &.

1%Zhao Ziyang, 1982, p. 4.

115FRB, April 26, 1984, p. 1; Wu Tingman and Jin Kouyin, 1981,

17.
12 Ren Tao and Zhu Yanxu, 1979.
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to replace wornout fixed assets with equipment embodying new technology.
Much depends upon R&D funds from the state. Yet very often only a small
proportion of the total R&D funds is set aside for development

purposes.?

PROBLEMS OF INTERFACE

Historically, China's R&D system was patterned after the Soviet
system. Its goals and development were almost entirely independent of
production. In the absence of effective demand for research results
from the industrial enterprises, the utilization of research results
would have to be arranged by administrative methods. However, there are
no institutions to supervise and support the flow of innovation from
research units to industrial enterprises. Directors of research
institutes consider their tasks completed once the new products or new
processes pass the evaluation tests. They are not interested in any
further work even though technical services are usually needed when they
pass on the technical information to the industrial enterprises.

The problem is further complicated when third parties are involved.
For example, a new electric motor that is more efficient in energy
consumption has a limited market, partly because factories producing
supplementary equipment for the old model are reluctant to adapt their
products to the new model.!® In another case, a new technique to
sterilize leather skins was developed in 1969, but it could not be
utilized because the organization using the traditional techniques would
have suffered a loss in income and therefore strongly objected to its
application.?!®

In short, the current economic policies and institutions do not
encourage the application of research results. In pursuit of their own
interests, the research institutes and industrial enterprises behave in
a way that often obstructs innovation. Tﬁere is no administrative or
market mechanism to bring them together in a concerﬁéd effort to promote

utilization of research results. S - .

13For example, the Shanghai Bureau of Chemical Industry allocated
only 10 percent of its research funds for development. Wu Tingman and
Jin Kouyin, 1981, p. 17.

14JJRB, November 29, 1983, p. 1.

1°RMRB, February 5, 1983, p. 3.
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In recent years the S&T leadership has begun to reform the R&D
system. New arrangements to foster interfaces between the research
community and industrial enterprises have been developed--such as
integrated research-production entities, consulting service centers,
technological development companies, and commercialization of
technology. An integrated research-production entity is simply an
organization that combines research capability from universities or
research institutes with production plants. The primary goal of such
integration is to link laboratory research, trial production, and mass
production in order to speed up the development and production of new
products. For example, the Changchun Municipal Optical Machinery
Research Institute and 10 plants have formed the Optical Industrial

¢ By September 1984, over 800 integrated

Research-Production Company.
entities had been established.

At the same time, more than 1,400 technological development
companies and technical service centers have been established.!’ They
grow rapidly mainly in response to the need for technical assistance by
small enterprises and factories in small towns. These organizations
provide technical services, but they also serve as middlemen who arrange
contracts between the research institutes and factories.

To bridge the information gap between the suppliers and buyers of
technology, technology trade fairs and research result exhibitions have
been organized. During the period 1980-84, the government sponsored 241
large technical fairs, which not only bring the buyers into direct
contact with the sellers, they also introduce elements of competition
among the sellers and thus help to promote quality and efficiency in the
research institutes' products and services.

In several cases these new arrangements resulted in expedient and

successful application of results.'® However, the key to success lies

*$Wen Hui Bao, June 15, 1984, p. 7.

'"For a description of one of these development companies, see
Appendix.

'8JJRB, April 5, 1984, p. 1; GMRB, November 18, 1982, p. 1;
February 24, 1983, p. 2; RMRB, August 22, 1984, p. 5.
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just as much in the development of new channels as in the newly created
demand for innovation. Decentralization of decisionmaking power along
with financial resources enables the factory managers to adopt
innovation. And opening up the market for competition among production
enterprises creates the need for innovation. In short, the market
mechanism simply transforms the demand for products (and profits) into
demand for R&D services. Hence, when the factories in Shanghai fail to
fully utilize the research results of the research institutes in
Shanghai, factories in other localities import the new technology from

19

Shanghai on a large scale. Similarly, there is also a growing demand

for innovation by small enterprises.?®

190f the research results developed by 49 research institutes in
Shanghai in the last two years and utilized by the industrial
enterprises, 67 percent were purchased by enterprises outside Shanghai.
JFRB, April 26, 1984, p. 1.

28pMRB, April 22, 1983, p. 3.
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VI. INNOVATION IN THE METALLURGICAL INDUSTRY:
PROBLEMS AND PROSPECTS

By the Chinese industrial classification, the metallurgical
industry includes the extraction of ores and the smelting and processing
of ferrous metals (iron, steel, manganese, and chrome), and nonferrous
metals (mainly antimony, tin, tungsten, molybdenum, zinc, aluminum,
lead, mercury, titanium, and rare-earth metals). The ferrous metals are
by far the more important of the two components, constituting 70 percent
of the total gross value of output of the metallurgical industry in
1983.' Among the ferrous metals, iron and steel are the most important.
The following discussion therefore focuses mainly on the innovation
process in the iron and steel industry.

The purpose of an in-depth study of the metallurgical industry is
to illustrate concretely the broad observations noted above and better
understand the technological development of a major industry in China.
In terms of the relative size of employment and gross value of output
among the 11 main branches of industry in 1983, the metallurgical
industry ranks fourth and in gross output fifth.? During the period
1952-83, the industry achieved an impressive average annual growth of
11.5 percent, slightly higher than that of industry as a whole, but
below that of electric power, petroleum, chemicals, and machinery.?
Nonetheless, throughout the last three decades, the metallurgical
industry has been a priority sector in investment allocation. In the
period 1953-83, investment in this industry accounted for 17 percent of
total industrial investment, the largest share among the 11 branches of
industry, partly as the result of China's adoption of the Soviet
development strategy in the 1950s that emphasized heavy industry, and

subsequently because of Mao's obsession with steel as the leading sector

1syi1984, p. 201.

25Y1984, pp. 115, 197. The 11 branches include metallurgy,
electric power, petroleum, coal, chemicals, machinery, construction
materials, forestry, food products, textiles, and paper.

*Ibid., p. 197.
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in economic development in the 1960s and 1970s.* It is likely that the
metallurgical industry will remain a high priority sector in the next
two decades. In the words of Zhao Ziyang, "A major problem in China's
four modernizations is that of materials: How do we provide sufficient
materials to quadruple output? Where materials are concerned, the item
of foremost importance is iron and steel.”® This is because the
increase in steel production cannot catch up with the growth of industry
as a whole, as the construction of key projects rapidly progresses,
large-scale technological transformation of existing enterprises takes
place, commune enterprises continue to grow, and new demands from the
light industry, defense, and military industries arise.® In dealing
with this problem both Zhao Ziyang and Fang Yi emphasized that
innovation is the key to the metallurgical industry’s future.? This
section explores four aspects of this basic issue: How has the R&D
system in the metallurgical industry performed? What are the specific
technological goals of the industry? What major constraints have been
impeding innovation in metallurgy? And what measures of reforming the

industry's R&D system have been adopted?

