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FOREWORD

One of the constant themes of our time is change. With science and tech-
nology (S&T) as the main driving force, our world is changing fast. The way
to adapt ourselves to the changes around us is to reform and innovate. As
a result of the reform in national S&T management systems over the past
decade — part of the overall reform in China — our work force in the field
of S&T is in a better shape and position to serve the needs of the rapid
socioeconomic development of the country.

Ever since the beginning of our reform, we have been open to new
ideas, both from home and from abroad. However, this is the first time we
have invited an international team to give a comprehensive review of the
reforms that have been going on for more than 10 years. During this
endeavour, we organized many interviews and discussion sessions
between the members of the international team and the stakeholders of
the reform. This process served as a forum for the exchange of ideas. The
process of discussion itself was as important as the conclusions. In fact,
several hundred people from government agencies, research organiza-
tions, universities, and industry participated in the discussions.

The original goals of this international review were to get views on
our reform from a different angle, to draw on international experiences,
and to search for effective policy instruments and reform directions as
input to our policy measures for the years ahead. Through my perscnal
experience of participating in the review at every stage, | can say that we
have achieved the goals we set at the start. The review has been so suc-
cessful that even before this final report is officially published, some of the



ideas and concepts that emerged during the process have already been
integrated into policy formulation.

Here I would like to thank Dr Keith Bezanson, President of the
International Development Research Centre (IDRC), and Dr Song Jian,
State Councillor and Chair of the State Science and Technology
Commission (SSTC), for initiating this joint project between IDRC and
SSTC. 1 would also like to express my sincere gratitude to Prof. Geoffrey
Oldham, Science Adviser to the President of IDRC, and to every member
of the Internaticnal Team for the hard work, artistic provocation of discus-
sion, and expertise in different aspects of S&T policy that they put into this
investigation.

The success of this project owes much to the active support and par-
ticipation of many organizations in the S&T sector and of other institu-
tions, such as the Chinese Academy of Sciences, the National Natural
Science Foundation of China, the China Association for Science and
Technology, the Chinese Academy of Engineering, the local Science and
Technology Commissions of Beijing and Shanghai municipalities and
Liaoning, Shaanxi, and Guangdong provinces, Qinghua University, Anshan
Iron and Steel Works Corporation, Beijing Yanshan Petrochemical
Corporation, Shenyang Blowers Factory, and others that [ will not list here
one by one. | would like to thank all those people who helped to organize
this project and those who participated in the discussions.

The S&T management-system reform is an ongoing process. I am
grateful to the International Team members for suggesting, toward the end
of this project, a number of follow-up options to improve the S&T system
in China. Their offers have been warmly received by SSTC. The two topics
we plan to concentrate our efforts on in the immediate future are a
national system of innovation and a strategy for international collabora-
tion on S&T. [ welcome the continued support and participation of IDRC
and the wider international S&T community as we strive to implement
two long-term national strategies, namely, the strategy of revitalizing China
through science and education and the strategy of sustainable develop-
ment of China.

Zhu Li-lan

Member of State Council Leading Group on Science and Technology
Executive Vice Minister

State Science and Technology Commission

People’s Republic of China



LETTER OF TRANSMITTAL
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Zhu Li-lan

Executive Vice Minister

State Science and Technology Commission
People’s Republic of China

Dear Madam Zhu:

I have much pleasure in enclosing our S&T Review Mission report,
A Decade of Reform: Science and Technology Policy in China. Our observa-
tions and impressions are based on the written material translated into
English by SSTC staff and mostly derived from the 1995 “White Paper on
Science and Technology Policy,” together with the 3-week visit we made in
November 1995. During that visit we met with-a wide range of science and
technology (S&T) policymakers, those concerned with policy implementa-
tion, and those effected by S&T reform, in the provinces of Shaanxi,
Liaoning, and Guangdong and in the cities of Beijing and Shanghai. These
personal observations and impressions have been supplemented by some
additional impressions gained by reading recent secondary reviews.

in reaching our conclusions we followed the process adopted by
many similar reviews carried out in the member countries of the
Organisation for Economic Co-operation and Development. We have relied
almost exclusively on what has been written by Chinese authors and what
we were told by Chinese individuals. We have not made our own detailed
evaluations of institutions or programs. Our report is a mirror reflecting
back what we read or were told. The filters through which information
passed on its way to the mirror, however, were our own experiences and

Xi



knowledge of our own societies. This influenced the questions we asked
and our interpretation of the replies. We hope that our mirror is slightly
concave so that our views are focused!

We have included a brief description of Chinese S&T institutions and
also of the history of the reforms. We felt it was important that we state
what our understanding is of these issues. If we are wrong in that under-
standing, our impressions may be distorted. We have also focused our
report on the impact of the reforms with respect to the five themes you had
asked us to pay particular attention to: basic research; the high-technology
sector; traditional state-owned enterprises; agricultural research and rural
development; and environmental and social development.

As you know, it was never the intention of the S&T Review Mission
to make formal recommendations to the SSTC. Our task was to raise issues
and ask questions. We hope our report makes a modest contribution to the
way in which you and your colleagues consider the evolution of the S&T
policy reforms.

Finally, I would like to express our sincere gratitude to the many peo-
ple throughout China who gave their time so generously to answer our
many questions.

