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Foreword

1999 marked the 20th anniversary of the first bilateral science and technology agreement between
the Governments of the United States of America and the People’s Republic of China. The coopera-
tive activities pursued since that agreement was signed have been mutually beneficial to both coun-
tries, and have resulted in close personal and professional links between their national science and

engineering communities.

The US National Science Foundation (NSF) and the National Natural Science Foundation of China
(NSFC), both of which are responsible for supporting fundamental research across a broad range of
disciplines and for encouraging interdisciplinary pursuits, have played significant roles in facilitating
cooperative research between US and Chinese scientists and engineers. Because of the central role
they have played in fostering bilateral activities between the research communities in the two coun-
tries, these agencies are in a unique position to stimulate exploration of a number of critical policy is-
sues which transcend specific disciplinary interests. Accordingly, a decision was made two years ago
to organize jointly a series of policy-related meetings over the next decade dealing with issues with
significant implications for the vitality of science and engineering in the increasingly borderless,

knowledge-based society that will characterize the new century.

The opening event in this decade-long dialogue was a science policy seminar held in Beijing from Oc-
tober 24—27, 1999, on the general theme: R&D and the Knowledge-Based Society: Linking the
Production, Dissemination, and Application of Research. The Beijing seminar, which brought to-
gether 12 active participants from the government, industrial and academic research sectors of each
country as well as a number of observers, adopted a broad brush approach by exploring several areas
of mutual interest in which more focused, intense discussions may be warranted in the future: (1)
information and data requirements for policy making; (2) human resources for science and engineer-
ing; and (3) the changing character of R&D. Several participants in this seminar have already be-

gun to plan specific follow up meetings.

It is our expectation that by making the proceedings of the October 1999 seminar and of subsequent
events in the proposed series of Sino-U. S. dialogues available to a broader audience, the circle of in-
dividuals and institutions in the two countries who will want to be involved in planning and imple-
menting those events will likewise be broadened. If so, then the science, engineering, and policy
communities in our two countries should achieve a deeper understanding and appreciation of differing
perspectives and approaches to issues of mutual concern. This should, in turn, improve planning,
both nationally and bilaterally, for the effective and balanced development of science and engineering
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resources nationally, bilaterally, and globally, as well as the utilization of these resources in the ser-

vice of important cultural, social and economic goals.

. National Science Foundation Nationa! Natural Science Foundation of China
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Executive Summary

Background. The first Sino-U. S. Joint Science Policy Seminar, co-organized by the National Nat-
ural Sciences Foundation of China (NSFC) and the US National Science Foundation (NSF), took
place in Beijing, People’s Republic of China, from October 24-27, 1999. The seminar was con-
ceived of as the first in a decade-long series of dialogues between representatives from the principal
sectors of the science and technology (SR.T) enterprise in the two countries. Its theme-R&.D and
the Knowledge-Based Society-was selected to provide opportunities for broad-based discussions
about changing demands on, and opportunities for science and technology in the knowledge-based
economy or, more broadly, the knowledge-based society. Underlying the selection of this theme
was the assumption that a deeper understanding and appreciation of differing perspectives and ap-
proaches to associated issues will improve planning-nationally, bilaterally, and regionally-for the ef-
fective and balanced development of science and engineering resources and their utilization in the

service of cultural, social and economic goals.

The seminar brought together 12 participants from each country with experience in their respective
academic, industrial and government sectors. Additionally, several younger Chinese scientists and
scholars attended the sessions as observers. Prepared presentations and discussions in plenary ses-
sions and parallel breakout sessions focused on three broad topics: (1) information and data require-

ments for science policy; (2) human resources for science and engineering; and (3) the Changing
Character of R&.D.

Information and Data Requirements for Science Policy. The phrase international cooperation,
when used in a science policy context, is usually taken to mean R&D cooperation, whether in
“big” science projects or the far more common “ordinary” science or engineering projects. Howev-
er, information exchange is itself an essential type of international scientific collaboration. Informa-
tion exchange between working scientists and engineers is, of course, necessary to the conception
and implementation of specific cooperative R&D programs. At a more fundamental level, informa-
tion exchange among scientists, policy makers and scholars is an essential prerequisite to more in-

tense, purposeful international research cooperation.

As a case in point, a central objective of the Beijing seminar was to provide an occasion for the latter
type of information exchange between and among Chinese and U. S. participants about ;
* their current science policy-related interests and concerns, separate as well as
shared ;
* the principal challenges each side perceives both in advancing their separate national

science policy interests and in seeking areas for closer cooperation; and
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+ their perceived future science policy goals and directions.

Exchange of information of this character can help reduce an important if subtle barrier to interna-
tional R&D cooperation: namely ignorance on the part on the part of both working scientists and
their governments about the capabilities, interests, and motives of potential international partners.
In view of the extraordinary opportunities for cooperation that exist now and in the near future, an
important aspect of the international science policies of both China and the United States should be

to exchange critical information that can help overcome this barrier.

A closely related category of international cooperation in the science policy context involves coopera-
tion in developing and refining internationally comparable statistical indicators to understand better
trends in important national and international aspects of the science and technology enterprise. Al-
though this type of cooperation needs to be initiated and pursued by working scientists and scholars,
it cannot proceed without the active support, encouragement and -to some extent the participation

of -governments.

It is essential to examine, periodically and critically, the question of whether the indicators being
developed intersect sufficiently with what policy-makers need to ensure that those policy makers are
among the users who find the data useful to have. In the United States, the National Science
Foundation’s Science and Engineering Indicators Program conducts periodic customer surveys to as-

sure that the data it disseminates remain pertinent to the needs of its users.

A great deal more attention also needs to be paid to measuring the outputs of R&D and the out-

comes that reflect the impact of science and technology on society.

International cooperation can be an important means for developing better quantitative measures of
outcomes, and to assure the relevance of science and technology indicators to policy makers and sci-

ence policy scholars.

Human Resources for Science and Engineering. Human resources development, particularly in en-
gineering and the applied sciences, is one of the most important challenges that both China and the
United States face. Industrial employers are seeking university graduates who are broader and more
interdisciplinary in nature than were their predecessors. Industry needs people with the ability to
think logically, adapt quickly, work in teams, communicate their results succinctly, and graduates

with a yearning for lifelong learning to keep them ahead of technical obsolescence.

Universities can play roles in economic development, not only by providing well-educated gradu-
ates, but also in facilitating technology transfer to industry through programs intended to link the
knowledge generation in the universities to business opportunities. Indeed, perhaps the most impor-
tant of the evolving demands on research universities is to become not just creators of knowledge
and knowledgeable individuals, but also to expand their role and methods in the rapid diffusion of
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knowledge. This is not necessarily a new role for some universities. But for others it is a dramatic
break from their long held views of the role of universities in human resource development and in
the innovation system. Government policy can facilitate this, as for example the laws in the United

States that give patent and licensing rights for inventions supported by Federal funds to the univer-

sities.

Universities can also contribute a great deal to the development of their local regions, California be-
ing a prime example in the United States. In China, the Science and Technology University in
Hefei is a good example. However, most good universities in China are concentrated in a few cities.
How does that influence the national pattern of innovation? What can be done to encourage the co-

ordination and spread of their contribution to the national ecdnomy?

Most Chinese participants agreed that reform is urgently required in the Chinese higher education
system to reorient education to the output-demand needs of a knowledge-based economy. To ac-
complish this will require that universities be given greater autonomy in several spheres, including :
academic programs and curriculum, administration, and fiscal matters. Rather than having stu-
dents specialize as soon as they begin college, Chinese universities may benefit from introducing the
concept of liberal arts education. Attention will also need to be directed to the education of a man-
agerial group. And of major importance, private universities will need to be encouraged, including

universities with international linkages.

The trend toward university-industry cooperation that is beginning to emerge in a few major cities
in China has obvious positive implications for the dissemination and application of scientific and tech-
nological innovation. But should there be limits to university engagement in business activities giv-
en the potential conflict between industry’s desire for short-term research results and the fundamen-

tal mission of universities to promote the conduct of long-term basic research?

Changing Character of R&:.D. Throughout the 1990s, the U.S. Government’s R&D expenditures,
measured in constant dollars, have remained essentially flat, while industrial expenditures have con-
tinued to increase. According to the most recent estimates, U. S. industrial R&D investments in
1999 are expected to be $ 166 billion, up 12 percent over the estimated $ 148 billion that was in-
vested in R&D by industry during 1998. This $ 166 billion represents 68 percent of the $ 245 bil-
lion total R&D effort in the U. S. in 1999. The U.S. Government is expected provide $ 68 billion
for R&D in 1999, or 28 percent of the total, while universities will provide $ 6 billion of their own

funds (2 percent) and non-profit organizations will provide $ 5 billion (2 percent).

While the prominence of the U. S. Government as a supporter of R&D has continued to decline rel-
ative to that of private industry, its importance in encouraging and in formulating and implementing
national policies for effective R&D investments has become more important. Government policies
now aim to use public-private partnerships as means for meeting societal goals, and to provide ale-

gal framework for these partnerships. Government must also continue to play the vital role as the
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principal supporter of basic research in universities and other non-profit institutions.

In China, the central government remains the principal supporter of R&D, and the bulk of R&D
funding has traditionally gone to public research institutions and universities in major cities rather
than to enterprises. A recent study whose results were reported in the first plenary session of the
seminar shows that the overall innovation performance in state-owned enterprises is considerably
less than in all other types; e. g. , joint ventures and private companies. Moreover, state-owned en-
terprises have the smallest proportion of new international products and accounted for only 9. 5 per-
cent of total sales. This situation is showing some improvement, as China’s policy makers take
steps to promote more R&D investments in enterprises. Policy makers have also come to recognize
that in order for industrial research to be effective, it must be understood and organized in a way

that is fundamentally different from that of public research institutions.

China, in common with the United States, also recognizes the importance of basic research. Cur-
rently, six percent of the Chinese Government’s R&D budget is allocated to the support of basic re-
search, a proportion that the Government intends to increase to 10 percent. [NB: In the United
States slightly more than 16. 3 percent of total national R&D expenditures are currently devoted to
basic research. ] In part because of differing levels of development, basic research in China is more
closely linked to national goals-primarily economic development-than is the case in the United
States. Nevertheless, over 40 percent of the basic research currently supported by the National

Natural Science Foundation of China is characterized as “pure”, investigator-initiated research.

Although industry has become both the dominant funder and performer of R&D in the United
States, the character of industrial research itself has changed. Twenty years ago, industry per-
formed a reasonable amount of basic research. Today, most industrial research focuses is short term
and goal oriented. As a result, industry now relies much more heavily than in the past on the basic

research performed by universities.

In the United States, university researchers have created many new, high-tech small businesses. In
China, a few universities and research institutes of the Chinese Academy of Sciences have also been
successful in starting profitable high-tech businesses-with Legend Holding Company perhaps the

most prominent example.

Globalization. The trend towards globalization of the economy and R&D is closely linked. Indeed,
as was pointed out at the seminar, since one-sixth of all scientific publications are now co-authored
by investigators from more than one country, scientific research may be the most global of human

activities, and may also be a leading indicator for other fields.

While on balance globalization should be beneficial, potential negative impacts also need to be recog-

nized. Globalization will almost certainly condition bilateral relations between China and the United

States. U. S. perceptions of cooperation with China at the governance level will increasingly be seen
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through the lenses of globalization. Reciprocally, managing the effects of globalization is one the
more challenging tasks facing China’s science and technology development strategies, including re-
lations with the United States.

If, as most of not all seminar participants certainly desire, intensified Sino-U. S. R&D cooperation
will be one consequence of globalization, policy makers in both China and the United States will al-
most certainly inquire about relative gains that their respective country’s will obtain from such coop-
eration. Thus, the time may be right to begin to anticipate possible future conflict over relative
gains in US-China science and technology relations in order that they not escalate into higher level

conflict.

Future Challenges. The first, October 1999 Sino-US Science Policy Seminar constituted a produc-
tive start in the exchange of the types of information required as a basis for more extensive and pro-
ductive R&D cooperation. Importantly, such an information exchange must include a frank ex-
change of views and perceptions that can result in the removal of actual and perceived barriers to co-
operation. But the Beijing seminar was conceived of not as an end in itself, but as the first in a
decade-long series of dialogues that will provide opportunities for discussion on specific policy issues

of mutual interest and involve a wider range of individuals and organizations in the two countries.

Ideas for possible future events were discussed during the final session of the seminar and being ex-
plored in more detail by the joint Sino-U. S. organizing committee. An important criterion for se-
lecting an event, in addition to the intrinsic interest of a topic to both sides, is the likelihood that it
can expand the network of institutions in both countries engaged in the dialogues. Events that may

possibly be organized within the next 12 to 24 months include:

* A workshop on Sino-U. S. cooperation in biosciences and biotechnology ;

A workshop on engineering education, with perhaps broader participation from East
Asia; and

* A Forum on Science in China in Washington, D. C, intended as a showcase for pre-
sentations, by Chinese scientists and U. S. scientists familiar with their work, on

the current status of science in selected fields and prospects for the future.

Coda. In the first presentation at the seminar, David Hart from Harvard University’s Kennedy
School of Government suggested a simple, if idealistic outcome for the anticipated decade-long series

dialogues between China and the United States: namely, to develop a lively, international civil
R&D society.

In the United States, the term “civil society” connotes a private, non-official grouping of individu-
als with common aims who join together to further their objectives. This formulation, therefore,
envisions a future in which scientists and engineers in both China and the United States could enjoy

a lively, open, and productive interchange of views leading to useful and mutually beneficial re-
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search cooperation. Significant progress has been made towards this end since the United States and
the Peoples Republic of China formally initiated scientific exchanges in 1979. However, the under-
lying rationale for a proposed decade-long series of science policy dialogues is that the time is ripe to

permit an accelerated approach.

But of course a lively, international civil society of working scientists and engineers cannot exist or
prosper without the active support and encouragement of their governments. Perhaps the principal
challenges that emerged from the two days of discussion at Beijing were: (1) how to reduce actual
and perceived barriers to international cooperation at both the level of working scientists and engi-
neers and at the governance level; and (2) how to achieve an appropriate and effective balance be-
tween the roles of working scientists and their institutions on the one hand, and the roles of govern-

ments on the other, in furthering appropriate and productive cooperation.

It may be worth noting that the English word “policy” is derived from the same Greek root as “po-
lis”, designating the city. During the third century before the current era, Athenian philosophers
and politicians spent a great deal of time debating the attributes of the ideal city , which they regard-
ed as a microcosm of the ideal civil society. But of course they were already three centuries too late
to have had any claim to originality. For during the sixth century before the current era, the schol-
ar Kung Fu-tzu, known in the West as Confucius, was already teaching his countrymen the at-

tributes of a just civil society.

Although the principal concern of the October 1999 Science Policy Seminar in Beijing was how to
expand and make more effective scientific cooperation between the China and the United States in
the 21st century, perhaps we were really asking how the teachings of Kung Fu-tzu, and of the
Athenian philosophers who dealt with attributes of the ideal civil society three centuries later, can

be adapted to our current knowledge-based, globalized circumstances.
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Proceedings of the First Sino-U. S. Science
Policy Seminar

A. Overview

China and the United States are both experiencing transitions towards a global, knowledge-based
economy (or, more broadly, a global, knowledge-based society) in which the ability to create, ma-
nipulate, store, disseminate and exploit knowledge and information will be a major source of eco-
nomic progress, competitive advantage, and improvements in the quality of life. Advances in sci-
ence and technology underlie this transition, which in turn offers new challenges to the science and
technology enterprise itself. Importantly, knowledge-including scientific knowledge-will also be an

increasingly significant factor in relations among nations.

Against this background, the National Natural Science Foundation of China (NSFC) and the U. S.
National Science Foundation (NSF) organized a Sino-U. S. Science Policy Seminar, conceived of as
the first in a decade-long series of science- and policy-related dialogues among scientists and engi-
neers, policy makers, and policy scholars in China and the United States. The seminar took place
in Beijing, People’s Republic of China, from October 24-27, 1999, and brought together 12 partic-
ipants from the academic, industrial and government sectors of each country. Additionally, several
younger Chinese scientists and scholars attended the sessions as observers (see participant list, Ap-
pendix E). XU Weixuan, Director of the Institute of Policy and Management of the Chinese
Academy of Sciences (CAS) and J. Thomas RATCHFORD, Distinguished Visiting Professor Na-
tional Center for Technology and the Law at George Mason University, served as respective Chi-
nese and U. S. co-chairs of the organizing committee for the seminar. MU Rongping, Director of
the Department for Policy Studies, CAS Institute of Policy and Management, and Willliam A.
BLANPIED, Director of NSF’s Tokyo Regional Office, the principal rapporteurs and co-editors of
the proceedings.

The primary objective of the seminar was to explore issues germane to the knowledge-based econo-
my. Many of these issues transcend specific disciplinary interests; all have significant implications
for the science and engineering enterprises in the two countries. Underlying this objective is the as-
sumption that a deeper understanding and appreciation of differing perspectives and approaches to
issues of mutual concern will improve planning-nationally, bilaterally, and regionally-for the effec-
tive and balanced development of science and engineering resources and their utilization in the ser-

vice of cultural, social and economic goals.

Heightened public expectations for the science and engineering enterprise in both China and the
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United States suggest that among the most critical set of problems that the enterprise needs to ad-

dress on a continuing basis will be how to:

1. improve the effectiveness of knowledge production; and
2. enhance links between knowledge production, dissemination, and application, includ-
ing application of scientific knowledge itself into broader policy-making processes them-

selves.

The second of these challenges will be particularly important to the maintenance and improvement

of the innovation systems on which economic and social progress depend.

The Sino-U. S. organizing committee for the seminar agreed that the first event in the proposed
decade-long series should take a broad-brushed approach by emphasizing the exchange of informa-
tion and perceptions about a range of issues, some of which might worthy of more detailed explo-
ration in subsequent dialogues. Accordingly, the seminar opened with a plenary session and an asso-
ciated breakout session devoted to Information and Data Requirements for Policy Making and Re-
search and Development (R&D). A second plenary session and associated breakout session consid-
ered Human Resources for Science and Engineering. A third plenary session, held on the second
day, was devoted to an exploration of The Changing Character of Research and Development. Con-

clusions and challenges for the future were discussed in a final plenary session.
B. Information Requirements for Policy Making: Plenary Session I

Two papers were presented in this session:
“Context for International R&D Cooperation”, by David HART, and
“Technological Innovation ; Analysis and Implication for Chinese S&.T Policy”, by FENG
Xuan and CHEN Jin.

An implicit subtitle for this session might have been, “Information Requirements for International
Scientific Cooperation. ” That would have been eminently appropriate, in view of the global charac-

ter of the knowledge-based economy.

David HART’s paper provided a context for much of the discussion during the ensuing sessions of
the seminar. He began by reviewing the benefits of cooperation, whether between researchers in
different types of institutions in the same country, or cooperation across national borders. Coopera-
tion can generate added value by concentrating more and different minds on a given problem. By
bringing a range of skills and resources to bear, cooperation can foster an efficient division of labor
and speed up the R&D process. By diversifying the contexts within which the participants in the
R&.D process are situated, cooperation may raise the likelihood that the results of R&D will be
found to be useful and, along the way, generate interesting new problems and methods. However,
whereas almost by definition all seminar participants favored increased international scientific coop-
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eration, such cooperation should not be undertaken simply for its own sake. Rather, realistic priori-
ties based on shared goals are an essential prerequisite to productive cooperation, whether interna-
tional or otherwise. Adequate information about the interests of and resources available to potential
international partners constitutes a minimal requirement for identifying such mutually beneficial

goals and for establishing realistic priorities.

HART’s paper went on to consider barriers to effective international research cooperation. Two of
the most obvious at the level of working scientists and engineers are language and the cost of com-
munication. While advances in information technology have dramatically reduced this second barri-
er, there is no adequate substitute for extended, hands-on face-to-face interactions that require peo-

ple to travel to one another’s labs.

The paper stressed the frequently subtle barrier of ignorance. It is difficult for busy researchers to
know what is going on elsewhere that may be of interest, particularly beyond their own narrowly
defined specialties and the institutions and places with which they are most familiar. Ignorance goes
hand-in-hand with fear. Researchers have a lot riding on their research: reputations, careers, and

families.

HART suggested that despite these barriers, researchers will choose to cooperate more often than
not, when given the chance. The spirit of risk-taking and of internationalism remains widespread

and deeply-felt in the science and engineering community.

Barriers to international cooperation are also present at the governance level, which HART defined
as encompassing those individuals and organizations that shape R&D choices, including funders,
employers, regulators, and lawmakers. These “governors” may be ignorant of distinctions among
different types of R&D and wall off excessively broad areas from cooperation. They may be igno-
rant of the potential gains from cooperation. The issue of opportunity costs, too, appears at the

governance level and in a more potent way than at the working level.

HART’s paper noted that a special set of barriers relates to the governance of projects that are de-
signed as cooperative efforts, particularly “big science” projects. One challenge is to devise goals for
such projects that are defensible to governors on all sides. While these justifications need not always

be made in the same terms to each partner, they should at least be compatible with one another.

HART concluded by suggesting why it is essential to work on reducing these barriers: namely, be-
cause of the extraordinary opportunities for cooperation that exist now and in the near future. The
diffusion of R&D capabilities around the world, the explosion of scientific and technical fields, the
breakdown of established institutional boundaries (like those between universities and corporations
in the United States), and the decreasing costs of electronic communication, exponentially expand
the forms of activity that might be explored through cooperative R&D. The purpose of public policy

with respect to R&D cooperation, then, should not be to maximize the level of cooperation. In-
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stead , its purpose should be to enhance the gains and reduce the costs of cooperation, whether it be

across institutional boundaries or national borders.

FENG Xuan and CHEN Jin’s paper summarized the results of an innovation survey of 3346 large
and medium sized industrial enterprises in Beijing, Liaoning Province, Harbin, Shanghai, and
Jiangsu and Guangdong Provinces. Among these enterprises, 1867 were state-owned, 208 were of
the adopted stock system, 539 were joint ventures, and 732 were private firms. This sample is typ-
ical for the entire country. The survey focused on the current situation for technological innovation
in China using the indices defined by the OECD’s Oslo manual for human resources, equipment, in-
novation type and ratio, innovation novelty, means of innovation, cost structure of innovation, and

innovation results.

One important result of the survey was that overall innovation performance in state-owned enter-
prises is considerably less than in all other types. Importantly, the joint ventures surveyed produced
the largest proportion of new international products and accounted for 23. 3 percent of the total sales
of the entire sample. In contrast, state-owned enterprises had the smallest proportion of new inter-

national products and accounted for only 9. 5 percent of total sales.

FENG and CHEN’s paper concluded with several recommendations for incorporating innovation
more effectively into China’s science and technology policy. First, concrete and specific guidelines
should be given for effective innovation, rather than overly general and universal guidelines. For
example, state enterprises should not only emphasize technological innovation, but also institutional

and cultural innovations that have been incorporated into other types of enterprises.

Second, more technological innovation should be provided by the enterprises themselves and nation-
al science and technology policy should offer incentives to this end. Firms need to invest more in
R&.D. Additionally, they need to improve their R&D facilities and enhance the level of their R&D

workforce.

Finally, science and technology policy needs to be based on a clear recognition that the essence of
technological innovation is to link science, technology, production, and marketing. To this end,
government policy should emphasize international cooperation as an essential means for strengthen-

ing those links.

An important objective of the Beijing seminar was to provide an occasion for information exchange

between the Chinese and U. S. participants from several types of organizations about :

+ their current science policy-related interests and concerns, separate as well as shared;

+ the principal challenges each side perceives both in advancing their separate national
science policy interests and in seeking areas for closer cooperation; and

» their perceived future science policy goals and directions.
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FENG and CHEN’s paper dealt with all three points. For example, the status of technological in-
novation in China and the factors underlying successful innovation are of considerable interest to the
country’s political and scientific leadership. Adequate information, such as FENG and CHEN’s pa-
per reviewed in quantitative detail, will clearly remain essential in formulating policies to promote
successful innovation. It is equally clear that the promotion of technological innovation will remain
an important future goal for the country. FENG and CHEN’s paper was also important in provid-
ing the U. S. participants with insights not only into the technological innovation process in China,
but also about the current state of knowledge about the innovation process itself. The availability of
such information is an essential prerequisite to productive bilateral cooperation, both for understand-

ing the innovation process itself, and in formulating policies to facilitate innovation.

Various categories of international scientific cooperation were referred to during the ensuing discus-
sion, and were also highlighted by John MCTAGUE in his presentation during Plenary Session
IIII. These include: cooperation in planning, constructing and operating large and expensive re-
search facilities, such as particle accelerators, or optical and radio telescopes. They also include ma-
jor distributed projects undertaken on a worldwide basis, such as genome mapping and sequencing
and global change research. As with all effective research cooperation, the scientific communities of
cooperating countries must take the initiative for conceptualizing and advancing such projects. How-
ever, because of the cost and complexity of such projects, experience demonstrates that govern-

ments must also be involved in planning from an early stage.

Despite the prominence of large-scale cooperative research projects, the majority of international re-
search cooperation involves cooperation between individual scientists or small groups from two or
more countries, together with their graduate students and postdoctoral scholars. In these cases the

role of governments should be limited to encouraging and facilitating the cooperative efforts of the

researchers.

Participants agreed that two other important although often-neglected categories of international co-
operation deserved more emphasis. The first category involves exchange of information which, of
course, occurred throughout the seminar. There was a broad consensus that information exchange
on critical science policy issues between appropriate Chinese and U. S. experts needs to be pursued

in a more focused, detailed manner.

The second closely related category, illustrated by FENG and CHEN’s paper, involves cooperation
in developing and refining internationally comparable statistical tools to understand better trends in

important national and international aspects of the scientific enterprise.

Both types of cooperation-information exchange and methodological cooperation-need to be initiated
and pursted by working scientists. However, neither can proceed without the active encouragement

and support of governments.
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Data Requirements for Policy Making and R&.D: Parallel Breakout Session I
The three papers presented in this session provided good examples of the potential benefits of inter-
national cooperation in developing internationally comparable statistical tools for policy making.

They were:

“Using National Accounts to Assess the Role of R&D in the U. S. Economy”, by Sumiye
OKUBO;

“Methodology for Evaluating of International Competitiveness of High-tech Industries”,
by MU Rongping; and

“Indicators of International Science and Technology Cooperation and Interaction”, by
Jennifer Sue BOND.

Sumiye OKUBO described a framework for measuring the effects of R&D on economic growth.
This framework would treat R&D as an investment across all industries. It provides a methodology
for estimating the full rate of return to R&D——the benefits of the entity undertaking R&D, the
direct return and, to others, the spillover return. Her project is ambitious and would take several
years to carry out. Participants agreed that it is extraordinary that R&D is not routinely treated as
an investment. Her paper pointed out again how important it is to remember that analytic categories
are often constructed as a result of legal and political decisions, rather than professional or scholarly

choices.

MU Rongping also described an ambitious framework that would require substantial funding and ef-
fort to implement. In his case, the object of analysis is corporate and industrial competitiveness in
the high-technology sector. He described a method for classifying industries as “high-technology”
and then listed multiple measures for the analysis. These measures cover the real and potential com-

petitiveness of firms and sectors as well as their environment.

Jennifer BOND drew on her broad knowledge of various types of indicators and indicators method-
ologies based, in part, on her experience as the director of NSF’s Science and Engineering Indica-
tors program and her extensive international cooperative work, to provide a picture of international
scientific cooperation in and between the United States and China. She focused particularly on flows
of people and production of papers, and her paper thus nicely complemented John MCTAGUE’s
paper on “Globalization of R&D” presented in Plenary Session III.

The data presented by BOND show that China is rising in international stature and, while the brain
drain from China to the U. S. and other industrialized countries is not reversing, the potential for
such a reverse flow may well be emerging. Her presentation also emphasized the essential role that
international cooperation has played in advancing indicators methodologies in several critical areas,
and pointed to the need for such collaboration in developing new types of indicators useful in the fu-

ture: e. g. , reliable indicators of international scientific mobility.
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C. Human Resources for Science and Engineering: Plenary Session II

Three papers were presented in this session :
“The Knowledge-based Economy & its Challenge to China’s High Education,” by XUE Lan;
“Opportunities for Chinese and American Universities in the Knowledge-based Economy,” by
Richard C. ATKINDSON; and
“Strategy Management on Technological Innovation ,” by CAO Zhijiang.

XUE Lan’s paper examined the readiness of the Chinese higher education system to educate the
needed highly trained scientists, engineers, innovators, and managers for the new knowledge based
economy. To move China ahead in the next century, the Chinese higher education system faces
three critical challenges: (1) to increase the number of highly trained graduates; (2) to link knowl-
edge generation in the university setting to the applications in the commercial market; and (3) to
provide the continuing education needed in a fast moving society continuously generating new

knowledge.

FENG Xuan and CHEN Jin’s paper, presented in Plenary Session 1, reviewed data demonstrating
that among several categories of industrial organizations in China, state-owned enterprises are the
least innovative. Yet in Xue’s opinion, the autonomy of Chinese universities remains less than that
of state owned enterprises. At the same time, the environment in which universities dramatically

changed to one that his highly market oriented.

XUE'’s paper pointed to several issues that are grounds for concern about the readiness and capacity
of the Chinese higher education system to meet the challenges of the knowledge-based economy.
First, limited autonomy of the universities from central government control. Second, limited capac-
ity in the universities, which has a per capita enrollment rate and percentage of the total population
over 25 years with higher education resembling the poorest tier of countries, and far lower than that
of the highly technical industrialized nations. Hence, there is significant imbalance in the supply
and demand for such highly educated Chinese graduates. This results in a third problem as high
school education increasingly becomes preparation for university entrance examinations rather than
focused on education and the Government mandates increases in admissions without consideration of
the ability and capacity of the universities to provide quality education. Fourth, universities do not
necessarily train graduates in the fields needed by the new economy. Fifth, there is insufficient
Government support to pay the costs of quality higher education and Government imposed limits on

tuition precludes this as a source to narrow the gap.

Richard ATKINSON’s paper provided an historical view of the development of the academic base
for the knowledge-based economy in the United States as a way of identifying possible themes the
Chinese system could consider. He noted that theory had grown up around performance in the

United States, resulting in a “new growth theory” which related investments in R&.D to economic
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growth and identified the important role of Government supported research in the universities in
driving this relationship. Federally supported research carried out in the universities has catalyzed
private investment in R&D, leading to the creation of new jobs and industry near the universities
producing highly trained graduates. Well educated, technologically advanced graduates willing to
take risks are available for the innovative, small, entrepreneurial high tech companies that spring up
when other local conditions such as the availability of venture capital and accounting and legal ser-
vices are favorable. It is important to note that universities can play a proactive role in creating this
environment——not only in providing well educated graduates, but also in facilitating technology
transfer to industry through programs intended to link the knowledge generation in the universities
to business opportunities. Government policy can facilitate this, as for example the laws in the

United States that gave patent and licensing rights for inventions supported by Federal funds to uni-

versities.

ATKINSON suggested that the lesson from his analysis of most relevance to China is the in the
recognition in the United States that, in his words, “universities are priceless sources of ideas that
can create jobs, give birth to new industries, and stimulate productivity growth”. How this princi-

ple is applied may differ between the United States and China.

CAO Zhijiang’s paper traced the history of Legend Holdings, Limited, as one model of this process
for China. Eleven technically trained members of the Chinese Academy of Sciences’ (CAS) Insti-
tute of Computer Technology founded the company in 1984, with “venture capital” from CAS.
Their first product, a Chinese character processing system, was versatile and useful. A decision
was made to tailor the product to the non-professional PC user, a market that did not exist in China
at the time, rather than seeking to fill mainframe computer needs. The wisdom of this decision is
evident in retrospect. Legend has surged ahead in sales and market share in China and the rest of
East and South East Asia. Several principles of business have permitted this rapid growth: (1)
product development and marketing were closely coordinated; (2) after sales service was geared to
customer support; and (3) technical staff engaged customers and learned first hand of customer
needs so that product improvement was continuous and geared to the market. The continuing orien-
tation of Legend to integrate high tech R&D into the market is reflected in its allocation of its R&D
budget, with 20 percent devoted to basic research, 30 percent to key technology research, and 50

percent to application research for the development of new high tech products.

The personal computer industry is a good example of the possibilities of well organized R&.D tailored
to marketable products, as sales have taken off all over the world, and at the same time it may be
one that is difficult to replicate with such speed and success in other industries. In China, the fur-
ther maturation of Legend to a public company, owned in part by its employees, is another striking
change from the state-owned enterprise model, and very much in line with the situation in the

United States and other highly technical industrialized countries.

Several themes emerged in the ensuing discussion. First, there is great potential in distance learning

*120 ¢




methods for high tech education, between the United States and China, for example, or from tech-
nically advanced, research intensive universities to students elsewhere within China. This is applica-
ble, for example, to the didactic components of biomedical research training, including clinical re-
search methodology, clinical trials, and clinical data collecting. Some of this can be accomplished by

internet, teleconferencing and other electronic communication modalities.

Second, peer level training, both national and international, can be a highly effective mechanism
for information transfer, supplementing the senior mentor-trainee interaction in a less formal envi-
ronment. Opportunities for U. S. trainees to work in China alongside Chinese trainees should be
fostered, in addition to increasing opportunities for Chinese students to train in U. S. institutions.
Relationships developed during training are often sustained lifelong, and are the basis for establish-

ing and sustaining close and trusting research collaborations.

Third, research training should be carried out in the course of conducting research, where method-
ological tools are applied to the solution of research questions. The opportunity to link theory with
practice in the solution of real problems is essential. In the course of developing undergraduate,
graduate and post-graduate research training, there must be sufficient resources to carry the burden
of frequent experimental failures, and resources to allow trainees to problem solve to get beyond the
barriers. Without this there can be but little progress. At the same time, it is necessary to establish
some peer review process to review the productivity of training laboratories and centers. In the
United States, this is accomplished by the need to renew Federally supported research grants
through the competitive peer review process for grants for both research and training.
Three papers were presented in this session :

“The Knowledge-based Economy and Human Resources Mobility”, by CHEN Hao;

“CHU University Role in Regional Development”, by CHU Xuelin; and

“Preparing Scientists and Engineers for the 21st Century”, by Edward PARRISH.