INNOVATION IN THE METALLURGICAL INDUSTRY: THE RECORD

China has made considerable progress both in product and process
innovation in the metallurgical industry.® The kinds of steel China is
capable of producing today are much more numerous than in the past, as
are the types of rolled steel with different specifications, as the

following data show.®

“SY1984, pp. 306, 309.

®JJRB, August 25, 1984, p. 1.

*Fang Yi's speech before the second national work conference on low-
alloy steel and alloy steel. Xinhua, Beijing, November 21, 1984, in
Daily Report, November 23, 1984, p. K1.

’Ibid., and China Daily, Sept. 20, 1984, p. &.

*Product innovation refers to the development of a product
formerly not produced in China. Process innovation refers to the
development of a new production technology. The two are closely
related, and a distinction is made here mainly for convenience of
analysis.

®SSB 1958, p. 26; RMRB, September 23, 1984, p. 1.
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Specifications
Year Varieties of Steel of Rolled Steel
1953 178 484
1957 372 3,997
1983 over 1,000 over 20,000

Notable new products include heat resistant steel for gun barrels;
ultralow carbon iron sheets for high energy accelerators; stainless
steel for the turbo-generators at the Gezhouba hydropowerstation; steel
sheets 3.2 meters wide and 3.2 millimeters thick for shipbuilding; high
temperature alloy for use in diesel engine turbines; salt-resistant
steel pipes; high strength alloy to make rollers for steel rolling; heat-
resistant, sulphur corrosion-resistant steel used in petrochemical
production; steel bits for oil-drilling; plates for oil-drilling;
platforms and atmospheric corrosion-resistant plates for railway
wagons.'°®

Among these new products, the growth of certain product groups such

as alloy steel, low-alloy steel, and stainless steel is particularly

1

noteworthy.?! In 1952 China produced only 25,000 tons of alloy steel.

2

By 1983, annual output had reached 2.79 million toms.® Development of

low-alloy steel did not begin until 1957, but by 1983, 4.62 million tons

3

were being produced each year.?! Similarly China began to manufacture

stainless steel in 1952, and in 1980 output totalled 86,000 toms.'*

19SSB 1958, p. 26; NCNA February 14, 1981; RMRB, January 12, 1983,
p. 2, December 11, 1983, p. 2; SWB, February 2, 1983, FE/W1221/A/7; JPRS
No. 80050, China Report: Economic Affairs, No. 203 (February 8, 1982),
p. 49; JPRS-CEA-84-008 (February 2, 1984), pp. 45-66.

1By the Chinese terminology, alloy steel refers to steel
containing one or more elements other than carbon, such as chrome,
nickel, manganese, tungsten, silicon, molybdenum, and titanium.
Low-alloy steels refer to those containing 3 to 5 percent of these
elements by weight. If the proportion reaches 5 to 10 percent, they are
classified as medium-alloy steel, and if it exceeds 10 percent, high-
alloy steel. Gongye changyong mingzi, pp. 36-37. In common usage,
however, only low-alloy steel and alloy steel are differentiated, the
latter including both medium and high-alloy steels. See, for example,
RMRB, September 23, 1984, p. 1.

21nm Da, 1982, p. 21 and RMRB, September 23, 1984, p. 1.

131bid.

1%Tu Shiying, 1981, p. 43.
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As of 1982, there were more than 600 varieties of alloy steel,
including a full range of varieties for sheets and plates, pipes, wire,
strip and shaped sections, and more than 100 varieties of low-alloy
steels. The quality of some high-speed steels, bearing steels, drill
steels, cold-rolled stainless steel plate, small-diameter geological
pipe, and low-alloy steel ribbed reinforcing rod has been reported to
reach or come close to advanced international standards. An often-
cited example of product upgrading is the steel used in building bridges
across the Yangtze River. When the bridge across Wuhan was built in the
1950s, ordinary carbon steel was used, and because of its low strength
the length of each span was only 128 meters. In the 1960s the bridge at
Nanjing was built with manganese steel from the Anshan Steel Mill and
the arch span was increased to 160 meters. In the 1970s, the Anshan
Steel Mill also developed a high-strength low-alloy steel that will be
used to build the bridge at Jiujiang, with each span reaching 216

meters.!®

In the case of stainless steel, China can now produce about
80 different types and several products, including cold-rolled sheets,
hot-rolled medium plates, rods, seamless steel pipes, and also some
strips and wire for use in the chemical, petroleum, light, and defense
industries.!®

Major product innovations in the nonferrous metals industry have
also taken place. In 1949, only eight major nonferrous metals were
produced: lead, zinc, tin, copper, antimony, tungsten, gold, and
silver. By 1983, the number had increased to 64.'7 Of particular
importance are such metals as titanium, vanadium, and rare earths.'®
Today China can produce over 100 varieties of rare earths and products

of over 200 specifications, and total production capacity ranks second

in the world.!® Three main factors contributed to the rapid development

1% RMRB, June 19, 1982, p. 5.

%Ly Shiuing, 1981, p. &4,

Y7RMRB, October 14, 1984, p. 2. ,

'8Rare earths include the following: dysprosium, thulium,
erbium, gadolinium, holmium, scandium, lanthanum, lutetium, neodymium,
cerium, promethium, praseodymium, samarium, terbium, ytterbium, yterium,
and europium.

1°JJRB, September 15, 1984, p. 1.
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of nonferrous metals: rich reserves, the R&D effort, and demand.

China's reserves of tungsten, tin, antimony, zinc, titanium, tantalum,
and rare-earth metals rank first in the world; those of lead, nickel,
mercury, molybdenum, and niobium rank second; and copper and aluminum

rank fourth and fifth, respectively.?’

To develop these resources,
research organizations and production facilities have been in existence
since the 1950s. The more important research institutes engaged in long-
term research on the major nonferrous metals include: The Central South
Institute of Mining and Metallurgy, the Northeastern College of
Engineering, the General Research Institute of Nonferrous Metals, the
Guangzhou Research Institute for Nonferrous Metals, the Kunming Research
Institute for Precious Metals, the Baoji Nonferrous Metals Research
Institute, and research institutes attached to the Jinchuan
Copper-Nickel Mine, the Panzhihua Iron and Steel Complex, and the Baijun
Obo Mine. In the past demand originated mainly from exports and
military uses. Exports of tin, antimony, mercury, tungsten, molybdenum,
titanium, and zinc have long been important sources of foreign exchange
earnings. Demand for nonferrous metals for military uses was also
important. Until recently, about 80 percent of China's nonferrous metal
products were consumed by the defense industries.??

In the development of new technology, China has also made some
notable achievements. These innovations are of several types:

(1) the first type relates to two characteristics of China's iron
ore: low iron content and paragenesis of different ores. China has
abundant iron ore reserves, estimated at over 44 billion toms, second
only to the Soviet Union and Brazil. But the ores are mostly lean ores.
About 87 percent of them have an iron content of 30 percent or less, and
the rest have an iron content of 50 percent or more, of which only 4.2

percent can be used directly as raw material in a blast furnace.??