Yours sincerely,

Geoffrey Oldham
Head
IDRC / SSTC Science and Technology Review Mission to China



INTRODUCTION
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The origins of this particular review of China’s experience in the reform of
its science and technology (S&T) system go back to a conversation
between the Chair of the State Science and Technology Commission
(SSTC), Song Jian, and the President of the International Development
Research Centre (IDRC), Keith Bezanson, heid in Beijing in 1994. They
noted that 1995 would be both the 10th Anniversary of some of the major
S&T reforms in China and the 15th Anniversary of cooperation between
SSTC and IDRC in the financing and management of a program of research
and development (R&D) in support of China’s development. To mark the
dual anniversary, they decided to jointly commission a review of the
Chinese experience of S&T reform, particularly in the last decade, and
agreed that the methodology best suited to the task would be one devel-
oped by the Organisation for Economic Co-operation and Development
(OECD) in Paris for reviewing the S&T policies of industrialized countries.

As a result of a detailed agreement between SSTC and IDRC, the fol-
lowing terms of reference were set for the S&T Review Mission to China:

Terms of Reference

Components and Objectives of Evaluation

The overall objective of this review is to assist Chinese policymakers as they
assess the impact of their reform policies and decide on whether modifica-
tions to these policies should be made. The review will focus primarily on
the science and technalogy policy reforms initially introduced by the SSTC
in 1985.

The review will consist of three phases:

a) The gathering of background information for the project as discussed
with Mr James Mullin, a consultant engaged for this purpose, in early July

xii



1995. The project will be guided by the standard OECD country review
formula;

b) The review visit of the international team towards the end of 1995; and
¢) The final meetings.

After establishing these terms of reference, the two sides agreed on
five substantive areas of concentration for the review and on the compo-
sition of a seven-person international team of experts (see Appendix 1) to
carry out the review.

The specific areas for priority attention were basic research; the high-
technology sector; state-owned enterprises (SOEs); agricultural research
and rural development; and environmental and social development.

Method of work

The review was carried out in three steps. First, a preliminary visit to
Beijing was made by one of the team, in July 1995, to reach agreement on
the background documentation to be provided by SSTC to the Mission. It
was agreed that SSTC would provide English-language documentation,
including translations of key chapters of the recent “White Paper on
Science and Technology Policy,” together with translations of a series of
policy studies from the National Research Centre for Science and
Technology for Development (NRCSTD) and the Institute of Science Policy
and Management of the Chinese Academy of Sciences. In addition, copies
of the English-language edition of NRCSTD’s journal Forum on Science and
Technology in China were also made available.

Second, the Mission visited China during the period 9 November to
1 December 1995 for an extensive series of meetings with scientists, engi-
neers, managers, and officials. These in-depth interviews formed the basis
for this report, which was drafted by the Mission at the completion of its
stay in China. The intention of the review was to look at the S&T reforms
in China in the light of our understanding of how patterns of research and
innovation are evolving in industrialized countries. It was not a task of the
Mission to recommend particular policy options for China — that task is
appropriately the responsibility of the Government of China and of the
Chinese institutions engaged in S&T.

Third, a final meeting was held in Beijing in May 1995 to permit
SSTC officials to discuss with the Mission its findings and impressions. A
set of notes on the meeting appears as Chapter 11 of this report.



Some caveats

Readers of this report should bear in mind the highly selective nature of
the evidence gathered during the work of the Mission. Given the brevity of
the visits, there were many important areas of Chinese S&T activity
entirely untouched by the Mission. For example, we were unable to touch
on areas of science like medicine or forestry; we visited no “big-science”
facilities; and we discussed, without visiting, a number of key new institu-
tional forms, such as the key national laboratories and the engineering
research centres that were created during the decade of reform.

We have also encountered a problem interpreting Chinese statistics,
some of which (for example, those on S&T “achievements”) are based on
definitions with which we are unfamiliar.

Despite these caveats, we happily acknowledge the great openness
of our Chinese hosts, who often went to great lengths to answer our many
questions.

Structure of the report

The report is divided into three principal parts.

“Part | — Main Report of the Mission” represents our attempt to
summarize the principal impressions we had of S&T reform in China. We
begin with a short series of general impressions (Chapter 1), which pro-
vided the backdrop to our understanding of what has transpired in Chinese
S&T over the last decade. We then attempt to summarize the principal
debates on Chinese S&T policy that we encountered during the Mission
(Chapter 2), adding, where possible, some remarks on relevant interna-
tional experience or practice that we believe could be useful in the present
context in China. Then, we raise some issues that we believe are not
receiving the attention in China that, we would argue, they merit (Chapter
3). Finally, we add a few brief observations on current S&T policy in China
as articulated in the Communist Party of China Central Committee and
State Council Decision on Accelerating Scientific and Technological
Progress (6 May 1995). In Part [ we also highlight 10 key issues we believe
to be particularly important at this time and worthy of further discussion.

“Part I — Detailed Observations of the Mission” begins with a
lengthier discussion of our understanding of the S&T reform process in
China (Chapter 4). We then introduce what we consider to be an important
concept — the concept of a national system of innovation (Chapter 5) —
which is helpful for conceptualizing the range of functions needed to fully
attain the goals of China’s S&T reforms. We then provide commentary on
the five specific areas designated in our terms of reference: basic research



(Chapter 6), the high-technology sector (Chapter 7), SOEs (Chapter 8), agri-
cultural research and rural development (Chapter 9), and environmental
and social development (Chapter 10).

“Part 11l — Account of Final Meetings in Beijing, Shenyang, Xi’an,
and Shanghai” contains notes on discussions held in May 1996.