CHEN Hao’s paper was a detailed account of the emergence and evolution of China’s post-doctoral
system, particularly as it has developed in the Chinese Academy of Sciences. The post-doc system
provides real though still limited mobility within China’s scientific community, a significant break
from the past.

CHU Xuelin’s paper was a thoughtful discussion of the multiple roles of the university in economic
and social development, from generating to disseminating knowledge, and from training personnel

to energizing local culture. Particularly valuable was the paper’s focus on regional development dy-

‘namics.

Edward PARRISH’s paper started with a comprehensive discussion of the changing nature of the
global economy and thus the necessity to change the education of engineers. It went on to present
the model of Worcester Polytechnic Institute, which emphasizes flexibility , teamwork, and inter-

cultural experience in addition to the technical training.
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D. Changing Character of R&D: Plenary Session III

Four papers were presented during this session ;
“China’s Basic Research at the Turn of the Century and its National Goals” , by ZHANG Cun-
hao;
“Globalization of R&D”, by John MCTAGUE;
“Changing Role of Industrial R&D”, by FANG Ajhua; and
“The Evolving Face of Science and Technology Policies,” by Gerald HANE.
ZHANG Cunhao’s remarks indicated that in several important ways, Chinese thinking about basic
research is both consistent with, and different from, thinking in the United States. The differences
stem in part from China’s level of economic and technological development and from the characteris-

tics of its national research priorities and system of research institutions.

ZHANG?’s paper noted that China’s basic research goals are intended to address five main scientific

and technological development objectives; namely .

1. preparing for future high technology development in ways which would allow China to
leapfrog into leadership in the development of future technological trajectories and in
exploiting future industrial opportunities (e. g. , work in nanoelectronics) ;

2. aiding in the upgrading, or renovation, of traditional industries (e. g. , work in seed
breeding, geophysical work in oil prospecting) ;

3. providing radically new ideas for reconceptualizing practical problems (e. g. , mathe-
matical applications in finance) ;

4. generating truly original ideas which may not have immediate practical application; and

5. serving higher education and the advanced training of high level manpower.

Expenditures for basic research in China have increased steadily since the National Natural Science
Foundation of China (NSFC) was founded in 1986, with the rate of increase being most apparent
since 1992. Basic research support is scheduled gradually to come to occupy a larger share-10 per-
cent, up from its present six percent of the nation’s R&D spending. [NB: in the United States,
basic research currently accounts for slightly more than 16 percent of total national R&D expendi-
tures. ] Zhang also noted that, with the initiation of the National Basic Research Program (“973”-
a program of targeted, mission-oriented, top down, “basic” research), the share of NSFC funding
for “pure,” investigator initiated research has been adjusted upward from 30 percent to 42. 5 per-
cent of NSFC research support. In this sense, NSFC is playing a role analogous to the “balance
wheel” function that Richard ATKINSON attributed to the U. S. National Science Foundation in

his presentation during Plenary Session II.

John MCTAGUE’s presentation explored the reasons for the globalization of R&D and presented a
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number of measures of how extensive the process has become. Using data from the U. S. National
Science Board’s Science and Engineering Indicators-1998, MCTAGUE illustrated the trends in
globalization as seen in corporate RR.D patterns, big science projects (of both the central facility and
distributed categories) , and in “ordinary”, small-scale research. The reasons for globalizing trends

differ somewhat among the three areas, but common features include:

+ the diffusion of scientific capabilities around the world;

* higher standards of living and new market opportunities in parts of the world beyond
the OECD countries;

* the worldwide search for talent by industrial firms and the worldwide search for collabo-
rators by research scientists; and

* the ease of travel as a result of relatively low cost transportation and the advent of virtu-

ally costless and instant communications and access to data via the Internet.

MCTAGUE suggested that the trends he identified are almost certain to continue into the foresee-
able future, making physical distance an increasingly less important factor in scientific cooperation
and making scientific research, perhaps, “the most global of human activities. ” At the same time,
the high costs of industrial R&.D are forcing both increasing cooperation among competitors and in-
_Creasing international industrial concentration, as firms merge and consolidate (as in the automobile
industry) in search of economies of scale. Thus, patterns of international science and technology will
show both new forms of centralization as seen in industrial consolidation and in some “big” science
activities and new types of decentralization in a spatially dispersed, distributed community linked via

electronic communication.

FANG Aihua’s paper considered the changes that need to take place in China’s national system of
innovation if the country’s industrial R&.D activities are to contribute more effectively to its econo-
my. Unlike the situation in the United States, Japan and Western Europe, the central government
still provides the majority of the support for R&D in China. Most of those funds go to public re-
search institutions rather than enterprises. Likewise, most Chinese scientists and engineers work in

public research institutions or universities located in large cities.

As is true in other countries, most researchers in public research institutions and universities lack ei-
ther the training or motivation to chose research topics or research directions with a commercializ-
able end product or process in mind. Successful industrial innovation, as has been demonstrated by
many studies, requires that research, product development, and marketing should be closely cou-
pled. But until recently and with some notable exceptions (e. g. s Legends) , neither researchers nor
managers in Chinese enterprises (particularly state-owned enterprises) have been trained or encour-

aged to think in those terms. Nor are those enterprises organized to facilitate such close coupling.

ZHANG’s paper pointed out that this situation has led to a serious brain drain. Many state-owned
enterprises have not provided sufficiently challenging work or adequate facilities to their young engi-
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neers. As a result, many have joined private companies or emigrated (e. g. to Singapore) so that
the average age of engineers at many large state-owned enterprises has actually increased during the

past 20 years.

With economic reform and the opening of the country to foreign investment, the situation regarding
industrial R&D has improved. For example, in 1988, state-owned enterprises accounted for less
than 14 percent of all patents granted in the country; today they account for almost 30 percent.
ZHANG made several recommendations both for the education and training of engineers and the or-

ganization of research within enterprises that they believe can lead to further improvements.

Gerald HANE’s presentation began by noting that over the decade of the 1990s, a shift in the
shape of the scierice and technology enterprise in the United States has brought about a continuing
evolution of the country’s science and technology policies. Important elements that underlie this
shift include a substantial increase in industrial investments in research and development, ‘more
modest growth in the U. S. government’s investment in research and development, and the rapid
expansion of venture capital investments. In response, government policy has given priority to the
use of public-private partnerships as a means of meeting societal goals, to supporting long-term ba-
sic research, to improving the diffusion of innovations, and to promoting linkages such as those be-

tween universities and industry.

HANE emphasized that university-industry research partnerships have gained greater attention over
the decade, with interest heightened by the increase in venture capital activities. Here the principal
role of the government has been to provide a legal framework for these partnerships. One challenge
is to ensure that these partnerships energize the education and research functions of universities

without compromising openness and the pursuit of knowledge.
E. Highlights of Principal Discussion Themes

The prepared presentations and ensuing discussions in the plenary and parallel breakout sessions at
the October 1999 science policy seminar in Beijing amply justified the now familiar contention that
the transition to a knowledge-based economy in both China and the United States is being driven by
science and technology. More important for the purposes of the seminar, the demands of the
knowledge-based economy are changing the character of the science and technology enterprise it-

self, at both the national and international levels.

The intimate coupling between the knowledge-based economy and national science and technology
enterprises, evident in presentations and discussions throughout the seminar, was demonstrated
most explicitly during Plenary Session III on The Changing Character of R&D. Several such

changes were identified, primarily.

1. Changes in the roles of, and relationships among, the principal supporters and per-
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formers of R&D;

2. Changes in the capabilities required of the science and technology workforce and the re-
sultant impacts on the institutions that will train and utilize the workforce of the 21st
century ;

3. The critical need for adequate and reliable quantitative information (including new
types of statistical indicators) to gauge the multiple, changing aspects of the global,
knowledge-based economy; and

4. Globalization of R&D and its impacts on national science and technology systems and

on international R&.D cooperation.

Roles and Relationships. In his opening remarks as chair of the second half of Plenary Session 111,
Charles LARSON highlighted the growing importance of U. S. industry as both principal funder
and principal performer of R&D. According to the most recent estimates, U. S. industrial invest-
ment in R&D in 1999 are expected to be $ 166 billion, up 12 percent over the estimated $ 148 bil-
lion that was invested in R&D by industry during 1998. This $ 166 billion represents 68 percent of
the $ 245 billion total R&D effort in the U.S. in 1999. The U.S. Government is expected to pro-
vide $ 68 billion for R&D in 1999, or 28 percent of the total, while universities are expected to pro-
vide $ 6 billion of their own funds (2 percent) and non-profit organizations is expected to provide
$ 5 billion (2 percent). In addition to its own funds of $ 168 billion for R&D, industry expected to
receive some $ 20 billion from the Departments of Defense and Energy, NASA, and other Govern-
ment agencies for R&D in 1999. Thus industry will perform some $ 188 billion worth of R&D this
year, or 77 percent of the total R&.D effort in the United States.

U. S. industrial R&D investments, measured in current dollars, have increased 71 percent over the
past five years and 126 percent over the past ten. These increases represent double-digit annual
growth rates; in only three of the past ten years have the increases been less than 10 percent. Of
the $ 166 billion performed by industry on R&D in 1999, 71 percent will be for development activi-
ties, 22 percent will be for applied research, and approximately 7 percent will be for directed basic
research. Directed basic research has increased from $ 6.1 billion in 1994 to $10. 9 billion in
1999, an increase of 79 percent, or a rate of nearly 15 percent a year. Applied research has also
grown significantly, rising from $ 19. 4 billion in 1994 to an estimated $ 37. 0 billion in 1999, an

increase of 91 percent.

U.S. companies are also investing more in R&D abroad. A recent U.S. Commerce Department re-
port, Globalizing Industrial R&.D, indicated that R&D expenditures in the United States by for-
eign-owned companies tripled from $ 6.5 billion in 1987 to $ 19. 7 billion in 1997. U.S. compa-
nies also increased their R&D spending in other countries, rising from $ 5. 2 billion in 1987 to
$ 14. 1 billion in 1997.

While the prominence of the U.S. Government as a supporter of R&D has continued to decline rel-

ative to that of private industry, its importance in encouraging in formulating and implementing na-
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tional policies for effective investments has become more important. Government policies now aim
to use public-private partnerships as means for meeting societal goals, and to provide a legal frame-
work for these partnerships. Government also continues to play the vital role as the principal sup-

porter of basic research in universities and other non-profit institutions.

In China, the central government remains the principal supporter of R&D, and the bulk of R&D
funding has traditionally gone to public research institutions and universities in major cities rather
than to enterprises. The study reported in FENG Xuan and CHEN Jin’s paper in Plenary Session I
shows that the overall innovation performance in state-owned enterprises is considerably less than in
all other types; e. g. , joint ventures and private companies. Moreover, state-owned enterprises
have the smallest proportion of new international products and accounted for only 9. 5 percent of to-
tal sales. This situation is showing some improvement, as China’s policy makers take steps to pro-
mote more R&D investments in enterprises. They also have come to recognize that in order for in-
dustrial research to be effective, it must be understood and organized in a way that is fundamentally

different from that of public research institutions.

Although industry has become both the dominant funder and performer of R&D in the United
States, the character of industrial research itself has changed. Twenty years ago, industry per-
formed a reasonable amount of basic research. Today, most industrial research focuses is short term
and goal oriented. As a result, industry now relies much more heavily than in the past on the basic

research performed by universities.

The success of the U. S. system can be traced to Federal funding of basic research in universities.
However, the emphasis on investigator initiated research proposals and the peer review system in
which peer working scientists judge the merit of proposals for funding are essential for promoting
creativity and quality. The process is a continuous competitive one in which merit, innovation, and

relevance remain the major criteria for support.

In the United States, university researchers have created many new, high-tech small businesses
themselves. In China, a few universities and research institutes of the Chinese Academy of Sciences

(most notably Legends) have also been successful in starting profitable high-tech businesses.

The Science and Technology Workforce. In his introductory remarks as chair of Plenary Session 1I,
R. Thomas WEIMER suggested that human resources development, particularly in engineering
and the applied sciences, is one of the most important challenges that both China and the United
States face. Industrial employers are seeking university graduates who are broader and more inter-
disciplinary in nature than were their predecessors. Industry needs people with the ability to think
logically, adapt quickly, work in teams, communicate their results succinctly, and graduates with a

yearning for lifelong learning to keep them ahead of technical obsolescence.

Perhaps the most important of the evolving demands on research universities is to become not just
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creators of knowledge and knowledgeable individuals, but also to expand their role and methods in
the rapid diffusion of knowledge. This is not necessarily a new role for some universities in some
disciplinary areas for example, agricultural research in the United States but for others it is a dra-
matic break from their long held views of the role of their universities in human resource develop-
ment and their role in the innovation system. While executed regionally (as in the case of
California, highlighted in Richard ATKINSON’s paper in Plenary Session II), these changes in the
ways which universities transfer knowledge aggregate nationally, and promote more rapid national
economic growth.

XUE Lan’s paper in Plenary Session II suggested that reform is urgently required if the Chinese
higher education system is to become capable of reorienting education to the output-demand needs of
a knowledge based economy. To accomplish this will require that universities be given more autono-
my in several areas, including academic programs and curricutum, administration, and fiscal mat-
ters. Attention will need to be directed to the education of a managerial group. Quality of education
will need to be insured by development of standards and accreditation procedures. And of major im-

portance, private universities will need to be encouraged, including universities with international

linkages.

The trend toward university-industry cooperation beginning to emerge in China has obvious positive
implications for the dissemination and application of scientific and technological innovation. But
should there be limits to university engagement in business activities, given industry’s interest in
short-term results and the mission of universities to promote long-term basic research? CHU Xuelin
mentioned in his presentation in Parallel Breakout Session II that the University of Science and
Technology in Hefei has created hundreds of companies. How does that affect the basic research

and educational missions of the university?

Universities can contribute a great deal to the development of their local regions, as Richard
ATKINSON?’s presentation in Plenary Session II demonstrated in the case of California. In China,
the Science and Technology University in Hefei provides a good example. However, most good uni-
versities in China are concentrated in a few cities. How does that influence the national pattern of
innovation? What can be done to encourage the coordination and spread of their contribution to the

national economy?

The Worchester Polytechnic Institute model presented by Edward PARRISH in Parallel Breakout
Session II addresses many challenges for engineers in the new economy of the 21st century. Al-
though it is probably not practical for Chinese universities to copy the model, it suggests ways to
improve the training of engineers and university students in general. Rather than having students
specialize as soon as they begin college, Chinese universities may benefit from introducing the con-
cept of liberal arts education. Chinese colleagues say that some universities are beginning to think
about such changes.
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The free and efficient allocation of human resources for science and technology remains a problem
for China. The country’s relatively recent post-doctoral system has had some success in promoting
mobility among different institutions and sectors. But other types of policy initiatives may also be
required.

Importance of Quantitative Information. The three papers presented in Parallel Breakout Session I
demonstrated the critical importance of measurement and methodologies both for policy making and
for research in science and technology policy. Policy makers in both the public and private sectors
rely on reliable, internationally comparable science and engineering indicators data in making deci-
sions on critical issues, such as resource allocation among various fields of science and priority set-
ting for specific types of projects. Additionally, science policy scholars depend on this type of work
for developing policy recommendations. Their analyses are only as good as the underlying data.

There is no substitute for public funding and public provision of such data.

It is essential to examine, periodically and critically, the question of whether the indicators data be-
ing developed intersect sufficiently with what policy-makers need. This is not to say that those who
develop quantitative science and engineering indicators should tailor all data production to serve poli-
cy-makers. Autonomous research deserves a place. But it is essential to make sure that policy mak-
ers are among the users who find the data useful to have. To this end, the National Science
Foundation’s Science and Engineering Program carries out periodic customer surveys as a means for

determining the current and probable future needs of users in government, industry and academia.

A great deal more attention needs to be paid to measuring the outputs of R&D and the outcomes
that reflect the impact of science and technology on society. A very good job has been done on mea-
suring the inputs to science and technology, but that’s not what policy-makers care most about.
Papers presented at the seminar provide useful frameworks to begin work on measuring the outputs
of R&D and its impacts on the economy and society. At the same time, it is essential to acknowl-
edge that in moving from inputs to outputs and especially to outcomes, the error bands around mea-

surements inevitably grow.

The papers presented at the seminar suggest also the importance of utilizing multiple measures no
matter what subject is being. International collaboration can be a particularly effective way to devel-
op better measures of R&D output and outcomes-data that would be particularly useful for policy

making.

Globalization of R&.D. John MCTAGUE concluded his presentation during Plenary Session III by

suggesting that since one-sixth of all scientific publications are now co-authored by investigators

from more than one country, scientific research may be the most global of human activities, and

may also be a leading indicator for other fields. In addition to MCTAGUE’s, globalization, was an

important if implicit subtheme in many of the other presentations at the seminar and in ensuing dis-

cussions. Although most participants tacitly assumed that the impacts of globalization would, on
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balance, be positive, potentially negative impacts were also recognized.

The discussion that followed MCTAGUE’s presentation touched upon the implications of the glob-
alization of R&D for Sino-U. S. cooperation in science and technology. Globalization will almost
certainly condition bilateral ties. U. S perceptions of cooperation with China will increasingly be
seen through the lenses of globalization. On the other hand, managing the effects of globalization is
one the more challenging tasks facing China’s science and technology development strategies, in-
cluding relations with the United States. In particular, a major concern is how China can attract
foreign corporate investment in research without having its research system become simply an ap-

pendage of the innovation systems of multinational firms.

Concern for the possible costs of globalization is evident in the United States as well. Some ob-
servers are questioning if trends such as the growth of foreign investment in U.S. R&D, and the
large number of overseas students coming to U. S. universities, pose dangers that intellectual assets
will be drained from the country. Similarly, questions have been asked about the high proportion of
foreign born students in science and, especially, in engineering graduate programs, and about the

growing reliance on foreign-born scientists and engineers by U. S. industry.

Richard SUTTMEIER noted that in spite of mutual gains, the political processes which shape the
environment for international cooperation often focus on “relative gains” whether one side gets dis-

proportionate benefits relative to the other.

The time may be right to begin to anticipate possible future conflict over relative gains in U. S. -Chi-
na science and technology relations in order that they not escalate into higher level conflict, as hap-
pened with U. S. science and technology relations with Japan during the 1980s. In the relative
gains conflicts with Japan, much attention was focused on the issue of “asymmetrical access,”
where Japanese investigators had access to areas of U.S. R&D while U. S. investigators could not
access comparable areas of Japanese R&.D. These problems were, in part, a reflection of the differ-

ent institutional arrangements and programmatic emphases in the two countries.

SUTTMEIER asked whether we could expect similar kinds of problems to develop in U. S. rela-
tions with China, or whether conditions in the early 21st century, as a result of the positive trends
noted by MCTAGUE (e. g. , the drastically reduced costs of collaboration, the international flows
of human resources in science and education) will make the problems of institutional and program-
matic asymmetry less of an issue. The differences in approaches to basic research, as indicated in
ZHANG Cuhnao’s remarks in Plenary Session III, point to asymmetries in institutions and program
assumptions, and may suggest the need for anticipatory discussions on how conflicts from asymme-

tries can be avoided, and assumptions harmonized.

* 129 -




F. Challenges for the Future

Isn’t it a pleasure to make practical use of the things you have studied? Isn’t it a pleasure
to have an old friend visit from afar?
Kung Fu-tzu (Confucius)

The first, October 1999 Sino-U. S. -Science Policy Seminar constituted a useful beginning in the ex-
change of the types of information (including, importantly, a frank exchange about information on
actual and perceived barriers) that have the potential of leading to more extensive and productive bi-
lateral cooperation. But the work begun in Beijing needs to be expanded to include many other indi-
vidual participants and organizations in both China and the United States, and also deepened to en-

compass more detail.

During the concluding session of the seminar, participants reviewed the principal issues, themes,
and ideas from the prepared presentations and the ensuing discussions in order to identify tentative
topics that could serve as a basis for future events in the proposed decade-long series of Sino-U. S.

science policy dialogues. These included :

« Prospects for expanded cooperation in specific areas of science and technology ;

« Innovation and industrial research, including distinctions between industrial and public
research institutions;

« Science and engineering workforce issues, including graduate education in science, and
training of engineers for the global, knowledge-based economy;

» Public understanding of science; and

« Data for policy making, including data on human resources for science and engineering,

and indicators of human resources mobility-intersectoral as well as international.

Participants agreed that one important objective of the proposed dialogues, in addition to exchanges
of information and perspective, should be to engage a wider range of government and non-govern-
ment institutions in both countries. Although the National Science Foundation and the National
Natural Science Foundation of China will continue as the organizations responsible for events in the
series, other organizations should also be closely involved and, in some instances, should assume
primary responsibility for specific events. Examples of appropriate organizations include, on the U.
S. side, other Federal agencies such as the National Institutes of Health. Appropriate private sector
organizations include the Industrial Research Institute; the National Academies of Science and Engi-
neering ; and a variety of professional science and engineering societies. Important Chinese organiza-
tions that ought to be involved include: the Ministry of Science and Technology; Chinese Govern-
ment mission-oriented bodies such as the Ministry of Health; a wider range of institutes of the Chi-
nese Academy of Sciences; and the Chinese Association for Science and Technology. Topics for fu-
ture workshops ought to be selected, in part, with a view towards establishing a network of organi-
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zations which participate in the dialogue.

In addition to organizing workshops in which a relatively small number of experts from the two
countries engage in exchanges of information and perspectives, there would be considerable merit in
a larger forum in which leading Chinese scientists and prominent U. S. scientists familiar with their
work made presentations to invitees from the U.S. science policy community on the current status

of their fields and their plans for the future.

Against this background, possible Sino-U. S. events to be organized within the next 12 to 24

months are.

* A workshop on cooperation in biosciences and biotechnology ; A
* A workshop on engineering education, with perhaps broader participation from East A-
sia; and

* A forum on Science in China, to be held in Washington, D. C.

G. Coda

David HART’s presentation during Plenary Session I suggested a simple, if idealistic goal for the
decade-long series of science policy dialogues that China and the United States plan to organize;

namely, to develop a lively, international civil R&D society.

In the United States, the term “civil society” connotes a private, non-official grouping of individu-
als with common aims who join together to further their objectives. HART’s formulation, there-
fore, envisions a future in which scientists and engineers in both China and the United States can
enjoy a lively, open, and productive interchange of views leading to useful and mutually beneficial
research cooperation. Significant progress has been made towards this end since the United States
and the Peoples Republic of China formally initiated scientific exchanges in 1979. However, the un-
derlying rationale for a proposed decade-long series of science policy dialogues is that the time is ripe

to permit an accelerated approach.

But of course a lively, international civil society of working scientists and engineers cannot exist or
prosper without the active support and encouragement of their governments. Perhaps the principal
challenges that emerged from the two days of discussion at Beijing were: (1) how to reduce actual
and perceived barriers to international cooperation at both the level of working scientists and engi-
neers and at the governance level; and (2) how to achieve an appropriate and effective balance be-
tween the roles of working scientists and their institutions on the one hand » and the roles of govern-

ments on the other, in furthering appropriate and productive cooperation.

It may be worth noting that the English word “policy” is derived from the same Greek root as “po-

lis”, designating the city. During the third century before the current era, Athenian philosophers
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and politicians spent a great deal of time debating the attributes of the ideal city, which they regard-
ed as a microcosm of the ideal civil society. But of course they were already three centuries too late
to have had any claim to originality. For during the sixth century before the current era, the schol-
ar Kung Fu-tzu, known in the West as Confucius, was already teaching his countrymen the at-

tributes of a just civil society.

Although the principal concern of the October 1999 Science Policy Seminar in Beijing was how to
expand and make more effective scientific cooperation between the China and the United States in
the 21st century, perhaps we were really asking how the teachings of Kung Fu-tzu, and of the
Athenian philosophers who dealt with attributes of the ideal civil society three centuries later, can

be adapted to our current knowledge-based, globalized circumstances.
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Plenary Session I: Information and Date
Requirements for Policy-making

The Context for International R & D Cooperation

David M. HART"*

Participants in this seminar will need little convincing that R&D can and should play a major role in
the pursuit of such public goals asprosperity, public health, environmental protection, and military
security. The case that R&D can often be made more effective through cooperation, including in-
ternational cooperation and cooperation among diverse sorts of institutions, is also likely to be ac-
cepted among us, but deserves elaboration. Cooperation can generate value in several ways. By con-
centrating more and different minds on a given problem, it may increase the chance of solving that
problem. By bringing a range of skills and resources to bear, it can foster an efficient division of la-
bor and speed up the R&D process. By diversifying the contexts within which the participants in
the R&D process are situated, cooperation may raise the likelihood that the results of R&D will be

found to be useful and, along the way, generate interesting new problems and methods.

Of course, cooperation only adds value up to a point. Eventually, the costs of administration and
coordination overwhelm the gains of cooperation. In some contexts, notably military R&D and
commercial product development, cooperation can undermine the achievement of the larger goal to
which R&D contributes. And, from a more removed perspective, too much cooperation may lead to
“groupthink,” the convergence on the same ideas of too many of those who know something about
a subject and the consequent discounting of valuable alternative perspectives. The purpose of public
policy with respect to R&D cooperation, then, should not be to maximize the level of cooperation.
Instead, our purpose should be to enhance the gains and reduce the costs of cooperation, whether it
be across national borders or institutional boundaries, while preserving diversity and avoiding

groupthink within the R&.D system.

The people who ultimately determine whether cooperation is worthwhile are the researchers them-
selves. They decide whether to send that E-mail, make that trip, change what they are doing in

the lab, or share their best ideas. The direct participants in cooperation must perceive the prospect

+ David M. HART is an associate professor of public policy, at Kennedy School of Government, Harvard University. Address
correspondence to David HART, 79 JFK St. Cambridge MA, 02138. E-mail: david—hart@harvard. edu
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of mutual gains for it to work. Even in the absence of barriers imposed by others (which I will take
up below), barriers at the working level often impede cooperation. Public policy-makers should try
to ensure that researchers are aware of as broad as possible an array of potentially valuable partners
and that they have the capacities to build the partnerships that they find appropriate. In short, we
should be cultivating a thriving civil society among researchers who cooperate autonomously as well

as within officially mandated programs.

One simple and profound barrier at the working level is language. Americans, for instance, are dis-
mally ignorant of other languages. U.S. researchers are not likely to know of results not published
in English language journals, leaving them ignorant of an expanding world of technical people and
ideas. Even when they are aware of potential collaborators abroad, they may fear having to put
more effort into communication than the benefits of cooperation are likely to warrant. Clearly, the
U. S. can do a better job equipping its researchers in this regard. Yet, as this seminar itself demon-
strates, the burden on non-English speakers is much higher, since English is by far the most widely

used language in science and technology.

If the language barrier is surmounted, others may appear at the working level. The cost of commu-
nication, particularly internationally, can inhibit cooperation. While advances in information tech-
nology have dramatically reduced this barrier for data, voice, and even video communication, face-
to-face interactions that require people to travel to one another’s labs are and will continue to be im-

portant. There is no adequate substitute for extended, hands-on visits.

A more subtle barrier is that of ignorance. It is hard for busy researchers to know what is going on
elsewhere that may be of interest, particularly beyond their own narrowly defined specialties and
the institutions and places with which they are most familiar. Yet, boundary-crossing cooperation
may well be the most valuable form of cooperation of all. Ignorance of a different sort centers on as-
sessing the suitability for cooperation of unfamiliar sorts of potential partners, even when one knows
that their work may fit with one’s own from a technical point of view. Opportunities for coopera-
tion may be passed up because of ignorance about the potential partner’s background, the rules that
govern his institution, and the resources available to him. Differences in perceived status, perhaps
better described as prejudice rather than ignorance, can also impede cooperation, as when academics

look down their noses at industrial researchers.

Ignorance and prejudice go hand-in-hand with fear. Researchers have a lot riding on their research :
reputations, careers, families. The known benefits of continuing to do what one is doing are not
easily traded for the unknown benefits and sometimes substantial costs of cooperative R&.D. Re-
searchers may fear losing time, losing out on local opportunities, and even losing credit for their

ideas to those with whom they might otherwise work.

Language, the costs of communication, ignorance, prejudice and fear are all real and important bar-
riers to R&.D cooperation, particularly international R&D cooperation, at the working level. Yet,
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my guess is that, by and large, researchers will choose to cooperate more often than not, when giv-
en the chance. The spirit of risk-taking and of internationalism remain widespread and deeply-felt

in the scientific and technical community.

Many of the barriers that may impede R&D cooperation at the working level are also present at
what I will call “the governance level. ” By governance level, I mean to encompass all those people
and organizations that shape R&D choices (whom I will refer to generically as “governors”), in-
cluding funders, employers, regulators, and lawmakers. Ignorance and fear, for example, are far
from unknown among governors. As at the working level, these barriers at the governance level are
sometimes understandable and appropriate. For instance, while it may not always be true that “on-
ly the paranoid survive,” as the title of Intel chairman Andrew Grove’s book puts it, fierce compe-
tition to capitalize on the results of R&D in industry and the military justify fear of potential and ac-
tual competitors. Often, however, decision-makers at the governance level create unnecessary bar-

riers.

They may be ignorant of distinctions among types of R&D and wall off excessively broad areas from
cooperation. They may be ignorant of the potential gains from cooperation. They may fear punish-
ment from those who are more ignorant in these regards, such as bosses, oversight committees,

and voters, and hence take the most cautious approach to cooperation.

The issue of opportunity costs, too, appears at the governance level and in a more potent way than
at the working level. Governors are asked to supply funds for travel and other costs that might be
spent instead on any number of other things, including the work of other researchers. There is a
chance as well that the researchers whose cooperation the governors endorse will be distracted from

the main mission of the governors’ enterprise and even depart in a brain drain.

Most of the discussion to this point assumes a form of cooperation that emerges out of existing pro-
jects of researchers. Another set of barriers relates to the governance of projects that are designed as
cooperative efforts, particularly “big science” projects. One challenge is to devise goals for such pro-
jects that are defensible to governors on all sides. While these justifications need not always be made
in the same terms to each partner, they should at least be compatible with one another. A second
challenge is to assure the potential partners that each will get a “just return” (as the Europeans put
it) on the resources that they invest. Contracts and procedures, some of which can be quite stultify-
ing, are often put in place to provide this assurance. Goals, results, and governing arrangements
may well be assessed and re-assessed over the life of the project, particularly when annual appropri-
ations of government funds are involved (as is almost always the case when the U. S. government is
one of the partners). Thus, a third challenge is the construction of a flexible decision-making pro-
cess that can adapt to changes in the environment surrounding the project as well as to scientific and

technological opportunities and constraints that emerge during it.

I have concentrated on barriers to R&.D cooperation across national boundaries and among different
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kinds of institutions. These barriers focus our minds on what needs to be done.

We would be remiss, however, if we did not remind ourselves why we ought to work on reducing
these barriers: extraordinary opportunities for cooperation now and in the near future. The diffu-
sion-of R&D capabilities around the world, the explosion of scientific and technical fields, the
breakdown of established institutional boundaries (like those between universities and corporations
in the U. S.), and the dropping costs of electronic communication exponentially expand the forms
of “fusion” (as Fumio Kodama calls it) that might be explored through cooperative R&D. Who can
say which form of cooperation will be most fruitful? Above all, the emergence of global problems
that require global solutions demand that we attend to this set of problems. Policy deliberations
should focus on the conditions that enable researchers to cooperate on their own as well as on top-

down cooperative R&D initiatives that can, if managed well, take on a life of their own.
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Technological Innovation: Analysis and Implication
for Chinese S & T Policy

FENG Xuan and CHEN Jin"*

Abstract Technological innovation is the key factor for competitiveness of enterprises,whether in
the public sector or the private sector. This paper, based on the statistical analysis of 3346 large and
medium industrial enterprises in China, tries to explore the state of art of technological innovation in
China, and some basic ruleé on the technological innovation. Some inspirations for S&T policy are

also provided.

~ Keywords  technological innovation, statistical analysis, large and medium enterprises, S&.T poli-

cy.
I. INTRODUCTION

Science and Technology (S&T) policy is one of the main parts of the national policy system. With
the fast development of S&T, especially rapid progress of the information and communication tech-
nology (ICT) and the emergence of the Knowledge Economy, S&T policy will play a more and
more underpinning role in the national development. Technological innovation is the key for nation-
al wealth creation and corporate growth, S&T policy is expected to give more support and incentive

to the innovation competence of both the nation and enterprises.

Traditionally, S&T policy has always made by the top-down, but a more rational and practical poli-
cy need to balance the top-down and the bottom-up approach. In this paper, we try to provide

some innovation-oriented S&.T policy for China mainly based on bottom-up method.

3346 large and medium industrial enterprises in Liaoning, Jiangsu, Guangdong Provinces and Bei-
jing, Shanghai, Haerbin cities are our survey focus, among the enterprises, 1125 of them are ex-

tra-large enterprises, 2221 are large and type one enterprises. In the view of the corporate system,

* FENG Xuan is the deputy director of Department of International Cooperation, Ministry of Science and Technology. E-mail;
fengx@mail. most. gov. cn
CHEN Jin is an associate professor, Institute of Management Science, at Zhejiang University , Hangzhou 310027, P. R. Chi-
na. Reprint requests to contact CHEN Jin.
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1867 of them are state-owned (accounting for over 50% ), 208 of them are adopted stock system,
539 of them are joint ventures, and 732 of them are private ones. As the enterprises we selected are
the typical ones in China (some of them are large and famous enterprises and international groups) ,

the state art of the technological innovation in China can be gotten by studying them.

These statistics are very typical because the total revenue of the sampling firms is 67. 77 billion
RMB Yuan, and the number of sampled firms accounts for 14. 5% of the total large and medium
firms in China (the employees account for 13. 6%, profit for 22. 0%). And the total data are

around half million, which cost 3 years heavy work.