2°BR, No. 7, 1982, p. 8.
21py1982, p. V-200.
22RMRB, September 22, 1982, p. 3; Yu Jingsheng, 1950, p. 39.
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Despite the shortage of high-grade iron ore, the Chinese leadership
decided to develop a self-sufficient integrated metallurgical industry.
A central task for the industry was therefore to develop technologies to
make use of the low-grade ores. As a result, new techniques of ore
dressing and iron smelting have been achieved. For example, in the
beneficiation of lean hematite and magnesite, China can now produce the
equipment to raise the iron content from 30 percent to over 54 percent
and the recovery rate to more than 75 percent.?® Special techniques to
deal with problems unique to certain kinds of ores have also been
developed. The Baotou Iron and Steel Complex, for instance, together
with the Beijing General Institute of Mining and Metallurgy, has made a
break-through in ore-dressing that eliminated fluorine, reduced
phosphorus in the concentrates, and basically solved the problem of
furnace clinkering caused by the high content of sodium and potassium in

the ore.2*

Other examples include the sintering technique using the
fine ore in Anshan, the technique to lower silicon content from more
than 1 percent to 0.6 to 0.9 percent in pig iromn smelting, and the
technique of injecting powdered coal into the blast furnace, which
substantially reduces the coke consumption rates.Z2®

The other characteristic of China's iron ore is its paragenetic
nature. Metals other than iron are often found in the same ores and
special techniques are required to separate and recover these metals.
- The two most important mines with paragenetic ores are Panzhihua where
vanadium-titanium-magnetite is found, and the Baotou~Bayan Obo mine
where the iron ore contains niobium and rare-earth metals. China has
acquired the technology to separate titanium from other minerals and

26

extract titanium dioxide from concentrated titanium ore. -The iron ore

23Fang Minsheng, 1981, p. 70.

28%inhua, August 20, 1983, in SWB, Far East, August 31, 1983,
p. A/10.

%°The last technology is so effective that it has been exported to
Luxemburg. Zhongguo liante sanshi nian (Thirty years of Iron Smelting
in China), Metallurgical Industry Press, f?Sl, pp. 1-5.

28NCNA, October 30, 1982, Xinhua, October 16, 1983, and January 19,
1985, in SWB, Far East, November 10, 1982, p. A/12, October 26, 1983,

p. A/7, and February 6, 1985, p. A/10.
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in Baoctou contains rare elements such as niobium and also phosphorus,
which could easily cause scaling in the blast furnace. After years of
research, Chinese scientists discovered the cause of scaling and
succeeded in separating compounds of rare metals and rare-earth
concentrates.

(2) A second type of innovation occurred mainly in response to the
needs of defense industries and the desire for import substitution. A
case in point is aluminum extraction, smelting, and processing. China
has deposits of more than one billion tons of bauxite. But the ore
contains diaspore with a high content of aluminum oxide and silicon
oxide and a low content of ferrous oxide. Because of the peculiar
properties of the ore, China could not use foreign processing technology
and had to develop a new sintering process. With this new technique,
the Zhengzhou Aluminum Plant, the largest aluminum factory in China, has
been able to recover 92 percent of aluminum oxide. In smelting, China
has also developed a new model of the electrolytic tank and has mastered
the techniques to turn out over 100 varieties of aluminum-magnesium

27

alloy. In processing, the Zhouxian Aluminum Fabrication Plant in

Hebei has developed the equipment and technology for continuous casting

28  QOther cases of technological advance

of aluminum plates and strips.
have been reported, such as methods for extracting nickel and cobalt by
the Jinchuan Nonferrous Metals Corporation and the technique to treat
copper anode mud to raise the recovery rate of gold and silver developed
by the Yunnan Smelting Plant and the Kunming Metallurgical Research
Institute.??

(3) A third type of process innovation consists of mainly advanced
techniques adopted from abroad. Notable among them are the converter
process (particularly the basic oxygen process, the side-blown and top-
blown process) and continuous casting. Because the converter process is

generally considered a more advanced technology than the open-hearth

process, and because its diffusion requires some R&D effort, the

27ching Daily, August 18, 1984, p. 2.

2%Beijing Xinhua, August 15, 1983, in Daily Report, August 26,
1983, p. R1.

2°Duan Wensheng and Liu Xingli 1982, p. 53, and JPRS 83380, May 2,
1983, China Report: Science and Technology, No. 196, p. 3.
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following data on the changing proportion of steel produced by the
converter process, particularly the top-blown process, in total steel
output can be taken as a rough indicator of technological advance

resulting mainly from China's indigenous research effort:?®

Percentage of Percentage of Top-blown

Year Converter Steel Converter Steel
1952 7.1 --

1957 14.9 -

1965 20.2 2.6
1975 37.1 25.1
1978 42.9 33.4
1979 45.8 37.5
1980 48.8 40.6
1981 50.1 42.9
1982 50.1 44 .8
1983 49.8 46.3

A similar indicator is the proportion of steel produced by
continuous casting. In 1978, the percentage was only 3.5 percent, and
by 1983 it had increased to 8 percent.®! Not all the new technologies,
however, were adopted from foreign ones. Some were the result of
indigenous R&D, such as the powder metallurgy technique using fluidized
nitrogen and hydrogen to reduce the ferric oxide to powdered iron, which
can be pressed into many kinds of magnetic materials, high-quality
powdered welding rods, and mechanical parts.?3?

How do the Chinese evaluate their own record? The question is of
interest because it relates to specific lessons from past experience and
the Chinese leadership's perceptions of what needs to be done in the
future. According to the assessment of Chinese officials, the R&D
performance in the metallurgical sector has been far better than in most

other industries. However, there are four major shortcomings in the R&D

*%Ysiao Hsing, 1958, p. 35; RMRB, September 20, 1959, p. 3; EY1981,
p. IV-85; EY1982, p. V-189; EY1984, p. V-145; Ministry of Metallurgical
Industry.

*1Zhang Shuguangs 1981, p. 136; communications with officials of
the Ministry of Metallurgical Industry.

32Beijing Xinhua, July 17, 1979, in China Report: Economic
Affairs, No. 5, JPRS No. 73955 (August 3, 1979), p. 115.
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system: the variety, quality and quantity of many products cannot meet
the demand, the technological level of the industry remains backward,
the effects of technology imports on the technology of the domestic
industry have been limited, and the management of R&D has been
inefficient in the past. The causes, effects, and policy measures to

deal with these problems are discussed in turn.

INNOVATIVE CAPACITY AND DEMAND FOR NEW PRODUCTS

Despite impressive R&D achievements in the past, the quantity,
quality, and variety of products of the metallurgical industry cannot
meet the demand of the growing economy. Such is the assessment of the

33  The problem of quality stems from the

minister of the industry.
one sided emphasis on output in the past and the rigidity of the material
distribution system that neither rewards the producer for quality of its
products nor permits the users (except perhaps the military) to reject
the products because of poor quality. One major consequence of poor
quality is the short service life of metal products. For example,
automotive axle bearings produced in China last only 100,000 kilometers,
a quarter of the distance for those produced in the United States.
Aircraft axle bearings have one-seventh the life of British products.
It takes three high-speed steel drill bits to match the durability of a
single one made in England.®* Similar complaints have also been made
about military goods because of the inferior quality of the steel.?®

In addition to the problem of quality, China could not produce many
kinds of finished steel at all or could not produce enough to meet
demand. Examples of the former type are stainless steel pipes with
diameters of 250 mm or larger and shafts for elevator systems. The
following data on output and imports in 1979 suggest items of inadequate
domestic supply:?®

33Li Dongye, 1983, p. 15. See also similar assessments by Yu
Jingshenq, 1980, p. 39; Ye Zhiqiang in BR, No. 7 1982, p. 8; and Lin
Huiguo, 1983, pp. 76-77.