Part I

Main Report
op the Mission
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Chapter 1

GENERAL FINDINGS

Cg%

S&T reforms

Since at least 1978, China has encouraged experimentation in its science
and technology (S&T) system as a means of arriving at reforms and has
periodically summarized the main directions of reform in authoritative
decisions of the State Council and of the Central Committee of the
Communist Party of China (CPC), particularly the March 1985 Decision on
the Reform of the Science and Technology Management System (Box 1)
and the May 1995 Decision on Accelerating Scientific and Technological
Progress (see Box 2). This has been a creative method of approaching a
complex set of issues, and the main decisions have established a sensible
overall framework for S&T policy for a modernizing economy. In some
cases, such as in environmental policy, the decisions already taken in
China are ahead of those taken in most other countries in the world.

The 1993 Decision on Issues Concerning the Establishment of a
Socialist Market Economy Structure appears to have injected added impe-
tus to S&T reforms in some parts of China and has given rise to another
round of creative experimentation.

We have taken the March 1985 Decision as our main point of depar-
ture and have also considered the effects of other reform initiatives indi-
cated in the time line shown in Figure 1.
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The Decision on the Reform of the Science and Technology
Management System (March 1985)

|

vl
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Modern science and technology constitute the most dynamic and decisive factors
in the new productive forces ... We should reform China's science and rechnol-
o2y management system resolutely and step by step in actordance with the
strategic principle that our economic construction rely on science and technol-
ogy and that our scientific and technological work must be oriented 10 economic
construetion.... Regarding the operating mechanism, it entails reforming the
funding system, exploiting the technology market and avercoming the defects of
relying on purely adminisirative means in science and technology management,
with the state undertaking too much and exercising too rigid a control.

Funding for research instututes should be reformed so as to practise classified
management over the operaling expenses which is suited to different types of
scientific and technolowical activities. [This led to different state-funding respon-
sibilities for differemt kinds of S&T activities and insnrutions.)

We should promote the commercialization of 1echnological achievements and
exploit the technology market so as to suit the needs of the socialist commodity
economy.

In restructuring the science and technology system, emphasis should be placed
an encoucaging partnership between research, educavonal and desigring insti-
tutions on the one hand and production units on the other and on strengthening
the eaterprises’ capability for technology absorption and developmen

The management system in agricultural science and technology should be
reformed so as 10 serve the restructuring of the rural economy and facilnate its
conversion 1o specialization, commercialization and modernization,

To ensure sustained progress in economic and scientific and technological devel-
apment, it is necessary to deploy our scientific research forces ranonally and in
depth.

Mare decision-making power should be granted 1o research mstitures, and
macromanagement ol scientific and technological work by government organs
should be improved.

Opening to the outside world and establishing contact with other countnes s a
basic and long-term policy in China's scientific and technological development.

Management of scientific and technological personnel should be reformed to
create a siuation favourable to the emergence of large numbers of talented peo-
ple who can put their specialized knowledee to best use

Source: SS5TC (1986)
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National Medium-
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Figure 1. Time line of significant policy events in the reform of China's S&T system.

The problems of implementation

Although the Mission believes that the broad directions of reform set out
in the State Council’s decisions are appropriate to China’s overall develop-
ment, we have observed that there have been great variations in the level
of implementation of reforms in different parts of the country and in dif-
ferent institutions. Not surprisingly, in the eyes of the Mission, there is a
strong correlation between successful and innovative attempts at reform
and the presence of strong entrepreneurial management. Equally, where
management retains the mind-set of the command economy, reform has
been slow.

The overall process of reform in China

The reform of China’s S&T system is only one element of an ongoing and
long-term process of reform of its national economy and social-welfare
system. China is emerging from a command economy that has produced,
contrary to its intentions, a huge and, to the outsider, confusing array of
institutions in all sectors that are almost invariably overstaffed and often
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duplicate the work done by others. There is a need to continue the process
of rationalization that began with the reduction of government support to
many of these institutions. However, this process is substantially impeded
by the significant overhead costs that institutions incur in providing hous-
ing, health care, education, and other services to their employees, both
current and retired, and to their families. Key to tackling these important
barriers to institutional reform will be the as-yet incomplete process of
reform of the social-welfare system. Until a new system, geared to the
demands of the emerging socialist market economy, is in place, many
necessary structural changes, including changes in the S&T system, will
not be possible.

International factors impinging on
China’s reform process

When China decided to develop its “open-door policy” in the late 1970s,
one of the main reasons was to acquire access to foreign technology and
foreign management methods. It was expected that these acquisitions
would boost the Chinese economy and bring improved living conditions to
the Chinese people. It was also expected that encouraging Chinese scien-
tists to study and work abroad would lead to an inflow into China of for-
eign knowledge, technologies, and organizational and management
practices. All of this has happened, and on a scale scarcely imaginable
15 years ago.

During these 15 years, not only has China changed, but so too has
the rest of the world. These changes have led to increased globalization,
not only of economies, but also of S&T. International collaboration in
science is increasingly the way in which science is practiced, and the cost
of doing research has meant that international collaboration is also neces-
sary for sharing costs. Technological collaboration within business cooper-
ative arrangements is also becoming more global. Multinational
corporations frequently do their research in a first country, their design in
a second, their development and production in a third, and their initial
sales in a fourth. Unless a country has technological assets that enable it
to be an attractive partner in this globalization, it will become increasingly
isolated. '

China clearly has many S&T assets; it has embraced its open-door
policy; and it has paid attention to the encouragement of international col-
laboration. Nevertheless, the Mission formed the impression that there is
not an explicit policy in China for international collaboration in S&T that
fully embraces the implications of today’s global realities in technological
development. Given the subject’s importance, China could consider
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convening a small international conference on national strategies for inter-
national collaboration in S&T. This would be a way of learning about other
international experience on an issue of major significance for China.