The framework of this statistical analysis is based on the Oslo Manual, with some adjustment, the
industrial characteristics, enterprise scale, economic system type, R&D institution, import &. ex-
port right, marketing network and quality etc are the main indicators we observed. We also focus
on the current situation of technological innovation in China by using the index of human resource,
equipment, innovation type and its ratio, novelty of innovation, means of innovation, cost struc-

ture of innovation and innovation results.

II. INDUSTRIAL CHARACTERISTICS OF INNOVATION IN CHINA

In general, innovation is the key for the industrial competitiveness, but there exists differences a-
mong industries. According to our statistics, 71. 46% of the large and medium enterprises have
normal innovation activities. And enterprises in medicine manufacturing, petrochemical, metallur-
gy, mechanical and equipment, electric, electronics and instrument industry have higher innovation
levels, while enterprises in food processing, clothing, leather, fur and paper-making industry are

not so active in innovation (see Fig. 1).

Innovative Firms in China
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Fig. 1 Industrial Difference on the Innovation Level
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The inputs into the technological innovation are the prerequisites for the successful innovations, and
attention should be paid by S&.T policy. Here, the inputs of technological innovation are production

equipment, human resource and innovation capital.

Our data show that few enterprises own equipment at the international level (lower than 5%),
43. 66% of the equipment at these firms are at the national advanced level. So poor equipment level
is a problem faced these enterprises, especially in the clothing, textile and printing industry, around

33%—50% of the firms use poor equipment ( See Fig. 2).
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Fig. 2 The Equipment Level in Chinese Firms

The technical persons, especially the core professionals of high quality, are the core of technological
innovation. Our data show that the ratio of technical persons over total employees is just around
10%, the highest ratio is 15. 60%. Among the technical persons, 66. 20% of them obtain college
training.

The capital for innovation comes from enterprises themselves (self-raising), government support
and bank loans. Since the economic reform, self-raising and bank loans are the main sources of in-
novation. Except the leather industry, fur and arm manufacturing, the ratio of government funds
is low. Another phenomenon is that foreign capital is not the dominant source of innovation capital,

almost half of the firms have no such item.

For the ratio of product innovation and process innovation, some of the industries are process inno-
vation focused (in wood processing, printing, oil processing, nonmetal, heavy metal and trans-
portation equipment manufacturing industry). In the tobacco, clothing and stationery industries,
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the product innovation is dominant. In general, product innovation is paid more attention than that

of process innovation.

Referring to the means of technological innovation, 46.84% of innovation is indigenous or self de-
veloped, while 53.16% is technology acquisition based. In the cloth and leather industries, 80% of
the products rely on foreign technology, and in the industry of drink, tobacco, wood processing
and stationery industries, 70% —80% of the products is self-developed.

Among the indigenous innovations, the ratio of independent R&D is 65. 22% , cooperative R&D is
26. 409, contracted R&D is 8. 38%. As a result, many enterprises prefer cooperative R&D to

contracted project.

As to technology acquisition, 56. 95% are domestic and 43. 05% come from abroad. But if we
comprehensively consider the cooperative R&.D with foreign institutes, technology acquisition based
development and production, international R&D is the vital means of technological innovation for

these Chinese firms.

Referring to the cost structure of innovation, 54. 66% of it is used for the purchasing of machine
and equipment, and R&D cost is only 13. 56% (See Fig. 3). That means the large and medium

enterprises still focus on hardware instead of software.

It should be noticed that training expenditures are relatively low in every industry, and only ac-
counts for 2% —3%.
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Fig. 3 Average cost distribution of technological innovation

As the novelty of innovation, the average industry level is 33. 64% , and wood processing, furni-
ture, chemical fiber, nonmetal, black metal, arm, electric and electronics telecommunication equip-
ment are among the higher ones in innovation level. There is less innovation with novelty at the in-

ternational level, only 14.37% of the metal manufacturer reach the international ones.
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The new production yield over sales is 22. 77% on average, some data are as follows: mechanical
manufacturing (31.98%), electric products (31.12%), electronics and telecommunication
(49. 39%). These data show that the higher technology and high value-added products contribute

more to corporate profit. :
III. INNOVATION IN DIFFERENT ECONOMIC TYPE

As shown in Table 1, the productivity, profitability and profit per capita of joint ventures are high-

est, which explains their stronger competitive advantage. The heavy burden of state-owned firms

impairs much of their competitiveness.

Table 1 The introduction of technological innovation

New New
Funds Sale Profit New
Productivity Owes / product product
profit profit per product .
(Yuan per ] Assets ] . sale / profit /
margin margin capita prop.
capita) (%) Total Total
%) %) (Yuan) %)
(%> %>
Total 33000 4.21 66.13 5.31 7000 33. 64 22.77 26. 30
State-owned 24000 2. 66 62. 84 3. 88 4000 29. 96 15. 57 18. 08
Joint-stock 50000 7.63 55.70 8.72 15000 53. 47 30. 66 22.35
Joint venture 93000 8.27 62. 81 7. 46 27000 35.40 36. 36 39. 82
Others 35000 5.03 110.79 5.07 6000 36. 31 27.07 33.11

The performance of the innovation in joint ventures, joint-stock corporations and other economies
are better than that of state-owned firms. As to the proportion of innovative products to total prod-
ucts, state-owned firms, joint ventures, joint-stock corporations and other economies are respec-
tively 29.96%, 35.40%, 53.47% and 36. 31%. The ratios of new products sale and profit to the

total in joint ventures are highest, while state-owned firms have the lowest values.

Joint venture industries have the biggest value (13. 67%) of the ratio of international new products
to the total, which accounts for 23. 33% of the total sales. The values for state-owned firms are re-
spectively 4. 37% and 9. 53%. This makes clear that joint ventures think highly of technological in-
novation and attach much importance to develop high value-added products with international com-
petitiveness. Though state-owned firms are not capable at this respect, they have advantages in the
domestic market, for their national new products. The higher the novelty degree of product, the
bigger the proportion of its sale income to the total by comparison to the sale quantity, Figure 4
which suggests amplification effect. Thus the firms should strive to develop advanced innovative

products.
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Fig. 4 The Novelty of Innovation in different firms

Figure 5 illustrates the distribution of the costs in innovation activities. State-owned firms and joint-
stock corporations have higher research cost (18.57% and 18. 60%) and lower external technology
purchasing cost (4. 72% and 5. 54%). On the contrary, the two values for joint ventures are
7.35% and 6. 61%. Others types have the highest proportion of equipment purchasing cost, but

are lowest in the other respects.
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Fig. 5 Costs distribution of technological innovation in different firms

Concerning the mode of technological innovation, independent innovation take the lead in state-
owned firms (50. 00%) and joint-stock corporations (59. 33%), in which the proportion of inde-

pendent research account for 72. 20% and 74. 20% respectively, as shown in Fig. 6. Joint ventures
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Fig. 6 Different modes of technological innovation in different firms
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and others pay more attention to technological introduction, 70. 83% and 60. 60% each. On intro-
ducing technology, joint ventures develop 53.93%, launches 74. 08%, collaborative researches
47.31%, as shown in Fig. 7. All the values are higher than those of the others. Joint ventues also
collaborate more with foreign agents. It makes clear that joint ventures prefer introduction and col-
laboration.
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Fig. 7 Proportions of foreign technology introduction in different firms

Other types firms have the highest proportions in national collaboration (33.57%) and research
contract (29.60%), as shown in Fig. 8. This demonstrates the tendency of the innovation mode of

these firms.
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Fig. 8 Different modes of independent innovation in different firms

In the contents of innovation, all types of firms focus on product innovation, the ratio between

product innovation and process innovation is 7:3.

Table 2 Contents of technological innovation in different firms

Innovations Product innovation Process innovation
A B B/A(%) B/T(%) C C/A(%)
Total 26195 17706 67.59 22.74 8488 32.40
State-owned 15028 10255 68. 24 20.44 4773 31.76
Joint-Stock 3757 2687 71.52 38.24 1070 28.48
Joint venture 3826 2324 60. 74 21.50 1501 39. 23
ﬁhﬁiﬁ ] 3584 2440 68. 08 24.72 1144 31.92
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V. INNOVATION WITH THE SUPPORT OF R&.D INSTITUTE

As Table 3 shows, enterprises which owns R&.D institutes have better performance (both in the in-

dex of economic development and innovation level) than the enterprises with no established R&D

institute.
Table 3 Comparison of Enterprises have/not have R&.D Institutes )
Industrial Labor Profit Profit Ratio
Val oductivi Profit/ . New
alue roductivit over T capita
P 4 Sales per cap Product
Added (1000 capital (1000
% %)
%) yuan/man) (%) yuan/man)
Total 24.20 33 4.21 5.31 7 33. 64
Without R&D Institute 20. 30 28 1.27 2.74 3 21.03
Having R&D Institute 24.92 34 5. 06 5.70 8 36. 38

With Table 4, we see that enterprises which own R&D institutes have higher novelty in innovation.

Table 4 Novelty of Innovation with/without R&D Institute

Novelty at National Level Novelty at International Level
Innovation Products
Numbers Ratio(%) Numbers Ratio( %)
Total 11352 43. 34 1519 5. 80
No R&D Institute 1242 42.51 114 3.90
Owns R&D Institutes 10110 43. 44 1405 6. 04

By analyzing the cost structure of innovation, we see that the enterprises which own R&D institutes

have higher input on R&D, engineering and pre-production, while the enterprises without R&D in-

stitutes spend more on machine and equipment (See Fig. 9).

As the novelty of new product, 6. 04% of the enterprises which own R&.D institutes reach the in-

ternational level, for those enterprises with no R&D institutes, the ratio is just 3. 90%.
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V. DISCUSSION

By studying of innovation activities in different industries, and economic system/types, the follow-

ing conclusion can be drawn .
1. Government’s Support is Important to Technological Innovation in a Firm

There are three kinds of support to technological innovations in firms, the first is financial aids, the

second is scientific and technologic programs of government, the last is government policies.

In terms of technological innovation projects, 29.1% of the total 26,195 projects in 1993-—1995
got financial aids from the government. According to project statistic, of all the projects, 4. 5% get
appropriated funds from the government, 10. 2% get appropriated loans, 10. 0% get tax shelter,
11. 1% get other direct financial aids.

Financial aids are a major way to promote technological innovations in firms. In terms of expendi-
ture, appropriate funds and loans account for 21. 7% of the total expenditure in technological inno-
vations in firms. Among them, appropriated funds account for 2. 3%, which are mainly invested in
state-owned enterprises and stock companies; appropriated loans account for 19. 4% , which sup-
ports a wide range of firms (Table 5). In state-owned enterprises, collective-owned enterprise,
Sino-foreign cooperation enterprises, and Hongkong-Macao-Taiwan-mainland cooperation enter-

prises, the rate of appropriated loans are above the average.

Table 5 The distribution of government financial aids in terms of firm type

Total
Appropriate Appropriate
Firm type expenditure
funds loans
in Tech. Inno.

State-owned enterprises 100.0 4.8 27.1
Collective-owned enterprises 100. 0 0.4 21.7
Private enterprises 100. 0 0.0 0.0
Joint-operation enterprises 100.0 0.8 12.7
Stock companies 100.0 2.4 14.9
Sino-foreign joint ventures 100. 0 0.1 6.6
Sino-foreign cooperation enterprises 100.0 0.0 41.3
Foreign ventures 100.0 0.0 0.0
Hong KongMacao-Taiwan-mainland

Joint ventures 100.0 0.0 11.7
Hong Kong-Macao-Taiwan-mainland

Cooperation enterprises 100.0 0.0 41.4
Hong Kong -Macao-Taiwan ventures 100.0 0.0 0.0
Others 100. 0 0.0 1.3
Total 100.0 2.3 19.4
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The scientific and technologic programs directly promoted the technologic innovation in firms. This
investigation shows that 51. 0% of the “major technological innovation” realized by the large and
middle size firms in 1993 — 1995 are listed in the different government scientific and technological
programs. 47.2% of these “major technologic innovation” projects is listed in different national sci-
entific and technologic programs. Among of them, 11. 2% is listed in the national “torch
program”, 7.4Y% in the national key S&T program and national technology development program
respectively (see Table 6).

Table 6 The importance of government policies

Policy Score in importance

Tax shelter 74‘.— 2717 o -
Appropriate loans in S&T development 4.07

Reward for S&T workers 3.96

Protection for intellectual property 3.75

Industrial policy ‘ 3.62

Favorable policy is an important ways to promote technologic innovation in firms. In the view of the
firms, “tax shelter” and “appropriated loans in S&T development” are the most important favorable
policies. “Reward for S&T workers” and “protection for the intellectual property” are also very im-

portant.
2. The Firm’s Own Technolegical Capabilities is the Base of Technologic Innovation

The firm’s own technological capabilities are very important to the opportunity identification, and
success of the innovation. Technological innovation capability is concerned with R&D, manufactur-

ing, marketing and so on. Some major factors will be discussed here.

Engineers and technicians. Engineers and technicians directly take part in R&D, management and
marketing activities. So the level of technologial innovations depends on the quantity and quality of
them. According to the statistic analysis, the higher the ratio of R&D employees in firms, the
higher the ratio of new product sales in the total revenue (See Table 7).

Table 7 The ratio of engineers & technicians and technologic innovation

The ratio of engineers & The ratio of The ratio of new product

technicians (x) innovative firms( %) sales in total revenue (%)
0<x<{5% o 55.6 22.0
5%<x<<10% 74.0 21.3
10%<x<<15% 82.1 26.8
x>15% 87.8 30.6

R&.D organizations. “R&D department” is the major internal source of innovative ideas. It is more
important than the external research units in the generation of innovative ideas. The firms with
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R&D department emphasize developing new products more and have more indigenous innovation ca-
pabilities.

Production equipment. The production equipment is the most important part of the technological in-
novation infrastructure. This investigation shows that there is much variation across different in-
dustries. The equipment of more than a half of the firms in food, rubber manufacturing, non-fer-
rous metal refining, ordinary machinery, and special mechanic equipment industries are at the na-
tional leading level. But in some high technology industries such as electrical machinery and elec-
tronics and telecom equipment, the production equipment level is outdated. This maybe harm the

competitive advantage of these industries.

So, setting up or perfecting the R&D institute is important for the technological innovation in the
enterprises; in the meantime, the importance of R&D collaboration and cooperation with foreign in-

stitutes, focusing on the renewal of equipment for innovation should be stressed.

3. Increasing the Investment of the Technological Innovation and Optimizing the Investment
Structure

It is found that the shortage of technology innovation funds is one of the key factors, which has in-

hibited the firms’ technological innovation.

Effective innovation needs high input. Many entrepreneurs hope that the government would in-
crease the input for technology innovation. But this is impossible in the condition of the market e-
conomy. We suggest that it would be important for firms to increase the technology innovation

fund. Besides the self-capital accumulation, firms should enlarge the channels to raise money.

On the other hand, it is necessary for firms to optimize the investment structure for innovation.
The main existing problem is that firms have expended more money on hardware facilities. It is
necessary to think much more of investment in the development of the up-stream technology and
software technology. Government should lead firms to increase the input in research and develop-
ment, and improve their technology independence. It needs further explanation that improving
technology independence doesn’t mean to refuse the acquisition of the foreign advanced technolo-
gies. Acquiring foreign technologies will still be an important method for Chinese firms for a long
time, but Chinese firms should improve the absorptive capability and decrease the dependence on
the foreign technology. Therefore, we should acquire foreign technologies selectively, and provide

appropriate R&D fund from firms and country.
In order to make full use of the technology innovation funds, government should establish and per-

fect the institution of the project evaluation. Especially, projects, for which government provides

the funds and the funds are large, need pre-evaluation.
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4. Developing an Entrepreneur Force which Dare to Innovate and Be Good at Innovating

Entrepreneurs are the decision-maker, organizer and directors of the firms’ technology innovation.
They play key roles in firms’ technology innovation. Their personality characteristics and compe-
tence make a key influence on firms’ technology innovation activities and the effectiveness. So, it is
important for national economic development to train and develop a large numble of entrepreneurs,
who dare to innovate and are good at innovating. While appointing the firms’ leaders, it should fo-
cus on the capability of “dare to innovate, be good at innovating”. As the same, while evaluating
the leaders’ performance, it should focus on the evaluation of the performance in the decision mak-

ing, organizing and directing for the technology innovation.

Because many firms’ leaders are unfamiliar with the theories of technology innovation, it is neces-
sary to diffuse the technology innovation knowledge through training. The contents of the training
courses should include the primary theories, the common rules of the technology innovation, and
the cases of technology innovation in the foreign and local firms. It can teach together with the

firms’ management training courses, or conduct short-term training courses independently.

V1. TOWARDS INNOVATION-ORIENTED S&.T POLICY

Up to now, China has gained marvelous achievements in technological innovation. For the better
competitive advantage, innovation should be included more in the contents of S&.T policy. By our

research, some inspirations for S&.T policy are given as below :

(1) Providing specific innovation guidelines

According to our new findings on the innovation differences in industry, according to economic sys-
tem, some general and universal guidelines for the firms are insufficient. Instead, some concrete
and specific guidelines should be given for the effective innovation in the firms. For example, the
state enterprises should stress not only innovation in technology systems but also institutional and
cultural innovation to keep abreast of or catch up with joint ventures, stock system firms and the
collective ones. The enterprises in different industries should adopt different input ratio for R&D

and equipment renewal.

(2) Providing more incentive for more innovation input in the enterprises
More input on technological innovation should be provided by the firm itself, and national S&T pol-

icy could offer more incentive for it.

Technological innovation funds are scare and should be used for the development of big innovation

projects. The government’s main function is to create good conditions for firms to raise innovation

money and to make it possible for firms to raise money in the capital market. For example, it is

necessary to establish venture capital market and bank credit support to help the firm to get more
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money for innovation projects.

In order to improve the firm’s technology competence, it not only needs to increase financial R&D
investments, but also needs to enhance the R&D professionals force and improve R&.D facilities.
Government should adjust the deployment of the technical force, integrate part of R&D forces of
the government research institutes to the firms to formulate the corporate-dominant technology de-
velopment system. Government should encourage and facilitate the integration of production, sci-
ence and development, encourage the alliance between excellent firms to establish research and de-
velopment organizations. As the owner of the capital, government should select some key state-
owned corporate and company limited, provide the development funds, improve their facilities, and
help them establish R&D organizations. The firms should also improve the technology competence

by themselves, especially focusing on the establishment of technology development organizations.

(3) Enhance the “linkage” among the innovation chains

The essence of technological innovation is to link science, technology, production and marketing.
As the linkage of production and marketing will be gradually improved by the firms themselves, the
government should pay more attention to the external linkage: sources of technology. Thus S&T
policy should support international cooperation in technological innovation, including inviting more
technology-based MNCs to set up research institutes or joint ventures, rapid construction of the IN-

TERNET, more international S&T forums and conferences, and collaboration.
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Information Requirements for the
Knowledge-based Economy

Commentary

William A. BLANPIED"®
Isn’t it a pleasure to make practical use of the things you have studied? Isn't it a pleasure to
have an old friend visit from afar?

Kung Fu-tzu (Confucius)

The title of the first plenary session of the Sino-US Science Policy Seminar was, “Information Re-
quirements for the Knowledge-based Economy. ” An implicit subtitle might have been, “Informa-
tion Requirements for International Scientific Cooperation. ” That would have been eminently ap-

propriate, in view of the global character of the knowledge-based economy.

A central rationale for the seminar was to provide an occasion for information exchange between the

Chinese and U. S. participants from several types of organizations about :

« their current science policy-related interests and concerns, separate as well as shared;
« the principal challenges each side perceives both in advancing their separate national
science policy interests and in seeking areas for closer cooperation; and

+ their perceived future science policy goals and directions.

FENG Xuan’s stimulating paper entitled, “Technological Innovation: Analysis and Implication for
Chinese S & T Policy”, presented during the first session, dealt with all three points. For example,
the status of technological innovation in China and the factors underlying successful innovation are
of considerable interest to the country’s political and scientific leadership. Adequate information,
such as FENG’s paper reviewed in quantitative detail, will clearly remain essential in formulating
policies to promote successful innovation. It is equally clear that the promotion of technological inno-
vation will remain an important future goal for the country. FENG’s paper was also important in
providing the US participants with insights not only into the technological innovation process in

China, but also about the current state of knowledge about the innovation process itself. The avail-

» William A. BLANPIED directs the Tokyo Regional Office of National Science Foundation.
Address correspondence to William A. BLANPIED, Embassy of the United States of America, 1-10-5,
Akasaka, Minato-ku, Tokyo Japan 107-8420. E-mail: wblanpie@nsf. gov
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ability of such information is an essential prerequisite to productive bilateral cooperation either to un-

derstand the innovation process in more detail, or in formulating policies to facilitate innovation.

David HART’s paper entitled, “Context for International R&D Cooperation, ” provided a context
for much of the discussion during the ensuing sessions of the seminar. He emphasized that whereas
almost by definition all seminar participants favored increased international scientific cooperation,
such cooperation should not be undertaken simply for its own sake. Rather, realistic priorities based
on shared goals are an essential prerequisite to productive cooperation, whether international or oth-
erwise. Adequate information about the interests of and resources available to potential international
partners constitutes a minimal requirement for identifying such mutually beneficial goals and for es-

tablishing realistic priorities.

Various categories of international scientific cooperation were referred to during the two days of the
seminar. These included: cooperation in planning, constructing and operating large and expensive
research facilities, such as particle accelerators, or optical and radio telescopes. They also included
major distributed projects undertaken on a worldwide basis, such as genome mapping and sequenc-
ing and global change research. As with all effective research cooperation, the scientific communi-
ties of cooperating countries must take the initiative for conceptualizing and advancing such pro-
jects. However, because of the cost and complexity of such projects, whether in the fixed facility or
distributed category, experience demonstrates that governments must also be involved in planning
from an early stage.

Despite the prominence of large-scale cooperative research projects, the majority of international re-
search cooperation involves cooperation between individual scientists or small groups from two or
more countries, together with their graduate students and postdoctoral scholars. In these cases the

role of governments should be limited to encouraging and facilitating the cooperative efforts of the

researchers.

Two other important although often-neglected categories of international cooperation referred to re-
peatedly during the seminar also deserve emphasis. The first category involves exchange of informa-
tion which, of course, occurred throughout the seminar. There was a broad consensus among par-
ticipants that information exchange on critical science policy issues between appropriate Chinese and

U.S. experts needs to be pursued in a more focused, detailed manner.

The second closely related category involves cooperation in developing and refining internationally
comparable statistical tools to understand better trends in important national and international as-
pects of the scientific enterprise. FENG’s paper presented in the first plenary session provided one

good example. Others emerged during the breakout session on Data Requirements for Policy Mak-
ing and R&D.

Both of these types latter types of cooperation i. e. , information exchange and methodological coop-
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eration-need to be initiated and pursued by working scientists. However, neither can proceed with-

out the active encouragement and support of governments.

HART’s paper identified several barriers to international research cooperation, among them: igno-
rance of the interests and resources of potential partners. The Beijing seminar constituted a useful
start in exchanging the types of information that can lead to more extensive and effective coopera-
tion. But the work begun in Beijing needs to be expanded to include many other individual partici-

pants and organizations in both China and the United States, and also deepened to encompass more
detail.

HART’s analysis made a useful distinction between barriers to international cooperation at the sci-
entist-to-scientist level, and barriers at the governance level-that is, among institutions that encour-
age and support (or deny support) for international cooperation. HART’s paper also suggested a
simple, if idealistic goal for the decade-long series of science policy dialogues that China and the U-

nited States plan to organize: namely, to develop a lively international civil R&D society.

In the United States, the term “civil society” connotes a private, non-official grouping of individu-
als with common aims who join together to further their objectives. HART’s formulation, there-
fore, envisions a future in which scientists in both China and the United States (and other countries
as well) can enjoy a lively, open, and productive interchange of views leading to useful and mutual-
ly beneficial research cooperation. But of course no such international society of working scientists
can exist and prosper without the active support and encouragement of governments. Perhaps the
principal challenges that emerged from the two days of discussion at Beijing were how to reduce
barriers to international cooperation at both the level of the working scientists and governments,
and how to achieve an appropriate balance between the roles of individual scientists and their institu-

tions, and the roles of governments, in furthering appropriate and productive cooperation.

It is worth noting that the English word “policy” is derived from the same Greek root as “polis”,
designating the City. During the third century before the current era, Athenian philosophers and
politicians spent a great deal of time debating the attributes of the ideal city, which they regarded as
a microcosm of the ideal civil society. But of course they were already three centuries too late to
have much claim to originality. For during the sixth century before the current era, the scholar
Kung Fu-tzu, known in the West as Confucius, was already teaching his countrymen the attributes

of a just civil society.

Although the principal concern of the October 1999 Science Policy Seminar in Beijing was how to
expand and make more effective scientific cooperation between the China and the United States in
the 21st century, perhaps we were really asking how the teachings of Fu-tzu and the Greek philoso-
phers who also dealt with attributes of the ideal civil society three centuries later could be adapted to

our current circumstances.
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Americans of all ages, all conditions, and all dispositions, constantly form associations. . .
Wherever, at the head of some new undertaking, you see the government in France, in the
United States you will be sure to find an association.

Alexander de Tocqueville
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Parallel Breakout Session,Part I:
Information Requirements for Policy-making

Using National Accounts to Assess the Role of
R &.D in the U.S. Economy"

Barbara M. FRAUMENI and SUMIYE Okubo”

Abstract The importance of R&D in stimulating economic growth has long been recognized. R&D
by individuals, firms, nonprofit institutions, and governments leads to innovation, which in turn
leads to economic growth. Although the existence of a link between R&D, innovation, and eco-
nomic growth is widely acknowledged, it is difficult to quantify this link as R&D output, a critical
component of the link, is not easily measured. Accordingly, R&D input measures such as R&D ex-
penditures or R&.D employment are frequently used as a gauge of R&D output. In addition, the ex-
istence of both direct and indirect (spillover) effects from R&D increase the measurement chal-

lenge.

The pharmaceutical industry is an example of a R&D intensive industry. The distribution of bene-
fits from R&D may be widespread and unclear. In the pharmaceutical industry drugs may be jointly
developed, leading to joint direct benefits, and discoveries may result in other discoveries, leading
to spillovers. Some R&.D may be supported and even performed by nonprofit institutions and gov-
ernment. With nonprofit institutions and government it is frequently less clear who benefits than it
is with private business. The benefits from any discovery may have an impact on both businesses
and consumers in the present and in the future. The discoverer may not fully capture the rewards to
R&D as royalties and sales revenue may be less than the value of the discovery to third parties. In

particular, there may be no payments reflecting the impact of a discovery on future discoveries.

+Barbara M. FRAUMENI is Chief Economist at Bureau of Economic Analysis.
SUMIYE Okubo is Associate Director for Industry Economics, at Bureau of Economic Analysis. Address corre-
spondence to SUMIYE Okubo, Industry Accounts, Bureau of Economic Analysis, 1441 L Street, N. W., Room
6060, Washington, D.C. 20230. E-mail: sumiye. okubo@bea. doc. gov
1) This paper represents views of the authors and is not an official position of the Bureau of Economic Analysis or

the Department of Commerce.
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This paper outlines a general measurement framework which could be used to assess the effect of
R&D on economic growth. The core of this framework is a satellite account. 2 The R&D satellite ac-
count (R&DSA) could be used to trace the direct effect of R&D. Satellite accounts are rearrange-
ments of information from the national economic accounts and other sources for the purpose of ana-
lyzing specific economic activities more completely than is possible within the structure of the basic
accounts. The R&DSA would use an input-output (I-O) framework. It would treat R&D as in-
vestment and would substantially extend earlier Bureau of Economic Analysis (BEA) work on a
R&.D satellite account. Performers’ output of R&D would be defined as the value of performers’ in-
puts to R&D. This output, redefined as investment, would be a net addition to gross domestic
product (GDP). Accordingly R&D’s direct impact on economic growth, through R&.D

investment’s impact on GDP growth, could be measured.

The suggested general measurement framework also includes estimates of rates of return and im-
proved measures of goods and services. Rates of return are important in capturing the indirect or
spillover effect of R&D, which includes the return to R&.D not fully captured by the performer of
R&D. A full rate of return to R&D would be estimated. A full rate of return captures both the
benefits to the entity undertaking the R&D, the direct return, and to others, the spillover return.
The size of the spillover is indicated by the difference between an estimated direct rate of return and
an estimated full rate of return. Although direct and spillover benefits may already be included in
the national accounts, they are not separated from benefits from other types of economic activity.
Rates of return on R&D capital allow the identification of these benefits. In addition, as rates of re-
turn are typically applied to R&D stocks, it is recognized that current R&D investment, from the

satellite account, yields future returns.

Equally important to understanding the effect of R&D is the development of improved measures of
new goods and services, including goods and services embodying technical innovations. These mea-
sures include estimates of intermediate inputs (such as semiconductors) and final expenditure goods
(such as telecommunications switches, cell phones, and pharmaceuticals). Improved measures al-

low for a more accurate picture of the impact of R&D on the economy.
I . Definition of R&D

The Organisation for Economic Co-operation and Development (OECD) in the Frascati Manual de-
fines R&D as “creative work undertaken on a systematic basis in order to increase the stock of

knowledge, including knowledge of man, culture and society, and the use of this stock of knowl-

2) See Carol S. Carson, Bruce T. Grimm, and Carol E. Moylan, “A SatelliteAccount for Research and Development ,” Sur-
vey of Current Business, November 1994.
3) Organisation for Economic Co-operation and Development (OECD), Frascati Manual 1993 ; The Measurement of Scientif-

ic and Technological Activities; Proposed Standard Practice for Surveys of Research and Experimental Development, Paris, OECD,
1994.
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edge to devise new applications. ”® R&D is also characterized as the sum of three types of activi-

ties— —basic research, applied research, and development.

R&D is to be distinguished from a wide range of related activities that are linked to R&D both

through flows of information and in terms of operations, institutions, and personnel.
I . Review of Alternative Approaches to Analyzing the Role of R&D

Several alternative approaches have been used to analyze the role of R&D in the U. S. economy.
Each of the approaches includes measures of R&D inputs. One approach uses the growth in R&D
inputs as indirect measures of technical advance, and economic and productivity growth as proxy
measures for the results of R&D. A second approach uses growth accounting models in combination

with regression and statistical analysis to determine the role of R&D in enhancing economic growth.

Proxy Measures of R&D Output
Proxy measures of the contribution of R&D to economic growth include growth in R&D spending,
the ratios of R&.D to GDP, R&.D personnel, stocks of R&D, patent counts, capital-to-labor ratios,

and technology balances. These data show which firms, industries, or countries are devoting the

most and growing resources to the R&D effort, and which are producing and selling the most tech-

nology, as reflected in patent data and the technology balances.

The impact of R&D on the U.S. economy is often assessed using measures of economic growth or
productivity growth. These measures include growth in real GDP, GDP per capita, and GDP per
worker. Growth in real GDP reflects the result of innovation as incorporated in new goods and ser-
vices, improved production processes, and/or quality changes in existing goods and services, as well
as a number of other factors. Growth in GDP per capita and GDP per worker are used as normal-
ized measures of economic growth or productivity growth. However, these measures do not show

the extent of the contribution of R&D to growth.

Analysis Using Growth Accounting Models

Regression and statistical analyses provide a means to examine the role of R&D in promoting eco-
nomic growth. These approaches typically use growth accounting models to analyze the relationship
between output and inputs to production to determine the contribution of inputs, including
R&D.* They are part of a rich tradition examining the sources of economic growth, including pro-
ductivity growth, as epitomized by the work of Edward F. Denison, John W. Kendrick,and more

4) See Robert M. Solow, “Technological Progress and the Aggregate Production Function,” Review of Economics and

Statistics, 39, August 1957, pp. 312—320; and Dale W. Jorgenson, “Technology and Growth Theory,” presented at the Federal
Reserve Bank of Boston Economic Conference on Technology and Growth, Chatham, MA, June 5—7, 1996.

5) See Edward F. Denison, Trends in American Economic Growth, 1929—1982, Brookings Institution, Washington, DC,
1985; John W. Kendrick, Postwar Productivity Trends in the United States, 1948 —1969, National Bureau of Economic Research,
Number 98, General Series, New York, NY, 1973; and Dale Jorgenson, Frank Gollop, and Barbara Fraumeni, Productivity and

U. S. Economic Growth, Harvard University Press, Cambridge, MA, 1987.
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recently by Dale W. Jorgenson and his co-authors Frank M. Gollop and Barbara M. FRAUMENI. ®
R&D expenditures have been listed as a possible cause of productivity growth in the attempts to i-
dentify the factors behind the so-called Solow residual. ®

The basic growth accounting model starts with a production function which specifies output as a
function of inputs and productivity change. ” Intermediate input is usually determined from the in-
formation in an I-O matrix. Capital input is sometimes measured by capital stock rather than by
capital input (capital services). * Labor input is sometimes measured by employees or hours worked
rather than labor input (labor services). R&.D input is frequently measured by an index of R&D ex-
penditures or R&D stock, and sometimes by the number of employees involved in R&D or the aver-
age age of tangible capital under the assumption of technology being embodied in capital,® rather
than R&D input (R&.D services). Estimates of a rate of return to R&D stock and depreciation are
required to measure R&D input. Therefore, direct measures of R&D input are used less frequently

than direct measures of intermediate, capital, or labor input.

