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1.1 Introduction

China’s science and technology prowess is expanding. Whether one
examines the number of science and engineering papers that
Chinese researchers publish in international journals, the amount of
investment made in research and development (R&D) in China, or
the number of patents that Chinese are filing, statistics indicate that
the science and technology (S&T) capabilities of the People’s Republic
of China (PRC) are developing rapidly (see Figure 1.1). These advance-
ments are in line with China’s leaders’ clearly stated goal to make
China “an innovation-oriented country” by 2020 and a “world’s
leading science power” by 2050.1

The motives behind China’s pursuit of techno-superpower status
are manifold. First and foremost, China’s political leadership views
raising the S&T capabilities of Chinese companies as imperative for
economic development to continue. A “shift in the country’s eco-
nomic mode”2 and significant technological progress are necessary
for China to meet the target of quadrupling its 2000 gross domestic
product by 2020.3 As the world economy becomes more knowledge-
driven, so will the importance of having the capacity to acquire
knowledge as well as to disseminate and apply knowledge. Though
China has partially succeeded in moving from labor-intensive, low
technology production to high technology manufacturing, it has done
so by heavily relying on imported technology. Means of production
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Figure 1.1 Selected S&T indicators of China.

1997 2001 2005

GERD (USD billion) 6.1 12.5 30.1
GERD/GDP (%) 0.64 0.95 1.34
Government S&T appropriation 4.9 8.4 16.4
(USD billion)

Government S&T appropriation/total 4.4 3.7 3.9
government expenditure (%)

Scientists and engineers (1000 FTEs) 588.7 742.7 1119

Number of patent applications 114.208 203.573 476.264
(in China)

S&T papers catalogued by SCI, ISTP, 35.311 64.526 153.374
and EI

Exports of high-tech products 16.3 46.5 218.3
(USD billion)

Percentage of high-tech products in 8.9 17.5 28.6
total exports

Notes: GERD � General Expenditure on R&D, SCI � Science Citation Index, ISTP � Index
to Scientific and Technical Proceedings, EI � Engineering Information, FTE � Full Time
Employment.

The only exception in the otherwise steady growth in all sectors is the immense growth
in exports of high-tech products. The reason for this is at least partially the heavy
involvement of foreign and Taiwanese companies in China’s high-tech exports.

Source: MOST, China Science and Technology Statistics Databook, http://www.sts.org.cn/
sjkl/kjtjdt/index.htm.

for high technology products are to a large extent dependent on the
transfer of foreign technology to China. In 2005, 88 percent of
China’s high-tech exports were produced by foreign (or Taiwanese)
owned firms.4

So, globally, China is still a borrower, not a creator of new technol-
ogy. To prosper in an age of knowledge-based economy, a country
needs to build a national innovation system within which new
knowledge can be transformed into economic growth and welfare.5

To quote Hu Jintao, China’s President and Chinese Communist Party
General Secretary: “Real core technologies cannot be purchased but
can only be achieved by innovation.”6

Intertwined with the economic imperatives to upgrade China’s
S&T capabilities are China’s political and military ambitions. These
are directly linked to the comprehensive nature of China’s aspirations
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i Obviously there are noteworthy differences between China and Japan,
which contribute to the comprehensive nature of China’s rise: China is home
to over a fifth of mankind; China has nuclear capability and in terms of man-
power the world’s largest armed forces; China is a permanent member of the
United Nations Security Council.

ii Off-the-record research interviews, upon which this chapter in part draws,
were conducted by the author with 103 researchers, officials, and entrepre-
neurs working in China in the field of S&T in Beijing, Hangzhou, Helsinki,
Hong Kong, Shanghai, San Francisco, and Washington DC, 1 November
2005–15 January 2007.
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to attain international respect as a major power. While Japan’s ascent
to economic power in the 1960s and 1970s was distinguished by a
low political and military profile, China’s emergence as a great trad-
ing power has taken place hand in hand with its strengthening polit-
ical and military might.i Science and technology are needed not only
to maintain economic growth, but also to boost the nation’s interna-
tional prestige (e.g., by sending a man into space) and  modernize the
People’s Liberation Army. Nationalism is an important component
when assessing policies intended to legitimize the Chinese
Communist Party’s right to govern; hence, advances in science and
technology also need to be viewed as a means to enhance national
pride. According to Hu Jintao, “Science and technology, especially
strategic high technology, is increasingly becoming . . . the focus of
competition in comprehensive national strength.”7