The lack of clarity — even ambiguity —
in some policy pronouncements

We discuss briefly in Chapter 6 the use of eight-character slogans to con-
vey the essence of policies — a practice whose result is to allow consider-
able freedom for interpretation to those decision-makers who are willing
to be entrepreneurial and innovative. One such slogan, wenzhu yitou,
fangkai yipian, informally translated by the Mission as “anchor one end
securely, let the other roam free,” is just one example of a policy statement
that is subject to many interpretations.

The Mission recognizes that these phrases are designed to express in
a concise fashion the essence of the longer policy statements that they
accompany. Additionally, these phrases can be seen as setting boundary
conditions within which a good deal of experimentation can take place.
This stimulation of local experiments has, in fact, been one of the
strengths of the Chinese approach to reform.
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Chapter 2

S&T PoLicy ISSUES CURRENTLY
DEBATED IN CHINA

':%

The problem of duplication and lack of coordination

With China having literally thousands of S&T institutions, it is not surpris-
ing that there is duplication of effort throughout the system. The issue that
now needs to be addressed is the duplication within a socialist market
economy.

A competitive system among enterprises in the future will ensure
that a variety of common problems are attacked from a variety of com-
peting perspectives. This may lead to a superficial appearance of duplica-
tion, but the market, if allowed to operate, will weed out the unsuccessful.

However, a system of extensive duplication of effort in governmen-
tal institutions that have no tradition of cooperation with each other is an
expensive luxury that no country can afford. The Mission has seen exam-
ples of extensive duplication of efforts among uncoordinated, separate
institutions — all funded by one level of government or another — that
coexist in close proximity.’

! In one province, we heard of efforts to coordinate some 42 independent institutes in a program of
rural development with fairly specific interests.
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Issues related to industrial technology

Many of the policy discussions we encountered during our visit to China
related to the commercial application of research results. In the following
sections we identify a number of current debates related to industrial
technology and then attempt to highlight, where possible, policy issues
that need continuing attention as part of the ongoing process of S&T
reform.

Introduction of a “technology market” and of
competitive sources for funding

An essential element in the move away from the command economy of
the past was to create a market within which users of new technology
would become important sponsors of its development. Government
moved swiftly in the period between 1987 and 1992 to inject the research
and development (R&D) institutions into this technology market by

~ Substantially reducing the institutions’ core-budget appropriations
from government (in some cases, especially in the provinces, this
reduction was to zero);

~ Making government-contract funds, allocated by competition, an
important vehicle for promoting technological development; and

~ Providing incentives for enterprises to invest in R&D at an increased
rate.

This market discipline has had the positive effect of allowing creative
institutions to expand their incomes and activities and to have a substan-
tially increased impact on the econamy.

Not surprisingly, many enterprises were slow to respond, and this
has created great difficulties for most R&D institutions. Many enterprises
are unwilling to pay for technology that in the past they would have
received without charge, or they seriously undervalue the technology that
has been on offer from R&D institutes. (Similar experiences have been
observed in industrialized countries.) This “market failure” has influenced
a number of R&D institutions to transform themselves into enterprises to
commercialize their own technologies.

The Mission found that entrepreneurial scientists and institutes were
very much in favour of these reforms because they had given them the
opportunity to increase the resources available for their work, although
some of those who had been less successful in the competitive arena were
less enthusiastic. In some provinces, there appeared to be a growing belief,
even among successful provincial institutes, that only national institutes



could win support from some of the programs offered by the State Science
and Technology Commission (SSTC) (such as the 863 Program or the
National Program for Tackling Key Technology Problems). In other regions
of the country, we did not encounter this view. It would be worthwhile for
SSTC to periodically review competitions for national funds to be assured
that decisions are made on the technical merits of proposals and not sim-
ply on the organizational status of the group applying.

Chinese experimentation with the concept of a technology market
may well lead to some distinctive features in what we refer to as China’s
national system of innovation (NSI) (see Chapter 3). One critical question
in any market is that of minimizing the transaction costs of interactions
between organizations (for example, enterprises and research institutes)
that have to deal with each other. Can an appropriately designed policy
environment facilitate low-cost interactions between enterprises and sup-
pliers of new technologies? Some continuing attention to this issue could
help create a positive climate for innovative activity.

Emergence of spin-off enterprises

A very common response of R&D institutions to the new market condi-
tions has been to create spin-off enterprises in attempts to commercialize
technologies that they have developed. A very large number of these enter-
prises have been created — the Chinese Academy of Sciences (CAS)
informed the Mission that the Academy and its 123 institutes had created
900 such spin-offs! Their rate of success appears to be similar to that in
industrialized countries — that is, about 1 or at most 2 in 10 are very suc-
cessful, 2 or 3 can survive in the longer term without much expansion, and
the rest fail. However, the present policy in China does not allow these
failed enterprises to go out of business because that would adversely affect
the social welfare of the employees involved. Vigorous debate on eco-
nomic reform, as it touches on the problem of bankruptcy, is continuing:
for example, researchers at the Economics Research Institute of the
Chinese People’s University in Beijing argued that “poorly operated enter-
prises should be allowed to go bankrupt so that inefficiently used funds
can be freed to be injected into profitable enterprises” (China Daily 1995,
p.- 4.