Two types of effects of R&.D on economic growth have been examined the direct effect and the indi-
rect effect. The direct effect is the benefit from R&.D derived by the firms and industries actually
undertaking the research and development; the indirect effect is the benefit from R&.D undertaken
by others, e. g. , the use of higher quality or new inputs developed through R&D and benefits from
technology transfers. ' Innovation can also result in new and improved consumer goods and ser-
vices. These latter effects, often called spillovers,' have benefitted firms and consumers buying

these goods and services. Taken together, these two effects could be very large.

m. Gene;al Measurement Framework

The suggested framework for measuring the role of R&D has three essential components a satellite

6) See Edward F. Denison, Accounting for Slower Economic Growth, the United States in the 1970"s, Brookings Institu-

tion, Washington, DC, 1979, pp. 122—127; and John W. Kendrick and Elliot S. Grossman, Productivity in the United States,

Trends and Cycles, The John Hopkins University Press, Baltimore, MD, 1980, pp. 10, 16—18, and Chapter 6, pp. 100—111.
7) See Bureau of Labor Statistics, U. S. Department of Labor, The Impact of Research and Development on Productivity

Growth, Bulletin 2331, September 1989; and National Science Board, Science and Engineering Indicators, 1996, National Science
Foundation, Washington, D. C., 1996, Chapter 8.

8) The factor input (services) is a measure of the flow of productive input from the factor. When inputs are aggregated over
heterogeneous factors, such as different types of capital, the services are weighted by the income received by the factor. This weight-
ing under certain assumptions reflects the relative marginal products of the heterogeneous factors.

9) Jorgenson (op. cit. , 1996) has argued that many technical changes are embodied in capital goods.

10) See Bureau of Labor Statistics (1989), op. cit., p. 5.

11) Griliches distinguishes between two types of spillovers. One is the spillover from purchasing the results of R&.D inputs at
less than their full quality price. This spillover reflects a problem of measuring improvements in the quality of capital and materials
and their prices correctly. The second type are knowledge spillovers, and refers to ideas borrowed by research teams in one industry
from the research results from another industry. See pp. 65—66 of Zvi Griliches, “R&D and Productivity: Econometric Results and
Measurement Issues, ” in Handbook of the Economics of Innovation and_Technological Change (Cambridge, MA ; Blackwell, 1995),
pp. 52—89.
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account, estimates of full rates of return, and improved measures of new goods and services. The
satellite account reclassifies R&D expenditures as investment, as part of an I-O sources and uses ac-
count. Industry, nonprofit institutions, and government perform R&D. R&D is either own-ac-
count (in-house) R&D or for-hire R&D. Calculation of full rates of return as suggested requires
R&.D stock accounts,'? such as those contained in BEA’s earlier satellite account, as well as identi-
fication of the “spillover” rate of return. Improved goods and services measures are critical to under-

standing how the benefits from R&.D flow through the economy.

RR.D Satellite Account

BEA has a long tradition of constructing satellite accounts. ' The System of National Accounts

1993, a blueprint for national accounts around the world, includes a chapter on satellite accounts,

with an R&D account as one of the featured examples. ¥’

The R&DSA outlined in this paper has an I-O account at its core. Commodity flows will be shown
with R&D separately identified. R&D will be classified as investment as opposed to being classified
as private business intermediate expenditures or consumption by nonprofit institutions or govern-
ment as is currently done. These changes necessitate several modifications to private business in-
comes and consumption of fixed capital (CFC) components of gross domestic income. In addition,
treating R&.D as investment necessitates changes in the handling of R&D expenditures by the pri-

vate nonprofit and government sectors.

The idea of treating at least some components of R&D expenditures as investment is not new. What
is new is the suggestion that R&.D investment could be embodied in a complete and consistent set of

accounts that could be used to analyze the contribution of R&D to economic growth.

The R&DSA identifies and aggregates across private business R&D activities by whether R&D is
purchased from other firms, or performed by units within a firm, and presents the data on an in-
dustry and commodity basis. They define a new industry, R&D, which includes both purchased
and own-account R&D activities, and a new commodity , R&D, which is produced by research es-
tablishments, laboratories, and own-account by firms, nonprofits and government. ** The R&DSA

takes advantage of the detailed information on R&D already included within an 1-O account, and

12) See Carol S. Carson, Bruce T. Grimm, and Carol E. Moylan (1994), op. cit.
13) Simon Kuznets, a prime architect of the U. S. national accounts, originally envisioned several extensions of the accounts,

particularly to facilitate international comparisons. See Simon Kuznets, National Income; A Summary of Findings, National Bureau

of Economic Research, New York, N. Y., 1946.

14) Commission of the European Communities, International Monetary Fund, Organization for Economic Co-operation and
Development, United Nations, and the World Bank , System of National Accounts 1993, Brussels/Luxembourg, New York, Paris,
Washington, DC, 1993, Chapter XX.

15) Under the 1997 North American Industrial Classification System, captive research laboratories, which undertake in-

house R&D and are separate establishments primarily involved in research, will be reclassified as commercial laboratories.
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generally uses the concepts, definitions, and accounting practices used in an I-O account. Unlike an
I-O account, the R&DSA identifies and estimates the inputs required by each industry, nonprofit or
government agency for R&D, and separates inputs required for R&D from inputs required for the
primary production activities. Inputs to the R&D industry are separated into purchased R&D and
own-account R&D, and classified as an intermediate input, or a value added component (e. g. ,

compensation for scientists and engineers).

On the product side R&D would be recognized as fixed investment. This represents a departure
from the conventional treatment in the national accounts. '® Like assets currently included in fixed
investment, R&D produces a flow of services that lasts more than one year. Private business pur-
chases of R&D are added to fixed investment and thus to GDP. Currently, these purchases are
treated as intermediate inputs; as a result, they are omitted from the calculation of GDP as the sum
of final expenditures, and they are subtracted from gross output in the calculation of gross product
by industry (value added). Private business own-account R&D production would also be added to
fixed investment and thus to GDP. For the calculation of industry gross product, own-account
R&D production would be redefined as part of gross output and thus would be added to the gross

output and gross product of industries engaged in producing own-account R&D. 1"

On the income side, treating R&D as investment also affects the private business income and CFC
components of gross domestic income. Private business income (proprietors’ income and corporate
profits) would increase because purchases of R&D are no longer deducted as intermediate inputs and

because the value of the production of own-account R&D is added as a receipt.

Treatment of R&D expenditures by private nonprofit institutions and by general government agen-
cies follows the approach used in the earlier estimates produced by BEA. ® This approach estimates
the stock of R&D investments based on the performer of R&D, rather than the funder, in order to
avoid having to make adjustments for timing between payment and performance and the possibility
of double counting. ' Nonprofit institutions and government purchases of R&.D are subtracted from
personal consumption expenditures (PCE) and government expenditures, respectively. These ex-

penditures would be added to private business expenditures on R&D when private businesses are the

16) In the National Income and Product Account (NIPA) benchmark to be released on October 28, 1999 computer software
is recognized as investment. Some of the software supports R&D activities or is non-routine software development ; accordingly in the
revised NIPA’s some of R&D will already be categorized as investment. See Brent R. Moulton, Robert P. Parker and Eugene P.
Seskin “A Preview of the 1999 Comprehensive Revision of the National Income and Product Accounts, Definitional and Classifica-

tional Changes,” Survey of Current Business, August 1999, pp. 7—20. Also see the previous section on the definition of R&.D.

17) This treatment is the same as that used by BEA for own-account, or “force-account,” new construction and major im-
provements, which is currently recognized as investment in private and government structures in the NIPA’s, and the same as the
treatment of own-account (in-house) software production.

18) Carson, Grimm, and Moylan (1994), op. cit.

19) Carson, Grimm, and Moylan (1994), ibid. , p. 53.
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performer of the R&D to derive private business R&D investment. When nonprofit institutions and
government are performers, these expenditures are added to that of R&D investment for nonprofit
institutions and government. The sum of the private business, nonprofit institution and government

R&.D investment gives total R&D investment.

The BEA I-O Accounts, which are in current dollars, currently identify some R&.D inputs and final
uses. The general types of R&D inputs identified are listed in Table 1; the general types of R&.D fi-
nal uses identified are listed in Table 2. The primary performers of R&D are commercial and non-
commercial research entities, and educational institutions. On the input side, government and non-
profit institutions support of R&D performed by private business is included as an intermediate input

to the production process of the performing private business.

Table 1 R&D Inputs in the BEA I-O Accounts

Private business R&.D intermediate inputs
Commercial physical research
Colleges , universities ,and professional schools (private)
Non-commercial research
Patent royalaties
Other R&D inputs(as part of all other intermediate inputs)
R&.D value added
Compensation of R&D workers (as part of compensation of all workers)
Other R&D value added (as part of other value added)
Total R&D input
Sum of R&.D private business intermediate inputs and R&D value added

Table 3 illustrates the steps required on the input side to move from the current I-O accounts to
those suggested for an illustrative commodity and industry. Step 1 identifies R&D expenditures for
intermediate inputs by performers. In the example given, the performer is a private business with-
out nonprofit institutions or government support for its R&D activities, so no entries are listed for
R&D sponsored, but not performed, by nonprofit institutions or governments. The inputs from the
for-hire R&D industry total $11. Own-account R&D inputs, including value added, are included
with inputs used to produce non-R&D output of the private business. Step 2 identifies own-account
R&D. The inputs for own-account R&D production total $ 9 (equals the sum of intermediate in-
puts ($5), compensation ($ 3), and other value added ( $1)). Once this is done, a new indus-
try can be defined, the R&D industry, either as one industry including for-hire and own-account
R&.D as is done in Table 3 or as two industries, one a for-hire industry and the other an own-ac-
count industry. The output of the newly defined R&D industry, which is set equal to the value of

inputs, is $ 20 (equals the sum of intermediate inputs ( $ 16), compensation ( $ 3), and other val-

ue-added ($1)).
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Table 2 R&D Final Uses in the BEA I-O Accounts

R&.D personal consumption expenditures

Nonprofit hospitals

Education and research

Higher education (including public colleges)

Other

Religious and welfare activivies

R&D net exports of goods and services

Exports of services

Imports of services

R&D government consumption expenditures

Federal government
National defense
Contractual R&D
Other
Nondefense

State and Local government

Table 3 For-Hire and Own-account R&.D in I-O Accounts for Industry X

Step 1:R&D Activities, Without Identifying own-account R&.D

Commodity x Industry x Totals
Intermediate inputs $61
For-hire R&D $11
Other inputs,including own-account R&D inputs 50
Value added 39
Compensation, including compensation of own-account R&D workers 31
Other value added,including own-account R&D other value added 8
Total in dustry input (=output) 100 100
Step 2:Identifying own-account R&D Production in industry x
Commodity x Own-account R&D Industry x Totals
Intermediate inputs $5
Own-account R&D $s5
Value added 4
Compensation, own-account R&D workers 3
Other value added ,own-account R&D 1
Total own-account R&D input (=output) 9 9
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Step 3:Separating Out R&D Production from Nom-R&D Production

Commodity x Non-R&D Industry x R&D Industry For-hire & Own-account Totals
Intermediate inputs $61
Own-account R&D inputs $5
For-hire R&D 11
Other non-R&D inputs $ 45
Value added 39
Compensation 28 3
Other value added 7 1
Total industry input (=output) 80 20 100

This output, which in the current BEA I-O accounts is treated as intermediate input, is in turn re-
defined as investment. In the final use (GDP) account, investment increases by $ 20. R&.D output
equals $ 20 of which $ 4 is already in GDP and value added. Accordingly, $ 16 is the net addition
to GDP and to value added. * There are three components to the net addition to value added. First,
private business profits (corporate profits or proprietors’ income) increases because R&D expenses
are no longer deducted from gross receipts. Second, some of the deductions for R&D expenses are
offset by a deduction for CFC (depreciation) , which in turn reduces private business profits by the
amount of CFC’s. Third, this reduction in private business profits is offset by an equal increase in
CFC’s, one of the other income components in other value added. Therefore, on net, total value
added and other value added goes up by the amount of the output of the R&D industry less value
added inputs to own-account R&.D. 2.

Table 4 shows a general format for describing R&D activity in a satellite account. The table shows
only row and column headings, R&D inputs, and R&D investment, to highlight the structure of
the suggested R&DSA. The R&D industry, shown down the R&D industry column, uses com-
modities and value added to produce R&.D output. The R&D commodity, shown along a row, is all
delivered to a final use category, investment.

Rates of Return

Several researchers have attempted to estimate the rate of return to R&D. Case studies have looked
at the impact of successful innovations, and provide estimates of the rates of return to R&D invest-
ments in these innovations. The studies have estimated high rates of return, ranging from 10 to 50
percent a year. However, the focus on successful innovations in agriculture and manufacturing lim-
its any generalizations that can be made about the effect of all R&D investments on economic
growth. ? Econometric estimates of the effects of R&D spending by firms and industries show very
high rates of return. Estimates of the direct returns to R&D average 30 percent per year, ranging

from 20 to 40 percent per year. The indirect or spillover returns have been estimated at an average

20) As shown in step 2 of Table 1, value added inputs to R&D own-account production are $ 4. As the current dollar sum
of GDP must equal the sum of value added for the economy as a whole, the $ 4 must be in GDP someplace.

21) See Zvi Griliches (1995), op. cit. , pp. 52—89, for a review of research approaches and findings.
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of 19 percent a year. ? However, at least one study of private returns to public R&D investment

shows them to be zero. 2

Under the approach suggested in this paper, R&D as an investment good is accumulated to form
R&.D stock. From that stock flows capital services, or capital input, into production. Capital ser-
vice flows are composed of the return to capital and depreciation. The direct rate of return to capital
can be estimated as the rate of return to capital times the stock of R&D for the performing business.
The alternative method for deriving capital service flows from R&D is to associate private business
profits and other capital income components of value added with R&D. The rate of return is then
the capital service flow less depreciation divided by the stock. > Most researchers will use the for-
mer approach as it is difficult to associate capital income components with R&D. The indirect rate,
or spillover rate of return, would have to be determined as a function of the level of R&D stock of

individuals, firms, nonprofit institutions, and governments.

The first step under the approach most likely to be used is to construct a R&D stock. R&D invest-
ment is included in the suggested satellite account. However, R&D lifetimes, patterns of R&D de-
preciation, and possibly a R&D stock benchmark are needed if the investments are to be converted
to stocks using the perpetual inventory method. The direct benefits to the R&D performer are equal
to the direct rate of return times the performer’s R&D stock, plus depreciation. To determine the
indirect or spillover benefits, a decision has to be made about which R&D stocks to include in the
calculation: All R&D stocks in the economy, those specific to a related industry group, or some
other aggregate stock. A judgment would then have to be made about the indirect rate of return
that should be applied to the stocks before depreciation is added in to complete the calculation of the
capital service flow from R&D. This indirect rate of return would likely be determined from the e-

conometric studies noted above.

Under the perpetual inventory method, R&D end-of-year stock is equal to beginning of year capital
stock plus gross investment minus depreciation. Depreciation is frequently defined by the average
service life of an investment, a depreciation pattern, and a retirement distribution. However, if the
R&.D investment depreciates following a geometric pattern, only an average service life and a declin-

ing balance rate are needed. *

22) See Bureau of Labor Statistics (1989), op. cit. , pp. 12—14; Griliches (1995), op. cit. , pp. 56—63.

23) See Bronwyn H. Hall, “The Private and Social Returns to Research and Development,” in Technology, R&D, and the
Economy, edited by B. L. R. Smith and C. E. Barfield (Washington, D. C. : Brookings Institution and American Enterprise Insti-
tute, 1996), pp. 140—183.

24) In this discussion, for simplicity, revaluation is assumed to be zero and taxes are ignored.

25) Since the stock will be used for analyzing the contribution of R&D to economic growth, the production (productivity)
concept of capital stock and capital service inputs (flows) are needed. For a discussion of the different concepts, see Jack E. Triplett,
“Concepts of Capital for Production Accounts and for Wealth Accounts: The Implications for Statistical Programs”, prepared for
“The International Conference on Capital Stock”, March 10—14, 1997, Canberra, Australia. For a discussion of how to construct
a geometric depreciation rate, see Barbara M. FRAUMENI, “The Measurement of Depreciation in the U. S. National Income and
Product Accounts,” Survey of Current Business 77, July 1997, p. 11.
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In the previous BEA R&DSA, the depreciation pattern was assumed to be straight line and the re-
tirement pattern bell-shaped. The average service life for R&D investment was assumed to be 18
years, a number determined by taking an average yearly rate of depreciation of 0. 11 percent per
year. This rate was chosen because it was near the center of a plausible range of rates estimated by
empirical studies. 2 However, it should be emphasized that there continues to be a great deal of un-

certainty regarding the appropriate depreciation assumptions.

The income generated from R&D performed by private entities already is included in any set of na-
tional accounts estimates. These estimates reflect a firm’s higher profits because of its own innova-
tion, as well as higher profits because of spillover effects. The problem is to separate out the income

(measured benefits) generated from R&D from income generated from other activities.

There are also unmeasured benefits from R&D. Consumers may be receiving additional consumer
surplus because of innovation embodied in commodities. However, consumer surplus, whether
from innovation or other factors, is not reflected in national accounts estimates. The benefits from
R&.D performed by government would have to be imputed as no output is being sold. With respect
to income generated from R&D, the problem is to determine the implicit income (measured
benefits) arising from R&D. For governments, benefits could be imputed by applying a rate of re-
turn to government R&D stocks. For consumers, there is not an easy answer to the measurement

problem.

Improved Measures

Improved measures of new goods and services, including goods and services embodying new tech-
nology, are critical to understanding the impact of R&D. These improved measures go hand-in-
hand with a R&DSA as they can increase our understanding of how the benefits of R&D are trans-
mitted through the economy.

As innovation frequently results in differentiated goods and services with improved qualities, quali-
ty-adjusted price indexes are key to the measurement effort. BEA has introduced a number of quali-
ty-adjusted prices into its accounts. These include quality-adjusted prices for computers, semicon-

ductors, and telephone switching equipment. ?”” OQur understanding of the contribution of computers

26) Carson, Grimm, and Moylan (1994), op. cit. , p. 58.
27) See Cole, Rosanne, Y. C. Chen, Joan A. Barquin-Stolleman, Ellen Dulberger, Nurhan Helvacian, and James H.

Hodge, “Quality-Adjusted Price Indexes for Computer Processors and Selected Peripheral Equipment,” Survey of Current Business,

January 1986, pp. 41—50; Bruce T. Grimm, “Price Indexes for Selected Semiconductors, 1974—1996,” Survey of Current Busi-

ness, February 1998, pp. 8—24; and Robert P. Parker and Eugene P. Seskin, “Annual Revision of the National Income and Prod-
uct Accounts: Annual Estimates, 1993—1996; Quarterly Estimates, 1993:1—1997.1,” Survey of Current Business, August 1997,
pp. 6—35.
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to economic growth has been significantly enhanced by the quality-adjusted price index, which has
dropped significantly over time. This quality-adjusted price index, in combination with chain-type
quantity and price indexes, better reflects the changing composition of GDP over time. 2 Computer
sales have accounted for between 13 to 17 percent of real GDP growth since 1994, in spite of only

accounting for about 1 percent of current GDP over the same period. 2

Three other technology-related improvements are incorporated into the NIPA benchmark estimates
to be released October 28th. They are: changes in the treatment of software and unpriced banking
services in the national accounts, and an upward revision in depreciation for personal computers.
Private business, nonprofit institutions, and government purchases of software, as well as own-ac-
count production of software, will be recognized as fixed investment. 2 Before this change, except
for software embedded in equipment, private business and nonprofit institutions purchases and
own-account production of software were classified as inputs to production, and government pur-
chases and own-account production of software are classified as government consumption expendi-
tures. Preliminary estimates of investment in software suggest that it is about $ 115 billion or a lit-
tle more than 1 percent of GDP in 1996. Using a bank output index published by BLS, real bank
services will be recalculated. The new estimate of unpriced bank services will be a weighted average
of various bank transactions, including ATM transactions, and volume of services. Introduction of
the new banking measure will result in an upward revision to the rate of growth of real bank output
and will affect several components of GDP, as well as the gross product of the banking industry. *”
Personal computers had been depreciated using a depreciation schedule for all computers, excluding
personal computers, and peripherals developed by Oliner. * The new depreciation schedule follows a
geometric pattern and has a shorter service life than the implicit service life of the previous deprecia-

tion schedule.

BEA has also actively supported, along with the National Science Foundation, the research of

28) See J. Steven Landefeld, and Robert P. Parker, “Preview of the Comprehensive Revision of the National Income and
Product Accounts: BEA’s New Featured Measures of Output and Prices,” Survey of Current Business, July 1995, pp. 31—38; and
J. Steven Landefeld and Robert P. Parker, “BEA’s Chain Indexes, Time Series, and Measures of Long-Term Economic Growth,
Survey of Current Business, May 1997, pp. 58—68. Landefeld and Parker (1995, 1997).

29) Moulton, Parker and Seskin (1999), op. cit. , pp. 7—20.

30) Brent R. Moulton and Eugene P. Seskin, “A Preview of the 1999 Comprehensive Revision of the National Income and
Product Accounts, Statistical and Methodological Changes,” Survey of Current Business, October 1999, forthcoming.

31) Stephen D. Oliner, “Estimates of Depreciation and Retirement for Computer Peripheral Equipment ,” Paper presented at
the Workshop on the Measurement of Depreciation and Capital Stock at the Conference on Research in Income and Wealth, National
Bureau of Economic Research. Washington, DC, June 5, 1992; Stephen D. Oliner, “Constant-Quality Price Change, Deprecia-

tion, and Retirement of Mainframe Computers,” In Price Measurements and Their Uses, edited by Murray F. Foss, Marilyn E.

Manser, and Allan H. Young, Chicago: University of Chicago Press, 1993, pp. 19—61; and Stephen D. Oliner, “Measuring
Stocks of Computer Peripheral Equipment: Theory and Application,” Washington DC: Board of Governors of the Federal Reserve
System, May 1994.
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Berndt and Griliches on measuring the contributions of new products to economic growth. *® This
research emphasizes prescription drugs and personal computers and attempts to measure quality-ad-

justed prices of new products. %
IV. Conclusion

This paper suggests a possible framework for measuring the contribution of R&D to economic
growth. At its core is a satellite R&D account which can be used to determine linkages between
R&:.D inputs and outputs and the impact of new technologies on the economy. By separating out
R&.D research from other economic activities, identifying R&D as investment, and constructing
R&.D stocks, it is possible to better understand the role of R&D in economic growth. Direct and in-
direct rates of return to R&D could be estimated. Equally important in this process of accounting
for the impact of R&D are improvements in our measurement of R&.D inputs and outputs, particu-
larly as there may be spillover R&D benefits. The research agenda implicitly laid out in this paper is

significant, yet feasible. It is an effort that is worth beginning.

32) See for example Griliches, Zvi and Ian Cockburn, “Generics and New Goods in Pharmaceutical Price Indexes,” American
Economic Review, December 1994, pp. 1213—1232 and Berndt, Ernst R. , Griliches, Zvi and Neal J. Rappaport, Journal of E-
conometrics, January 1995, pp. 243—268.

33) Pharmaceutical and computer-related companies are among the leading U. S. R&D companies. For a listing of the top

100 industrial U. S. R&D companies, ranked by size of R&D expenditures in 1996, see Appendix Table 4—23, p. A-144 of the Na-
tional Science Board (1996), op. cit.
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Methodology for Evaluating
International Competitiveness of High-tech Industries

MU Rongping *

Abstract ;

International competitiveness has been hot topics for decades, especially in the age of e-
conomic globalization. Considering competitiveness in nations, industries, enterprises
and products, this paper will focus on evaluation of international competitiveness of
Chinese high-tech industries, especially the industry with 3 digit-number code in the

national standard classification system of industry.

On the basis of definition of high-tech industries and analyzing international competi-
tiveness of the industries, the paper presents method for defining high-tech industries
and framework for analyzing international competitiveness of the industries, including
the indicators for evaluating the competitiveness. By exploring and implementing the
methodology to monitor the international competitiveness of specific high-tech indus-
tries, we can provide strong support for the formulation or improvement of develop-

ment strategies for high-tech industry and the policies concerned.

I. Introduction

International competitiveness has been drawing more and more attentions from both policy-makers
and policy researchers since 1980’s, especially in the age of economic globalization. Because of in-
tensifying international competition, governments always want to find ways to improve their inter-
national competitiveness. The evaluation of competitiveness is the starting point of policy-making

for strengthening competitiveness.

International competitiveness is usually reflected in four levels: (1) competitiveness of nations; (2)
competitiveness of industries; (3) competitiveness of enterprises; (4) competitiveness of products.
This paper will focus research on evaluation of international competitiveness of Chinese high-tech in-

dustries. However, it is difficult to discuss specific competitiveness mentioned above separately, be-

*MU Rongping is Associate Professor of Institute of Policy and Management, Chinese Academy of Sciences. He directs Dept.
for Policy Studies at the same Institute. Address correspondence to MU Rongping, Box 8712, Beijing 100080. E-mail: mrp

@public. east. cn. net
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cause all kinds of ‘competitiveness are very often bound up with each other.

Many researchers® have done lots of work in the fields of evaluating international competitiveness.
Forthe national level, the methodology developed by WEF and IMD has drawn more and more at-
tention in the world ; At the industry level, M. Porter set up a framework for analyzing internation-
al competitiveness of industry with “diamond” model. However, few of them, theoretically and

empirically , have touched the issues concerning evaluation of high-tech industry. ¥’

In China some scholars? have shown some results concerning a methodology of analyzing interna-
tional competitiveness of industry, but no one has tried to evaluate the international competitiveness
of specific the industries in the middle level (for example, the industry with 3 digit-number code in
the national standard classification system of industry). From the point of view of policy studies,
the evaluation of international competitiveness of a specific industry is much more important than
that of industry in general. By implementing the methodology to monitor the international competi-
tiveness of specific high-tech industries, we can provide strong support for the formulation or im-

provement of development strategies for high-tech industry and the policies concerned.

High-tech industries are the major leading industries. In the past years, high-tech industries have
contributed significantly to China economic development in terms of economic expansion,and na-
tional productivity, and have become increasingly important to the competitiveness of other sectors.
To some extent, high-tech industries reflect the level of international competitiveness of a nation.
However, it is difficult to define the concepts of both high technology and high-tech industry clear-
ly.

This paper will focus on evaluation of international competitiveness of high-tech industry with
three-digit number code and try to provide a research framework, including indicators for describ-

ing and evaluating the international competitiveness of high-tech industries.

II. Definition of Hi-tech Industry

One of methods to classify an industry is the so-called the Industrial Classification by Resources In-
tensity (ICRS), which means that industry will be classified according to the intensity of resources
to be put into the production, in other words, how the industry relies on the production factors. So

industries could be divided into capital-intensive industries, labor-intensive industries, and technolo-

1) International Institute for Management Development (IMD): The World Competitrveness Yearbook, 1996; World Eco-
nomic Forum (WEF) : The Global Competitiveness Report 1996; Michael E. Porter : The Competitive Advantage of Nations 1990
2) See Jin Pei (chief ed. ), International Com petitiveness of China Industry -Theory, Methodology and Practice, Beijing: E-
conomic Management Press,1997; (Di Ang-zhao), International Competitiveness Beijing: Reform Press, 1992; Fan Xiaoping, In-

dicator System for evaluating the competitiveness of firms, China Industrial Economy, 1997(5).
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gy-intensive industries. Generally speaking, high-tech industries are technology-intensive, so ICRS

is very useful for the definition of high-tech industry.

OECD uses several indicators, which describe the technology contents of industries, to classify the
industry into four groups, namely, industries with high technology, upper-middle technology,

middle technology and low technology.

Chinese Scholars also have done lots of work in definition of the high-tech industries of China. Cai
Li® (1993) uses 6 indicators to analyze 36 industries, and points out that Electronic & Telecommu-
nications Equipment, Petroleum Processing, Instruments & Meters are the high-tech industries.
Also she argues that part of Machinery, Petroleum & Natural Gas Extraction, Smelting & Pressing
of Nonferrous Metal, Chemical Industry, Smelting & Pressing of Ferrous Metal, Medical & Phar-

maceutical Products, and Transport Equipment, could become high-tech industries in the

future. ¥

China Science and Technology Indicators 1998 accepts the definition and classification of OECD so as
to make the analysis results be comparable with that of OECD, which means that Aviation &
Aerospace, Computer &. Office Equipment, Electronic & Telecommunications Equipment, and

Medical & Pharmaceutical Products are regarded as high-tech industries.

It is worthwhile to note that all methods for industrial classification should solve the difficulties in
measurement of the indicators. In developed countries, many measurable indicators are available for
classifying high-tech industry. But, it is very difficult to use the same method in China. Consider-
ing the difficulties in statistics and the level of industrial development, we suggest the devdopmant
of a new methodology for definition of high-tech industries. In order to master the nature of high-
tech industry in China, we mainly consider the following four aspects: (1) the technology contents
of industry; (2) industrial distribution of high-tech products; (3) industrial distribution of high
and new technology enterprises; (4) international standards such as classification of high-tech in-
dustries in OECD. Among them, the technology contents of industry and international standards are
the major factors; the other two are less important, and are regarded as reference factors. The sta-
tistical system of the national torch program has had lots of experiences in statistics of high-tech
products, especially in authenticating high-tech products and high-tech enterprises according to
technology contents of products or enterprises. So the industrial distribution of high-tech product
and enterprise is very helpful for high-tech industry classification. (Fig. 1)

3) Cai Li: High-tech Economy, Changchun: Jilin Science & Technology Press, 1995, pp. 129—132.
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International Standard Technology Contents of Industry

(hi-tech industries in OECD) (expense, personnel of R&D, new product)
Industrial Distribution All Industries
of High & New (Industrial Classification of National | Industrial Distribution
ProductTechnology Economy and Their Code) National of Hi-tech
Enterprises Standard of P R China GB/T 4754-94

S

List of Hi-tech Industries

in Science Parks

Fig.1 Framework for Definition of Hi-tech Industries

The Measurement of the Technology Contents of Industry. In order to describe the technology
contents of industry, we select four measurable indicators

* the ratio of technical development persons to total employees

* the ratio of R&D expenditure to sales revenue

* the ratio of technical development funds to sales revenue

* the ratio of sales of new products to sales revenue

Because there is offen some misunderstanding about R&:D (the technical development in enterprises
is often regarded as R&D). Besides, there are some differences in the limits of R&D expense be-
tween China and international standard, which means that statistical data concerning R&D could

not be used without any analysis at present. So we choose “Technical development Person” instead
of “R&.D person”.

In practice, we have calculated the ratios below according to four indicators mentioned above in
three levels: (1) industries with two-digit number code; (2) industries with three-digit number
code; (3) industries with four-digit number code. We selected as hi-tech industry, only those in-
dustries with three-digit number code. We choose a Standard Value for selecting hi-tech industry,
and give a list of industries, which could be hi-tech industry. However, the final suggested list of

hi-tech industry can be decided by considering two reference indicators as follows.

1. The Industrial Distribution of High & New Technology Enterprises in the Science Park System.
As a reference indicator, we have analyzed the industrial distribution of high & new technology en-
terprises in the Science Park System by using statistical data 6f 1996. The results show that high &
new technology enterprises mainly concentrate in the industries of Technology Service, Computer
Application & Service, Electronic & Tele-communications Equipment, Equipment & Meters &. Cul-
ture & Office Machinery, Equipment for Special Purpose, Raw Chemical Material & Chemical
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Products, Medical & Pharmaceutical Products, and Electric Equipment and Machinery.

2. The Industrial Distribution of Hi-tech Products. In order to definite the high-tech industries,
we collect 5 lists® of high-tech products and have analyzed the industrial distribution of these high-
tech products. The results show that there are three kinds of relationship between list of high-tech
product and industry; (1) highly concentrated; (2) partly concentrated; (3) highly decentralized.
We suggest that only those industries, in the list mentioned above could be concentrated, be consid-

ered high-tech industries. ¥

By analyzing the industry list above, we can list Chinese high-tech industry as following:

Table 1 Part of High-tech Industry List suggested

INDUSTRY (IND. ) IND. CODE INDUSTRY IND. CODE
Equipment & Meters & Culture & Office Machinery 42 Electronic & Telecommunications Equipment 41
Medical & Pharmaceutical Products 27 Computer Application & Service 83
Electric Motor 401 Medical Equipment 365
Power Transmission & Distribution and Control 402 Aviation & Aerospace 377

From table 1 we can see that most high-tech industries in the list above are consistent with the
OECD’s high-tech industry list.

II1. Indicators for Evaluating International Competitiveness of High-tech Industry

As we have had the list of high-tech industries, then we should find the indicators to describe the
international competitiveness of specific industries with three-digit number codes. There are many
factors, which affect the competitive capability, such as market scale, technology capability, indus-
try policy, development of industries concerned. And also there are many ways, in which competi-
tiveness was shown, such as productivity, value added of industries and so on. In order to evaluate

the competitiveness, we explore a framework for analyzing the competitiveness as following (Fig

2):

r International Competitiveness of High-tech Industry ]

Real l | Potential ] Environment Tendency

Fig. 2 Framework for analyzing the high-tech industrial competitiveness

4) See National Hih-tech Products List, by SSTC in 1997; High-tech Products List of Guangdong Province, 1997; High-tech
Products List of Zhejiang Province, 1997; High-tech Products List of Hunan Province, 1995; High-tech Products List, by De-
partment of Commerce of U.S. (DOC3). and which most high-tech products in the lists mentioned above could be concentrat-
ed, be high-tech industries.
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1. Real Competitiveness

Real Competitiveness indicates the capability to transform potential competitiveness into competitive
advantage under a certain competitive environment, and can be described with three indicators,
namely: (1) Capability of Resources Transformation, (2) Marketing Capability, and (3) Techno-
logical Capability (Fig. 3).

Capability of Resources Transformation could be described with 4 indicators, namely: (O Labour
Productivity ; @ Ratio of Value added to Gross Industrial Output Value (Ratio of V. to G. 1. O.
V); @ Ratio of Pre-tax Profits to Gross Industrial Output Value (Ratio of P.P. to G.1.O.V.);
@ Ratio of Pre-tax Profits to Capitals (Ratio of P. P. to C. ).

Marketing Capability could be described with 4 indicators, namely: (D Market Share of Key Prod-
ucts in Aimed Market; @ Trade Competitiveness Index ;> @) Ratio of Export Income of New Prod-
uct to Sales Revenue (Ratio of E.I. N. P. to S. R); @ Ratio of Export Price of Key Product to Im-
port Price (Ratio of E.P.K.P. to I.P. ).