In sum, China aims high in science and technology. China’s leaders
have made “indigenous innovation” a cornerstone of the country’s
future development. Several indicators, to be discussed later, show
that China has already made impressive strides in S&T in a mere two
decades. On the other hand, China’s research environment has been
criticized as detrimental to individual creativity, corrupt and too
politicized;ii the quality of Chinese research papers has been deemed
low; and S&T policy-makers have been described as overbearing.8 As
always, contradictions abound when analyzing China and where it is
heading. How realistic is the ambition to make China an innovative
nation by 2020? The chapter addresses this question, providing an
overview of the major factors that impact China’s pursuit of innovative
high technology research.

As is fitting for any assessment of developments in China today, for
every argument that indicates that China can achieve its goal, there
is a counterargument that says that China will take much longer to



Figure 1.2 Key areas and frontier technology focuses of China’s
“Medium- and Long-term S&T Development Plan.”

Key areas (11) Frontier technology (8)

Energy Biotechnology
Water and mineral resources Information
Environment New materials
Agriculture Advanced manufacturing
Manufacturing Advanced energy
Transportation Ocean
IT industry and modern services Laser
Population and health Aerospace and aeronautics
Urbanization and urban development
National defense
Public securities
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be regarded as an innovative society. China is experiencing complex
transition processes that are taking place simultaneously, making any
attempt to form a general picture, at best, difficult.

1.2 Looking to the future: National objectives

In February 2006, the Chinese government articulated its S&T goals
and strategy for the next 15 years.9 Dissecting the mammoth
“Medium- and Long-term S&T Development Plan” is a mind-
boggling task. Wading through 68 prioritized subjects in 11 key fields,
16 mega engineering projects, eight S&T frontiers for research, four
major research projects, and eight measures to guarantee the building
of an innovative China certainly drives home the message that a wide
variety of competing interests and opinions were considered in the
plan’s drafting process (see Figure 1.2). Some 2000 opinions were
 initially solicited.

The tangible goals of the 15-year S&T plan can be summarized as
follows: China must increase its “indigenous innovation” capacity in
order to reduce its reliance on foreign technology to 30 percent or
below (from its present reliance of 60 percent);10 China should be
among the top five countries in the world in terms of the number of
patents filed for “indigenous” inventions and the frequency of cita-
tions in international science papers;11 China should build several
world-class research institutions and universities.



iii According to co-author Chunli Bai, zizhu chuangxin reflects a goal with a
threefold dimension: (1) genuinely original innovation, (2) integration of
existing technology, a process, described by Bai, as “one in which many tech-
nological innovations are integrated, culminating in the production of a new
product,” (3) re-innovation, in other words assimilation and improvement of
imported technology (discussion with Bai, Beijing, 17 October 2006).

What the government views as critical in resolving the country’s
bottlenecks is perhaps best reflected in the development goals: China
should master core technologies in the equipment manufacturing
and information industries; catch up with the advanced nations in
agriculture-related S&T capabilities; develop energy, energy conserva-
tion, and environmental technology; improve the prevention of
major diseases; develop modern weaponry; as well as achieve inter-
national levels in cutting-edge technologies in information, biology,
materials, and aerospace.12 The need for “indigenous innovation”
(zizhu chuangxiniii) and “leapfrogging” as well as more efficient uti-
lization of China’s resources are underlying themes in the plan.

As to the strategy to attain these goals, the government decreed
that enterprises must be the driving force behind innovation, and
both intellectual property rights (IPR) and standards should be devel-
oped as tools to strengthen the competitiveness of Chinese compa-
nies. Companies that invest in R&D can expect to receive tax
incentives and low-interest bank loans as well as the right to depreci-
ate fixed assets such as facilities.13 The government has already
 promised preferential policies to 103 enterprises that it has deemed
“innovative.”14 In addition, according to the 15-year S&T plan, gov-
ernment agencies in accordance with government procurement regu-
lations should be obligated to purchase products of “indigenous
innovation” that have been developed by domestic enterprises.15 It is
not clear, however, whether these proposed regulations will result in
trade-related friction.16

According to the Chinese government’s plans, expenditure in R&D
is to increase substantially. By 2010, investment in R&D will account
for 2 percent of GDP, compared to 1.34 percent in 2005. By 2020, the
figure should be 2.5 percent of GDP. If reached, this investment level
would put China on par with several countries of the Organization for
Economic Cooperation and Development (OECD). China would also
surpass the European Union in level of R&D investment intensity17

(see Figure 1.3 and Figure 1.4).