Responsibility for continuing to subsidize unsuccessful spin-off
enterprises appears to reside with the parent institute. The Mission
believes that if China is to develop a successful socialist market economy
in which new technology enterprises (NTEs) play an increasingly impor-
tant role, it will be necessary to speedily resolve the question of a new
social-welfare system and to permit the process of bankruptcy to occur.
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Imported technology

We are aware that China has imported very substantial amounts of foreign
technology in recent years, particularly through programs of technological
revitalization of enterprises. In some enterprises we visited, there are vig-
orous programs in place to integrate those technologies into the fabric of
the enterprise’s production system and to build on this technical basis. We
have heard of specific cases in which enterprises may spend as much as
three times the purchase price of foreign technology on programs to mas-
ter, adapt, and build on that technology. We are, however, not in a position
to judge how widespread this practice is, particularly among state-owned
enterprises (SOEs), but other evidence suggests that it is not common. For
example, the Science and Technology Commission (STC) of the Chinese
People’s Political Consultative Conference contends (STC-CPPCC 1994,
p. 48) that

the funds for digestion, assimilation and innovation are seriously inade-
quate. In Japan and South Korea, the expenses for digestion and assimila-
tion are much higher than that of introduction of technology, but in China,
on the contrary, when 1.00 yuan is spent on introduction of technology,
only 0.09 yuan is used for digestion and assimilation, and in Shanghai it
is only 0.07 yuan ?

We believe that future reforms should look for means to encourage
investments in mastering and building on imported technology.

Organizing for technological innovation within enterprises

Although the Mission heard much comment about the need to invest in
R&D within enterprises, we heard little debate about how this R&D capa-
city should be organized. Also, as the comments of STC-CPPCC (reported
above) underline, a few enterprises have recognized the need to invest
resources to properly absorb and master imported technology, but many
have not. In the opinion of the Mission, these two issues can be interre-
lated in important ways.

In industrialized countries, many large corporations have recognized
that there are two types of technical change. One is radical technical
change, which usually requires formal R&D laboratories, but the other is
incremental technical change, which may sometimes involve a formal
R&D organization but frequently is introduced by teams of specialized
engineers who work close to the production units. Sometimes the produc-
tion units themselves introduce these incremental changes. The specific
way these incremental-technical-change units function varies from enter-
prise to enterprise and from industry to industry.

2 In 1996, 8.07 yuan renminbi (CNY) = 1 United States dollar (USD).
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Some industries and enterprises in China are aware of these issues.
For example, the Chinese National Offshore Oil Corporation worked with
a UK research group a few years ago to understand the process of innova-
tion in UK offshore drilling companies. However, we formed an impression
that, over the past 5 years or so, the majority of Chinese enterprises that
have imported technology have done so without investing in the activities
necessary to absorb and assimilate that technology. Chinese enterprises
and policymakers may find it worthwhile to investigate the experiences of
corporations in industrialized countries that have successfully assimilated
imported technology and organized for both radical and incremental tech-
nical changes.

One point worth emphasis relates to enterprises’ strategies to pro-
mote technical change. It is important for enterprise managers, operating
in a global-market context, to understand the limitations to what govern-
ments can do for them and the crucial roles that they, themselves, will play
in determining the technological success or failure of the enterprise for
which they are ultimately responsible.

Protection of intellectual property

The Mission found that Chinese institutions are beginning to see the prac-
tical benefits of a system for the active protection of intellectual property.
Some institutes have already had to prosecute employees for making
unauthorized transfers — typically to township and village enterprises
(TVEs) — and have found it difficult in the courts to get the legal system to
understand the basis of their case. In other cases, spin-off enterprises have
had to be careful about the ownership of the technology they take into
international markets. As China moves progressively into global markets
and moves to freeing trade domestically, it will need to ensure the ade-
quacy of its system for upholding the property rights that its legal system
confers.

An issue for China to consider is the adequacy of the present system
of implementation of its intellectual property legislation. A recent World
Bank (1995, p. 10) document argues that among the remaining challenges
(of S&T reform) facing the government of China is intellectual property
rights (IPR) enforcement. The document suggests that

the key concern is how effectively intellectual property legislation is and
will be enforced. The key tasks ahead involve raising awareness of intel-
lectual property rights, among users and providers of technology, fostering
the further professionalization of enforcement personnel, and ensuring
that these rights are adequately pursued. A nationwide professional court
system is needed, exemplified by the recently created Intellectual Property
Courts dedicated to enforcing the IPR regime. Education and dissemina-
tion seem to be key to improved enforcement in the short term.
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High-technology development zones and NTEs

China now has 52 high-technology development zones, spread across the
country. Within these zones a variety of national and provincial incentives
operate to encourage the development of NTEs. There are estimated to be
55 000 “approved” NTEs in these zones.

Some of these zones, in provincial cities, are still small, but others,
such as the one in Pudong Development Area in Shanghali, are very large.
Additionally, China has several other categories of zones within which
enterprises are eligible to receive preferential treatment (for example, the
Pudong Development Area consists of a finance and trade zone, an export-
processing zone, a free-trade zone, and a high-technology zone, all of
which seem to be competing to attract the same enterprises and have sim-
ilar sets of incentives available).

According to a draft report from the Institute of Science Policy and
Management (ISPM) of the CAS (Fang Xin n.d.), there are six important
sets of issues relating to these new zones and the companies that operate
in them:

~ The ownership of the assets of the NTEs, most of which have been
created by R&D institutes and other public bodies (in the absence of
a fully developed share-holding system, the ownership of the assets
of many NTEs can be in doubt);

— The modernization of the management of many NTEs;

~ The precise delimitation of the roles of the management authorities
of the new high-technology development zones (Do they constitute a
new level of government? Are they regulatory agencies, determining
the eligibility of individual enterprises claiming the incentives offered
by the zones? Or are they support systems, designed to help NTEs
through the early stages of enterprise growth and development?);

— The treatment, from an incentive viewpoint, of enterprises within a
zone that expand their production in facilities outside the zone;

— The eligibility of NTEs to compete for further national support
through a variety of funding channels; and

— The development of adequate systems of taxation administration,
financial management, accounting and auditing, both for NTEs and
for the zone-management authorities.