Technological Capability could be described with 3 indicators, namely: (DLevel of Industrial Key
Technology (Level of 1. K. T. ); @ Advancement of Industrial Equipment; @Ratio of Sales Rev-
enue of New Product to Product Sales Revenue (Ratio of S. R. N. P. to P.S.R).

Real Competitiveness ‘|

C | 1
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Fig. 3 Real Competitiveness

2. Potential Competitiveness

Potential Competitiveness measures the comparative advantage and other conditions to be deter-

5) Trade Competitiveness Index = (Export-Inport) / (Export+ Inport)
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mined by an industry. Potential Competitiveness could be described with 4 indicators, including:
(1) Operation Status; (2) Technology Investment; (3) Comparative Advantage; (4) Innovation
Capability (Fig 4).

Potential Competitiveness

I
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Operation. Status Technology Input Comparative Advantage Innovation Capability.
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Fig. 4 Potential Competitiveness

Operation Status could be described with the indicator “Ratio of Total Liabilities to Total Assets”
(Ratio of T.L. to T. A);

Technology Input could be described with 4 indicators as follows: “Ratio of R&D Persons to Em-
ployees” (Ratio of R&D P. to E), “Ratio of R&D Funds to Product Sales Revenue” (Ratio of R&D
F. to P.S.R.), “Ratio of Digest & Absorption Funds to Technology Import Fund” (Ratio of D.
A.F. to T.IF.), “Ratio of Funds for Technological Development to Product Sales Revenue” (Ratio
of FT.D. to P.S.R).

Comparative Advantage could be described with 3 indicators such as “Ratio of Average Wage in
China to that in Developed Country” (Ratio of A. W.C. to D.C. ), “Market Scale of Key Products
in China” (Market Scale of K. P.C. ), and “Industry Scale”.

Innovation Capability could be described with the patent index.

3. Competitive Environment

Competitive Environment indicates the development environment which is uncontrollable within an -
evaluated industry, and could be described with 5 indicators, including: (1) Technological Envi-

ronment; (2) Trade Environment; (3) Political and Economic Environment; (4) Development of
Related Industries; (5) Industry Policies (Fig 5).

»
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Competitive Environment

B [ | |

Tech. Environ. Trade Environ. P. E. Environ. D.R. Industﬁe:‘ Industry Policies

Fig.5 Competitive Environment
4. Competitive Tendency

Competitive Tendency indicates a development tendency of international competitiveness, and could
be described by 5 indicators, including: (1) Index of Capability for Resources Transformation;
(2) Index of Marketing Capability; (3) Index of Technological Capability; (4) Index of Compara-
tive Advantage; (5) Index of Competitive Environment (Fig 6).

Competitive Tendency

i | |

Index of C.R. T. Index of M. C. Llndex of T.C. Index of C. A. Index of C. E"

Fig. 6 Competitive Tendency

Index of Capability for Resources Transformation including: (DIndex of Labour Productivity; @
Index of Ratio of Value added to Gross Industrial Output Value; ®Index of Ratio of Pre-tax Prof-
its to Gross Industrial Output Value; @ Ratio of Pre-tax Profits to Capitals.

Index of Marketing Capability including: (D Index of Market Share of Key Products in Aimed
Market; @Index of Ratio of Export Income of New Product to Sales Revenue; @Ratio of Export
Price of Key Product to Import Price; @Trade Competitiveness Index.

Index of Technological Capability including: (DIndex of Level of Industrial Key Technology; @
Index of Advancement of Industrial Equipment Index of Patents; ()Index of Ratio of R&D Persons
to Employees; @Index of Ratio of R&D Funds to Product Sales Revenue;

Index of Comparative Advantage including: (DIndex of Industrial Scale; @Index of Labour Cost;
® Market Scale of Key Products in China; @ Index of Ratio of Total Liabilities to Total Assets.

Index of Competitive Environment including: (DIndex of Technological Environment; @Index of
Trade Environment; @ Index of Political and Economic Environment; @Index of Development of

Related Industries; &) Index of Industry Policies.
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5. Briefly Conclusion

On the basis of our analysis on international competitiveness, we think that the international com-
petitivenéss of hi-tech industries depends on its real competitiveness, potential competitiveness and
competitive environment. Also we think that international competitiveness is a relative concept, so
the selected indicators for the evaluation should be measurable and comparable. Finally, the paper

presents a methodology and analysis framework for evaluating international competitiveness of hi-

tech industries.

On the other hand, the paper develops a methodology for identification of high-tech industry,
which is the starting point for evaluating the competitiveness of hi-tech industries. By using the
methodology, we present a suggested hi-tech industry list. It is worthwhile to note that there is a
big gap in the development level of hi-tech industries between developed countries and developing
countries. The technical content of hi-tech industry in developed countries is very different from
that in developing countries. So the standard we used for identifying hi-tech industry is also differ-

ent from that used in developed countries.
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Indicators of International Science and Technology
Cooperation and Interaction

Jennifer Sue BOND*

I am especially pleased to have been invited to this seminar which marks another important step in

the scientific cooperation between our two great countries.

The 50th anniversary of the National Science Foundation, created on May 10, 1950, is fast ap-
proaching. Although half a century seems a very short time compared with the long and illustrious

history of our host country, China, it provides an opportunity to look back and reflect on our past.

The National Science Foundation (NSF) was established to support research and development
(R&D) and science and engineering education, primarily in U.S. universities and other non-profit
organizations. From the beginning, it was recognized that an important responsibility for NSF
would be to monitor and track the condition and status of the country’s science and technology
(S&.T) enterprise. It is useful to note that even before the creation of NSF, U. S. policy makers
recognized the importance of international cooperation in SR.T. International cooperation has in-

creased in importance in the intervening years.

In my presentation, I will provide some of the quantitative indictors that can be used to identify and
monitor international S&T cooperation and interaction. It will illustrate some of the ways that the
National Science Foundation’s Science and Engineering Indicators Program tracks international
S&.T cooperation, and will provide some selected examples of data that are available for China. Not
all of the indicators to be discussed currently have data available for China. However, they will be

presented to illustrate possible new indicators that could be developed and analyzed for China.

Science and Engineering Indicators (S&.EI) is the Congressionally, flagship report of the National
Science Board-NSF’s policy making body. The report is prepared by NSF’s Science and Engineer-
ing Indicators program, which I direct. Decisionmakers in the Congress and in the Executive
Branch of the Federal Government, as well as decisionmakers in academia, industry and nonprofit
organizations use the S&EI reports, which are prepared biennially. These individuals value these

reports as a source of quantitative data and analyses required as a basis for decisionmaking.

*Jennifer Sue BOND is the director of Science and Engineering Indicators Program in National Science Foundation. Address cor-

respondence to Jennifer BOND, 4201 Wilson Blvd. , Arlington, VA 2230. E-mail: jbond@nsf. gov
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The report that will be released early next year-S&E Indicators- 2000-will be a special issue. In hon-
or of the 50th anniversary of the National Science Board and the National Science Foundation, the
Board has decided to develop a special historical theme for S&.E Indicators- 2000. The National Sci-
ence Foundation Act of 1950, which President Harry S Truman signed into law on May 10 of that
year, gave NSF the mandate, “to promote the progress of science; to advance the national health,
prosperity s and welfare; and for other purposes. ”? From the time of its creation, the collection ,
analyses and dissemination of quantitative information on the status of science and technology in the
United States to has been an integral component NSF’s overall responsibility. NSF’s creation oc-
curred near the end of the time of transition following the end of World War II in which the founda-
tions of U. S. science policy was established and many of the principal issues and concerns com-
prised by that policy were articulated. The creation of NSF was an essential component of the Fed-

eral Government’s organization to deal with those issues and concerns.

The S&EI reports provide information on the role of education in the U. S. science and engineering
enterprise from precollege mathematics and science education through graduate education and be-
yond. They include information on scientists and engineers in the workforce and also provide special
analyses of the academic sector and the industrial sector. Each edition since 1972 has featured a
chapter on public understanding and public attitudes toward science and technology. S&.EI-2000

will include a new chapter on the social and economic impacts of information technologies.

As the Director of NSF’s S&E Indicators Program, I have the privilege of having an overview of
the various SR.T trends that are reported in the biennial S&.EI reports. I am also in a position to in-
fluence new developments and research on quantitative indicators. The data I will present in this pa-
per are from the S&.E Indicators-1998 and updated and associated databases. One of the key cross-
cutting themes identified in the S&E Indicators-1998 was the rapid growth of globalization and in-
ternational cooperation. This is well documented in the report’s Overview chapter. The data and
analysis in the forthcoming S&.E Indicators- 2000 report, which we are finishing now, will show
that international cooperation is continuing to grow. This trend is true for most countries and fields

of science and engineering.

There are several indicators that can be used to measure S&E cooperation. Among them are:

4 Alliances and partnerships

4 Flows of students and scientists
4 Co-authorship

4 Scientific and technical literature
4 Citation patterns

4 Patents and licenses to use intellectual property.

1) National Science Foundation Act of 1950, Public Law 81-507 (Stat. 149).
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In terms of alliances, the S&E Indicators-1998 shows that industrial firms are developing interna-
tional alliances and are using global research partnerships as a means of strengthening core compe-
tencies and expanding into technology fields that are crucial to maintaining market share. Since the
mid-1980s, companies worldwide have entered into over 4,000 known multi-firm alliances involv-
ing strategic technologies. More than one-third of these alliances were between U. S. firms and Eu-
ropean or Japanese firms. Most of the alliances were created to develop and share information tech-
nologies. Currently we do not have good data on alliances between U.S. and Chinese companies.

This would be valuable information to have.

We do have much better data on the international flows of S&E students. In the past decade, for-
eign students have accounted for the large growth in SE doctoral degrees in U. S. universities.
The number of S&E doctoral degrees earned by U.S. and foreign students in U. S. higher educa-
tion institutions grew from just under 20,000 in 1986 to over 25,000 in 1997 (See Fig. 1). How-
ever, only about 15,000 of these students are U. S. citizens. About 10,000 are foreign students
and among these, half are Asian nationals. This is major contribution to scientific capabilities by the
United States. At the same time it is also a benefit to U.S. universities who are not only training
these bright young people but also having the benefit of them doing research and contributing in this

way.
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Fig.1 U.S. SRE doctoral degrees earned by

U. S. and foreign citizens

The United States is a major contributor to the education and training of Asian S&.E students. NSF
data show that the number of Ph. D. s in S&E fields obtained within Asian universities has steadily
risen to about 19,000 in 1997. During the late 1980s and 1990s the number of Asian S&E doctor-
ates granted in the United States rose substantially and reached more than 6,000. However, in the

last year this number has decreased somewhat.
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An examination of the number of Chinese doctoral students trained in the United States, the num-
ber is substantial, representing a cooperative contribution of the United States with China. (See
Fig. 2) In the early 1990s U. S. institutions of higher education awarded more doctoral degrees in
science and engineering fields than were awarded in China. However, since the mid 1990s China
has greatly expanded the training of doctoral S&E students in China itself, greatly surpassing the
number trained in the United States.
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Fig. 2 S&E doctoral degrees earned by Chinese students

within U. S, and Chinese universities

Where do the foreign S&E doctoral students go after graduation? For the period 1992—1996, the
percentage of foreign doctoral recipients planning to remain in the United States increased: more
than 68 percent planned to locate in the United States, and nearly 44 percent had firm offers to do
so. Stay rates differ considerably by nationality. In 1996, more than half (57 to 59 percent) of
SR.E doctoral recipients from China and India receiving their degrees from an U. S. institution had
firm plans to stay. A smaller percentage of those from South Korea and Taiwan (24 and 28 per-

cent, respectively) accepted employment offers in the United States.

Many of the Chinese students educated in the United States plan to stay in the United States-at
least for a period. (See Fig. 3) A special analysis of the 16,550 Chinese S&.E students receiving
their doctoral degrees from U. S. institutions during 1988 to 1996 shows that 85 percent planned to
stay in the United States and almost half (48 percent) had firm offers to stay. Almost a third were
staying for further training in universities in postdoctoral positions. Less than a fifth (17 percent)
had firm offers of employment, 11 percent in industry, 5 percent employed in universities and only
1 percent in government. This pattern is typical of other countries’ doctoral students, with the ex-

ception that Chinese students are more frequently taking postdoctoral positions for further training.
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Fig.3 Chinese SXE doctoral recipients:1988—1996

The Chinese students who stay in the United States are obviously contributing to the research ef-
forts in the United States and so are collaborating with US researchers in the United States. They
are undoubtedly also contributing and co-authoring papers with their colleagues in China both while
they are here and when they return to China as will be seen when we examine the co-authorship

patterns.

Analysis of the world’s most prestigious science and technology journals can shed light on interna-
tional collaboration patterns. These analyses show a remarkable increase in international cooperation
in most countries and fields. Since 1981, the overall number of articles published in a set of the
world’s most influential S&T journals? rose by almost 20 percent, compared with a rise of 8 per-
cent in articles attributed to U.S. authors. This increase coincided with the strengthening of S&.T
capabilities in several world regions and countries including China. Europe increased its share of
published output from 32 percent in 1981 to 35 percent in 1995, reaching a higher share than that
of the United States. Asia’s share rose from 11 to 15 percent over the period.

This increase in international collaboration in scientific publications is an important indicator of the
globalization of science. In 1995, half of the articles in a set of journals covered by the Science Cita-
tion Index had multiple authors, and almost 30 percent of these involved international collaboration.
A steadily growing fraction of scientific publications from most countries involved co-authors from

other countries. From 1981 to 1995, while article output grew by 20 percent, the number of arti-

2) Note that this is a fixed journal set of the journals covered by the Institute for Scientific Information, Science Citation In-
dex that has been further analyzed for the National Science Foundation by CHI Research, Inc. The exact numbers may differ from

those in the Chinese S&.T Indicators series, which cover a broader range of journals.
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cles with multiple authors rose by 80 percent, and the number with international co-authors by 200
percent. These trends occurred in all fields. Fig. 4 shows the percentage of scientific and technical
papers, in selected fields, with one or more U. S. authors which were coauthored by one or more

residents of another country for the periods 1986—1988 and 1995—1997. Figure 5 provides com-
parable data for China.
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Fig. 4 Percentage of internationally co-authored scientific and

technical articles,by field : United States 1986—1988 and 1995—1997
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Fig. 5 Percentage of internationally co-authored scientific and

technical articles, by field :China 1986 —1988 and 1995—1997

For almost every country with strong international co-authorship ties, the number of articles involv-
ing a U. S. author rose strongly between 1981 and 1995. However, during this same period, many
countries broadened the reach of their international collaborations, particularly within their respec-
tive geographical regions, resulting in a decrease in the U. S. share of the world’s internationally
co-authored S&.T articles. In the Asian region, collaboration particularly involved China and the
newly developing industrial countries. U. S. -Chinese collaboration in percentage terms decreased by
almost half-from 45 percent of all the articles Chinese researchers co-authored internationally in
1986 —1988 to 23 percent in 1995—1997. This was due primarily to a large increase in the number
of articles jointly authored with researchers in Hong Kong.
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Examination of the latest data from NSF’s S&.E Indicator database on co-authorship shows that in-
ternational collaboration is continuing to increase in all fields for both U. S. and for Chinese re-
searchers. The percent of internationally co-authored S&.T articles in this select set of journals in-
creased from 23 percent in the 1986 — 1988 period to 29 percent in 1995—1997. International co-
authorship by U. S. researchers (see Fig. 5) also greatly increased, (albeit from a smaller base) al-
most doubling from nearly 10 percent in 1986 — 1988 to 18 percent in 1995—1997. This is note-
worthy because both countries have large populations of their own national researchers with whom
to collaborate. It is indicative of increased globalization and increased integration into an internation-
al S&T community. The advent and spread of information technologies certainly helps with the
communication process and the ability to maintain ties with former professors and colleagues as well

as new collaborators, regardless of the country in which they are living.

Citation patterns also mirror the global nature of the scientific enterprise, as researchers everywhere
extensively use and cite research findings from around the world. U. S. scientific and technical arti-
cles as a whole are cited by researchers in virtually all mature scientific nations in proportions greater
than the U. S. share of world output in chemistry, physics, biomedical research, and clinical

medicine. U.S. articles in the remaining fields tend to be cited at or slightly below the U.S. share
of world output.

Fig. 6 shows that U. S. researchers cite articles by other U. S. researchers even more than could be
expected from the size of U. S. contribution to literature. Chinese researchers also cite U. S. arti-
cles about the same proportion as they do Chinese SR.T literature. Chinese researchers also more

frequently cite other Asian research articles to a greater extent than do U. S. researchers, indicating

regional ties.
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Fig. 6 SR.T Citation Patterns of the United States and China

Foreign patenting activity demonstrates the global nature of technology as well. Even though China
does not yet have a strong database on patenting activity this is a useful technology indicator to be-

gin to track. It can show in which technical areas each country has strength and which markets
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they intend to interact. Foreign patenting in the United States is strong and highly concentrated by
country of inventor. Five countries-Japan, Germany, France, the United Kingdom, and Canada-
account for 80 percent of foreign-origin U. S. patents. Several newly industrialized economies, such

as Korea, are also increasing their patenting activity.

In summary, there is substantial growth in both the magnitude and breadth of international S&T
cooperation in almost all countries and fields, and we have developed reasonable quantitative mea-
sures of these trends. International collaboration in science is a win-win situation. China and the
United States have a long tradition of S&T collaboration; and hopefully this will continue to grow
in the future. One of the goals of this workshop. I would like to note that NSF has had good col-
laboration with China in the field of S&T indicators and I hope that this will continue in the next

century.

Thanks very much for inviting me.
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Parallel Breakout Session I: Data Requirements
for Policy-making and R&.D

Commentary
David M. HART
Paper summaries

Sumiye OKUBO described a framework for measuring R&D and its returns, using data already
gathered for the national income accounts. This framework would treat R&D as an investment and
aggregate it across all industries. Her project is ambitious and would take several years to carry out,
if it is funded. I found it extraordinary that R&D is not routinely treated as an investment, and the
paper points out again how important it is for us to remember that our analytic categories are often

constructed as a result of legal and political decisions, rather than professional or scholarly choices.

MU Rongping also described an ambitious framework that would require substantial funding and ef-
fort to implement. In his case, the object of analysis is corporate and industrial competitiveness in
the high-technology sector. He describes a method for classifying industries as “high-technology”
and then lists multiple measures for the analysis. These measures cover the real and potential com-

petitiveness of firms and sectors as well as their environment.

Jennifer BOND drew on her broad knowledge of various types of indicators and indicators method-
ologies based, in part, on her experience as the director of NSF’s Science and Engineering Indica-
tors unit to provide a picture of international scientific cooperation in and between the U. S. and
China. She focused particularly on flows of people and production of papers, and her paper thus
nicely complemented John MCTAGUE’s. The data show that China is rising in international
stature and, while the brain drain from China to the U. S. and other industrialized countries is not
reversing, the potential for such a reverse flow may well be being created. BOND also emphasized
the essential role that international cooperation has played in advancing indicators methodologies in
several critical areas, and pointed to the need for such collaboration in developing new types of indi-

cators useful in the future: e. g. , reliable indicators of international scientific mobility.
Comments

These papers show first of all the critical importance of measurement and methodologies for research

in science and technology policy. All of us in the field are dependent on this type of work for devel-
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oping policy recommendations we are only as good as our underlying data. There is no substitute for
public funding and public provision of such data, and it’s incumbent upon those of us in the field to

speak up on its behalf.

Second, we might want to reflect critically on whether the data that we are supplying intersect suf-
ficiently with what policy-makers need. I was not convinced from our discussion that the linkages
are as tight as they should be. That’s not to say that we ought to tailor all data production to serve
policy-makers autonomous research deserves a place but we should make sure that they are among

the users who find the data useful to have.

Third, I think we need to work harder on measuring the outputs of R&D and the outcomes that re-
flect the impact of science and technology on society. We’ve done a very good job measuring the in-
puts to science and technology, but that’s not what policy-makers care most about. Some of the
work presented here moves in this direction. At the same time, we need to acknowledge that as we

move from inputs to outputs and especially to outcomes, the error bands around our measurements

inevitably grow.

Finally, these papers suggest the importance of utilizing multiple measures no matter what subject
we are tackling. Professor MU’s paper was particularly useful in this regard, although (as he

would admit) he is a long ways from making the measurements that he proposes in the paper.
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Plenary Session II: Human Resources for
Science and Engineering

The Knowledge-based Economy and Its Challenge
to China’s High Education

XUE Lan*

Abstract The rise of knowledge-based economy has posed many opportunities as well as challenges
to higher education institutions in China. The major difficulties in China’s higher education system
lie in its heritage from a planned economy where the central government played key roles in deter-
mining everything from faculty salary to the number of students to be admitted into a specialty in a
particular university. In order to meet the challenges of the knowledge economy in the coming cen-
tury, the government must take bold actions to reform the higher education sector in China. The
first step of the reform should focus on clarifying the respective roles and powers of the Ministry of
Education, other central Ministries, provincial and municipal governments. At the same time, the
government should give universities full financial and managerial autonomy, allowing them to set
their own academic programs, admit students, charge tuition fees, all according to the market

needs and their capabilities. Also, the government should create a “friendly environment” for indi-

- viduals and institutions, which are interested in establishing private universities.

1. Introduction

A key feature of the emerging global knowledge economy is the rise of information technology and
the rapid increase in the amount of information and knowledge being generated and used. Our soci-
ety has become more dependent on knowledge than any other previous generation. Knowledge,
particularly knowledge of modern science , technology and management, has become a strategic re-
source and the most important factor for economic growth. Industries based on high and new tech-
nologies including information technologies, have become the backbones of a knowledge-based econ-
omy. At the same time, our natural and social environments are constantly changing. The cycle of
knowledge obsolescence is shortening. International competition is increasingly based on the devel-

opment of human capital equipped with knowledge and moral principles. The shift of economic fo-

*XUE Lan is a professor of S&T policy at Tsinghua University. Address corrspondence to XUE Lan, Development Research
Academy for the 21st Century, Tsinghua University, Beijing 100080. E-mail: lanxue@public. east. cn. net
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cus to knowledge signifies another major transformation in human history and will have a profound

impact on the landscape of the world economy in the 21st century.

The rise of the knowledge-based economy has posted many opportunities as well as challenges to
higher education institutions in China. First, there is an increasing demand for highly trained per-
sonnel to help China make the transition from a planned economy to a market economy, from an e-
conomy mainly based on capital and labor to one based on knowledge and skills. China needs a new
generation of educated people with integrity, knowledge, and creativity. Second, universities in
China not only have to generate and disseminate new knowledge, they also have to play active roles
to foster better knowledge transfer from academia to commercial market. This is mainly because, as
a developing economy, China’s industrial R&D capabilities are limited. Third, China’s universities
have to face the increasing social demand for lifelong learning in the coming century. Continuing

higher education service will become a major knowledge-intensive industry.

All these opportunities demand a new higher education system——a system open to those who are
willing to learn and a system flexible enough to adapt to the rapid changes. Such demand puts great
pressure on the internal structure and operations of the higher education system in China. Unless
fundamental changes are made, it will be impossible for the current system to meet these chal-
lenges. In the following discussion, I will focus on the problems inherent in China’s current higher
education system and discuss ways to change it so that China can be prepared for the challenges of

the knowledge economy in the coming century.
II. Challenges to China’s higher education system

The major difficulties in China’s higher education system lie in its heritage from a planned economy
where the central government played key roles in determining everything from faculty salary to the
number of students to be admitted in a specialty in a particular university. The autonomy of Chi-
nese universities is much less than state-owned enterprises in other industries. At the same time,
the environment where universities operate has dramatically changed to one that is very market ori-
ented. The mismatch between the centralized system and its market-oriented environment has cre-
ated many tensions and pressures that have prevented China’s higher education system from adapt-

ing itself to meet the challenges of the coming knowledge economy.
1. Great imbalance between demand and supply in higher education

China began to rebuild its higher education system after a destructive decade during the cultural rev-
olution (1966 —1976). By 1997, China had 6 major forms of higher education services enrolling

over 15 million students;

While these numbers are quite impressive, one must put them in perspective. First of all, only a lit-
tle over 3. 3 million students were in regular higher education institutions (equivalent to universities
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and colleges in the US). In many people’s mind, educational services offered in these institutions

are what higher education is all about. It is in this category that enrollment competition has always

been strong. In 1998, these institutions could only take one third of over 3 million applicants,

which excluded those who wanted to apply but were not qualified since they had either quit high

school or did not go to high school.

Table 1 China’s higher education system

Form of Higher Education Service

Number of Institutions

Number of Student Enrollment

Regular Higher Education (other forms of higher edu- 1020 3,173,800
cation offered by these institutions) 1,489,500
Continuing Higher Education Institutions 1107 1,235,000
Military Higher Education Institutions 169,000
Specialty Examination Preparation School 157 94,000
TV University 250,000
Registered Students to take National Higher Education

9,150,000

Qualification Examination

Also, one must take China’s huge population into account. Table 2. Shows some general indicators

of higher education for countries of different income categories. It is clear that China’s gross enrol-

ment ratio is only slightly higher than countries of low income category, while much lower than

countries in other categories. Further, if one looks at the percentage of adult population with higher

education background, China’s level was even lower than that of the low income category. While

some improvements have been made in the last few years, the overall situation has not changed.

Table 2 A comparison of higher education indicators for countries of different

income categories (early 1990s)

Income Per Capita Gross Enrolment # of enrolled % of population over 25 years
categories GNP %) students / 10,000 old with higher education

Low income 430 4.5 417.7 2.7
Lower-middle 1670 15.8 1946.0 8.8

income
Upper-middle 4260 22.4 1446.1 9.9

income
High income 24930 53.0 3901.2 27.6

China 620 5.7 440. 4 2.0

(Source: He and Lan, 1998)

The consequences of this huge gap between demand and supply in higher education are three folds.

First of all, lack of highly trained personnel has been a major bottle-neck in China’s effort to make
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the transition to a market economy and knowledge-based economy. Second, the strong competition
to get into university has put a great pressure on high schools to design their educational programs
to prepare students to score high in the national entrance examination, rather than to educate stu-

dents with knowledge and skills appropriate for them.

Third, this gap builds tensions between the general public and the higher education system. When
such tension accumulates to a certain level, the relevant government agency would have to give in
and make concessions, namely increasing admission numbers. For example, from 1985 to 1991,
the annual enrolment number of students in regular higher education institutions was around
600,000. A great jump was made between 1992 and 1993 when this number was increased to
around 900,000. In 1999, to escape the great social pressure on the higher education system, the
Ministry of Education announced, a few weeks before the national entrance examination days, that
it would increase the enrolment this year by over 40%. On the other hand, such leaps and jumps

have also created problems for universities and, in a few years, graduates who are looking for jobs.
2. Mismatch between what university trains and what society needs

While many people have advocated an increase in the number of higher education entrollments, few
have looked into the problem of mismatch between what university trains and what society needs.
" In fact, as China’s labor market becomes more open, the over-supply of graduates in some fields

and the short-supply of graduates in others have also become apparent.

Table 3 is created with the information provided by Ministry of Education in April 1998 for univer-
sities under the administration of the Ministry (Xue, et. al, 1999).

Table 3 Supply-demand ratio for graduates from different types of universities

(Supply : Demand)

Ratio for graduates Ratio for graduates without
Opverall Ratio
with bachelor degrees bachelor degrees(<{4 years)
Comprehensive Universities 1:1.59 1:1.74 1:0.38
Engineering Universities 1:3.27 1:3.64 1:0.55
Foreign Language Universities 1:1.13 1:1.28 1:0.39
Normal Universities 1:1.11 1:1.19 1:0.92

As one can see, there is a great variation in terms of supply and demand ratio for different kinds of
universities and for different levels of training. While, there are over 3 jobs waiting for someone
with an engineering bachelor degree on average, a graduate with a bachelor degree from a normal
university would have little choice but to take the job available. For people without a bachelor de-

gree, there is an over supply of graduates in every category.
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Obviously, the table gives only a general picture which conceals great variations among different u-
niversities within any particular category and variations among different disciplines. For example,
for normal universities where the overall supply demand situation was not very good, there was a
great demand for graduates in Chinese language, English, physics, and computer software. On the
other hand, for engineering universities where the overall supply demand situation was quite favor-
able, the market for graduates in ocean engineering, precision chemical engineering, systems engi-

neering, chemical engineering, biochemistry was very weak.
3. Lack of autonomy in university management

Today, the autonomy of China’s universities is still very limited, a situation quite similar to the sit-
uation many state-owned enterprises (SOEs) faced 15 years ago. Universities’ academic offerings
have to follow an academic discipline directory determined by the State Council’s Committee on A-
cademic Degrees. The number of students a university intends to admit will also have to be submit-
ted first to higher authority for approval. Under such a system, it is no wonder that there is a mis-

match between what universities train and what society needs.

While government funding for a university is typically much less than it needs to cover even the ba-
sic operations, the relevant government agencies also set the upper limit of tuition a university can
charge, which does not even covers one third of the costs. Partly as a result of their financial diffi-
culties, many universities have been trying to find other ways to make ends meet, such as directly
running enterprises. Faculty salaries are set according to a national standard, which are often many
times lower than their market value. As a result, many young faculty members have left their
teaching jobs for opportunities outside the academia. For those who are still in, many find other

ways to earn extra, often at the cost of teaching or research quality.

In addition, like SOEs, a university in China typically has to run everything on campus, from a
hospital and cafeterias to schools from K-12. On the other hand, most administrators of Chinese
universities are experts in their own academic specialties, not professional managers. The combina-

tion of both often results in low efficiency and mismanagement in university administration.
III. Reform on China’s higher education system: what needs to be done?

In recent years, the government has begun to put great emphasis on ST and has education and
made a real effort to alleviate the difficulties discussed above. For example, the government sup-
ported a reform program proposed by the Academy of Sciences with an appropriation of over 5 bil-
lion Yuan. The program is aimed at restructuring the research institutes of the Academy to better
meet the challenges of the knowledge economy. The government also supported an action plan pro-
posed by the Ministry of Education to revitalize China’s education for the 21st century. The Min-
istry of Education has also embarked on many reform initiatives aimed at improving the structure

and efficiency of China’s higher education system. However, the success of these efforts has been
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quite limited since most of them have not touched on the root problem of the system.

The fundamental challenge of China’s higher education system is how to orient the system from an
input-and supply-driven model rooted in a planned economy to an output- and demand driven one
rooted in a market economy. There is a great similarity between this reform and the reform of
SOEs. This similarity also signifies the magnitude and complexity of the difficulties involved. In the
following, I will outline some overarching recommendations on how China should push forward the

higher education reform to meet the challenges of the knowledge economy.

The first step of the reform should focus on clarifying the respective roles and powers of the Min-
istry of Education, other central Ministries, provincial and municipal governments. As a principle,
government should gradually get out of micro-management of the academic programs and adminis-
trations in universities. Instead, government should shift its attention to improve the operating en-
vironment of universities, set policies to redistribute resources to those disciplines, institutions, and
regions where special attention is needed, and support and nurture professional and intermediate or-
ganizations to monitor the quality of academic programs, and to establish accreditation standards

and procedures.

At the same time, the government should give universities full financial and managerial autonomy,
allowing them to set their own academic programs, admit students, charge tuition fees, all accord-
ing to the market needs and their capabilities. In general, government funding for universities
should be gradually reduced so that the limited resources can be more efficiently used to establish
centers of excellence in needed areas, and to rectify market failures for some disciplines, institutions

or regions.

Also, the government should create a “friendly environment” for individuals and institutions, which
are interested in establishing private universities. The government should set standards and regula-

tions, which are open and transparent, for such initiatives.

A major difficult is how to improve university management. One hope is that, as soon as the mar-
ket is open for competition among different universities, it is likely that individual universities would
have to find ways to improve their academic quality and operating efficiencies. The government can
facilitate such changes by establishing training center for university administrators and by providing

information on successful examples.

In a few months, the human society will enter into the 21st century, the beginning of a new mille-
nium. It is already clear that the coming century will be more knowledge intensive than ever. Uni-
versities will become probably the most important institution in such an era, to provide advanced
training, generate and make use of new knowledge, and promote cultural exchanges and interna-
tional development. These roles are exciting, but also challenging! Universities in China have no
choice but to join this trend, to become the herald of the coming knowledge society in China.
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Opportunities for Chinese and American Universities
in the Knowledge-based Economy

Richard C. ATKINSON*

It is a pleasure to be here on this occasion, the twentieth anniversary of the first agreement in histo-
ry between the People’s Republic of China and the United States for the exchange of scientists and
scholars. That agreement was also the first document ever signed by the two governments, and I
am proud that, as the director of the National Science Foundation, I was the signator for the Unit-
ed States. The exchange came at a very critical and sensitive moment. I believe history will show
that the exchange of scientists and scholars played an important role in the developing relationship
between the two nations. Some people may be less aware of that agreement than others, in part be-
cause shortly thereafter the doors between the two countries opened wide. But at the time the
agreement was a key signal from both countries that they were ready to take a new direction in their

dealings with each other.

Today, twenty years later, it is gratifying to see the growing interest that scientists and govern-
ment officials in China have shown in the contributions of basic research to their country’s overall
development. This science policy seminar is a fitting tribute to the crucial role that scientific ties es-

tablished two decades ago have come to play in the relationship between our two nations.

I believe that building a strong foundation of basic research will ensure China’s future economic
competitiveness. This approach has been used with success in the United States for over 50 years.
How this focus on basic research evolved, and the role that research universities play in spurring
American economic growth, are the principal themes of this lecture. I will conclude with some

thoughts about the challenges Chinese universities face in today’s knowledge-based economy.

The term “knowledge-based economy”-sometimes called the “new economy”-refers to a set of in-
dustries whose main products or services use information to decrease costs and create new opportu-
nities for growth. Generally speaking, the industries of the new economy tend to produce jobs more
rapidly and with higher salaries, increase productivity growth faster, and provide greater profits for
employers than the “old” economy. These high-technology industries rely on a constant infusion of
new knowledge to stay competitive, and the principal source of such knowledge is basic research.