China Aims High in Science and Technology 5



Figure 1.3 R&D expenditure in selected countries.

Finland Japan USA EU-25 UK China India
2005 2004 2004 2005 2004 2005 2003–04

Expenditure on R&D
as a % of GDP 3.48 3.18 2.68 1.85 1.73 1.34 0,78 (e)

Note: (e) estimate.

Chinese GERD experienced a rapid annual average growth rate of 19.7% in 2001–2005.
This can be partially explained by its low starting point, but the difference between the
speed of China’s growth and that of, for example, United States (1.7%), EU-25 (1.5%) or
Japan (2%) during the same time frame is still enormous.

Source: Eurostat 6/2007; Research and Development Statistics, Government of India:
http://www.nstmis-dst.org/RnDPDF/Table%20-%202.pdf.
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1.3 Legacies of the past

When Chinese Communist Party leaders in late 1978 approved major
reforms focusing on the “four modernizations” (agriculture, industry,
science and technology, and defense), China’s research and develop-
ment structure was centrally planned, hierarchal and bureaucratic. It
had been developed from the Soviet model.18 Science and technology
resources were, to a great extent, dominated by the military, which
led to China developing atomic and hydrogen bombs and ballistic
missiles. There was hardly any interaction between institutions, a
legacy of the past that still plagues the Chinese R&D system.

The reform period ushered in an era of substantial restructuring of
the R&D system. Over the past 25 years, hundreds of research insti-
tutes and governmental entities have been merged, abolished, or con-
verted into commercial entities. Indeed, the “past” refers to two
phases, pre-1978 and post-1978 to the present, that is the nearly three
decades since Deng Xiaoping opened China’s doors to Western sci-
ence and technology. The Chinese government’s S&T roadmap for the
coming years is entrenched in the S&T reforms of these past decades—
“a complex story of 20 years of policy development and institutional
reform.”19 During that period the commercialization and internation-
alization of science took place, not only in China where society at
large was undergoing major transformation, but also globally.20 The
emphasis placed on technological self-reliance during the latter part of
the Mao era was replaced—others would argue  complemented—by an
overwhelming reliance on foreign technology.21 Despite shortcomings,
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would be significantly higher than in real terms. For simplicity and consistency, all the
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Source: OECD MSTI 2006-2; Eurostat 6/2007. Figure adapted from OECD Science,
Technology, and Industry (STI) Scoreboard 2005.

the S&T reforms of the past two decades have led to the substantial
upgrading of China’s S&T capabilities, especially in areas such as
telecommunications, bio- and nanotechnology.

The legacy of the pre-1978 past includes, on the one hand, the loss
of a generation of scholars due to the breakdown of the education

China Aims High in Science and Technology 7

Figure 1.4 Research and development indicators in selected
countries, 2005.



iv Today, university departments teaching economics, finance, and business
management compete with engineering and science departments for the
brightest students.
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system during the Cultural Revolution (1966–76), and, on the other
hand, Confucian reverence for education and scholarship, which has
propelled Chinese parents to sacrifice for their children’s education
and spurred Chinese youth into academia. Natural sciences have
been and still are held in esteem over social sciences. Moreover, due
to the political upheavals of the first 40 years of the PRC, parents
have encouraged their offspring to pursue science and engineering
(S&E) majors in the hope that scientists and engineers would run a
smaller risk than writers or social scientists of being targeted during
political campaigns.iv Most members of China’s ruling Politburo are
engineers.

There are other legacies of the past that are relevant to this chap-
ter’s focus on the factors that effect China’s pursuit of innovative
high technology. Besides weak cross-institutional communication,
Chinese researchers bemoan the strongly bureaucratic nature of the
current S&T system. Though a peer review system for allocating
grants has been in place for 20 years, many are critical of the large
portion of research funding going to prominent scientists who have
good connections with the bureaucracy (privilege based on personal
relationships is endemic in Chinese society). They disapprove of
basic research being neglected, and point out that even when basic
research receives funding, the bureaucrats decree in which prioritized
fields basic research should be pursued.