In one province, Guangdong, the Mission saw evidence of an apparent
concentration, in the Pearl River delta, of high-technology parks and zones,
some national and others provincial,? and of plans to create a much more

3 According to provincial officials, the incentives in a national zone are “somewhat better” than those
available in a provincial zone.



extensive high-technology belt. The subtleties in the distinctions between
park, zone, and belt were never satisfactorily explained to the Mission.

Two points can be drawn from international experience that may be
relevant to the future development of high-technology development zones.
First, in industrialized countries, there is a growing appreciation of the
effects of geographic clustering of complementary industrial competen-
cies. In a world in which globalization is increasingly perceived as the dri-
ving force behind enterprise strategies and in which national boundaries
seem to be less and less significant, it is also becoming clear that the com-
petitive success of many enterprises is due to localized concentrations of
skilled people and technologies. To the extent that China’s high-technology
development zones can produce focused concentrations of skills and tech-
nologies and can promote cooperation among the enterprises located
within those zones, they may in fact be important contributors to the
global competitiveness of those enterprises that have the managerial
capacities to succeed.

Second (on a less positive note), as China moves to join the World
Trade Organization (WTOQ), it should look at the WTO treatment of subsi-
dies for R&D. The kinds of incentives China offers within specified geo-
graphic locations (and hence not open to enterprises located elsewhere)
may be deemed as unacceptable to the WTO and, as such, could render
products produced in the zones vulnerable to countervailing tariffs. It is by
no means clear that this would in fact be the case, but Chinese authorities
should be attentive to this possibility.

Transfer of military technology for civilian use

China has had a policy of encouraging the transfer of military technology
for civilian use for 15 years. The recent “White Paper on Arms Control and
Disarmament” (I0SC 1995) revealed just how extensive the transfer has
been. More than 15 000 products for civilian use are produced by defence
establishments. These include 60% of all motorcycles, 9% of all auto-
mobiles, and 24 % of all mechanized coal-cutting equipment.

The Mission visited one military R&D institute (the Northwest
Research Institute of Electronic Equipment) that is producing satellite
antennae for the civilian market. This establishment had moved to Xi’an
to take advantage of the preferential tax incentives offered by the high-
technology development zone. The Institute markets its products both
nationally and internationally. Profits from the civilian production are
plowed back into the civilian work, and, in practice, part of its revenues
help finance some of the huge social costs that the Institute bears.



16 A DECADE OF REFORM

The policy issue of interest to the Mission was whether the Chinese
approach of transferring military technology for civilian use by means of
defence-establishment manufacturing of civilian products is the best
approach. In international experience, a different approach has been
taken — military technology is transferred to civilian enterprises; thus, mil-
itary R&D establishments continue as R&D establishments and rarely get
involved in production. Civilian companies manufacture armaments or
civilian products, or both. In industrialized countries, it is believed that civil
enterprises, with management systems in tune with the marketplace, are
better placed to manufacture products for that marketplace than defence
industries that have usually operated on a cost-plus basis.

The Mission recognized that without changes to the social-welfare
system, the Chinese approach is probably the most sensible one. If social
reforms make it possible to humanely shed staff, then it would be worth-
while for China to study the foreign experience of technology transfer and
the foreign experience of developing dual-use technologies, that is, tech-
nologies that can be exploited for both military and civilian uses.

Product design and quality

China is no longer shielded from competition, and its products and
processes must be able to compete with overseas technology, both on the
Chinese domestic market and in global markets. Programs to upgrade
product design and quality and to improve market intelligence should be
features of the next round of S&T reform. We believe that first steps in this
direction are being taken within a World Bank Technology Development
Project (World Bank 1995). Attention to industrial design and participation
in international quality-assurance schemes, such as the International
Standards Organization’s ISO-9000 Program, should be increasingly seen
as desirable options for enterprises participating in China’s programs of
technological revitalization and S&T reform.

Issues related to basic research

A second set of issues we encountered related to the future of basic
research in China.
Some questions of definition and their policy implications

In industrialized countries, basic research has come to embody a whole
range of activities:

~ So-called curiosity-oriented research, often, but not always, carried out
by individual scientists searching for general scientific understanding
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rather than seeking to contribute to the solution of some identified
social or economic problem — Such research encompasses whole
fields of science, such as cosmology and astronomy, and is also prac-
ticed at the boundaries of knowledge in other fields in which the
mainstream is already linked to application. Such research in general
shows little likelihood of contributing to economic development at
any foreseeable time. This type of scientific activity is giving rise to
informal international networks of individuals and groups whose col-
laboration is facilitated by inexpensive electronic communications.
The activity also provides a useful opening into the global scientific
community. In industrialized countries, curiosity-oriented research is
widely seen as a good vehicle for training new generations of
researchers because it provides ample opportunities for young sci-
entists to learn research skills. Many academic programs still
demand that candidates undertake an individual piece of original
research; large numbers of graduate students are the hallmark of
successful programs of this type.