The California economy provides a striking example. Its recovery from the economic recession of

* Richard C. ATKINSON is the President of University of California. Address corresponence to Richard C. Atkinson, 1111
Franklin Street/12 th floor, Oakland, CA 94607-5200. E-mail; richard. atkinson@ucop. edu
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the early 1990s depended on knowledge-driven businesses and jobs that didn’t exist 15 or 20 years

ago——biotechnology, telecommunications, and multimedia, for example.

The evidence regarding the relationship between research and development (R&D) and economic
growth in the United States is overwhelming. As recently as the early 1970s, there was no sub-
stantial economic analysis of the relationship between investments in R&D and economic develop-
ment. When I served as director of the National Science Foundation in the 1970s, we were well
aware of the lack of such economic data in making the case to the Congress for federal support of re-
search. And we realized that most of our arguments about how R&D affected economic growth
were based on little more than anecdotal evidence. Accordingly, we initiated a special research pro-
gram at NSF focused on just that issue— — the relationship between investments in R&D and the

growth of the American economy.

In the intervening 25 years, a substantial body of research has led to a development in economics
called “new growth theory.” This work was nicely summarized in a 1995 report of President
Clinton’s Council of Economic Advisors: 50 percent of the growth in the American economy in the
last 40 years has been due to investments in research and development. Obviously, the private sec-
tor is a major driver of R&D, but federally funded research at universities also plays a key role. The

report points out that when federal investments in university research increase, there is

with an
appropriate time lag——a corresponding increase in private-sector investments. There is now a

well-understood link between university-based research and industries’ R&D efforts.

As I mentioned, the State of California provides one of the best examples of this linkage. In the
early 1990s, the state endured one of the worst economic recessions in its history. California in pri-
or periods had entered economic recessions later, and come out much earlier, than the rest of the
United States. But in the 1990s this traditional pattern broke down. California suffered a brutal e-
conomic downturn fueled by tremendous cutbacks in defense and aerospace——-a loss of jobs that

resulted in a dramatic drop in the tax revenues of the state,

What has happened in the past few years? California has come storming back from the recession.
Why? New jobs have been created at a fast rate. Where are those jobs coming from? From a partic-
ular type of activity: high technology. And these high-tech enterprises are not the vast IBMs and
AT&Ts of the world. The companies that pulled California out of recession are small, en-
trepreneurial, high-tech ventures. These companies (and their technologies) can be traced directly

to the research universities of California, both public and private.

Biotechnology , for example, a booming industry in California, traces its success——in fact its very
existence——to research programs that came out of the state’s universities. Digital telecommuni-
cations is another case in point. It could not exist at its current scale and scope without the Califor-
nia universities that produce the research and educate the engineers and scientists essential to keep-

ing this industry on the cutting edge.
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California succeeded in its remarkable economic comeback because it possessed four advantages es-
sential to the new economy: 1) world-class research universities that encourage faculty——and al-
low them to benefit financially— -when they are involved in research that leads to the development
of new technologies; 2) a supply of entrepreneurs experienced in launching and developing high-
technology businesses; 3) venture capital and other sources of private investment in early stage
business ventures; and 4) the accounting, legal, and other ancillary services needed by start-up

companies.

I would like to mention a concrete example, one that I am familiar with because it began while I
was chancellor of the San Diego campus of the University of California (UCSD). In the early
1980s, the San Diego region was in the midst of a painful economic transition created by the demise
of many of its defense-related industries. It was clear that something needed to bridge the gap, but
what? My colleagues and I decided that UCSD had to play a more aggressive role in regional eco-
nomic growth, specifically in the high-technology and biotechnology areas. Our view was that
small, high-technology corporations were the most likely candidates to fill the economic vacuum
that followed reductions in defense contracts to many San Diego corporations. UCSD had specific
strengths it could contribute to the high-technology sector: the campus is one of the nation’s top re-
cipients of federal research funding; it was home to strong science departments and an excellent

school of engineering.

We expanded the breadth of UCSD’s basic research capacity, creating——in cooperation with in-

dustry— - interdisciplinary research centers in such areas as magnetic recording, molecular genet-
ics, wireless communications, and structural engineering. We reinvigorated our technology transfer
programs in the science and engineering departments. And we created a program called UCSD
CONNECT, which had as its goal not only technology transfer but also nurturing the business sup-
port infrastructure that has proven essential to small entrepreneurial firms. UCSD CONNECT
draws on expertise across all campus departments and from all professional sectors. It has served to
fill a critical gap in San Diego’s business infrastructure, linking local high-tech entrepreneurs with

financial, managerial, and technical resources.

What this means, for example, is that UCSD CONNECT will act as an agent on behalf of small
companies to help them locate investors and find the research they need to develop new products.
Working with start-up companies as early as the business plan stage, UCSD CONNECT will help
an entrepreneur find contacts for raising capital, forming strategic alliances, gaining marketing and
management expertise and technical advice. UCSD CONNECT is often referred to as an “incubator

without walls” because it has nurtured so many successful businesses in San Diego.

UCSD CONNECT is just one example of the kind of help UC is committed to providing. There are
similar efforts on every one of UC’s nine campuses to bring venture capitalists and people from the
industrial sector together with scientists and engineers on the campuses to move UC research ideas
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into application.

Two years ago, the University held a statewide conference on technology transfer, bringing people
from UC together with colleagues in government and in industry to examine how we can do more to
facilitate the transfer of technology. In response to the business community’s concerns that Califor-
nia is not producing enough computer scientists and engineers, between now and 2005 we are com-
mitted to increasing enrollments in engineering and computer science (at both the undergraduate

and graduate levels) by 50 percent across the UC system.

And we have established a program—- the Industry-University Cooperative Research (IUCR)
program, now in its fourth year——which seeks to identify the most promising research areas for
new products that, in turn, create new jobs. The IUCR program builds research partnerships in-

volving industry and UC faculty. Let me explain briefly how it works.

A UC researcher joins with a scientist or engineer from a private company to formulate a research
proposal. A panel of experts drawn from industry and academia selects the best proposals for fund-
ing. Industry investments are partially matched with University funds. In just three years, the in-
vestments by industry and UC have totaled more than $ 100 million for new research undertaken
by University faculty and students. An important feature of the program is the opportunity for
graduate students to participate in research. It would be difficult to overstate the crucial link be-
tween research and graduate education in American universities. Graduate students participate in all
aspects of faculty research projects. This experience is an essential part of the educational process
for graduate students that produces both excellent young faculty for universities and R&D leaders
for industry. In the case of the IUCR program, graduate students learn firsthand about industry’s
needs and its opportunities. And industry gets the benefit of some of the world’s brightest young
minds.

Two-thirds of the 323 companies currently participating in the JUCR are small businesses. A par-
ticularly valuable benefit for them is the opportunity to work with UC faculty on multidisciplinary
research that would be difficult or impossible to pursue in the private sector. Research supported by
the IUCR program lays the foundation for next-generation technologies; it provides hundreds of

UC students participating in the research a window on future career opportunities. The six industri-

al sectors that currently participate biotechnology, communications, information technology ,
microelectronics, multimedia, and semiconductor manufacturing— —are all critical to the California

economy.

There is growing interest in programs like these not only in California but also throughout the Unit-
ed States. The impetus to greater linkages between universities and industry grows out of a long-
standing American belief that universities should not be divorced from society, but should be in-

volved in helping solve society’s problems.
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The United States is unusual in the degree to which it relies on universities to perform basic re-
search. The roots of this phenomenon date back over 50 to World War II. Near the end of the war,
President Roosevelt turned to his science advisor, Vannevar Bush, for advice about the future of
American science. Bush’s report, which appeared shortly after President Roosevelt’s death, was
entitled “Science: The Endless Frontier. ” As the title suggests, Bush viewed science as a vast fron-
tier of opportunities to serve virtually every aspect of the national welfare. His report set the stage

for the modern era of science and technology in the United States.

What were the arguments that Vannevar Bush put forward? First of all, he asked “Who should
fund the research and development effort of the United States?” Let me make a few distinctions

here.

For simplicity of expression, 1 will use the terms basic research, applied research, and develop-
ment. Basic research is not focused on applications; the terms “curiosity research” and “discovery
research” are sometimes used to describe it. It is driven by a sheer interest in the phenomena rather
than potential applications. But basic research may reach a stage where there is potential for applica-
tion and accordingly a need for applied research and, in turn, the development of new products and
processes. Bush argued that applied research and development should be done by the private sector,
by industry. But he also argued that the private sector would not provide adequate funding for basic
research. In essence, he believed that private market mechanisms ensured that industry would in-
vest in applied research and development, but that those same private market mechanisms would
not generate adequate investment in basic research. Thus, he concluded that the funding of basic

research was an obligation of the federal government.

The second question he asked was “Who should perform R&.D activities?” Applied research and de-
velopment, he said, is a private-sector responsibility ; the private sector could be relied upon to per-
form that kind of activity. Who should perform basic research? The Bush concept, founded on the
experiences of World War II, was that American universities should be the principal performers of

basic research; and as noted above the federal government should provide the funds for that work.

Then there was a third part to Bush’s analysis. He believed that basic research should be funded
through a peer

review process. Individual scientists should make proposals for research projects
and a group of peers——leading scientists from around the country—--should evaluate these pro-

posals and decide which to fund and which not to fund.

Federal science agencies in the United States do not provide unrestricted block-grant funding to uni-
versities. Rather, individual scientists submit proposals that request funding for specific research
projects. A scientist’s proposal is then sent to other scientists for their evaluation and judged com-

petitively against other research efforts. This evaluation——the peer review process is the criti-

cal factor in ensuring that the best science is funded.
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Those were Bush’s arguments: Applied research and development should be funded and conducted
by the private sector; basic research should be performed in universities and be funded by the feder-
al government via a peer-review process. The Bush model created a sea-change for American uni-
versities. Before World War II,universities were peripheral to the R&.D enterprise. Today they are
at the center of American research activities, thanks in large measure to an extraordinarily success-
ful partnership with the federal government. As a result, both the research enterprise itself and the
U.S. economy have prospered. I do not believe it is an overstatement to say that when the history
of the last half of the twentieth century is written, the role research universities have played in the

American economy will be regarded as one of our greatest accomplishments.

In recent years, there has been much discussion in the United States about the need for a new na-
tional science policy, on the premise that Bush’s 50-year-old vision cannot provide a blueprint for
the twenty-first century. It is true that some of the arguments in Bush’s report are now question-
able, some of the issues he considered important are of interest only to students of the period. What
remains pertinent is his vision of the role of government in research, including his assertion that the
federal government has both the authority and the obligation to support basic research. More bold-
ly, by arguing for the primacy of basic research supported according to norms set by scientists
themselves, Bush implicitly asserted that universities defined the U. S. research enterprise. Bush

gave them pride of place at the center because, as he argued, they had the potential to energize the

entire system.

In spite of these remarkable successes, there is a concern in the United States today that federal
funding for basic research will decline as the government struggles to balance its budget. The Presi-
dent of the United States and the Congress have reaffirmed their commitment to keep the federal
budget balanced and to use a part of the surplus to reduce the national debt. Although some of the
predictions about draconian cuts in federal funding for research have not so far materialized, this re-

mains a matter of concern to universities throughout the nation.

The potential erosion of federal support for academic research is worrisome precisely because of the
central role universities play in the overall R&D effort. Could industry take their place as the vital
center of the American research enterprise? The evidence suggests not. As recently as a decade
ago, several large U. S. firms performed significant basic research in their corporate laboratories.
Today, virtually all industrial research focuses on the solution of specific problems, often by build-
ing on the results of university research. AT&T and IBM have essentially pulled out of basic re-
search; both companies have come to the view that they are not wealthy enough to support basic re-
search——at least not at the level they once did. In the United States we are relying more than ever
on universities for the basic research that will ultimately fuel our economy. A recent statistic sums it
up: Seventy-three percent of the papers cited by U. S. industry patents are based on publicly sup-

ported science, authored principally by university scientists; only 27 percent are authored by indus-

trial scientists.
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I am more optimistic than many of my colleagues that the federal government will find a way to

continue funding university research at a reasonable level. Most political leaders in the United States

have concluded that

support of our research enterprise is critical to the national interest, and therefore sound federal pol-

who have thought about these issues——Democrats and Republicans alike
icy.

In its simplicity and flexibility, Bush’s report remains a model for science policy in the United

States. But does Bush’s model have any relevance for contemporary China and its universities?

Obviously, no model can be imported wholesale from one country into another. China is finding its
own way and its own solutions to the challenge of putting knowledge to work in the economy. But
however solutions differ, more and more nations are coming to the realization that their universities
are priceless sources of ideas that can create jobs, give birth to new industries, and stimulate the

productivity growth that will enable them to create a better life for their people.

Among China’s advantages today are growing encouragement for private enterprise and en-
trepreneurship within the country, and increasing interest among foreign investors in China’s
strengths in such areas as software, materials science, and biotechnology. One example of this in-
terest is Microsoft’s and Intel’s decision to establish research centers here. Most important of all are
the incredible resources China possesses in its universities and in its talented young people. Many of
these young people have studied at foreign institutions and have experiences that will be very valu-

able to them in today’s international marketplace.

This point brings me back to where I began to the importance of international exchange in edu-
cating new generations of scientists and engineers who can function effectively in other countries
and other cultures. This science policy seminar will surely reveal new directions our countries need
to take, but it is also a wonderful reminder of how far we have come from those tentative contacts

of 20 years ago.

We are living in one of history’s most productive eras of intellectual discovery. From agriculture to
medicine, from aerospace to computing, science is experiencing a series of revolutions that are re-
making our ideas of what is possible. These revolutions are occurring on the campuses and laborato-
ries of research universities every day. We have only just begun to tap the possibilities of this explo-
sion of knowledge, and the effort to link intellectual discovery more closely to applications has major

implications for economies around the world. Universities are key to this effort.

Let me conclude by pointing out that in the United States, the nation’s most distinguished research

universities are members of an organization called the Association of American Universities. The

AAU includes 62 universities not a large number in comparison with the 3,700 institutions that
make up the American higher education system. (It should be noted that six of the AAU institu-
tions are campuses of the University of California. ) But, for reasons I have explored in this paper,
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these 62 institutions have an impact on America’s prospects far out of proportion to their numbers.
In a world in which scientific knowledge doubles every 12 to 15 years, research universities are
clearly an important element in any nation’s economic strategy. And impressive as their past accom-
plishments have been, the possibilities are so plentiful, and the potential is so enormous, that the

most exciting days for research universities lie not behind us but ahead.
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Plenary Session II. Human Resources for
Science and Engineering

Commentary

Gerald T. KEUSCH"

Session II was devoted to human resources for Science and Engineering. There were three papers
presented. Dr. XUE Lan examined the readiness of the Chinese higher education system to educate
the needed highly trained scientists, engineers, innovators, and managers for the new knowledge
based economy. To move China ahead in the next century, the Chinese higher education system
faces 3 critical challenges: 1) to increase the number of highly trained graduates; 2) to link knowl-
edge generation in the university setting to the applications in the commercial market; 3) to provide

the continuing education needed in a fast moving society continuously generating new knowledge.

He pointed out several issues of concern about the readiness and capacity of the Chinese higher edu-
cation system to meet these challenges. First, limited autonomy of the universities from central
government control. Second, limited capacity in the universities, which has a per capita enrollment
rate and percentage of the total population over 25 years with higher education resembling the poor-
est tier of countries, and far lower than that of the highly technical industrialized nations. Hence,
there is significant imbalance in the supply and demand for such highly educated Chinese graduates.
This results in a third problem as high school education increasingly becomes preparation for univer-
sity entrance examinations rather than focused on education and the Government mandates increases
in admissions without consideration of the ability and capacity of the universities to provide quality
education. Fourth, universities do not necessarily train graduates in the fields needed by the new
economy. Fifth, there is insufficient Government support to pay the costs of quality higher educa-

tion and Government imposed limits on tuition precludes this as a source to narrow the gap.

Therefore, reform is urgently required if the Chinese higher education system is to become capable
of reorienting education to the output-demand needs of a knowledge based economy. To accomplish
this will necessitate autonomy of the universities in several spheres, including academic programs
and curriculum, administration, and fiscal matters. Attention will need to be directed to the educa-

tion of a managerial group. Quality of education will need to be insured by development of stan-

+ Gerald KEUSCH is Associate Director for International Research, in National Institute of Health. Address correspondence to
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dards and accreditation procedures. And of major importance, private universities will need to be

encouraged, including universities with international linkages.

In the second paper, Dr. Richard ATKINSON provided a historical view of the development of the
academic base for the new economy in the United States as a way of identifying possible themes the
Chinese system could consider. He noted that theory had grown up around performance in the U-
nited States, resulting in a “new growth theory” which related investments in R&D to economic
growth and identified the important role of Government supported research in the universities in
driving this relationship. Federally supported research carried out in the universities has catalyzed
private investment in R&.D, leading to the creation of new jobs and industry near the universities
producing highly trained graduates. Well educated young technologically advanced graduates willing
to take risks are available for the innovative, small, entrepreneurial high tech companies that spring
up when other local conditions such as the availability of venture capital, and accounting and legal
services are favorable. However, it is important to note that universities can play a proactive role in
creating this environment——not only in providing the well educated graduates, but also in facili-
tating technology transfer to industry through programs intended to link the knowledge generation
in the universities to business opportunities. Government policy can facilitate this, as for example
the laws in the U. S. that gave patent and licensing rights for inventions supported by Federal funds

to the universities.

It is interesting to note that Government support of basic research in the universities began to in-
crease in the years following the second World War. American industry was spared the devastation
suffered by Europe and Asia, and in fact was in high gear because of the high levels of wartime pro-
duction. The returning veterans were also provided with financial resources and opportunities to en-
ter higher education, forever changing the perception of university level training as something for
the few and elite to something all in the U. S. could aspire to. Education was the key to advance-
ment. The congruence of these factors at the same time in U. S. history appears to have been a crit-
ical feature. In addition, certain decisions were taken regarding the administration of process for re-
search. The success of the system in the U.S. can certainly be traced to Government funding of
basic research in the universities, however, the emphasis on investigator initiated research proposals
and the peer review system in which peer working scientists judge the merit of proposals for funding
are essential for promoting creativity and quality. The process is a continuous competitive one in
which merit, innovation, and relevance remain the major criteria for support. The guiding principle
here of most relevance to China is the recognition in the U. S. that the “universities are priceless
sources of ideas that can create jobs, give birth to new industries, and stimulate productivity

growth”, although how this principle is applied may differ between the U.S. and China.

The third presentation, by Dr. CAO Zhijiang, traced the history of Legend as one model of this
process for China. Legend was founded in 1984 by 11 technically trained members of the Institute
of Computer Technology, with “venture capital” from the Chinese Academy of Science. Their first

product, a Chinese character processing system, was versatile and useful. A decision was made to
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tailor the product to the noon-professional PC user, a market that did not exist in China at the
time, rather than mainframe computer needs. The wisdom of this decision can easily be seen in ret-
rospect, as Legend has surged ahead in sales and market share in China and the rest of Asia. Sever-
al principles of business were promoted that have permitted this rapid growth: 1) product develop-
ment and marketing were closely coordinated; 2) after sales service was geared to customer sup-
port; 3) technical staff engaged customers and learned first hand of customer needs so that product
improvement was continuous and geared to the market. The continuing orientation of Legend to in-
tegrate high tech R&D to the market is reflected in its allocation of its R&D budget, with 20% de-
voted to basic research, 30% to key technology research, and 50% to application research for the
development of new high tech products.

The personal computer industry is a good example of the possibilities of well organized R&D tailored
to marketable products, as sales have taken off all over the world, and at the same time it may be
one that is difficult to replicate with such speed and success in other industries. In China, the fur-
ther maturation of Legend to a public company, owned in part by its employees, is another striking
change from the former State Owned Enterprise model, and very much in line with the situation in

the U. S. and other highly technical industrialized societies.

In the discussion, several themes emerged : First, there is great potential in distance learning meth-
ods for high tech education, between the US and China, for example, or from technically ad-
vanced , research intensive universities to students elsewhere within China. This is applicable to the
didactic components of biomedical research training, including clinical research methodology, clini-
cal trials, and clinical data collecting. Some of this can be accomplished by internet, teleconferen-

cing and other electronic communication modalities.

Second, peer level training, both national and international, can be a highly effective mechanism
for information transfer, supplementing the senior mentor : trainee interaction in a less formal envi-
ronment. Hence, opportunities for US trainees to work in China alongside Chinese trainees should
be fostered, in addition to enhancing the opportunities for Chinese students to train in US institu-
tions. Relationships developed during training are often sustained lifelong, and are the basis for es-

tablishing and sustaining close and trusting research collaborations.

Third, research training must be carried out in the course of conducting research, wherein method-
ological tools are applied to the solution of research questions. The opportunity to link theory with
practice in the solution of real problems is essential. In the course of developing undergraduate,
graduate and post-graduate research training, there must be sufficient resources to carry the burden
of frequent experimental failures, and resources to allow trainees to problem solve to get beyond the
barriers. Without this there can be but little progress. At the same time, it is necessary to establish
some peer review process to review the productivity of training laboratories and centers. In the US,
this is accomplished by the need to renew Federally supported research grants through the competi-

tive peer review process for grants for both research and training.
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Parallel Breakout Session,Part 11
Human Resources Development

Knowledge-based Economy and Human
Resources Mobility |
—The Practice of Postdoctoral System in China

CHEN Hao and LIU Minhui *

Abstract: Mobility of human resources is very important to develop the knowledge-based economy.
This paper introduces the practice of China’s postdoctoral system to discuss the relationship of the
knowledge-based economy and human resources mobility. CAS’s postdoctoral program is intro-
duced as a typical example. Future development of China’s postdoctoral system and attention to im-

proving it are also discussed in this paper.

1 KNOWLEDGE-BASED ECONOMY AND HUMAN RESOURCES MOBILITY
1.1 In Essence, the Knowledge-based Economy is the Talent Economy

We are stepping into a society of the knowledge-based economy. In this kind of society, knowledge
is the most important power driving the economy. With knowledge being the core of the knowl-
edge-based economy, human resources become far more important than before. Human resources
have been treated as necessary to the economy for a long time. But because of its extremely impor-
tant role in the knowledge-based economy, producing, spreading and utilizing knowledge , human
resoureces are not only a necessary element but also a prior element now, which means that they
should be developed prior to other elements such as capital, facilities and so on. Humans drive

knowledge and knowledge drives the economy.

In the knowledge-based economy, not common workers, but knowledge workers contribute giant
energy to the development of the economy. It is high-level SR.T talent that make human resources
such an important role in the knowledge-based economy. They are knowledge workers of the new

kind of economy. High-grade engineers, professors in universities, researchers in academic insti-
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tutes produce a mass of S&T knowledge and turn it into actual productivity. They spread and use
knowledge to produce both consumer goods and more new knowledge. It is their work that leads
and pushes the development of the economy. High-level S&T talent is critically important to the de-
velopment of the knowledge-based economy. The knowledge-based economy is essentially a talent

economy.

1. 2 Mobility of human resources is one of the essential characteristics of the knowledge-based e-
conomy

In the knowledge-based economy, knowledge needs to be transferred quickly to produce and utilize
knowledge efficiently for people. This is the fluidity of knowledge. To adapt to the fluidity of
knowledge, human resources need to be mobie. When talent moves from one place to another,
knowledge transfers with it. When researchers with different backgrounds form new research
groups, creative new scientific attainments are easier to achieve. When professors in universities and
researchers in institutes move to factories, new consumer products appear and are produced more
efficiently. Talent also becomes more qualified through the flow among different places. Mobility of
human resources is very important. With mobility, an efficient high-level S&T talent management
system is necessary. The system should be able to keep up the quality of talent resources and be
propitious for knowledge workers to produce, spread and utilize knowledge while talent is dominat-

ed by market power.
1.3 China Needs an Innovation of Its High-level SX.T Talents Flow System

China’s economy is far from the developed knowledge-based economy. But it is also stepping into
this kind of economy with more and more tight relationships with developed countries. Compared
with other countries, China faces more difficulties to succeed in this kind of economy. The long-
term traditional planning economies have formed an inefficient talent resources utilizing and man-
agement system in China. Young people are selected into colleges and universities, and are pointed
to certain work positions according to the government’s plans when they graduate. Many govern-
mental rules are made to limit their mobility. Lots of people can only work in one place for their
whole lives. This kind of system once contributed much to the development of China’s economy,
but now it becomes more and more inappropriate. The system limited the mobility of talent and
limited their enthusiasm and creativity at the same time. Millions of bachelors, tens of thousand of
masters and thousands of doctors graduate from universities every year in China. But they haven’t
played the role they should have played in developing the nation’s economy. The prime reason is
limited mobility. Talented people are limited to certain provinces, to certain cities, to certain uni-
versities, to certain factories and even to certain positions. This situation inhibites talented people to
form creative groups and to be utilized efficiently. It is a costly waste to the state. The government
invests much but gains little. Limitations on talents leads to limitations to producing, spreading and
utilizing knowledge. The knowledge-based economy is nonsensical in this kind of system. To
change this kind of situation, some new efficient talent management systems are needed. The post-
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doctoral system is one such new systems.

2 THE POSTDOCTORAL SYSTEM IS AN INNOVATION OF CHINA’S TALENT
MANAGEMENT SYSTEM.

The postdoctoral system has existed in some countries for a very long time. But it is new for China.
It was introduced into China 14 years ago. It has many functions: protecting talent resources, en-
hancing science research exchanges and so on. It has two essential characteristics; (1) The postdoc-
toral position is temporary; (2) Postdoctoral researchers possess high-level S&.T talent. These two

make this system an innovation of Chinese high-level S&.T talent management system.

First, limitations of present resident registering system to high-degree talent is broken. In China,
the government stipulates that postdoctoral researchers can choose places to work and dwell with
their wives and their children freely outside of limitations of the present resident registering system

and local governments’ policies.

Second, the lifetime employing system is broken. Because the postdoctoral program is a two years
long temporary research period, employers and postdoctoral researchers can understand and adapt
to each other during this two years. Further employment will be determined by both the employer
and the postdoctoral researcher. Job contracts are also used to regulate the process and protect both

sides.

Third, the phenomenon of in breeding in academia is reduced in some degree. In China, young
PhDs are forbidden to attend postdoctoral programs of universities or institutes where they got their

doctor degrees. The mobility of talent leads to exchanges of academic attainments and academic

ideas.

Fourth, the postdoctoral system can enable high-level S&.T talent to stay in a continuing academic
circumstance. For young doctors who just graduate from universities or come back from abroad but
can not find a suitable job, the postdoctoral system provides them a temporary position to continue

their professional research work without regulations of impersonal conditions.

The number of postdoctoral mobile stations has increased from 102 in 1985 to 787 in 1998 in Chi-
na. The postdoctoral system is being improved from then on. It has been an important innovation
of China’s talent resources management system. It not only has positive effects on improving the
development of Chinese scientific research but also greatly influences the reformation of the nation’s

other systems.
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3 THE PRACTICE OF THE POSTDOCTORAL SYSTEM IN CAS

The Chinese Academy of Sciences is one of the most important research bases of China. Its postdoc-
toral program provides a good overview of China’s postdoctoral system. In 1985, at the beginning
of the postdoctoral system in China, CAS was permitted to establish the first set of postdoctoral
mobile stations. In the past 14 years, the postdoctoral system in CAS has become more and more
important in selecting and cultivating high-level professional researchers, enhancing the mobility of
talent and attracting overseas researchers. It also has had impacts on promoting academic exchanges
and cooperation among different academic disciplines, expanding research areas, developing new re-

search fields, and enhancing scientific research work.
3.1 Introduction

In 1984, the Institute of Theoretical Physics and the Institute of High Energy Physics tried the
postdoctoral program in China first. Three postdoctoral researchers were admitted. In 1985, 102
postdoctoral mobile stations in 73 universities and institutes throughout the country were ratified ac-
cording to comments of the National S&T Council, the Ministry of Human Management and the
National Postdoctoral Mobile Station Management Council. 36 stations, 37. 3% of all postdoctoral
mobile stations, were established in CAS. By the end of 1998, there were 102 postdoctoral mobile
stations in 82 institutes of CAS, 12. 9% of the total 787 mobile stations of the country. CAS has
admitted 2248 postdoctoral researchers since 1985, including 265 overseas researchers. By the end

of 1998, 1329 researchers have finished their postdoctoral programs in CAS.

Leaders of CAS place importance on postdoctoral programs. One million RMB Yuan was invested
into these programs as special postdoctoral spending each year since 1985. The amount of money
has been increased to two million Yuan since 1996. Most of the money was granted for post

doctors’ daily living expenses.

3.2 Effects of Postdoctoral Programs in CAS

3.2.1 The postdoctoral program has become an effective way to cultivate and select high-level
S&.T talent

Postdoctoral researchers are selected from preeminent young doctors who have just got their degrees
from domestic or foreign universities and institutes. Before they get long term research positions,
postdoctoral mobile stations can provide them an environment with high level academic circum-
stances and a chance to carry out research work independently in competitive academic circum-
stances. Most institutes that are allowed to establish postdoctoral mobile stations in CAS have state
laboratories or CAS open laboratories. There are famous scientists, advanced research equipment
and favorable research circumstances in these institutes. Postdoctoral mobile stations help young re-
searchers to solve lots of daily problems so that they can concentrate all their energies into research
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work. The practice has demonstrated that the postdoctoral system is an effective way to cultivate
and select preeminent S&.T talent. Many young scientists have become leaders of academic research

programs through the postdoctoral program. The research group of CAS is also greatly strength-

ened.
3.2.2 A series of important scientific attainments have been acquired

Most post doctors have strong abilities to carry out research work independently with well-knit fun-
damental professional knowledge. They have active academic ideas and dare to innovate. Most of
them can acquire fairly high-level scientific attainments during their two years postdoctoral periods.

They have become an indispensable fresh strength to develop the academic research work of CAS.

3.2.3 The postdoctoral system has promoted academic exchanges and the cross fertilization of
research fields

Some post doctors come from domestic universities and institutes, and some come from foreign uni-
versities. There are also a few foréigh researchers. They bring different academic ideas, different
work styles and different research methods. Research fields are broadened and some new academic
areas appear. These post doctors with different backgrounds work together with long term re-
searchers, discussing academic problems and exchanging research experiences, which greatly pro-

motes the development of scientific research and the spread and use of knowledge.

3.2.4 The postdoctoral system attract preeminent talent, promotes the mobility of talent and
deepens the reformation of talent management system

The postdoctoral system provides young researchers fair competing opportunities. Government pro-
vides a series of preferential policies for the postdoctoral system so that CAS can provide post doc-
tors better conditions than those of who haven’t attended the postdoctoral program. CAS’s power-
ful research ability and high international academic fame attract lots of preeminent young doctors.
Many CAS institutes sited in back lands can attract qualified young researchers by the postdoctoral

program.

The practice of past years shows that the postdoctoral system has enhanced the reformation of the
talent resources management system in CAS. The efficient mobility of high-level ST talent is real-

ized through this system. It is also an effective way to improve the structure of the research groups

in CAS.
3.3 Important Experiences
Management and origanization are very important to improve the development of the postdoctoral

system. In the past 14 years, institutes have acquired some useful experiences to manage talent
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through practice.
3.3.1 Attitudes of leaders and cooperation of relative units are very important.

Leaders’ attitudes are critical to the work. In the process of establishing the postdoctoral system of
CAS, institute leaders treated it as a strategic measure determining the institute’s fate. They pre-
pare by applying materials, provide favorable research conditions for post doctors and selecting qual-
ified post doctor candidates with great enthusiasm. The postdoctoral program is also a systemic
work. Management departments, laboratories, living service departments and other units need to

cooperate closely.

3. 3. 2 Candidates should be selected carefully and their research work should be examined

strictly during the postdoctoral program period.

In recent years, the number of applicants is increasing year by year. The ratio of applicants to these
selected ones is 4 to 1 on average. It is even more than 10 to 1 in some institutes. This kind of situ-
ation is favorable for institutes to acquire their prefered candidates. To ensure the quality of appli-
cants admitted , many institutes develop a series of effective methods. They determine their admis-
sion plans yearly according to the number of their research programs and the need of the develop-
ment of their institutes’ distinct research fields. Candidates are evaluated carefully in aspects of pro-
fessional favorites, research abilities, past scientific attainments and personnel characterstics by a
special expert council. Some institutes require post doctors to take at last one academic lecture at the
institute’s academic meetings. Some institutes ask them to report their attainments to a special aca-
demic council at the middle of their research periods. Serious final comments on post doctors’ re-
search work are made. These strict requirements encourage postdoctoral researchers to take full ad-
vantage of the two years and try their best in research. The effective controlling system accelerates

the appearance of high-grade scientific attainments.

3.3.3 Postdoctoral mobile stations should provide researchers favorable research environments
and comfortable living conditions.

Most post doctors are young people who have decided to devote their whole lives to scientific re-
search work. They are eager to achieve the top of high-grade scientific attainments. It is very im-
portant for stations to provide them with favorable research environments. Available living condi-
tions also attract highly-qualified applicants. CAS can not only provide post doctors advanced exper-
imental equipment but also provide them lots of high-qualified cooperating directors of high scientific
attainments and strong enterprises. These skilled scientists are enthusiastic about helping young re-
searchers. Postdoctoral mobile stations should try to create opportunities for international academic
exchanges for post doctors and encourage post doctors to attend many kinds of academic meetings.
To meet the need of research spending, stations ought to help researchers to apply for research
funds and encourage them to take part in some momentous state research projects.
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4 TO IMPROVE CHINA’S POSTDOCTORAL SYSTEM

The first 10 years of the next century will be a critically important period for China to become a
middle-developed country. The economy and S&T will develop rapidly. It is a good chance to de-
velop the postdoctoral system. This system will help the economy in turn. CAS should grasp this
historical chance to improve its postdoctoral programs and then strengthen its research groups. This

is also true for China as a whole.
4.1 Future Situation of the Postdoctoral System in China

It can be foreseen that China’s economy will continue increasing at a high rate from the end of the
this century to the beginning of the next century. The rapid development of the economy will lead
to the need of lots of high-level SR.T talent. At the same, so many old scientists and technologists

will retire during this period that talented young scientists will be needed.