The notion of serving the nation is without doubt one legacy of the
past that affects the direction of S&T today. Science and technology
officials want to ensure that research is conducted, not for the sake of
research but in fields that will benefit the nation. People are no
longer expected to do good merely for the sake of the country (or for
ideological reasons), as in the past, but are enticed with above average
salaries, spacious housing, and overseas travel. Scientists and engineers
are now part of the elite, contrary to the Mao era. In research inter-
views conducted with Chinese scientists, every interviewee said that
while he or she, as a Chinese, could accept on a personal level the
demand that scientific work should help solve the nation’s pressing
problems, as a scientist he or she resisted the notion of outside
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interference. Many experienced researchers questioned the practical
feasibility of serving the public good while simultaneously fulfilling
the government’s desire for “indigenous innovation.” These tasks
require entirely different approaches. The former does not  necessarily
require cutting-edge research, rather adaptation of technology to
local needs and conditions.

The government’s call for “indigenous innovation” is also, in some
respects, a legacy of the past—yet another catchphrase with a subtle
political message. According to a senior academic involved in the final
stages of formulating the 15-year S&T plan, focusing on “indigenous
innovation” was “a way to highlight the government’s disappoint-
ment” over China’s poor record of domestic technological innovation
and overwhelming reliance on foreign technology.22 As early as 1995,
when the government vowed (yet again) to strengthen the nation
through science, technology, and education, China’s president said,
“If we do not have our own autonomous ability to create innovation
and just depend on technology imports from abroad, we will always
be a backward country. . . . we must remain focused on raising
China’s ability to do research and development on its own.”23 This
aspiration has not materialized. As stated in January 2006 by the
Renmin Ribao [People’s Daily] the mouthpiece of the Chinese
Communist Party, “the technological level of China’s industries and
their capabilities to independently innovate is low.”24

China’s S&T leaders have been adamant in reassuring foreigners
that the emphasis on “indigenous innovation” does not mean that
China intends to reduce international research cooperation. This
seemingly contradictory stance fits in well with the dualistic nature
of S&T policy-making (this applies to several fields in China besides
S&T, in part due to the transitional nature of the economy and society
at large). On the one hand, the government appears stuck in the rut
of central planning methodology, and continues to churn out
grandiose plans, as it did in the Mao Zedong era. The bulk of central
government R&D funding is channeled through five gigantic
research programs (Key Technologies, Spark, 863, Torch, and 973)
and numerous mega-projects, most of them administered by the
Ministry of Science and Technology (MOST), Chinese Academy of
Sciences (CAS), or National Natural Science Foundation (NNSF) (see
Figure 1.5).25 On the other hand, the government allows market
forces to play a larger role in deciding the fate of state-owned
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Besides ministries, a whole host of entities affect policy-making, either formally or in -
formally, in the field of high-tech research. For example, CAST (China Association of
Science and Technology) is an umbrella organization of S&T academic and industry soci-
eties directly under the Central Committee of the Chinese Communist Party (CCP) and
though it does not have formal decision-making powers, it is influential (the present
Secretary-General is Deng Nan, the late Deng Xiaoping’s daughter). Research institutes
affiliated with ministries, CAS, universities, or enterprises can also affect policies at the
provincial level. There are five major national research programs: The Key Technologies
R&D Program was started in 1982 to develop technology urgently needed for industrial
upgrading. The Spark program’s goal is to introduce advanced technologies to rural areas.
“863” (launched in March 1986) is the “High tech research and development programme”
that aims to develop advanced technologies such as IT, biotechnology, and new materials.
The Torch program’s emphasis is on developing new technology industries. The “National
basic R&D program,” is “973” started in June 1997. It followed and absorbed the “Climbing
program” (initiated in 1989), both of which were intended to make up for the neglect on
basic research during the reform era. In February 2007, the Chinese  government
announced a new funding program for research on key technologies.

enterprises (SOE) and has opened the door to private education.
Other contradictory approaches are evident. Chinese S&T officials
say that they realize that innovation cannot be dictated from above,
while in reality, by stipulating specified research fields and numeri-
cally explicit goals, they are attempting to do precisely that.
Moreover, when questioned about the feasibility of the ambitious
targets set by policy planners, S&T officials tend to answer that