~ Strategic research, in which teams of researchers, frequently from a
variety of disciplines, explore the frontiers of knowledge in broad
areas of science that are believed likely to be of future economic or
social importance — In this domain, the probability of some applica-
tion is thought to be foreseeable in the medium term, although the
specific route to application might be far from evident at this time.
This form of research is becoming more important (but should never
replace curiosity-driven research in its entirety) and is posing new
problems for institutions of higher education, which have to devise
new ways of evaluating the research of graduate students who work in
teams rather than alone and who work in new transdisciplinary areas
rather than within the confines of a traditional academic discipline.

— “Big science” of two kinds: science, such as high-energy physics, that
requires ultraexpensive facilities; and the geographically extensive
research needed to understand changing global environmental phe-
nomena — Both types of big science are often affordable only by
consortia of countries prepared to share the considerable costs
involved.

We believe that policy options for the support of basic research in
China would become more easily defined if the debate identifies appro-
priate approaches, in the Chinese context, to each of these three rather
distinct activities. In particular, we see the National Natural Science
Foundation (NNSF) as the appropriate body to finance curiosity-oriented
research because the NNSF is able to apply high standards of peer review
to individual projects. We will discuss later in this part of our report some
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options that we see for the support of strategic research (and the closely
allied subject of precompetitive research), and in Part Il we will offer a few
comments on future support of big science.

Preservation and encouragement of basic research

Since the 1978 National Conference on Science and Technology, China’s
S&T policy has always contained explicit support for basic research, and
this is equally true of the May 1995 Decision on Accelerating Scientific and
Technological Progress. (However, many people would point out that the
earlier declarations of support for basic research were frequently not car-
ried through to actual resource allocations) We have heard of, but been
unable to quaniify, an emerging problem in the basic-research system that
will need to be tackled in the Ninth Five-Year Plan. Apparently, large num-
bers of the best of China’s science graduates are being attracted by the
higher incomes available in high-technology enterprises or in joint ven-
tures, and so, it is argued, fewer and fewer are choosing careers in basic
research. We know that there are programs at the national and provincial
levels to attract young stars into research, including basic research. We sug-
gest that it will be important to evaluate the success of these programs on
an ongoing basis to ensure that an appropriate share of these younger tal-
ents continues to choose careers in basic research.

Although much attention in this report, as well as in China, is
devoted to seeking improved means of linking China’s investment in basic
research to the long-term economic and social needs of the country, we
agree with many of our Chinese colleagues who wish to retain three other
important roles for basic research in a contemporary society:

~ As a vehicle for advanced human-resource development (HRD);

~ As a means of building a national knowledge base (a kind of social
intelligence function to equip society so it can react to the uncer-
tainties of a rapidly changing world); and

— As an expression of national culture in which knowledge is valued
and the search for new knowledge is appreciated.

In all three of these roles, we agree with the emphasis placed by
China on the importance of international collaboration — for all countries.

Continuing reform of the Chinese Academy of Sciences

The process of reform has been ongoing within CAS for a decade or more
as CAS seeks to redefine the role of its extensive system of 123 research
institutes. (The Academy’s role as an honorific association of leading



S&T POLICY ISSUES CURRENTLY DEBATED IN CHINA 19

scientists is not challenged.) From a body that in the mid-1980s was
almost 100% financed by an unconditional annual budget appropriation,
CAS now has diversified revenue sources. Its annual income of about
1.4 billion CNY comes from the following:

— 20% from budget allocation from the national government;

— 30% from contracts with national ministries;

~ 30% from contracts with enterprises; and

- 20% from contracts with provincial and municipal governments.

According to CAS, it has evolved away from an old Soviet model of
an isolated set of basic-research laboratories with no real contact with
either universities (which, before 1978, did little research) or enterprises
into a system of national laboratories designed to

-~ Provide a national base of basic-research competence, across the
natural sciences, in increasingly “open” laboratories that host visiting
scientists from across China and around thé world (this includes the
Academy’s special responsibility for China’s activities in big science);

— Provide advanced training to talented young scientists;

- Participate in developing the most advanced high-technology sectors
of Chinese industry; and

— Undertake research that is broadly defined as being in the public
interest (such as environmental science).

CAS has developed a vision of its own future that would see its sci-
entific work force decline substantially from its current level of 50 000*
(out of a total of 90 000 employees). CAS would operate in a one-academy,
two-systems mede: selected basic-research competence would be main-
tained using the government-supplied budget, and an increasing propor-
tion of the work force would undertake applied tasks financed by external
SOUTCES.

As with all such large and previously dominant institutions, CAS has
many critics. We met groups who cited the May 1995 Decision as mean-
ing that basic research should be done in the universities and that applied
research should be done in enterprises — leaving little space for CAS insti-
tutes (as we set out in Part II, the Mission does not subscribe to this over-
simplified interpretation of how to implement the May 1995 Decision).
Additionally, we heard again the often-asked question, Why is the CAS
engaged in agricultural research, given the existence of academies of

* We heard one suggestion that the number of scientists on staff should decrease to about 12 000.
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Agricultural and Forestry Sciences and given CAS’s apparent remoteness
from any extension services?

The Mission believes that there is great scope for CAS to take the lead
in defining new and productive relationships with the universities in its
activities in fundamental science and with enterprises in the more applied
aspects of its work.

The debates surrounding the CAS and its future should be seen, the
Mission believes, as only part of a necessary and much wider debate on
the restructuring and rationalization of the overall system of R&D institutes
in China. Once there is in place a national social-security system capable
of coping with redundant workers, the reform of many Chinese institutions
will need to be undertaken as a matter of urgency.