This period is also critical for China to survive in the highly competitive world. The average age of
high-grade scientists is more than 50 now. Most of them will retire within 10 years. Lots of young
scientists, especially the new generation academic leaders with international influences, need to be
integrated into research groups. While the transfer of research tasks between two generations of sci-
entists is being realized, the adjustment and optimizing of the structure of the research group will
also be very important. The expected structure of research groups should be a few permanant long-
term researchers plus in flows of new researchers. The practice of the postdoctoral system in CAS
~has shown that post doctors are not only an importance source of academic leaders, but also an im-

portant component of in flowing researchers.

The postdoctoral system consists of the cultivation, selection and utilizing of talent. It is not only an
effective way praised by institutes that have established postdoctoral mobile stations, but is also of

great attractiveness for young doctors.

According to the latest investigation of graduating doctors, 42. 2% of them are willing to partici-
pate in the postdoctoral program. With the development of China’s economy, the scale of the edu-
cation of graduate students, especially doctoral graduates, will continue enlarging. According to the
National Education Council’s estimation, the number of doctoral graduate students admitted by uni-
versities and kinds of institutes will be 10,000-15,000 each year by the end of this century. If this
development trend continues, there will be a great increase both of the demand of post doctors and

of the supply of postdoctoral applicants. The scale of postdoctoral programs will be enlarged in the

future.
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4.2 Attention to Improve the Postdoctoral System

4.2.1 Recognizing the critical importance of the postdoctoral system to cultivate talents and to
win in future competitions about high-level talent

Experiences of the past 14 years have demonstrated that the postdoctoral system is critically impor-
tant in cultivating and selecting high-grade academic leaders, optimizing the structure of the re-
search groups and promoting research work. China has to attract more qualified young researchers
to its research groups to win the in future’s competitions about talents. It can take advantage of the
opportunity that scientific research tasks are being transferred between two generations of scien-

tists. The situation is similar to that of CAS.

There is no effective systemic talent management system in China at present. The postdoctoral sys-
tem is a breakthrough of the old talent management system. Effectively using this system can lead

to an effective mobility environment for high-level S&T talent.
4.2.2 Improving the research environment and providing post doctors better living conditions

For young scientist with enterprise, the greatest allure is the favorable research environment that
can help them to achieve high-level scientific attainments. Many young doctors choose to participate
in the postdoctoral program of CAS because of its high-qualified research teams, advanced experi-
mental equipment, frequent international academic exchanges and active academic circumstance. All
of these are advantangeous conditions of CAS and allurements for young doctors. But compared
with those of foreign universities and institutes, these conditions, both in research and in living,

need to be greatly improved.

Converting young doctors into professional researchers during the postdoctoral period by strict train-
ing and hard working is the goal both of the institutes and post doctors themselves. Two years is
too short for young scientists to acquire important scientific attainments. It is the postdoctoral mo-
bile stations’ duty to help post doctors to prepare for their reseirch projects before attending the
postdoctoral program and solve many kinds of problems encountered to reduce time delay. In short,
to make the postdoctoral mobile station a preferred place for most excellent young doctors, improv-

ing post doctors’ research environment is necessary, both for CAS and for China.

4.2.3 Establishing a Systemic Management System

The practice of successful examples shows that a systemic and scientific management system is very
important to the postdoctoral system. When the scale of postdoctoral programs is enlarged, man-

agement work becomes more important.

Some institutes have established effective methods and procedures to select qualified applicants and
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check post doctors’ research work. These procedures should be integrated into the whole system so
that the postdoctoral program can be carried out and managed efficiently under clear rules. Post
doctors are neither students nor ’high-grade labors’ of institutes. They are young scientists with
strict academic training and doctor degree. Compared with students, they are professional re-
searchers. Compared with institutes’ long-term researchers, they are young and mobile. They have
strong creative abilities. To get the utmost out of their creativity, institutes must be respectful of
their research preferences. Within the integral planning, post doctors should be permitted to choose
their research subjects as freely as possible. They also should be encouraged to carry out research

work independently to acquise experiences by practice.

To stimulate post doctors’ activities, some incentive systems are necessary. CAS has established
special postdoctoral funds to support and reward excellent post doctors. Those postdoctoral re-
searchers with poor achievements are subjected heavy pressure and even may be advised to quit the

program.
5 CONCLUSION

In essence, the knowledge-based economy is a talent economy. Human resources are of critical im-
portance to the development of the economy. The mobility of human resources is one of the essen-
tial characteristics of the of knowledge-based economy. High-level SR.T talent are knowledge work-
ers of the knowledge-based economy. To realize the mobility of human resources, an efficient high-
level S&.T talent manégement system is necessary. China has been under a planning economies for a
long time. This kind of system is very harmful in the knowledge-based economy. To solve the
problem, the postdoctoral system was introduced. Two essential characteristics: (1) The postdoc-
toral position is temporary; (2) Postdoctoral researchers are high-level S&.T talent, make this sys-
tem an innovation for Chinese high-level S&.T talent management system. CAS’s practice is typical
in China. The practice of the past 14 years has shown that the postdoctoral system is positive for
China. Experiences from past practice are very useful. The scale of China’s postdoctoral system will
enlarge in the future. Important attentions should be paid to factors to improve China’s postdoctoral
system. The first 10 years of the next century will be the critically important period for China to
become a middling-developed country. the economy and S&T will develop rapidly. It will be good
chance to develop the postdoctoral system. This system will help the economy in turn. China
should grasp this historical chance to improve its postdoctoral system and step into the knowledge-

based economy.
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University Role in Regional Developpment

CHU Xuelin and LI Hongyan *

Abstract: Chinese universities have been actively exploring the roles they should and could play in
regional economic development. As a researcher on technology management and an active member
of the University of Science and Technology of China, the author conducted careful and critical ob-
servations, and concluded that with their obvious superiority in science, technology and personnel,
universities assume irreplaceable position in regional economic development. Eight major roles were
identified, namely new knowledge generator, lifelong education provider, technology transfer advo-
cator, technology industrialization promoter, technical information disseminator, promoter of social
development, incubator of hi-tech enterprises, provider of trained personnel. It is also advocated
also that these roles would undergo changes in form and manner in the knowledge economy that is

emerging.
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1 Background

Information technology is a remarkable product of the 20th century. New and high technology will
further develop in the next century, leading to big leaps forward for society. At the turn of the cen-
tury, Chinese universities are exploring the ways and roles of the university in regional economic de-

velopment. Enterprises and government are also interested in how to give full play to the functions
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of universities in regional economic development.

It is well recognized that high technology has generated great impacts to social and economic devel-
opment, in its direction, nature and speed. As a wise Chinese politician, Deng Xiaoping advocated
that science and technology is the number one productive force. Thereafter, Chinese governments
at all levels formulated a new economic development policy: “to be prosperous, rely on science,

technology and education”.

The American scholar, Dr. Kotzmensky has listed seven factors influencing regional economic de-
velopment. These are new channels, infrastructure, entrepreneuship, trade and export, value-
added manufacturing, creative environment, and education. These have been demonstrated by the
historical development made by Hong Kong, Taiwan, Singapore, Korea, the USA, and Germany.
More cases could be listed. Another American scholar Rostole has pointed out that “development

means to uninterruptedly and effectively introduce new technology into the economy. ”

All these ideas make it worthwhile to re-think about the roles of universities in the economic devel-

opment of a region.

2 University Role in Economic Development

Silicon Valley and Highway No. 128 in the USA have created a new model for regional develop-
ment, which has attracted worldwide attention. Various kinds of economic, fechnology develop-
ment zones have been formed centers around universities. Austin (USA), Xinzuo (Taiwan), Kent
Ridge (Singapore), Zhongguancun (China) have become popular names known for their accelerat-

ed growth. They have set examples for other regions.

The experiences of 53 high-tech parks in China are also centered around universities and research
institutes. Research achievements, talented personnel, and spin-off companies from universities
have contributed greatly to these region’s growth and development. Based on the above observa-
tions, we can conclude that universities have become the driving force in the social and economic de-

velopment of these zones.

In the recent discussions on the knowledge economy, it is noted that industrialization of high tech-
nology will lead to a completely new economic style. This makes it necessary and meaningful to re-

consider the roles of the university in regional economic development in the future.
2.1 Knowledge generator

Universities, research universities more precisely, are by tradition the key players for scientific re-
search. Their scientific achievements have contributed to the knowledge body of mankind. Accord-
ing to research on high education systems, the exploration of truth, creation and innovation are the
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basic functions of a university. Universities provide the theoretical backup for high technology and
social development through education, disseminating new technology, new scientific thinking and

technical methods. In the future,the university will no doubt continue to play such role in society.

Statistics has shown that in major research universities basic research projects consist of well over
60% of the total. The university of Science and Technology of China (USTC), as an example, has
adopted new policies in recent years to reorganize its ranks for basic research to consolidate its ability
to follow academic development. Looking into the future, more funding and better administration

are needed to facilitate such a role.

.

MORE FUNDING
\ BETTER
)\ ADMINISTRATION

RESEARCH INTO
NATURAL SCIENCE
SOCIAL SCIENCE
TECHNOLOGICAL SCIENCES

2.2 Technology information disseminator

In addition to knowledge generation, universities also function as an important disseminator of new
technology, as they possess multi-disciplinary personnel and a network environment. They assume
the source of new technology through many different ways, namely technology development
through contracts, joint-development, training, joint institutes, and so forth. Technology is trans-
ferred to other members of society through direct selling, education-production-research coopera-

tion, and technology popularization.

It is worth noting that universities possess a large technology pool, high technology capability, lan-
guage ability, and mixed technical personnel, compared with most enterprises. Therefore, whenev-
er there is a technical problem to be tackled, managers of firms and government administrators nat-
urally turn to universities to seek help and assistance. They become strong backup forces to assist
firms to identify, understand, and digest new technology. Having developed up-to-date computer
networks, universities quickly become channels for current information. Actually, university acts

as agent or intermediator for new technology and information.

It can be expected that we will see more on contract development projects, joint projects and joint
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labs on the university campus. To further promote this role, better computer networks and social
networks are important. Low cost or more ideally free access to university resources would be bene-

ficial to societal development.
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2.3 Promoter of technology transfer

Understanding its important role in technology advancement, universities are modifying or re-for-
mulating policies to promote technology transfer. They encourage teachers and students to transfer
technology into products, start education-research-production (E-R-P) joint projects, and set up
pilot production facilities. University technicians are major players in the technology market and
technology trading in most areas in China. They directly provide technology, sell and provide con-
sultation to company end-users, and thus speed up the transfer and application of new technology.
Good cooperative working relations have been built between universities and enterprises. Now it is
common to see joint laboratories on campus co-funded and jointly-operated by university and com-
pany. For the future, we might suggest that they should increase their ability in pilot production.
To form partnership in innovation process or QC circles with companies will help to promote tech-

nology transfer.
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2.4 Provider of technical and management personnel

Preparation of technical and managerial personnel is another basic function of universities.
To do it better, universities are adjusting and modifying their curriculum design to catch up with
technology advancement. Most firms depend on universities to provide the trained work force and

managers who are well equipped with up-to-date management knowledge and skills.
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2.5 Incubator for technology-based business

As university students and teachers are major groups for technology innovation, university-run in-
cubators have superiority abilities to meet the needs of start-up technical firms. Assistance to them
includes hardware infrastructure and business know-how. Studies show that most university-run
incubators are non-profit in nature. They play an important part in promoting entrepreneuship and

economic development. For better development, funding, business know-how, and business link-
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age are essential.
2.6 Promoter of technology-based industry

Universities have superiority in technology and personnel, and could play different roles in starting
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technology concentrated industry. Spin-off companies, full-ownership companies, hold-stocks,
joint ventures, partnership are just a few ways for universities to get into technology industrial-
ization. In recent years, a new development is for universities to start their own science parks. Such
parks would serve as an internship base for students, are good for linking the university with soci-
ety, and to promote service. It is also considered good for transforming the educational system. In
terms of social effects, university-run enterprises in China have generated reasonable economic re-
sults to contribute to the development of the university. In the geographical surrounding of an ac-
tive research university, we find large groups of private firms taking shape, making use of the tech-
nology and personnel of the university. We should see more university science parks in the future.
But it is expected that they will not be separated from but more closely linked with outside compa-

nies.
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PARACITISED

2.7 Promoter of social development

Research has indicated that in the dissemination process of technology, information communication
plays an important role. It is also worth mentioning that information relays would be more effective
via grapevine communication channels. It is interest to find out that the alumni relation existing a-
mong graduates from the same university is such a useful or functional chain, which helps to break
through many organizational barriers. Similar channels could be found among classmates, student-
teacher, and relatives. It is not strange to find that all kinds of alumni activities contribute to re-

gional development.

To give it a full play, training and seminars organized or hosted by universities help to bring people
together to share technology, business and management information and experiences. And these
are of course useful for more active development actions. Owing to such reasons, one finds that
many cities in the world grow-up around a university and prosper. Examples are Austin with the
University of Texas(UT), Cornell in Ithaca,New York, and Xinzuo in Taiwan with Jiaotong Uni-

vesity. ‘In stead of industrial parks, we see city development around universities.
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2.8 Centers for continuous education

The emerging knowledge economy has made us to think about how to improve the creativity of peo-
ple. It is common understanding now that people need life long education. Today, universities have
greatly expanded their offerings in general education to include degree programs, diploma program,

training, and other educational services for society.

In the era of fast development of science and technology, the obselesence rate of knowledge is in-
creasing, and technicians need to learn new skills to keep a breast of developments. Back to school
has become a common choice. Universities can and should provide support both in instruction and
facilitie. Experiences have indicated that seminars, training,, workshops, and conferences hosted by
universities are effective approaches. The emerging network-based learning environment will also

provide convenient methods. Universities can play a bigger and better role in this direction.

% | YWORKSHOPS
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3 Further thoughts on the roles of university

Universities need to address these challenges to play their roles better in regional economic develop-

ment.
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3.1 Mode for development

Since the university plays multiple roles in regional development, the operation mode of the univer-
sity needs further consideration. Whether to keep it as technology pushing or market driven, an

open system or societal. Each has its own advantages and limitations.
3.2 Campus culture to support technology development

Obviously, basic research and technology development have different objectives. And Contradic-
tions and conflicts should be expected. The new campus culture should accommodate both for their

healthy development.
3.3 Technology integration and transfer

New technologies are developed by integrating mutual supporting technologies. How will it be pos-
sible to overcome common weakness of the university in lacking pilot production facilities, produc-
tion skill and know-how? It seems that the solution is to cooperate with firms by joint development

efforts.
3.4 Financial support

The development of a modern university requires large investments. Though government can pro-
vide more funding,this will be limited. Multiple investment channels are the best way to solve this

problem.
3.5 Prepare a new generation of entrepreneuers

The new economy type needs personnel with a new composite of knowledge and skill. Universities
should adjust their largely traditional way of preparing personnel. Creativity, entrepreneuship,

practical skills, and problem-solving ability are all needed. Univiersities should find new modes for

personnel training.

To respond to the above issues demands more study and experimentation. These are the task for

professors and administrators of universities.
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Preparing Scientists and Engineers for the 21st Century

Edward Alton PARRISH*
Overview

1 Background

2 Knowledge-Based Economy
3 Educational Challenges

4 WPI’s Approach

5 Conclusions
1 Background
To establish context, let’s consider some disruptive technologies that have affected global societies.

Disruptive Technologies
-Railroads

-Telephone

-Internal Combustion Engine
-Electric Power

-Mass Communications

-Jet Travel

-Plastics

-Microelectronics

-Internet

Last 150 years or so has seen many disruptive technologies appear.
-Telephone was perhaps the greatest breakthrough in IT ever.
-Electric power was also an enabling technology , making every part of the economy more efficient.

-Microelectronics forever changed IT and consumer products, and led to the Internet revolution.

Now look at impact on knowledge transfer and innovation.

*+ Edward Alton PARRISH is President of Worcester Polytechnic Institute. His address is 100 Institute Road Worcester, MA
01609. E-mail: eap@wpi. edu
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2 Knowledge Transfer and Innovation

Late 1800’s saw railroads and telegraph speed up rate of technology diffusion.

20th century saw telephones and air travel increase rate of technology diffusion more.

1980’s still had national economic borders so that innovation took about 10 years to transfer be-
tween countries.

Now in Internet time.

Internet effect more profound than that of railroads or electricity; traditional factors of produc-
tion— ~capital and skilled labor—-—are giving way to the ability to control and manipulate informa-
tion (knowledge) as the determinant of the power of an economy. What can we expect in the fu-

ture?

21st Century Context

-Dramatic growth of information (computer) and communication technologies.
-Efficient global transportation systems.

-Recognition of limited natural resources and adverse environmental effects.
-Diminishing effects of location due to wvirtual 24 X 7 workplaces and marketplaces.

-Increasing globalization affecting industry, academia, and governments.
What will these lead to?

Likely New Global Market Demands
—Mass-production of customized products and services.
-Relentless pressure for lower costs and higher quality.
-Revolutionary reductions in product cycle times.

-Sustained advances in IT, miniaturization, computation and simulation, materials, etc.

What might companies do in response?

-Example Response to Demands

-Today’s assembly lines are geared to producing standard models.
-It takes weeks to turn out customized vehicles

-e-GM Goal ;

-Customer configures vehicle over Internet.

-Climbs behind wheel in days.

What about the new knowledge-based economy?
Knowledge Based Economy
-Based upon intellectual assets, not physical assets or location.

-Primary competitive advantage will be an organization’s ability to learn and to innovate.
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-Enabling technology will be an organization’s ability to manage knowledge and its employees abili-
4 g

ties for continuous learning.

Knowledge Management; getting the right information to the right people at the right time so they

can take action and create knowledge with value.

Biggest challenge for knowledge management is not IT, but culture as employees are competitive by

nature and tend to hoard rather than share knowledge.
Another challenge is ensuring technical staff remain current.

Continuous Learning is New Paradigm

The new economy is heavy on intellectual capital. The sharing of knowledge is what really

makes it go.

People should expect lifelong learning, not necessarily lifelong employment.

Moving from lifelong employment is a major paradigm shift affecting many countries, including US

and Japan, for example.
Since knowledge is so important what are its characteristics?

Characteristics of Knowledge

Defies traditional economics of scarcity——using it doesn’t consume or deplete it— -economics of
abundance.

May be shared without giving it up.

May increase with use and sharing.

Pricing and value depends on context.

Has higher value when in repository than when it can “walk out the door” in people’s heads

(knowledge management).

What kinds of knowledge are we concerned with?

Datamining : accumulate data; do correlations to determine patterns in data to get information; con-

vert to knowledge by hypothesizing situation.

Data: any set of measurements, facts, figures without context.
Information: statement of fact about data.
Knowledge: actionable or processed information.

Innovation: transformation of knowledge into new products, processes, or services.

Kinds of Knowledge
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-Explicit

-Contained in manuals and procedures.
-Easy to teach and to transfer.

-Tacit

-Know-how learned through experience.

-Hard to teach and to transfer (indirectly through metaphor and analogy).
Creation of this tacit knowledge or know-how depends on education and research.

How did Japan take away US markets for automobiles and electronics? US mangers focused on ex-
plicit knowledge while Japanese counterparts focused on tacit. The key to Japan’s success was the

ability to convert tacit to explicit knowledge.

Conversion example is Matsushita’s automatic bread machine. Designers couldn’t perfect kneading
mechanism; programmer apprenticed with master baker at Osaka International Hotel, gained an
understanding of kneading, and conveyed information to engineer, thereby converting tacit to ex-

plicit knowledge.
What educational issues can be derived from all this?
3 Educational Issues

Transition from Industrial Age to Knowledge Age and economy requires:

-Universities become learning organizations as well as learning centers (rather than teaching

centers).

-Broad undergraduate education— - “new” liberal arts.
-Innovation demands collaboration.

-Historically, schools encouraged individual competition.
-New infrastructure needed to support teamwork.

-New culture needed for knowledge management— -requires willingness to share.
How might this affect our teaching methods?

Changing Pedagogy
Traditional
-Teacher Centric
-Single Medium
-Individual Work
-Passive Learning

-Artificial Context
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Future

-Student Centric
-Multimedia
-Collaborative Work
-Active Learning
-Real Problems

How are accreditation agencies in fluencing education? Consider an example

Role of Accreditation

-ABET accredits all engineering programs in US, substantial equivalency of international pro-
grams.

-Changed criteria from educational process to outcomes basis

-Requires outcomes be balanced between technical and life skills

-Promotes program flexibility

Breaks cookie cutter and allows great flexibility for engineering programs to set own objectives sub-
ject to a floor that sets standards for what it means to be an engineer.

Let’s look at these outcomes.

Desired Educational Outcomes
-Fundamentals and necessary technical depth.
-Life Skills

ethics, global perspective.

communicate effectively, teamwork, leadership, impact of technology on society,

-Sustainable lifelong learning skills.
-Experience both explicit and tacit knowledge transfer———learning outside classroom.

-Learning to learn cannot be taught in classroom; learn by doing.
What are the underlying implications?

Implications for Technological Education

-Technological education should produce generalists (breadth) at undergraduate level.
-Provide undergraduates with opportunities to gain global experience working in teams in situ.
-Leave detailed specialization (depth) for graduate studies.

-Information technology fully leveraged.

-Meet needs for lifelong learning.
Most US efforts at global experience aimed at graduate students or traditional university undergrad-
uate exchange programs. Undergraduates are more malleable and impressionable, so global work-

like experiences more valuable at earlier age.
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IT for multimedia support for adaptive learning environments.

Learning no longer ends with formal programs leading to degrees, but must continue throughout

careers. Means institutions have responsibilities beyond students’ graduations.

Look at what is happening in US

-Lifelong Learning in US

-Adult education reached 23 million Americans in 1984, 76 million in 1995, and may exceed 100
million by 2004.

-Business needs brought growth in corporate universities

400 in 1988 and 1600+ today.

Example corporate universities; GE, Motorola, Unisys, FedEx.
Also are seeing the rise of virtual universities to meet demands.

Potential for Distance Learning with Internet
4 WPI’s Approach

Faculty saw changes coming 30 years ago.
Moved from traditional to project-based programs.
Eliminated prescribed sequences and prerequisites-individually tailored programs.

Focused on outcomes-mastering subjects rather than passing specific courses.
Discuss one university’s approach to meeting these challenges.

Learning Centered

-Experiential——learn by doing.

-Three major projects required for all students.

-Sufficiency.

-Interactive Qualifying Project.

-Major Qualifying Project.

-Significant learning outside classroom.

-Oral and written reports to sponsors.

-Moved from teaching centered to learning centered in its approach.

-Teams of 3—4 students working with faculty advisor.

Required changes in infrastructure

-Revised Infrastructure

-Four 7-week terms.

-Students can work full time for a term on major projects.

-Grading system promotes exploration and risk taking.
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-Promoted teamwork by eliminating student competition for GPAs and class rank.

-Heavy reliance on information technology.
IT not only for modeling and simulation, but for global communications with off-campus sites.

Global Perspective Program

-Project sites around world for 25 years.

-Many projects continue from team to team with same in-country sponsors.

-Major sites beginning to support graduate projects and faculty internships and consulting.

-Working to organize sites around research themes rather than geographic location.
5 Conclusions

-Half of economic productivity in US since 1950 due to innovation and underlying science and engi-
neering.

-Knowledge-based societies of next century will value even more highly research, innovation, and
-human capital as the principal assets of nations.

Universities will have to be responsive to these conditions.
Conclusions (continued)

-Technological higher education must adapt to challenges of new millennium.
-Must prepare graduates to:

-Work in interdisciplinary , multicultural teams.

-Be adaptable with tolerance for ambiguity.

-Promote culture that shares knowledge.

-Remain current through lifelong learning.

-Institutions need global partnerships to meet challenges.
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Parallel Breakout Session 1I: Human
Resources Development

Commentary
Hongying WANG*

Three very good papers were presented at this session :

1 CHEN Hao, Knowledge-based Economy and Human Resources Mobility

2 CHU Xuelin, University Role in Regional Development

3 Edward PARRISH, Preparing Scientists and Engineers for the 21st Century

The 1st paper was a detailed account of the emergence and evolution of China’s post-doctoral sys-
tem; particularly as it has developed in the Chinese Academy of Sciences. The post-doc system pro-

vides limited mobility within China’s scientific community, a significant break from the past.

The 2nd paper was a thoughtful discussion of the multiple roles of the university in economic and
social development, from generating to disseminating knowledge and from training personnel to en-

ergizing local culture. Particularly valuable was the paper’s focus on regional development dynam-

ics.

The 3rd paper started with a comprehensive discussion of the changing nature of the global economy
and thus the necessity to change the education of engineers. It went on to present the model of
Worcester Polytechnic Institute (WPI), which emphasizes flexibility, teamwork , and inter-cultural

experience in addition to the technical training.

This group of papers addressed important issues regarding human resources development. Here are

some questions that may call for further discussions:

1. Mobility: in addition to the post-doc system, are there other mechanisms to facilitate the mobili-
ty of human resources? What types of policy initiatives may be undertaken to further promote the

free and efficient allocation of human resources?

* Hongying WANG is from Maxwell School of Citizenship and Public Affairs, Syracuse University. Address correspondence to
Honngying Wang, Maxwell School of Citizenship and Public Affairs, Syracuse University, Syracuse, NY 13244-1090. E-mail:
hwang04@maxwell. syr. edu
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2. Role of university: the trend toward university-business cooperation certainly has positive conse-

quences for the dissemination and application of scientific and technological innovation.

But should there be limits to university engagement in business activities, given its potentially nega-
tive impact on education and long-term basic research? Professor CHU mentions that his university
has hundreds of companies. How does that affect the basic research and educational missions of the

university?

3. Regional scientific development: universities apparently contribute a great deal to the develop-
ment of their local regions. The Science and Technology University in Hefei, Anhui, is a good ex-
ample. Most good universities in China are concentrated in a few cities. How does that influence the
national pattern of innovation? What can be done to encourage the coordination and spread of their

contribution to the national economy?

4. Training of university students: the WPI model addresses many new challenges for engineers in
the new economy. Although it is not practical for Chinese universities to copy the model, it sug-
gests ways to improve the training of engineers and university students in general. Rather than hav-
ing students specialize as soon as they begin college, Chinese universities may benefit from introduc-
ing the concept of liberal arts education. Chinese colleagues say that some universities are beginning

to think about such changes.

* 232

’



Plenary Session III. Changing Character of R & D

Chairman’s Remarks

Charles LARSON”

According to recent estimates from NSF, industry investment in 1999 will be $ 166 billion, up
12% over the estimated $ 148 billion that was invested in R&D by industry during 1998. This
$ 166 billion represents 68% of the $ 245 billion total R&D effort in the U. S. this year. The
U.S. government will provide $ 68 billion for R&D in 1999, or 28% of the total, while universi-
ties will provide $ 6 billion of their own funds (2%) and non-profit organizations will provide $5
billion (2%). In addition to its own funds of $ 168 billion for R&D, industry will receive some
$ 20 billion from DOD, DOE, NASA, and other government agencies for R&D in 1999. Thus in-

dustry will perform some $ 188 billion worth of R&D this year, or 77% of the total R&D effort in
the U. S.

Industry’s R&D investment, in current dollars, has increased 71% over the past five years and
126 % over the past ten. These increases represent double-digit annual growth rates; in only three
of the past ten years have the increases been less than 10%. Of the $ 188 billion performed by in-
dustry on R&D in 1999, 71% will be for development activities, 22% will be for applied research,
and some 7% will be for directed basic research. Directed basic research has increased from $6.1
billion in 1994 to $10. 9 billion in 1999, an increase of 79%, or a rate of nearly 15% a year. Ap-
plied research has also grown significantly, rising from $19. 4 billion in 1994 to an estimated
$ 37. 0 billion in 1999, or 91%.

The driver of these very strong investments in R&D is first and foremost increasing global competi-
tion. Other factors include the need to expand a firm’s intellectual capital to compete in new busi-
nesses or new markets, and an interest in breakthroughs that can “change the rules of the game. ”
Most companies are currently managing for growth of their businesses and of shareholder value.
Other techniques being used by firms are to carefully control costs, to stimulate creativity and idea
generation, to implement six-sigma quality-management practices in all business processes, to ac-

quire additional intellectual capital or core competencies through mergers or alliances, to assess and

* Charles F. LARSON is Executive Director of Industrial Research Institute. His address is 1550 M Street, N. W. Suite 1100,
Washington, DC 20005-1708. E-mail: larson@iriinc. org
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protect their intellectual property, and to sell services in addition to products. Services will be a key

to profitability in the future.

Two areas account for a large share of the increased R&.D effort in industry— -information tech-
nology and life sciences. Indeed, 8 of the top 10 R&D-investing companies in 1998 were from these

sectors, as were 19 of the top 25 and 35 of the top 50.

Companies are also investing more in R&D abroad. A recent Commerce Department report, “Glob-
alizing Industrial R&D,” indicated that R&D expenditures in the U. S. by foreign-owned compa- '
nies tripled from $ 6. 5 billion in 1987 to $19. 7 billion in 1997. U. S. companies also increased
their R&D spending in other countries, rising from $ 5. 2 billion in 1987 to $ 14. 1 billion in 1997.

It is expected that R&.D investment by industry will continue to grow at a healthy pace as long as
corporate profits and cash flows remain strong. In addition, globalization will remain a key chal-
lenge for most CEOs and CTOs. There is no question of whether or not to do it, but only how it

can be done effectively and efficiently.
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China’s Basic Research at the Turn of the Century
and Its National Goals

ZHANG Cunhao*

Following the common categorization of the West, China views the overall scenario of the S&T sec-
tor as comprising three components: basic research, applied research and technological develop-

ment. In my opinion, basic research is the most fundamental and lively component of the three.

As a major source of knowledge innovation, basic research is, directly or indirectly, giving impetus

to the economic boost and social progress and promoting the upsurge of human civilization.

For 4-5 centuries, basic science has proved to be a prime motive for technology innovation and eco-
nomic boost in the west. Just as Newtonian mechanics formed the basis for the mechanical age and
quantum mechanics the age of electronics and atomic and molecular engineering, so basic research
conducted in the recent decades will certainly become the source of HiTech of the 21st century. For
example, fundamental study in genomics, proteinomics, cell biology and neuroscience, plus the ac-
tive participation of mathematics, physics and chemistry, will definitely lead to enormous develop-
ment of life sciences and biotechnology, resulting in radical changes in agriculture and medicine.

The same trend will also happen in the field of novel materials and energy sources.

On the other hand, even in the West, the birth of the idea of setting national goals for basic re-
search, or for scientific research in general, was relatively recent. It was not until during and after
WWII that national goals were emphasized for research activities. At first, this was solely for de-
fense purposes. However, it was soon realized by all major countries that setting national goals in
basic research would extensively help enhance their economic competitiveness and, moreover, their

comprehensive national strength.

Now I would like to defend why China particularly needs to emphasize “applied” basic research in
its national goals for basic science and why China’s science has more inclined to application. Some
historians have attributed China’s stagnation in the period 800 to 1900 AD to its adoption of utili-
tarianism, which in turn stemmed from Confucianism. Such critique could be true then, but not
now. Back in the seventeenth century, when its population was just about 100 million, China still

could have afforded to develop its own natural science, except that the ideological pattern of the

* ZHANG Cunhao is President of National Natural Science Foundation of China. He is also an Academican of Chinese Academy

of Sciences. His address is 35 Huayuan Beilu Haidian District, Beijing 100083
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then-dominating Confucianism did not allow this to happen. China, as of today, with close to 1. 3
billion people, a per capita GNP still a 3-digit figure and arable land barely a tenth of a hectare per

capita, cannot reject utilitarianism totally, but only to some proper extent.

Trying hard to take a large step towards modernization in the next few decades, it is not surprising

that we should set our national goals for the S&T sector, including the pure research arena.

As of contemporary China, we try to set national goals for basic research in the following direc-

tions:

1 Part of basic research should be directed to become the precursor, source and backup force
for new and high technology

We understand that competition in the HiTech fields is very acute indeed. Although I can cite a few
instances, e.g. , Prof. Wang Xuan’s work in the field of electronic publishing, where China does
have ample room for development, I have to admit that, presently, China may have little chance in
catching up with the leading edge technologies in, for instance, 0. 1pm microelectronics. However,
I would like to illustrate here that it would still not be too late for China to fight for a status in next
round’s competition in, e. g. , nanoelectronics. In the field of carbon nanotubes, Prof. Xie Sishen
et al. , of the Institute of Physics, Chinese Academy of Sciences, have succeeded in preparing “very
long” (2-3 mm) well-aligned nanotube arrays. Prof. Fan Shoushan’s group, of Tsinghua Univer-
sity, on the other hand, made Gallium Nitride nanowires via a carbon nanotube-confined reaction.

They also succeeded in planting nanotubes in regular patterns onto a microchip.

Following the first total synthesis by Chinese groups of scientists in the sixties, recent advances in
life sciences have covered the sequencing of a number of genes for Chinese minorities as well as the
cloning of disease-related genes, e. g. , one specifically related to deafness. The isolation of potent
Chinese herbal medicine, e. g. , taxol (zishanchun, combats tumor), artemisinin (ginghaosu, cures

malaria) and synthesis of their derivatives are also worth mentioning.

To trace back to the mid-20 th century, I would like to mention the recently deceased Prof. Wang
Gan-Chang, who was among the first handful of physicists to advance in the early sixties the idea of

inertial confinement fusion via the use of ultra-short laser pulses.

The design and manufacture of the yet unrivaled nonlinear optical crystals that operate in the UV/
VUV region, especially BBO and LBO, has been another admirable achievement in the eighties
through nineties. Both have already been widely used all over the world. They have very high dam-

age threshold and were scheduled for use in two LLNL huge laser devices.