#4Zhou Chuandian, 1980, p. 3.
3°See statement by Wu Xiuquan in Zos Angeles Times, March 24, 1979,

p- 9.
*%Hu Shaoliang, 1981, p. 297.



Output Imports Imports/Output
(million tons) (%)
Finished Steel 24.97 8.47 34
Silicon steel strips 0.02 0.23 1,150
Tin sheet 0.01 0.17 1,700
Zinc sheet 0.05 0.20 400
0il pipes 0.07 0.48 686
Wire 0.13 0.15 115

Table 4 provides a more comprehensive list of finished steel for supply
of which China has been relying on external sources. It is interesting
to note that the items for which China depends heavily on imports are
sheets, plates, tubes and fittings, heavy and light sections, and
wirerods. Furthermore, if one focuses on the trend of total imports of
finished steel in the two decades 1963-83, the rate of growth of imports
far exceeded that of output of finished steel. The Chinese officials
expect imports to continue, though perhaps at a slower pace.3’

If China's R&D system cannot develop sufficient high-quality
products to meet current demand, it will probably be even more difficult
to succeed in the future because of rapidly rising demand from two main
sources. The first is a much lower projected growth rate of steel
output than that of total industrial and agricultural output. Steel
output by the year 2000 is expected to reach 74 million tomns, double
that of 1980, while consumption of steel corresponding to the
quadrupling of industrial and agricultural output over the same period
will be 90-110 million tons.?®? One of the important measures to fill
the gap is to conserve the use of steel by improving the quality of
steel products. The second source of demand for new products briginates
from the need to furnish new materials for new industries, such as
electronics and durable consumer goods, key projects in energy and
transport, and the defense industries. To meet these pressing needs,
the Metallurgical Ministry has planned to develop 70 new types of
finished steel including 52 kinds of alloy and low-alloy steel during

376ongren ribao (Workers Daily), July 7, 1980, p. 3.
3%Zhou Chuandian 1984, p. 45.
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the period 1983-85, and raise the proportion of low-alloy steel to total
steel output from 8 percent in 1980 to 12 percent in 1990 and that of

alloy steel, from 4.9 percent to 9 percent over the same period.??

PROBLEMS OF PROCESS INNOVATION

Although some new technologies are developed to produce the same
product more efficiently, product innovation generally involves process
innovation. The attainment of the goals of developing new products
hinges on China's capability to develop or adopt new technology. Past
performance in technology development, however, is even less
satisfactory than product development. According to the Vice Minister
of the Metallurgical Industry, this is because China's research effort
in the past has concentrated on the development of new products to the
neglect of new technologies.*®

The bias toward product innovation should not be surprising if one
bears in mind the importance of different kinds of metals for military
uses. From the very beginning, the significant role of demand for
special steel by the defense industry was evident. During the period
1952-55, 52 percent of the new varieties of steel developed by
enterprises under the Ministry of Metallurgical Industry were for the
defense industries, rather than only 30 percent for the civilian
machinery industry and 16 percent for comstruction uses.®! The output
of stainless steel increased nearly fourfold during 1960-70, primarily

42

to meet the needs of the defense industry. Indeed, it is reported

that the Central Iron and Steel Research Institute performed much better
in military than in civilian research and that it developed whatever

materials the defense industries needed.*® Not surprisingly, when the

#31,i Dongye 1983, p. 15, Xinhua, March 2, 1983, in SWB, March 16,
1983, p. A/17.

487hou Chuandian, 1980, p. 3.

“13SB 1958, p. 26.

%274 Shiying, 1981, p. 43.

“*Zhou Chuandian, 1984, p. 51.
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defense sector was called upon to support economic comstruction, several
steels originally developed for military use were made available to
civilian users, including magnetic alloy, titanium alloy, and high-

temperature-resistant alloy."“*

The current emphasis on the transfer of
military technology to civilian use, however, in no way diminishes the
important role of military demand in R&D. A new type of helmet, for
example, was developed with a new high-strength steel alloy in the early
1980s. Recent breakthroughs in research on alloys has enabled the
defense industry to make high quality steel for the Spey engine. In a
discussion of the future tasks for the metallurgical industry, Li
Dongye, the Minister, stressed the need tc concentrate the industry's
research effort on developing new materials for the major construction
projects and the defense industries.®S

One major consequence of the neglect of process innovation is the
technological backwardness of the equipment in the metallurgical
industry. For example, two-thirds of the major equipment in Anshan, the
largest iron and steel complex in China, are of 1930s and 1950s

%% TFor the country as a whole, the technology for 15 percent of

vintage.
the total productive capacity in 1982 was that of the 1930s and 1940s,
70 percent that of the 1950s and 1960s, and omnly 15 percent that of the
1970s and 1980s."? The degree of technological backwardness varies
among different branches of the industry and among different types of
equipment. The technological level of iron smelting is better than that
in steel making, and that of steel rolling is the worst.*® By and
large, the main metallurgical equipment is technologically more advanced
than instrumentation and control installations. In particular,
measuring and monitoring instruments so vital to quality control are

often lacking. As noted by the Vice Minister of the Metallurgical

Industry: 'When we refine steel in converters, there are no exact

““Yan Dong Shang, 1984, p. 220.
“31i Dongye, 1983, pp. 15-17.
“®Zhang Shuguang, 1982, p. 134.
“7Tien, 1984, p. 227.

“87hou Chungdian, 1982, p. 24.



figures for how much oxygen to use during the blowing process or how
long the process should be."*® At the Shoudu Iron and Steel Company,
computers are used to process data in the blast furnace and not for
control. In one of its plants one still sees manual handling of the
rolling machine. Other néw technologies besides automation technology
that have yet to be popularized include pelletizing, sulfur removal
outside the furmace, continuous casting, pretreatment of molten iron,
secondary refining, and high-speed rolling. In addition, China cannot
produce some precision components. Examples are large air blowers,
oxygen producing machines, and large-scale electroslag refining and
vacuum degassing units. Evidently the ministry is keenly aware of the
need to develop these new technologies. For example, included in the 38
key research projects for the Sixth Five Year Plan is the design and
construction of a 2,050 mm continuous hot-rolling mill.®® Over the
longer run, China plans to produce 50 percent of its total steel output
by continuous casting by the year 2000.%!

Another technological problem is the high energy consumption per

unit of output as the following data show:®?