Continuing reform of the research role of
institutions of higher education

The range of research competence in China’s more than 1 050 universities
is truly great. At the top, some of the elite universities have wide compe-
tence across many fields of inquiry, and their scientists do well in national
competition for funding. For example, from data provided to us by the State
Education Commission (SEdC) and by the World Bank, of the 201 special
institutions for research — national key laboratories, SEdC laboratories, and
engineering research centres (ERCs) — now in place or whose establish-
ment has been approved, a remarkable 100 (or 49.8%) are located at only
10 universities: Tsinghua (20), Beijing (14), Xi’an Jiaotong (9), Huazong
University of Science and Technology (8), Shanghai Jiaotong (8), Tongji (8),
Fudan (7), Nanjing (6), Jilin (6), and South East University (6).

More broadly, we were told that some 200 universities have the right
to grant doctoral degrees and that 400 could grant master’s degrees, but
we suspect that in the majority of these institutions, the right to grant such
degrees is probably limited to a few specific departments.

International experience suggests that doctoral-level training
requires that the departments that offer doctoral degrees must themselves
be heavily involved in research. The same is not necessarily the case for
undergraduate- or master’s-degree programs. This suggests that priority
should be given in China to ensuring that all university departments autho-
rized to award doctoral degrees become thriving research departments.

S&T information

The Mission did not visit any of the organizations in China that specialize in
collecting and disseminating scientific information. Our views on this topic
are therefore based solely on impressions gained from our discussions with
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policymakers and scientists. The impressions suggest the following:

— Accessing Western S&T literature remains a major problem for most
research institutions. Only a few research institutes are able to pur-
chase Western scientific journals.

— Whether to publish scientific papers in Western journals or in Chinese
ones seems to be a hotly debated issue. Those in favour of publishing
in Western journals argued that this enabled the Chinese research to
be internationally peer reviewed and helped ensure that Chinese sci-
entists maintained international standards. Those in favour of pub-
lishing in Chinese journals argued that their own journals were read
and understood by many more Chinese scientists than had access to
Western journals. Also, if the best papers were published overseas the
quality of the Chinese journals would decline. Issues of national pres-
tige and the ability of individual scientists to be listed in the Science
Citation Index also featured in the debate. The Mission recognized the
strength of the arguments on both sides of the debate. English is the
international language of science, and as long as China seeks to be a
part of the international scientific community then its scientists will
be disadvantaged if they are unable to communicate in English. On
the other hand, at this stage in its development, China needs to dis-
seminate its scientific knowledge widely within China, and this
means using the medium of the Chinese language.

- Beyond formal publications, much S&T knowledge is disseminated
in Western countries through what is called gray literature, that is, lit-
erature and reports originally distributed among networks of col-
leagues without being formally published. This practice has been
largely replaced in recent years by the dissemination of information
through the Internet. In China we gained the impression that such
informal reports are rarely distributed and shared. Information
seems to be held secret by a department or agency, and there is a
reluctance to share this with others. This impedes the dissemination
of knowledge.

— The Internet is not yet widely used in China, but its benefits are well
known and understood. Several of the scientists we met in eastern
China have e-mail addresses. We anticipate Internet use will spread
quickly, which could have a major impact on the diffusion of infor-
mation and perhaps facilitate greater research collaboration. On the
other hand, one of the implications of access to the World Wide Web
is that it will further expose China to Western values and culture, not
all of which are likely to be beneficial to China.
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Underutilization of scientific societies

The Mission heard of the desire and capacity of many scientific societies
in China to play a greater role in the S&T life of the new China. Only the
Chinese Medical Society appears to have been accorded any significant
operational role (in this case, screening drugs and assessing research direc-
tions and the quality of some applications for funding). It could be useful
for SSTC and the Chinese Association for Science and Technology (CAST)
to discuss opportunities for the greater involvement of scientific societies
in the reform process.

Popularization of S&T

In the early 1960s the Chinese government invested substantial resources
to popularize S&T (or the public understanding of S&T). Its reasons for
doing this were in part to diffuse the scientific method of combining the-
ory with practice in finding solutions to problems, to show that there were
scientific explanations for phenomena previously explained by supersti-
tion, and to diffuse S&T knowledge. At the same time, the value of tradi-
tional knowledge was recognized, and considerable efforts were made to
integrate traditional and modern knowledge.

Now, more than 30 years later, the state of public understanding of
science is still an important policy issue, and for exactly the same reasons
as in the earlier period. However, whereas most of the efforts of industri-
alized countries focus on popularizing science, the Chinese approach also
recognizes the importance of spreading knowledge and understanding of
how S&T effects people’s lives.

The Mission believes that this is an important policy area for China
and regrets that we did not learn more about the current programs.

Issues related to resource use

Environmental protection: an example of
the problems of implementation

China faces staggering environmental problems related to its air, water,
and land resources. Air pollution is a health concern in many industrial
and urban areas: smoke and dust emissions are reported to be rising by
7% per year; sulfur dioxide emissions are expected to rise to 23 million t
per year by 2000; and acid rain is becoming more widespread. Water
resources are also in a state of crisis in many parts of the country: more
than 40 of the largest cities are facing water shortages; and 100 million t
of wastewater is produced per day, leaving some rivers dangerously
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polluted. Land resources are threatened by desertification, which report-
edly reduces arable land by 2 100 km? annually; by industrial solid wastes,
expected to increase to 250 million t per year by 2000; and by the wide-
spread use of chemical fertilizers. Unless these trends are reversed, China
is expected to become the largest single producer of both carbon dioxide
{(the leading cause of global warming) and sulfur dioxide by the next
century.

The problem o