10 Linda Jakobson

Figure 1.5 Entities influencing policy-making in field of high-tech
research.



v Florida argues that contrary to Thomas Friedman’s notion that the world
is flat, the world of innovation consists of growing peaks and sinking valleys.
Innovation is highly concentrated (R. Florida, “The World is Spiky,” The
Atlanta Monthly, October 2005, pp. 48–51).
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plans are just that—plans, and are made to be adjusted.26 Technology
development during the reform period has been characterized as
“one of restless change.”27 This resilience, this readiness to adapt to
new conditions, and to try alternative paths has to also be seen as a
strength of the present Chinese system.

1.4 Creation and diffusion of knowledge

China’s S&T landscape is complex, as is befitting a nation as large and
diverse as China. The vast majority of high-tech research is concen-
trated in Beijing and Shanghai. China is living proof of Richard
Florida’s argument that “the world is spiky.”v In terms of economic
strength and cutting-edge innovation, only the regions around
Beijing, Shanghai and Guangzhou are truly consequential. Moreover,
innovation strategies in the Pearl River Delta area, encompassing
Guangzhou, Shenzhen, Hong Kong, and several cities of over one
million inhabitants, focus research on exploring novel applications,
rather than basic research.28

Though China’s S&T landscape is geographically easy to sketch, the
picture that emerges of the main actors resembles a complex mon-
tage. In addition to the researchers, decision-makers, and educators,
important components include foreign direct investment, multina-
tional corporations (MNC), and China-based foreign researchers,
most of whom are of Chinese heritage, with academic degrees from
foreign universities and work experience abroad, especially from the
United States.

1.4.1 The main institutional actors

Knowledge is created and diffused in China by an individual or a
group in schools and universities, as well as in research institutes,
research departments or research centers. A research unit, regardless
of size, is administered by an enterprise (state-enterprise or nonstate
enterprise, in other words nongovernmental, private, stockholding,
cooperative, joint-venture, or foreign-owned), a university or college,
a governmental organization at either the central or local level
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(e.g., ministry, bureau, or association), a defense-related organization,
or a science park. A single instrumental player is the Chinese Academy
of Sciences that alone administers some 100 research institutes.

Thousands of high-tech development zones exist in China today:
some are no more than a facade for local authorities’ real estate spec-
ulation or companies’ pursuit of tax breaks and export subsidies;
some serve their intended purpose and bring together innovative
research, entrepreneurship, and venture capital, and are home to
 successful spin-off companies and small business incubators.29

Furthermore, beginning in the early 1990s, National Engineering
Research Centers (NERC) were established to accelerate the conver-
sion of scientific research in to commercially viable products in sev-
eral areas, among others electronics and microelectronics, computers,
materials, agriculture, energy, and water resources.30 As of April 2007,
the some 140 NERCs were placed under the administration of the
National Development and Reform Commission (NDRC).31

Science and technology policies are drawn up and overseen by gov-
ernmental agencies of which the most influential are various leading
groups under the State Council, MOST, Ministry of Finance (MOF),
NDRC, Ministry of Education (MOE), Ministry of Agriculture, State
Commission on Science and Technology for National Defense
(COSTIND) and NNSF, the main funding agency of basic research (see
Figure 1.5). Most of these entities operate at the central, provincial,
and county level. Bureaucratically, on a “ministerial” level, is the pres-
tigious Chinese Academy of Sciences; it is undergoing major reform
and has a central role to play in China’s technological aspirations.32

The Chinese Academy of Engineering (CAE) is worth mentioning
because many of its 600 academicians are influential policy advisors.

1.4.1.1 The role of enterprises

Enterprises are now proclaimed to have taken center stage of R&D in
China. Statistically, R&D spending by enterprises has risen over the
past decade. It accounted for 69 percent of China’s R&D expenditure
in 2005 (see Figure 1.6), which is proportionately on par with R&D
spending by enterprises in industrialized countries.33

However, in terms of quality, the R&D capabilities of enterprises in
China are weak, and it is “unlikely that many Chinese enterprises will
develop R&D capabilities in support of novel, science-based technolo-
gies in the near future.”34 Leading CAS or key university-affiliated



Figure 1.6 Breakdown of China’s R&D expenditure 2004–05.