Tons of Standard Coal

Country (Year) per Ton of Steel
China (1979) 2.27
USSR (1978) 0.96
U.S. (1978) 0.90
Japan (1978) 0.68

The comparison shows that to produce one ton of steel China
consumes more than twice as much energy as the United States or Soviet
Union and three times that of Japan. There are three main reasomns for
the difference. First, China uses more iron and less scrap metal in
making steel than other countries. The ratioc of pig iromn output to

steel output in 1979 was 1.1, compared with 0.68 in the United States

%%7hou Chuandian, 1980, p. 3.
$%BR, No. 29, 1983, p. 7.

$1Zhou Chuandian, 1984, p. 48.
®2Hu Shaoliang, 1981, p. 298.
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® The use of sintered iron as input requires more

and 0.81 in Japan.®
fuel than scrap steel. Second, a distinctive feature of China's iron
and steel industry is the importance of small blast furnaces. In 1979
the medium and small blast furnaces produced 27 percent of the total pig
iron output; yet these plants consumed 39 percent of the coke used for
iron smelting because coke consumption per ton of iron in small plants
was much more than that of the major steel plants.®* Third, a
substantial portion of steel is still made by the open hearth process.
Fuel consumption per ton of steel by that process is twice that by the
BOF method and continuous ingot casting. The open hearth is no longer
used in Japan, but one-third of the steel output in China is still
produced by that process. Partly as a result of these developments the
metallurgical industry has become the largest energy consumer among the
11 branches of industy.

A fourth problem with important technological implicatiomns is
pollution. The iron and steel industry generated large quantities of
pollutants in the form of dirt from ore beneficiation, polluted water
from coke manufacture, and dust and waste from blast furnaces. The 13
major steel complexes produce 2.1 billion tons of waste water, 490
billion cubic meters of waste air, and 12 million tomns of solid waste

®® TFour of them are located in the densely populated cities

each year.
of Anshan, Beijing, Wuhan, and Shanghai. Up to now very little has been
done to protect the environment. The Chinese are beginning to see the

need to develop the technology for pollution control.

LIMITED EFFECTIVENESS OF TECHNOLOGY TRANSFER

To a certain degree China can rely on technology transfer to
resolve some of the technological problems noted above. Critically
needed technology can substitute for indigenous R&D at a time when
scientific manpower is scarce and a techmnological base can be built upon
which the Chinese scientists can further expand. In the past China has
acquired foreign technology through sending students abroad and

purchasing technology-embodied equipment.

®31bid.
*%Ibid., p. 299.
®%Hu Shaoliang, 1981, p. 302.
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In the 1950s China sent thousands of students to the Soviet Union
for technical training. After Sino-Soviet relations went sour in the
early 1960s, China abandoned the policy of sending students abroad. It
was not until the late 1970s that China again expanded cooperation with
other countries in science and technology. Since 1978, 33,000 students
have been sent abroad. By the end of 1984, 14,000 had returned.®®
Relative to a total of over six million scientific and technical
personnel in China, the number of students sent abroad is small, but
they represent the cream of China's scientific manpower. Their
potential effect depends upon how they have been selected, how much they
have been able to learn in foreign countries, and how effectively this
group of new talent will be utilized upon their return.

The selection process is straightforward. The Ministry of
Education designates quotas for study abroad to different research
institutes. An individual applying for a fellowship goes through a
series of examinations in his institute. The institute then recommends
the best qualified for the fellowships on the basis of the examinations
and the applicants' work performance in the institute. Those
recommended have to pass a foreign language test before being sent
abroad. At first glance, the quota system seems somewhat arbitrary, and
possibly biased, because those excluded by the quota of a good institute
may be better qualified than those included in the quota of an inferior
institute. 1In reality the degree of bias is probably not serious
because the candidates who pass the examinations all have good basic
training, and the difference in their quality is not too great.
Besides, the quota system provides a rare opportunity for the smaller
institutes to develop talent, which is important because getting
qualified people is difficult for them.

A different problem is that these students are generally
handicapped by poor language training, an initial gap between their
technical training and the state of the art in foreign countries, and
the fact that at this stage they are mostly middle-aged. These
handicaps are not serious obstacles. By and large the students are

highly motivated, intelligent, and hard-working.

~ SSGHRB, November 30, 1984, p. 1.
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Perhaps the most serious problem is utilization of their training
after their return to China. A recent survey of 4,000 returned students
reveals that many have not been able to fully utilize their talents.®’
In principle, a returned student can apply to the Ministry of Education
for positions where his training can best be utilized. In reality, he
goes back to his own unit. Outstanding scientists are exceptions. They
have a much better chance to relocate if they so desire. One reason for
choosing different positions is that the working conditions of different
institutes vary. Some have better equipment than others. But even the
best usually do not have the modern facilities found in foreign
countries. The lack of modern equipment thus may limit their

effectiveness.®?

The question of the effective use of returned students
is important because the opportunity cost of their training is quite
high when scientific manpower at home is acutely short and, unless the
payoff after their return is also high, the R&D system as a whole
suffers a loss.

In the case of direct transfer of technology, several problems have
arisen. Before 1980, technology transfer mainly took the form of
turnkey plants and eqgunipment rather than technology, as the following

data show:5®

Total Imports Complete Plants as
Year (Billion US §) Percentage of Total
1950-59 2.7 89
1963-66 0.3 93
1973-77 3.5 90
1978-79 7.9 96

The lopsided emphasis on equipment indicates that the intent was to
expand productive capacity rather than to import technical know-how.

Even when technolegy was imported and copied, little effort was made to

*'GMRB, November 25, 1984, p. 1.

®8A case in point is the group of scientists sent to work with a
Nobel Laureate in Physics. They could not make use of their experience
after their return to China. Lu Jiaxi, 1982a, p. 12.

59Lei Wenxian et al., 1982, p. 34.
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study, assimilate, and develop the technology further, with the result

80 yWorse

that the technological level remained unchanged for many years.
still, some foreign technology was obsolete by the time it was imported.
For example, in 1978, a set of equipment for a cement plant was imported
from Rumania at a cost of $43 million.®! The technology was that of the
1960s, not worth copying let alone being used as a basis for further
research and development.

The situation changed abruptly in 1979 when the new leadership
canceled large numbers of contracts to import technclogy, reduced the
scale of imports, and shifted the emphasis from purchasing complete sets
of equipment to acquiring technology licenses, technical advisory and
consulting services, and coproduction of new products. In order to
really economize R&D efforts through technology imports, some research
in assimilating foreign technology is indispensable. However, Chinese
scientists consider the shift a step in the right direction.

Being a priority sector the metallurgical industry has received a
sizable share of technology imports. Since 1949, technology imports for
the metallurgical industry have accounted for 24 percent of total

62

technology imports. The transfer of foreign technology has continued

unabated since 1979. For example, the Anshan Steel Company has imported

63

70 items of technology. A computer-controlled aluminum smelter was

64

built near Guiyang by the Nippon Light Metal Company. Japan Steel

Works, Ltd. provided steel casting and forging technology, and

Mannesmann-Demag of West Germany assisted China in producing continuous

casters.®®

However, the economic effects of the transfers are uncertain for
several reasons. As in the case of other technology transfers,

technology imports by the metallurgical industry have concentrated on

€°Zheng Yujing, 1981, p. 81.