2 Basic research is being urged to provide an important basis for innovating and upgrading the
conventional industries.
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Under this category, I wish to cite the breeding of rice and other crops by Prof. Yu Zeng-Liang, of
the Anhui Institute of Plasma Physics, CAS, through medium energy ion bombardment of their
seeds. The result is an increase of 25% in yield of rice and much higher resistance to damage by

water-logging. The technique has been successfully adopted in hundreds of thousand hectares.

Another example came with oil reservoir geophysics. CAS Member Liu Guang-Ding, with his col-
leagues, Dr. Yang Chang-Chun and others, of the Institute of Geophysics, CAS, advanced a theo-
ry for exploiting oil in thin-bedded layers, especially a 3-dimensional prestacking migration theory,
which later developed into a set of software and became extremely successful in the exploitation of
new oilfields. The accuracy of prediction for the reservoir depth could be as high as 2 thousandths

and the yield per well up 100 times.

3 Basic research should pose radically new ideas for implementing the national strategies of “vi-

talizing the country via S&T and education” and “sustainable development”.

The projects on Global Change, Biodiversity, Water Conservancy; Environmentally-benign or
Green Chemistry, the Science of Complexity and Biocomplexity, Financial Mathematics and Man-

agement etc. , all fall into this category.

About 6 years ago, we endorsed Prof. Peng Shi-Ge of Shandong University to divert his study of
backward stochastic differential equations, a pure mathematics project, to applications in option
pricing theory. The result is a nonlinear theory that encompasses the linear theory previous ad-

vanced by Black and Scholes. Peng’s work also induced a surge in the study of financial math in
China.

4 We fully understand that basic research leads not only to innovation, but also to “brand
new” originality.

Although totally original ideas are very rare, they may often exert epoch-making influences, philo-
sophically, or material-wise. Last March, CAS held in Beijing a commemoration ceremony for Al-
bert Einstein’s 120 th birthday. The Chinese science community pay our most esteemed tribute to
this great scientist. His eventful findings are exemplary that basic research can serve as a mighty
weapon for mankind in continuously probing into the material world and remaking it according to

our motive.

5 Last but not the least, it is a bounden duty for basic research in China to foster and bring up
senior scientists and engineers that are in severe shortage throughout China, as a rapidly develop-
ing country.

Following mature experiences of developed countries, a major fraction of future senior scientists and
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engineers of China will emerge only as a result of basic research training.

For the last 12 years, within the scope of NSFC, about 15 per cent of general projects each year are
allocated to scientists under the age of 35. Young grantees under this category totaled over 6,000.
Furthermore, a Distinguished Young Scientists Program has been in action since 1994, with 120-
180 grantees each year. These endeavors have been effective in alleviating the shortage of senior
S&.T personnel to some extent, although still a long way from fulfilling the present needs. It is

gratifying that the government has recently approved more intensive measures.

From the above discussion, we all admit that basic research is pertinent to several national goals.
To best implement these goals, care should be taken to allocate the national input of R&.D resources
adequately. The consensus is that, in the first place, R&D/GDP should be raised from the present
0.5% to a near-term ~ 1.5%. Secondly, basic research spending should be raised from the pre-
sent 6% to ~ 10% in the near future. Thirdly, it is advisable to allocate ~1/3 of the basic re-
search spending through peer review processes. Fourthly, the ratio of ‘pure basic’ to ‘applied
basic’ research should be adjusted from time to time to an appropriate proportion. In other words,
we have to choose a trade-off between today and tomorrow. Thus, for over 10 years since the
founding of NSFC, the input in pure and applied research was kept at about 30 : 70. Since the in-
auguration in 1998 of the ‘973’ program, which is under MOST and is more mission-oriented,
NSFC’s emphasis undergoes some tuning. For example, the pure research input for the year 1998

was deliberately tuned up so as to realize a pure/applied ratio of 42.5 : 57. 5.

China’s present opportunity for modernization of the country and its science sector is rare and pre-
cious. During our endeavor for modernization, we have much to learn from the invaluable experi-
ence of our US colleagues. That is why we are so eagerly looking forward to this Beijing Sympo-

sium.

All my best wishes to our distinguished colleagues both at home and from abroad! I wish the sym-

posium every success |

Thank you very much!
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Globalization of R & D

John P. MCTAGUE*

Abstract By all measures, both research and development activities have spread across the globe at
a rapid pace in the past few decades. A significant industrial cause is the increasing Gross Domestic
Product (GDP) of many non-OECD member countries, and the shift to higher value added produc-
tion with its higher R&D intensity. Another driving force is access to local academic and industrial
talent and concentrations of activity, such as the California clusters of biotechnology , information
technology, and automotive styling design, as well as the software cluster around Bangalore, India,

which attract considerable cross-border investment and participation.

More fundamental research, whether academic, industrial, or government laboratory, has also
rapidly increased its already collaborative and international character. Prominent examples are large-
scale facilities such as the Large Hadron Collider, the International space Station, and the Pierre
Auger cosmic ray project. Others involve complex data intensive efforts, which are globally coordi-

nated to varying degrees, including the Human Genome Project and global climate change research.

An even broader trend is occurring in ordinary small-scale scientific research. The increasing ease of
travel and the instant worldwide access to data provided by the Internet have enabled dramatic in-

creases in interinstitutional collaboration both within and across national borders.

Today, fully half of all scientific papers worldwide involve multi-institutional authors. Moreover,
during the last fifteen years the number of internationally co-authored papers has more than tripled.
With one sixth of science reports being international, this may be the most global of human activi-

ties, and it may be a leading indicator for other fields.

* John MCTAGUE is Cochair of the Department of Energy’s National Laboratories Operations Board, Vice President of Ford
Motor Company (retired). His address is 498 Live Oaks Rd. , Montecito, CA 93108. E-mail. jmctaguel @aol. com
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An Elementary Introduction to the Development
of the High-tech Industries in China

XU Yongchang*

Abstract On the basis of the data considering the 4 high-tech industries of aerospace, computer
and office machinery, electronics and communications, and pharmaceuticals in China, the paper
makes an analysis of trends and characteristics of their development during the period from 1993
until 1997.

1. The general situation of the high-tech industries in China
1.1 The high-tech industries have begun to take shape and witnessed a rather rapid growth

The high-tech industries in China had a total of 9,814 enterprises in 1993, which increased to
10,043 in 1997. Their average annual number of employees totalled 3,216,000 in 1997, 42,000
less than that in 1993. Calculated at the constant price of 1990, their gross output value amounted
to 641. 76 billion yuan in 1997, increased by 55. 5% over 1993, and in the meantime their added
value increased from 63. 64 to 127. 42 billion yuan.

Table 1 The scale and trends of high -tech industries

1993 1994 1995 1996 1997
No. of enterprises 9814 9168 10882 10766 10043
No. of employees (ten thousand) 325.8 326.2 327.9 377.5 321. 6
Gross output value (100 million yuan) 2511. 6 3043. 4 9301. 4 4889.0 6417. 6

In 1997, the number of enterprises in high-tech industries made up 2. 4% of that of the entire man-
ufacturing industry, the number of their employees, 4. 9% and their gross output value, 12.2%.
It may be said that high-tech industries have begun to take shape although their share in the entire

manufacturing industry is yet relatively small.

Judged by the trends in the past five years, high-tech industries grew comparatively rapidly. The

+ The task, commissioned by the Planning Department, Ministry of Science and Technology, is undertaken by the National
Research Center for science and Technology for Development. Xu is a fellow in the Center.

XU Yongchang is a Research Fellow of the center and Secretary General of China Society for Science & Technology Indicators
(CSSTD
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growth rate of their gross output value and added value, as well as the numbers of their enterprises
and employees, were all higher than those of the entire manufacturing industry. From 1993 to
1997, the average annual growth rate of their gross output value and added value was 26. 4% and

19. 0% respectively, high than that of the entire industry by 9. 4 and by 0. 1 percentage points.

Table 2 The upward trends of the gross output value and added value
of high-tech industries (1993—1997)

1993 1994 1995 1996 1997
Gross output value (10 million yuan) 2511. 6 3043. 4 4301. 4 4889. 0 6417. 6
Increase over the preceding year (%) — 21.2 41.3 13.7 31.3
Added value (10 million yuan) 636. 4 696. 8 890. 0 976.9 1274.2
Increase over the preceding year(%) — 9.5 27.7 9.8 30. 4

Against the macro background of the rapid and sustained economic growth in China, the vitality of
high-tech industries has been further enhanced and high-speed growth has become an outstanding

feature of the development of our high-tech industries in recent years.
1.2 The position of high-tech industries is steadily raised and their role enhanced

Compared with 1993, the number of enterprises in high-tech industries increased only by 229 in
1997, whereas the number of employees even decreased. Both numbers accounted for a compara-
tively small proportion in the entire manufacturing industry, only 2.4% and 4. 9% respectively.
However, the gross output value and added value of high-tech industries made up greater propor-
tions: 12.2% and 8. 1% respectively.

The proportion accounted for by high-tech industries of the total pretax profit of the entire industry
was 6. 0% in 1993 and increased to 10. 0% in 1997.

Table 3 Proportions of chief indexes accounted for by high-tech industries of the entire industry’s

respective totals(1993—1997) %
1993 1994 1995 1996 1997
No. of the enterprises 2.6 2.2 2.5 2.4 2.4
No. of the employees 5.1 4.5 4.8 5.5 4.9
Gross output value 8.9 8.0 10. 7 10. 4 12.2
Added value 6.6 5.7 6.2 6.7 8.1
Sales income 7.3 6.6 7.5 7.3 8.8
Pretax profit 6.0 5.7 6.5 8.6 10.0

Judging from the export of high-tech industries, we can see that they have occupied a certain posi-
tion in the entire manufacturing sector. In 1995, the value of exports delivered by high-tech indus-
tries amounted to 111. 69 billion yuan, making up 15. 5% of the entire manufacturing industry’s

total and 33. 5% of the sales income (export intensity) , the latter being higher by 17. 3 percentage
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points than that of the entire manufacturing industry.

The data shown above reflect that in the entire manufacturing industry, high-tech industries made
a larger contribution in spite of a smaller scale. As viewed from the trends, in comparison with the
entire manufacturing industry, the growth rate of such indexes as gross output value, added value,
sales income and pre-tax profit in high-tech industries was much faster. It can be thus seen that

their position in the entire manufacturing industry has been gradually raised and their role steadily

enhanced.
1.3 The characteristics of high-tech industries are not distinctive yet

Generally speaking, high-tech industries should be characteristic of high-tech intensiveness, high
effectiveness and high added value, which features are not pronounced with the high-tech industries

in China yet.

The magnitude of R&D expenditure is one of the major indicators for measuring the intensity of
technology and knowledge of an industry. Calculated on the basis of the data of large and medium-
sized industrial enterprises in 1996, the proportion of R&D expenditure of the entire manufacturing
industry in added value was 2. 3% an that of the high-tech industries was 4. 8%, only twice as
high as the former. Among the four high-tech industries, only the aerospace industry had an edge
on the others, with its R&D expenditure reaching 13. 3% , whereas the percentage was only 0. 7 %
for the electronics and communications industry, far below the average level of the entire manufac-
turing industry. Obviously, the high-tech intensity of the high-tech industries as a whole, a distin-

guishing feature peculiar to them, was not prominent then.

Labour productivity is an important indicator of productivity level and economic benefit. The high-
tech industries should of course have higher productivity. In 1997, their labour productively was
39,600 yuan/person, 1. 65 times of that of the entire manufacturing industry, 24,000 yuan/per-
son. From the comparison we can see, there was not much advantage, with the high-tech indus-
tries, wherein the aerospace industry attained a level of only 18,500 yuan/person, even lower than

the average one of the entire manufacturing industry.

As regards the proportion of added value in the gross industrial output value, it was only 19. 9%
with the high-tech industries in 1997, less than that of the entire manufacturing industry by 10
percentage points. In particular, the proportion with the computer and office machinery industry
which saw a comparatively quick growth was merely 17. 6% and that with the electronics and com-
munications industry, the lead in high-tech industries, was no more than 18. 1%. Such cases re-
flected a tendency shown by the high-tech industries in China towards quicker growth in the size of
output value but a corresponding lag in the increase of output. This illustrates from one aspect that
our high-tech industries do not possess the distinguishing feature of high added value production for
the time being.
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1.4 The contribution of high-tech industries to the national economy is limited yet; unable to
gain an upper hand in international competition

In recent years, the high-tech industries in China, especially the computer / office machinery and
electronics / communications industries, have seen a quite rapid growth; but taken as a whole, the
high-tech industry is still in its initial stage of development, occupying a minor share in the national
economy. From 1993 to 1997, the proportion of high-tech industries’ added value in that of the en-
tire manufacturing industry basically remained at 1. 5% to 1. 7%. In 1997, the proportion in-
creased by a comparatively large margin, no more than 8. 1% however. Our high-tech industries
have not established their dominant position yet, therefore both their contribution to the national

economy and impetus given to economy and society are limited.

According to the statistical data published by US national science Foundation » in the export value of
the high-tech industries in 68 countries in 1995, the United States occupies the highest share
(19.2%), followed by Japan (11.9%), United Kingdom (7.2%) and Germany (6.9%); the
shares of South Korea, Singapore and China were 4. 1 %, 7.7% and 1. 8% respectively.

In so far as individual high-tech industry is concerned, the export of our country’s pharmaceutical
industry made up 2. 1% of the total of all countries in the world, exceeding that of Japan (1.9%),
Canada (0.9%) and Singapore (0.7%). The export of our electronics and communications indus-
try made up 2. 3% of the world’s total, slightly higher than that of Italy. The export of computer

/ office equipment and aerospace industries made up 1. 4% and 0. 3% of the world’s total respec-

tively.

It can be seen from the index of export, which reflects the competitive power of our high-tech in-
dustries, that our high-tech industries, whether as a whole or as individual ones, occupy a very
small share in the world market owing to weak competitive capacity. Compared with either devel-
oped countries or newly emerging industrialized ones, our country has a long way to go in this re-

gard.
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Fig.1 Proportion accounted for by the chief indexes of the electronics and communications industry

of the respective total of the entire high-tech industry
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2. The characteristics of various high-tech industries in their development
2.1 The electronics and communications industry is the lead

In 1993, the electronics and communications industry had altogether 5,692 enterprises, 1685,000
employees and a gross output value of 139. 99 billion yuan, accounting for 58. 0%, 51. 7% and
55. 7% respectively of the correspondent totals of high-tech industrial enterprises; its added value
was 31. 63 billion yuan, sales income, 122. 63 billion yuan and pre-tax profit, 9.69 billion yuan,
accounting for the correspondent totals of high-tech industrial enterprises 49.7%, 56.4% and
52. 8% respectively. Obviously, it became the mainstay of high-tech industries with its leading po-

sition in chief indexes.

It can be seen from the trends of chief indexes that the industry grew at a quick pace. In 1997, the
number of its enterprises was 6552 and that of its employees was 7,287,000, up by 15.1% and
30. 4% over 1993 respectively. Its sales income and pre-tax profit were 293. 37 and 24. 97 billion
yuan, up by 39.2% and 157. 7% over 1993, respectively.

The rapid growth of the industry has led to a steady improvement of its advantageous position in
high-tech industries.

2.2 The computer and office machinery industry grows most rapidly

In recent years, the growth of the industry has been particularly noticeable with a rate far exceed-
ing the other three industries. As shown by the trends of its four chief indexes——gross output val-
ue, added value, sales income and pre-tax profit, all of them witnessed an increase by more than 4
times over 1993 in 1997, wherein pre-tax profit witnessed an increase even by 8 times; those of the
electronics and communications industry were meanwhile up by two times only. From the data
shown in Table 3 one may see that the growth rate of the industry was not only considerably higher
than the entire manufacturing industry, but also far exceeding the average rate of the entire high-

tech industry.

Table 4 Growth rate of the computer and office machinery industry (1993—1997) %
Average annual growth Average annual growth Average annual growth
rate of the computer and office rate of the entire rate of the entire high-
v machinery industry ‘ manufaActuring indgstry tech industry
No. of enterprises 9; 3 o 7 2.7 o o 0.6
No. of employees 7.5 0.7 —0.3
Gross output value 61.1 17.0 26.4
Added value 4.7 12.9 19.0
Sales income 58.5 16.1 21.8
Pre-tax profit 74.0 9.0 23.5
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With the vigorous development of the industry, the proportion its various indexes accounting for
the respective totals of the entire high-tech industry has steadily increased. Compared with 1993,
the proportion of four chief indexes increased by 9.9, 7.7,11. 1 and 11. 7 percentage points respec-
tively in 1997.

The number of employees in the industry accounted for the smallest proportion (5. 3%) of the total
of all high-tech (16.0%), added value (14.2%), Sales income (17.0%) and pre-tax profit
(15.7%) were comparatively larger. As a newly emerging industry, it has made an increasingly
greater contribution to the entire high-tech industry with a strong momentum of development.
Judged by the trends of development, with a steady rise in position and effect the industry might

replace the pharmaceutical industry and take the 2nd place among high-tech industries.

11993 1997

No. of enterprises  No. of employees Gross output value Added value | Sales income Pre-tax profit

Fig. 2 Percentage change of the chief indexes of computer and office machinery industry
in those of the entire high-tech industry(1993,1997)

2.3 The adjustment range of pharmaceutical industry is comparatively wide

In the process of transforming into a socialist market economic system, the industry has undergone
a large-scale adjustment, becoming the only one in the four high-tech industries that cut the num-
ber of both enterprises and of employees by a big margin. Compared with 1993, its enterprises and
empioyees in 1997 were reduced by 848 (24.6%) and 154,000 (16.3%) respectively.

In spite of such a large-scale reduction, other indexes of the industry increased in varying degrees.
From 1993 to 1997, the average annual increase in its gross output value was 7. 1% ; added value,
6.3%; sales income, 3.5%; and pre-tax profit, 7.4%. Its labour productivity rose from 22,000
to 34,000 yuan/person, indicating that the industry scored the initial success from personnel reduc-

tion by enhancing efficiency.

The proportion made up by various industries’ indexes of the entire high-tech industry’s respectlve
totals has resulted in an aspect of reciprocal up and down between them. Compared with the rapidly
growing electronics/communications and computer/ office machinery industries, the pharmaceutical
industry has in recent years remained in the stage of adjustment. Therefore, the percentages made
up by the former two industries’ various indexes have all gone up while those of the latter industry
have all come down.
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Fig. 3 Percentage change of the chief indexes of pharmaceutical industry in those
of the entire high-tech industry (1993,1997)

In spite of the considerable decrease in the percentages of its chief indexes, the scale and production
level of the industry have remained in second place, next to the electronics and communications in-
dustry, among high-tech industries. In 1997, its added value amounted to 26. 65 billion yuan,
making up 20. 9% of the entire industry’s total, equating to the sum of those of the computer /of-
fice machinery and aerospace industries. The industry brought in 9. 15 billion yuan of pre-tax prof-

it, more than the sum of those brought in by the above-mentioned two industries.
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Fig.4 Proportion of added value accounted for by various high-tech industries
of the entire high-tech industry’s total(1997)

2.4 Aerospace industry is large in scale but not in an advantageous position

In 1997, among the 10, 000 enterprises of the entire high-tech industry, 185 belonged to the
aerospace industry , making up only 1. 8%. However, the number of employees of the industry was
53,800, increasing by 38,000 over 1993, making up 16. 7% of the entire high-tech industry’s to-
tal. The industry occupies a dominant position in scale, especially in the number of employees
which averaged some 3,000 per enterprise, far more than that of the other high-tech industries-av-
eraging 200~ 300 per enterprise. The gross output value of the industry averaged 170 million yuan
per enterprise, larger than that of the other three industries by some 4 times. Likewise, the sales
income and pre-tax profit of the industry are more than those of other industries. It is clear that a
distinguishing feature of this industry is the small number and large size of its enterprises which are

mostly large and small ones.

Another distinguishing feature of the industry is the high intensity of its R&D expenditure. In
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1996, the R&D expenditure of the entire manufacturing industry in China totalled 14. 33 billion
yuan, accounting for 2. 3%4 of its added value. The R&D expenditure of four high-tech industries
amounted to 2. 79 billion yuan, accounting for 4. 8% of their total added value. Among the four in-
dustries, the aerospace industry accounted for 13. 3% , the highest percentage, the rest three indus-
tries accounted for 3. 8%, 3.6% and 0. 7% respectively.

As to the proportion accounted for by added value of gross output value, it was 31. 2% in 1997 for
the industry, the only high-tech one whose added value was above the average level of the entire
manufacturing level. This shows that the industry has achieved a comparatively higher added value

in its production.

By comparison, the labour productivity of the industry is lower. In 1997, the labour productivity of
high-tech industries averaged 40,000 yuan/person. The labour productivity of the computer and
office machinery industry was the highest, reaching 106,000 yuan /person, followed by that of the
pharmaceutical and electronics/ communications industries, 34,000 and 13,000yuan / person re-
spectively, all above the average level (24,000 yuan/person) of the entire manufacturing industry,
whereas that of the aerospace industry was only 18,000 yuan/ person. Judge by the state of affairs
in the past five years, the industry has all along lagged behind in labour productivity.

Generally speaking, the growth rate of the industry in recent years has been comparatively slow and
its share in high-tech industries steadily declined. Except for the number of employees, it ranked
below the other three industries in the rest of the indexes. In short, the aerospace industry has
hitherto not exploited its advantages in scale and R&.D intensity, which is reflecd by its low produc-

tiveness and achievements.

As stated above, the development of four high-tech industries had different characteristics from
1993 to 1997. The electronics and communications industry occupied a weighty position in the en-
tire high-tech industry by making up more than 50% of the latter’s various indexes. The computer
and office machinery industry exhibited its vigor in forging ahead. The pharmaceutical industry
achieved initial success while in the stage of adjustment by reducing personnel to enhance efficiency.
The aerospace industry, with large and medium-sized enterprises as its mainbody, has yet to realize
the advantages of large scale and high R&D intensity in order to improve its productiveness and

achievements.
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Plenary Session III. Changing Character of R&.D

Commentary
Richard P. SUTTMEIER™

This session contained presentations from NSFC President ZHANG Cunhao on Chinese perspectives
on basic research and from John MCTAGUE on the globalization of R&D. President ZHANG's re-
marks indicated that in important ways, Chinese thinking about basic research were both consistent
with and different from Western thinking. The differences stem in part from China’s level of eco-
nomic and technological development and from the characteristics of its national research'priorities

and system of research institutions.

ZHANG noted that basic research goals are intended to address five main scientific and technological
development objectives. As he presented these, he illustrated them with examples of Chinese re-

search achievements in each. The five include:

- preparing for future high technology development in ways which would allow China to
leapfrog into leadership in the development of future technological trajectories and in ex-
ploiting future industrial opportunities (e. g. , work in nanoelectronics)

- aiding in the upgrading, or renovation, of traditional industries (e.g. , work in seed
breeding, geophysical work in oil prospecting)

- providing radically new ideas for reconceptualizing practical problems (e. g. , mathe-
matical applications in finance)

- generating truly original ideas which may not have immediate practical application

- serving higher education and the advanced training of high level manpower

President ZHANG noted that expenditures on basic research had gone up steadily since NSFC was
founded, and argued that basic research support should gradually come to occupy a larger share -
10% » up from its present 6% - of the nation’s R&.D spending. He also noted how, with the initia-
tion of the National Basic Research Program (“973” - a program of targeted, mission-oriented, top
down, “basic” research), the share of NSFC funding for “pure,” investigator initiated research has

been increased - adjusted upward - from 30% to 42. 5% of NSFC research support. In this sense,

*Richard P. SUTTMEIER is Visiting Professor Hong Kong University of Science and Technology
currently. Address corespondence to Richard P. SUTTMEIER, Tower 6, Flat 6A Clear Water Bay, Kowloon, Hong Kong. E-

mail; sorps@ust. hk
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NSFC is playing a role analogous to the “balance wheel” function that Dr. ATKINSON attributed
to US NSF.

Finally, President ZHANG noted that about 1/3 of Chinese basic research was peer reviewed. This
observation prompted some discussion about peer review, with Dr. ATKINSON noting that this
figure seemed remarkably low by US standards. He suggested that peer review actually played a
pervasive role in US government support for R&D, even in programs of applied research where in-
vestigator initiatives were secondary to the setting of agency goéls. Professor HART commented
that the NSF model should not be regarded as the only model of support for basic science and ex-
ploratory technological research in the US, and pointed to such administratively directed programs
as those sponsored by DARPA. Dr ATKINSON agreed, but also reiterated his belief that these too
are guided by peer review. Dr. MU commented that he thought peer review in China might operate
somewhat differently than in the US. In the initial review of Chinese project applications, there is
anonymous, “black-boxed” peer review. This then is followed by selection committee assessments

that allow for additional criteria, beyond peer judgements, to be applied.

The presentation by Dr. MCTAGUE explored the reasons for the globalization of R&.D and pre-
sented a number of measures of how extensive the process has become. Using data from the latest
USNSF indicators report, MCTAGUE illustrated the trends in globalization as seen in corporate
R&.D patterns, big science projects (of both the concentrated and distributed varieties) , and in “or-
dinary, small-scale” research. The reasons for globalizing trends differ somewhat among the three

areas, but common features include:

- the diffusion of scientific capabilities around the world

- higher standards of living and new market opportunities in parts of the world beyond
the OECD countries

- the worldwide search for talent by industrial firms and the worldwide search for col-
laborators by research scientists, and

- the ease of travel as a result of relatively low cost transportation and the advent of vir-

tually costless and instant communications and access to data via the Internet.

With its rich human and institutional resources for R&D, the US is especially well suited to benefit
from the globalization of R&D, according to MCTAGUE. Data on foreign corporate investment in
US R&.D, foreign students studying in US universities, and patterns of the coauthorship of scientif-
ic papers were used to support this observation. While it was pointed out by Ms. BOND that the
centrality of the US in coauthorship may be declining somewhat, and that there has been a down
turn in Asian students coming to the US for graduate study, there are still lessons to be had from
the US case; sustained national support for excellence in R&D can make a nation’s scientific enter-

prise a magnet for talent and investment from around the world in an age of globalization.

Dr. MCTAGUE suggested that the globalization trends identified should continue into the foresee-
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able future, making physical distance an increasingly less important factor in scientific cooperation
and making scientific research, perhaps, “the most global of human activities. ” At the same time,
the increasingly high costs of industrial R&D are forcing both increasing cooperation among com-
petitors and increasing international industrial concentration, as firms merge and consolidate (as in
the automobile industry) in the search for scale economies. Thus, patterns of international S&.T
will show both new forms of centralization - as seen in industrial consolidation and in some big sci-
ence activities - and new types of decentralization in a spatially dispersed, distributed community

linked via electronic communication.

In the discussion which followed, attention was given to the implications of the globalization of
R&D for China-US cooperation in science and technology. It was suggested that globalization will
condition bilateral ties - US perceptions of cooperation with China will increasingly be seen through
the lenses of globalization and, as Professor CHENG Siwei had pointed out in his dinner remarks
the previous evening, managing the effects of globalization is one the more challenging tasks facing
China’s science and technology development strategies, including relations with the US. Professor
CHENG had noted, in particular, how China seeks to attract foreign corporate investment in re-
search without having its research system become simply an appendage of the innovation systems of

multinational firms.

It was pointed out that this concern for the possible costs of globalization was evident in the US as
well, with some observers questioning whether such trends as the growth of foreign investment in
US R&D, and the large number of overseas students coming to US universities, didn’t pose a dan-
ger of US intellectual assets being drained from the country. Similarly, questions were asked about
the high proportion of foreign born students in science and, especially, in engineering graduate pro-
grams, and about the growing reliance on foreign born scientists and engineers in US industry. Dr.
MCTAGUE repeated his belief that by its very nature, there is mutual gain to be realized from the
globalization of R&.D.

Professor SUTTMEIER noted that in spite of the mutual gains, the political processes which shape
the environment for international cooperation often focus on “relative gains” - whether one side gets
disproportionate benefits relative to the other. It was suggested that the time is right for us to begin
to anticipate possible future conflict over relative gains in US-China S&.T relations in order that they
not escalate into higher level conflict, as happened with ST relations with Japan. SUTTMEIER
noted that in the relative gains conflicts with Japan, much attention was focused on the issue of
“asymmetrical access,” where Japanese investigators had access to areas of US R&D while US in-
vestigators could not access comparable areas of Japanese R&D. These problems were, in part, a
reflection of the different institutional arrangements and programmatic emphases in the two coun-
tries. SUTTMEIER asked whether we could expect similar kinds of problems developing in US re-
lations with China, or whether conditions in the early 21st century, as a result of the positive trends
noted by MCTAGUE-e. g. , the drastically reduced costs of collaboration, the international flows of
human resources in science and education, etc. ——will make the problems of institutional and pro-
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grammatic asymmetry less of an issue. The differences in approaches to basic research, as indicated
in President ZHANG’s remarks, point to asymmetries in institutions and program assumptions,
and may suggest the need for anticipatory discussions on how conflicts from asymmetries can be

avoided, and assumptions harmonized.
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Appendices

1. Agenda

Beijing, P. R. China, October 24-27, 1999

24 Oct. (Sun.)

Morning Optional sightseeing for US participants
Opening Session (JUFUYUAN at Friendship Palace, Friendship
24 Oct. 5 .00 pm Hotel)
(Sun. ) U P Welcoming remarks addressed by Prof. ZHOU Bingkun, Dr.

BLANPIED, Prof. XU Weixuan and Dr. RATCHFORD;

Evening Reception (JUFUYUAN at Friendship Palace, Friendship Hotel)

25 Oct. (Mon. ) Meeting room # 202, Science &. Technology Hall, Friendship Hotel

TIME PARTICIPANT | TOPICS
Plenary Session I. Information Requirements for Science Policy
Chair: XU Weixuan
Us The Context for International R&D Cooperation
David M. HART, Harvard University
9.00—10.30 Technological Innovation ; Analysis Implication for Chinese
) ) PRC S&.T Policy
FENG Xuan, Ministry of Science and Technology
William BLANPIED, NSF
Commentators LI Shantong, Development Research Center of State
Council, P. R. China
10:30—10:45 Coffee Break
Plenary Session II. Human Resources for Science and Engineering
Chair; Thomas Weimer
The Knowledge-based Economy & its Challenge to
PRC China’s High Education
XUE Lan, Tsinghua University
10:45—12.30 Opportunities for Chinese and American Universities in
US the Knowledge-based Economy
Richard C. ATKINSON, University of California
PRC Strategic Management on Technology Innovation
CAOQO Zhijiang, Legend Holdings Limited
Commentators Gerald KEUTSCH, NIH
nta
,0 © XU Weixuan, Institute of Policy and Management, CAS
12:30—13:50 Lunch o
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Parallel Breakout Session, Part I

Information Requirements for Policy-making and R & D
Chair: CHANG Qing '

USs

Using National Accounts to Assess the Role of R&.D in
the U. S. Economy Sumiye OKUBO, Bureau of Economic
Affairs, US Department of Commerce

2:00—5:00pm
PRC

Methodology for Evaluating International Competitiveness
of High-tech Industries
MU Rongping, Institute of Policy & Management, CAS

UsS

Indicators of International Science & Technology Coopera-
tion and Interaction

Jennifer Sue BOND, National Science Foundation

Commentators

NIE Min, Huazhong University of Technology
David HART, Harvard University

Parallel Breakout Session, Part II:Human Resources Development

Chair: Thomas Ratg:hford

Knowledge-based Economy and Human Resources Mobili-

ty—The Practice of Postdoctoral System in China

PRC
CHEN Hao, Bureau of Science & Technology Policy,
CAS

:00—5:0 . . .
2:00—5:00pm PRC University Role in Regional Development

CHU Xuelin, Univ. of Science and Technology of China

Us Preparing Scientists & Engineers for the 21st Century
Edward PARRISH, Worcester Polytechnic Institute

Commentators XUE Lan, Tsinghua University

5:00—6:00pm | Commentators and Reporteurs Meeting

6:30pm Dinner hosted by the NSFC (Friendship Palace, Friendship Hotel)
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26 Oct. (Tues. ), Meeting room # 202, Science & Technology Hall, Friendship Hotel

TIME PARTICIPANT TOPICS
Plenary Session III. Changing Character of Ri& D
Chair; XUE Lan
China’s Basic Research at the Turn of the Century and its
PRC National Goals
ZHANG Cunhao, National Natural Science Foundation of
China (NSFC)
9:00—10:30
Us Globalization of R&D
John MCTAGUE, Ford Motor Co. (retired)
FANG Xin,Institute of Policy and Management, CAS
Commentators . . )
Richard SUTTMEIER, University of Oregon
10:30-10:45 Coffee Break
Plenary Session III (cont). Changing Character of R & D
Chair: Charles LARSON
PRC Changing Role of Industrial R&D
FANG Aihua, Wuhan University
10:45-12:25 The Evolving Face of Science and Technology Policies
us Gerald J. HAHE, Office of Science and Technology Poli-
cy (OSTP)
WANG Shouyang, NSFC
Commentators . . . ) .
Richard ATKINSON, University of California
12:25-13:50 Lunch
Plenary Session IV: Summary Reports from Breakout Sessions I &. II
9.00-3:30 Chair; XU Weixuan
General discussion and summary of the first day & morning
3:30-3:45pm Coffee Break
Final Plenary Session V. Agenda for the Future
3:45-5:00 Chair: J. Thomas RATCHFORD, GMU
Overall Discussion, Agenda for the Future
5:00-6:00

Commentators and Rapporteurs Meeting
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27 Oct. (Wed. ) Meeting room on the 3rd floor of Building 5

9:30-11:30

1. Coordinating Groups Meeting
2. US participants; Scientific visit

Afternoon

Sightseeing

Evening

Leaving Beijing for Shanghai by group

General Rapporteur
William BLANPIED, National Science Foundation

Rapporteurs

Hongying WANG, Maxwell School, Syracuse Univ.

MU Rongping, Inst. Science Policy & Management Sciences, CAS

XUE Lan, Tsinghua University
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