2004 2005

Total expenditure (RMB 100m) 1996.6 2450
Institutions 431.7 22% 513.1 21%
LMEs 954.4 48% 1250.3 51%
Universities 200.9 10% 242.3 10%
Others* 409.6 20% 444.3 18%

Note: * Mainly small enterprises.

Total enterprise expenditure (LME � small) constituted nearly 70% of total R&D in
China, which is more than for example in the European Union (63%).

Source: OECD, MSTI 2006-2; China Statistical Yearbook 2006, pp. 825–827, 830.
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research institutes are in a stronger position to conduct innovative
high-tech research in prioritized areas, with funding from govern-
ment programs. Some of these institutes have partnered with high-
tech companies. One much-publicized example is Lenovo (formerly
Legend), a spin-off company of CAS that in 2004 purchased IBM’s
personal computer division.

Bearing in mind the focus of this chapter—China’s capabilities to
pursue innovative high technology research—it is noteworthy that
Chinese companies have largely concentrated on product develop-
ment with little emphasis on hard-core research. Of the 57,786
patents in the invention category that were approved in China in
2006, 43 percent were Chinese (57 percent granted to foreigners), while
in the two other categories, utility models and design, 99 percent and
90 percent, respectively, were Chinese patents.35 Large industrial
enterprises spent nearly USD 5 billion in 2004 to purchase foreign
technology but only USD 750 million to “absorb and assimilate”
technology.36

Even the overwhelming majority of Chinese companies who are
remarkable business success stories are not high-tech driven. Barring
possibly a few solar energy technology companies, none of the top
Chinese companies listed on Nasdaq stock exchange, for example,
owe their rise to world-class, cutting-edge high technology.37 Rather,
they have mastered a competitive advantage in assembly, design,
software, and/or systems engineering. This does not mean that they



The bulk of the Chinese government’s research expenditure still goes to research institutes,
for example, in 2005 research institutes received RMB 42.5 billion from the government,
while universities received only RMB 13.3 billion.

Source: MOST, China Science and Technology Statistics Databook 2006, http://www.
sts.org.cn/sjkl/kjtjdt/data2006/2006-1.htm; Figure adapted from Schwaag Serger and
Breidne, “China’s 15-year plan,” see endnote 13.
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are merely assemblers, as Chinese companies are often labeled. They
are being innovative even though they are not creating new core tech-
nology. These Chinese companies too spend on R&D (see Figure 1.7,
also p. 54); thus, their input is reflected in data showing the increase
of investment by enterprises into R&D.

Except for a few state-owned oil companies and successful non-
state IT companies, R&D spending by Chinese companies is low by
international standards. Over three-fourths of Chinese large- and
medium-sized enterprises (LME) do not even have an R&D depart-
ment! Total LME spending on R&D in 2005 accounted for 1.54 percent
of LME sales revenue.38 Only five Chinese companies made the list of
the world’s top 1250 companies in terms of R&D investment.39

Figure 1.7 Research and development expenditure flows, 2005.
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There are multiple reasons for the low R&D investment by Chinese
enterprises. When competition is fierce and profits are razor-thin, as
is the case in many sectors in China, there is not much left over to
invest. The growth of many Chinese companies has been based on
cheap labor, a vast domestic market, and imported technology. Even
if the technology has often been “second-hand”—not cutting-edge
technology—it has been sufficient and has reduced the need for set-
ting up in-house R&D.40 Purchasing proven imported technology
poses less risk than pursuing one’s own technology, especially when
IPR protection is extremely poor in China. Chinese companies tend
to focus entirely on the short-term, reflecting a degree of uncertainty
that the Chinese feel about their rapidly transforming society and the
possible pitfalls that lie ahead. In addition, among Chinese enter-
prises and well-off consumers there has been and still is a preference
for Western or Japanese technology vis-à-vis home-grown, although
attitudes are slowly changing as a result of the success of a few
Chinese companies producing world-class brands.

There are other factors that can be attributed to the weak R&D
capabilities of Chinese enterprises. Non-state companies, for exam-
ple, have been given few, if any, meaningful tax incentives to invest
in R&D. Nor have they received preferential loans, as have state-
enterprises, especially those targeted by the government to be
national champions. It remains to be seen how much the innovation
capabilities of non-state enterprises will improve toward the end of
this decade, in line with the government’s commitment in the 15-year
S&T plan to provide fiscal support for all companies, regardless of
 ownership or size.