®lXao Qingjeng, 1981, p. 44.

$2Gongye jingji (Industrlal Economlcs), No. 16, 1981, p. 51.
83Xinhua, July 9, 1984.

$%Kyodo, August 11, 1982.

¢5Kyodo, November 18, 1982; NCNA, August 9, 1982.
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the purchase of equipment instead of the technology to manufacture the
equipment.®® Very often only the main equipment in the production
process has been imported, leaving out control instruments and other
auxiliary technologies, so that, at best, only part of the technology
has been acquired. Some imported technologies have not been effectively
utilized. For example, the rolling mill at Wuhan, imported from Germany
and Japan, has not been able to operate at full capacity because of
shortages of electric power, raw materials, and spare parts. The power
shortage forces the plant®to stop production for three hours daily. The
difficulty is due to the bureaucratic entanglement of the many
departments involved and in part to the lack of a systems approach to
technology transfer. Because of these limitations, the assessment of
the officials of the ministry is that the effects of technology imports
are positive but have not lived up to their expectations.

The Chinese leadership plans to use technology imports to upgrade
the domestic technological level. In selecting the converter technology
for the Baoshan Steel Mill, the leaders wanted the most advanced
technology. Their intention was to assimilate and diffuse it among
China's steel facilities for development of the next generation of
converters when China pushes forward its technological transformation
during the Seventh Five-Year Plan and beyond. They planned to receive
the technology that blows oxygen and inert gas into the converter from
the top and the bottom. What the Japanese designed for China was
something less sophisticated. The Chinese were unhappy but planned to
adopt the new technology at a later date. The acquisition is only a
first, albeit a very important, step in technology upgrading. The
second step is assimilation. And herein lies the weakest link in
technology transfer, because assimilation requires R&D efforts and
apparently such an effort has not been made. As the Vice Minister

points out:

®$Ma Hong, 1982, p. 1982,
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Now production installation teams are in existence, but an
equipment assimilation and development team is still lacking.
The number of workers and staff in the metallurgical system is
put at three million, and there are more than 170,000 technical
personnel. However, many have no work to do, which is a great
waste. The Baogang Design Institute, for example, has 1,200
people with nothing to do. The best of these should be chosen
and organized into an assimilation and development team. We
should set up a real research institute to assimilate and
absorb imported technology. First we should learn from other
people's equipment and then we should develop our own. Imported
equipment and technology should be studied part by part and
analyzed process by process. The ones which we can manufacture
ourselves, such as the main equipment of sintering machines,
blast furnaces, converters and coking ovens, we should make
ourselves. But there are some precision components which we
must rely on foreign research to produce. What we cannot

build . . . we simply should not [try to] build ourselves.®’

At the moment, no large-scale technology imports by the
metallurgical industry have been planned, other than the equipment for
the second stage construction of the Baoshan Steel Mill1.%%® But in all
likelihood, China will continue to import foreign technology, although
the emphasis will be more on specific sets of equipment rather than
turnkey plants, and on technical know-how rather than just hardware. 1In
any case scientific research apparently has some way to go before the

imported technologies can be effectively assimilated.

CONSTRAINTS ON INNOVATION AND INSTITUTIONAL REFORMS

Apart from the limited effectiveness of technology transfer, there
are many weaknesses in the R&D system. Some of the shortcomings are
summarized in the impressions of U.S. scientists visiting the Chinese

metallurgical research institutes in 1978:

The laboratories we visited are all about the same size, with

1200 or so total staff, of which usually half are professionals

¢7Zhou Chuandian, 1980, p. 3.
¢EThere has been some talk about possible revival of the Jidong
Project in Hebei.
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and higher level technicians. The researchers and managers of
these laboratories are uniformly self-critical. They consider
the laboratories to be poorly equipped. They feel that not
enough effort is being devoted to long range research and
development and to basic research topics that have originated
from within the laboratory. On the average, about 40 percent
of the funding goes to support ministry-originated projects,

40 percent to solve industrial problems, and the remaining

20 percent to self-generated research. They are especially
critical of the backwardness of scientific research in the
areas of extractive and process metallurgy, automation, and all
aspects involving computers. . . . There is also concern over the
average age of the professional staff. It appears that, as

a result of the negative impact of the Cultural Revolution

on higher education, there has been a shortage of young people
with advanced training.®®

Reports from other sources corroborate these observations. The

problems facing the metallurgical industry are not too different from

those of the R&D system as a whole. They are related to the rigidities

in the organizational structure and irrational management of R&D

activities.

The metallurgical research institutes are organized along the same

lines as the R&D system as a whole. They belong to any one (or two)

five branches. (1) CAS has three metallurgical institutes under its

control:

the Institute of Chemical Metallurgy in Beijing, the Shenyang

Institute of Metals Research, and the Shanghai Institute of Metallurgy.

These units are oriented toward basic research. (2) Attached to the

universities are research institutes and laboratories conducting basic

or applied research on metallurgical problems. They may come under any

of the three administrative systems: the Ministry of Education (e.g.,

the Modern Physics Institute in Fudan University, which has a vacuum

physics laboratory working on the surface physics of metals and alloys),

the Ministry of Metallurgical Industry (e.g., the Beijing College of

Iron and Steel Technology), and the proviﬁcial or municipal governments

(e.g., the Hebei College of Engineering under the Hebei Provincial

Government). (3) Directly under the Ministry of Metallurgical Industry

are 24 national-level research institutes (e.g., the Central Iron and

Steel Research Institute), 30 institutes under the local bureaus of the

$°John Tien, 1979, p. 37; Shewmon, 1979, p. 23.
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Ministry (e.g., the Institute of Nonferrous Metals Research in
Guangzhou), and several under the local government (e.g., the Beijing
Metallurgical Research Institute under the Beijing Municipal
Government). (4) There are 67 research departments or institutes
attached to the iron and steel companies (e.g., the Shoudu Iron and
Steel Company). (5) Finally there are the research institutes in the

7®  The research institutes in the civilian sector also

military sector.
conduct research on new products and technology for military use.

The rigid administrative system of five largely compartmentalized
branches has created many problems. There is no specialization and
division of labor among the research units. Research institutes under
CAS and the universities want to build factories, and factories want to

establish research institutes and universities.?!

Furthermore, almost
every locality has established its own metallurgical research institute,
and some provinces have institutes at the province and the city levels.
With the research strength spreading so thin, most institutes have a

rather week capability.’?

Also, interdepartmental cooperation in R&D is
difficult, as indicated by the attempt to develop continuous casting
techniques by the Ministries of Metallurgical Industry and Machinery,
which never worked out because neither was willing to fund the project
out of its own resources.’?

The administrative division is also important because the budgetary
process is based on more or less the same division. The military sector
has its own R&D budget. Funds for civilian R&D are largely controlled
by the SSTC which usually divides them into four parts: funds to
support key projects managed by SSTC itself, provincial SSTC offices,

CAS, and the Ministries.’” The amount of funding for each research unit

"°We visited institutes in all the branches except the military,
including the Shanghai Institute of Metallurgy, Jiaotang University, the
Beijing Metallurgical Research Institute, the Shoudu Iron and Steel
Company, Wuhan Iron and Steel Complex, and the Baoshan Iron and Steel
Company.

7 In fact, some large steel mills, such as the Shanghai No. 5 Steel
Plant, have their own universities.

’2Wang Gang, 1980, p. 35.

"3RMRB, August 9, 1979.

74Research institutes attached to universities receive funding from
the Ministry of Education.
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depends upon the total available, the decisionmakers' priorities, and
the position of a given unit in the R&D system. There are repcrts that
inadequate funding in some metallurgical research institutes has
seriously affected research.’®

Like research units in other departments, there are also problems
of mismanagement and lack of incentives to innovate in the metallurgical
industry. For example, mistreatment of the researchers by the
management in the Xiangtan Iron and Steel Research Institute and the
Baotou Metallurgical Research Institute has forced the researchers to

apply for transfers en masse.’®

Furthermore, the average age of S&T
personnel in institutes under the Ministry of Metallurgical Industry is
over 40 years old.”’’ 1In some cases, for no good reason, the management
of the factory obstructed the adoption of new technology developed by
its own researchers.’®

According to the Chinese officials, the utilization of research
results in production has been more successful in the metallurgical
industry than in most other industries, largely because of two unique
developments in the R&D system in this industry. The first is that R&D
has been primarily demand-oriented research with a strong demand
originating from the need for high quality steel by the military sector.
The second unique feature is that, unlike China's R&D system as a whole,
institutes directly under the Ministry of Metallurgy or the large iron
and steel complexes have had fairly strong research capabilities, and
their efforts have been oriented primarily toward developmental work for
the steel mills. The iron and steel industry in China is highly
concentrated organizationally, with 13 large complexes producing the

bulk of total output.’® Each of these large enterprises has its own

7®Na and Jian, 1982, p. 27; GMRB, June 25, 1980, p. 2.

"¢ JJRB, July 23, 1984, p. 4; RMRB, June 29, 1984, p. 3.

7’Na and Jiang, 1982, p. 27.

"®The case of the leadership at the Xiangtan Manganese Mine is an
example. Gongren ribao, January 24, 1980, p. 1.

7°By large enterprises the Chinese refer to those with productive
capacity exceeding one million tons. All others are medium or small
enterprises. In 1979 the large enterprises produced 73 percent of pig
iron output, 86 percent of steel and 71 percent of finished steel. Ma
Shaoliang, 1981, p. 315.
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research institute, and the latter's research tasks are closely related
to the enterprise's technological and marketing needs. For example, the
Shoudu Iron and Steel Complex has two research institutes with 598
scientists and technicians working on new products and new technologies
for the company.?®

The close relationship between most research institutes and the
steel plants notwithstanding, there are still some weak links in the

! Some of the major

application of research results to production.?
research institutes working on metallurgy are separate from and
independent of the production enterprises. Research programs and
production plans are managed separately by different administrative
departments, and there is still a lack of communication among these
departments. The current price policy does not permit higher prices for
better quality, so there is no incentive to introduce new products. For
example, the Heilongjiang Metallurgical Research Institute developed a
technique to raise the sulphur content of the troilite ore to about 35
percent, thus supplying high quality raw material for the sulphuric acid
plant and making it possible for the comprehensive utilization of iron
in the sulphuric acid slag. But because the price policy was
unreasonable, the technique has not been adopted.®? Finally, leaders of
the enterprises are often unwilling to provide the funds for
intermediate tests.

Faced with these problems, the metallurgical industry has taken a
series of steps to reform the R&D .system. The following specific cases

illustrate some of the reform measures.

(1) To encourage technical exchange between research units, in 1982
the ministry issued a directive that imported technology must
be open to all without charge and that obstructions to technology
exchange between units would not be allowed.®® The

diffusion of other technologies is encouragéd through a system

80Zhiang Yiwei 1983, pp. 304-316.
®lyang Gang, 1980, pp. 37-39.

8 21bid., p. 38.

836MRB, August 26, 1982, p. 2.
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(3

(4)
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of compensated transfers. Since 1980, some interunit
cooperation in R&D has taken place. For example, the Taiyuan
Steel Complex cooperated with the Beijing Iron and Steel
Academy to develop a new technique to refine stainless steel.®*
The Anshan Steel Complex and the Northeast Engineering College
have agreed to conduct joint research.®® As noted above, there
has been some technology transfer from the military sector to
the metallurgical: industry. For example, the Ministry of
Nuclear Industry has adapted the uranium extracting process for
use in the extraction of tungsten, and a variable speed
hydraulic clutch, developed by the No. 711 Research Institute
for use in military vessels, has been used on automatic
controls of blowers for steel-smelting furnaces.®®

To improve R&D management through decentralizing decisionmaking
power, the ministry introduced the contract system for managing
key projects when assigning tasks to the research institutes.®?
Some industrial research units have also adopted the contract
system when they provide technical services to end-users and
receive payment in return.®®

The award system has been modified to allow larger awards to
researchers giving outstanding performances. For example, two
researchers in the Shandong Metallurgical Research Institute
and an associate professor at the Beijing Iron and Steel
Academy have each received two thousand yuan (roughly 20 times
their monthly salary) for their scientific contributions.?®?®
Severai’joint research-production unigghhave.emgrged that
directly link the research unit with the steel mills. Suchv

cases include joint organizations between the Panzhihua Iron

8YRMRB, October 22, 1984, p. 2.

85GMRB, January 10, 1983, p. 1.

86Xinhua, March 22, 1984, JFRB, August 17, 198Z.

BIRMRB, Janmary 8, 1985, p. 3.

88JJRB, July 24, 1984, p. 1.

®°GMRB, April 10, 1984, p. 1; RMRB, September 28, 1984, p. 1.
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and Steel Research Institute and the Panzhihua Iron and Steel
Complex, and between the Shanghai Metallurgical Research

Institute and the Huangpu District Industrial Company.®®

Many of these reform measures are still in the experimental stage,
and many others have yet to be introduced to this industry. It remains
to be seen how effective these measures will be in improving the
productivity of R&D in the metallurgical industry. Much depends on the
reform program. The lingering problems of the Party members' distrust
of the intellectuals and of the lack of assimilation of foreign
technology to this day suggest that inertia and other obstacles to
reform are not to be taken lightly. In any case, it is certain that the

reforms will have positive effects on the R&D systenm.

*°RMRB, June 18, 1984, p. 3; JFRB, July 6, 1984, p. 1.
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INSTITUTIONS CONDUCTING RESEARCH ON
METALLURGY IN CHINA

Compiled by Janice Hinton

Ministry of Metallurgical Industry (MMI)
Beijing: '

Central Iron and Steel Research Institute

Central Nonferrous Metals Research Institute

Design and Research Institute of Nonferrous Metalworking
~ Iron and Steel Department

Mining and Metallurgical Research Institute

Research Academy of Colored Metals '

Steel and Iron Research Academy

Changsha:

Research Institute of Mining and Metallurgy

Guangzhou:

Institute of Nonferrous Metals Research

Ministry of Chemica]llndustry

Geological Research Institute of Chemical Mines

Chinese Academy of Sciences (CAS)

Beijing:

Institute of Acoustics
(research project with Tianjin No. 1 Steel Mill)
Institute of Chemical Metallurgy
"Institute of High Energy Physics
Institute of Mathematics
Institute of Mechanics
_Institute of Physics- .
Institute of Solid State Physics
University: of Science and Technology of China (Undergraduate):
(Hefei, *Anhui Province) = Graduate School in Beijing

Changchun:

Institute of Applied Chemistry
Institute of Optics and Fine Mechanics

T
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Chinese Academy of Sciences (cont.)