The main drawback of China’s heavy reliance on technology
transfer from foreign companies has been the limited spillover of
technological know-how to Chinese partners or manufacturers. In
the past, R&D centers set up by foreign companies were in private
conversations referred to as “PR&D centers” because they were
mainly established to create good will with the Chinese authorities
and functioned predominantly as product development facilities.41

However, there have been signs, at least in the pharmaceutical sector,
that the tide is turning as multinational companies have started to
pursue advanced, even basic research at their R&D centers in China.42

Related to the question of little spillover from foreign enterprises is
the weak record of Chinese efforts and/or capabilities to assimilate



foreign technology. This is precisely the reason that the government
is so resolute in its promotion of “indigenous innovation.”

1.4.2 Human innovators

The basis of an innovative society is undoubtedly its human resources.
This is often seen as China’s chief asset when assessing its chances of
becoming a techno-superpower, along with the steadily increasing
investment being made in S&T and higher education. China has the
world’s second largest workforce of scientists and engineers, after the
United States. In 2005, it numbered 2.5 million (vs. about 5 million in
the United States and about 8.7 million in EU-25).43

1.4.2.1 Educating new talent

China has dramatically expanded university education over the last
decade. In 1995, 450,000 Chinese were admitted to university. Ten
years later, the number had risen more than fivefold.44 In 2002,
China reached the internationally recognized threshold of mass
higher education, “15 per cent of the age cohort,” with total enroll-
ment of 16 million students.45 Science and engineering majors are
dominant; 43 percent of all undergraduates study S&E.46 Noteworthy,
however, is that data on S&E bachelor degrees vary greatly depending
on the definition of degree. The figure often cited for the number of
Chinese S&E graduates per year—600,000—includes at least 200,000
graduates of three-year technical institutes or training programs.47

Graduate programs have increased rapidly as well. Since the mid-
1990s, graduate enrolments in Master’s and PhD programs increased
at 30 percent annually. In 2005, nearly 15,000 S&E doctorate degrees
were conferred. The new enrolment figure for 2005 was 31,000, which
puts China in a position to surpass the global leaders, United States,
and Germany, in the number of S&E doctorates annually conferred
(approximately 27,000 in the United States, 16,500 in Germany).48

Of course, quality matters too. Sheer volume will not make China
a technological giant, a fact readily acknowledged by many Chinese
education and S&T specialists. An assessment by McKinsey Global
Institute evaluated only 10 percent of S&E undergraduates in China
to be globally competitive in the outsourcing arena, on the basis of,
among other factors, language proficiency and quality of education.49

The lack of qualified staff is a common complaint among managers
of multinational companies and globally oriented Chinese enterprises
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as well as directors of research institutions. China desperately needs
more specialists who are well educated, talented, and able to maneuver
within the unique PRC research system.

The quality of education provided in Chinese schools is one of
the significant obstacles for China to achieve its goal of building an
innovative-oriented society. First, the number of teachers has not
increased to correspond with the huge increase in S&E graduates.50

One professor can be responsible for supervising 75 PhD students.
Second, most of the higher education enrolment growth of recent
years is a result of burgeoning private education. The quality of edu-
cation in private colleges varies greatly. Since 1999, public universities
have been allowed to establish affiliated, so-called second-tier, for-
profit colleges offering degree programs with less stringent entry
requirements.51

Third, academic corruption in colleges and universities impacts
the quality of education. In the last two years, there has been a
 barrage of articles, reports, and books published in the PRC about
corruption linked to postgraduate recruitment, Master’s and PhD
thesis defense and evaluation, academic title qualification, thesis
publishing, and so forth.52 Furthermore, plagiarism is commonplace.
This is, in part, a result of the enormous pressure on everyone, from
Master’s degree and PhD students to lecturers and professors, to pub-
lish academic papers in order to graduate, be promoted, or to receive
research grants.