Shanghai:

Institute of Metallurgy
Institute of Nuclear Research

- Shenyang:

Institute of Metal Research

Iron and Steel Facilities (researéh published; institute given when named)

Anshan Iron and Steel Company
Automation Research Institute
Design Institute
Iron and Steel Research Institute

Baotou Iron and Steel Company
Research Institute, Laboratory of New Materials

Beijing Steel Works

Benxi Iron and Steel Company
Institute of the No, 1 Steel Works

Changcheng Steel Works

Chengdu Seamless Steel Tube Factory

Chongging Iron and Steel Company

Chongging Special Steel Works

Dalian Steel Works

Daye Steel Works

Fushun Steel Works

Kunming Iron and Steel Works
Central Laboratory

Maanshan Iron and Steel Company

Panzhihua Iron and Steel Company
Experimental Group

Shanghai No. 1 Steel Works

Shanghai No. 5 Steel Works

Shanghai No. 10 Steel Works
Mathematical Models Study Group

Shoudu (Capital) Iron and Steel Company

Taiyuan Iron and Steel Company

Tangshan Iron and Steel Company
Research Institute

Tianjin Steel Works No. 2

Qigihar Steel Works

Wuhan Iron and Steel Company
Iron and Steel Research Institute
Mine Research Institute

Xining Steel Works

Xinjiang Iron and Steel Company

Xuanhua Iron and Steel Company

Zunyi Ferroalloy Plant
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Nonferrous Metal Facilities

Changhua Lead-Zinc Mine (Guangdong Province)
Daye Nonferrous Metals Company (Hube1 Province)
Guangzhou Zinc Plant
Guizhou Aluminum Plant
Heshan Lead-Zinc Mine (Guangxi Province)
Huludao Zinc Plant
Jinchuan Nonferrous Metal Corporation
Research Institute
Liming Machinery Company (Shenyang, Liaoning Province; titanium alloys)
Sanhe Lead and Zinc Mine (Guangxi Province)
Shandong Aluminum Plant .
Shanghai Electrical Alloy Plant
Shenyang Smeltery
Xiaolong Tungsten Mine (Jiangxi Province)
Xiaosigou Smelter of Nonferrous Metals (Hebei Province)
Xikuangshan Mining Administration (Hunan Province; antimony)
Yunnan Tin Mining Company
Central Experimental Institute
Zhujiang Metallurgical Plant

Local Research Institutes (may be associated with MMI, CAS, other national or provincial
authorities, or steel companles)

Academy of Railway Research
Research Institute of Metals and Chemistry
Anshan Institute of Iron and Steel Technology
Anshan Research Institute of Ferrous Metal Mines
Anshan Research Institute of Metal Mines
Anshan Research Institute of Thermoenergy in Metallurgy
Baiyin Mining and Metallurgical Research Institute
Baotou Institute of Metallurgical Research
Beijing Aeronautical Materials Institute
Beijing Central Design and Research Institute for Nonferrous Metallurgical Industry
Beijing Central Engineering and Research Corporation of the Iron and Steel Industry
Beijing Institute of Aeronautics and Astronautics
Beijing Institute of Iron and Steel Research
Beijing Institute of Iron and Steel Technology (may be same as above, but separate
from MMI's Central Iron and Steel Research Institute)
Beijing Institute of Metallurgical Equipment Automation
Beijing Institute of Metallurgical Research
Beijing Mining and Metallurgical Research Institute
Beijing Rare Earth Research Institute
Changsha Institute of Mining and Metallurgical Research
Metallurgical Industry Department
Changsha Nonferrous Metallurgical Design Institute
Changsha Research Institute of Mining
Chongging Iron and Steel Design and Research Institute
Chongging Research Institute of Special Steel
Comprehensive Utilization of Minerals Research Institute
General Machinery Research Institute
Guangxi Metallurgical Research Institute
Guangxi Metallurgical and Geological Research Institute
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Local Research Institutes (cont.)

Harbin Institute of Technology
Hunan Metallurgical Research Institute
Jiangsu Geological Bureau
Jiangxi Metallurgical Research Institute. Lo
Jiangxi Nonferrous Metallurgical Research Institute
Kunming Institute of Technology
" Kunming Research Institute of Metallurgy
Liaoning Metallurgical Institute
Luoyang Institute of Refractory Materials Research
Luoyang Research Institute of Bearings
Luoyang Ship Materials Research Institute
Maanshan Institute of Iron and Steel Technology
Maanshan Institute of Mining Research
Maanshan Research Institute of Metals
Nanjing Institute of Glass Fiber
NeiMonggol Metal Materials Research Institute
Northeast Institute of Heavy Machinery
Northeast Institute of Technology
Department of Steel Metallurgy
Research Section of Rock Fragmentation
Northeastern Polytechnical Institute
Northwest Engineering Institute
Precious Metals Research Institute
Shanghai General Petrochemical Works Institute
Shanghai Institute of Iron and Steel Research
Shanghai Material Research Institute
Shenyang Designing Institute of Aluminum and Magnesium Industry
South China Institute of Technology
Tianjin Metallurgical Material Research Institute
Wuhan Institute of Iron and Steel Technology
Wuhan Institute of Metallurgy and Safety Techniques
Wuhan Iron and Steel Design and Research Institute
Xian Institute of Metallurgical and Constructional Engineering
Xian Metallurgical Architecture Institute
Xikuangshan Bureau of Mines (Hunan Province)
Zhengzhou Light Metal Research Institute
Zhengzhou Research Institute of Machinery
Zhongnan (South-central) Mining and Metallurgical Institute
Analytical Laboratory
Departments of Automation, Basic Courses, Chemistry, Geology, Materials Science
and Engineering, Mechanical Engineering, Metallurgy, Mining and Mineral
Engineering, Nonferrous Metallurgy
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Universities (metallurgical research published)

Beijing College of Aviation
Beijing University
Departments of Chemistry, Physics:
Beijing University of Iron and Steel Techno]ogy
Chengdu Geological College
Chongging University
Research Institute of Comprehensive Utilization of V-Ti-bearing Iron Ore
Fudan University
Department of Physics
Hebei College of Engineering
Huazhong Institute of Techno]ogy
Hunan University
Jiaotong University (Shanghai)
Nanjing University
Department of Physics
Qinghua University
Shanghai University of Science and Technology
Tianjin University
University of Science and Technology of China (under CAS)
Wuhan College of Engineering
Zhejiang University
Zhongnan Mining and Metallurgical College
Zhongshan University
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