Above all, in spite of several educational reforms since the 1980s,
teaching methodology, from primary school all the way to university,
is still largely based on rote learning. While students in the PRC excel
at tests, they tend not to be initiative takers, critical thinkers, or prob-
lem solvers. The Confucian tradition of deferring to authority is not
conducive to creativity either. Even at elite universities, graduate
 students and young lecturers complain that the general atmosphere
discourages anyone from questioning professors’ views and compels
PhD students and junior staff to pursue research according to estab-
lished patterns with little room for innovative thinking.53

Despite the massive infusion of state funding to some forty key
universities, it will be years before these institutions fulfill the gov-
ernment’s goal of being considered world-class.54 Most of the best
Chinese universities have a few reputable professors and departments
that provide high quality teaching and conduct meaningful research.
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But two or three excellent departments do not yet make a university
world-class. In 2006, not a single Chinese university made the
internationally cited Shanghai Jiaotong University’s ranking list of
the world’s hundred top universities.55 Another widely used, British-
compiled global list ranked two Chinese universities in the top
 hundred.56

Finally, the concentration of talent in a small pool drains the
energy of the able. Those who are considered competent are given
multiple responsibilities. The number of professional hats worn by a
Chinese academic is often staggering (and usually evident from his or
her business card). One cannot help wondering if any human being
can simultaneously be a worthy professor with teaching commitments
and the task of supervising several PhD candidates, a competent direc-
tor of a research institute, an active vice-chairperson of two or three
committees advising the government on S&T policies, a participatory
member of the board of a university spin-off company, while at the
same time keeping abreast of research developments in his or her
own field of study and perhaps even publishing or contributing to
research. Some or all tasks inevitably suffer. The list of positions tends
to be longer if the person has been educated in the West.

1.4.2.2 Bringing back know-how

A cornerstone of Deng Xiaoping’s opening policy was to allow
Chinese to pursue studies abroad. In the early 1980s outbound stu-
dents formed a trickle (about 5000 left in 1985) that grew into a
steady flow during the 1990s (about 20,000 in 1995), which today
resembles a tidal wave. In 2005 alone, nearly 120,000 Chinese went
abroad to study.57 The overwhelming majority of the over one million
students who have gone abroad have relied on financial sources other
than government funding.58

Since 1992, the government has actively tried to entice Chinese
who pursued academic degrees and a career abroad to return to work
in China. Scores of policies have been introduced to encourage and
ease the return of overseas scholars and entrepreneurs. Numerous
government programs provide financial support and assistance in
finding jobs. Returnees who want to establish their own company are
offered tax incentives and other preferential treatment, in some cases
considerable support by top officials in securing start-up funding. In
research institutes or enterprises they are paid, by Chinese standards,
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high salaries, and granted spacious housing, a prestigious title, and in
some cases large funds to initiate research programs.59

Though the number of returnees has increased markedly in the
2000s (over 110,000 returned in 2001–05), hundreds of thousands
who left China are still overseas. Many of them are still enrolled in
schools abroad, but over 170,000 who no longer study have not
returned.60 This brain drain constitutes a genuine dilemma for the
Chinese government. In all but a few fields, the most accomplished
specialists have not returned.61 Rather, returnees in recent years tend
to be young BA or MA graduates, who find it difficult to find employ-
ment because they lack work experience.62 The “100 Talents Program”
of CAS, one of the most well-funded endeavors to encourage Chinese
scholars to the PRC, managed to bring back 778 foreign-based
Chinese researchers between 1998 and 2004. But only half had doc-
torates from foreign universities.63 In the United States alone, there
are 62,500 Chinese-born S&E PhDs who are green card holders;64 the
number doubled in merely four years.65 This talent is sorely needed
in China.

When reputable Chinese scholars do accept positions in China,
they do so, nearly without exception, while continuing to hold on to
their position abroad. This, in turn, has raised questions of how
meaningful their input can be during brief visits to China. Several
interviewees asked whether the commitment that a Berkeley or
Stanford professor is willing to make for three months each year
 warrants the high salary and generous perks he is receiving from a
Chinese institution.

For Chinese government officials who have publicly encouraged
the return of overseas scholars, the question of why so few of the top
Chinese researchers abroad have heeded their call is a sensitive one.
The reasons for Chinese living overseas to return are manifold and
readily discussed: besides the obvious lure of career opportunities in a
growing economy and a society buzzing with energy, some make the
move for patriotic reasons or because of a desire to care for aged par-
ents or to ensure that their children are fluent in Chinese. There are
multiple reasons to stay overseas too, but these are more awkward to
expound on. To opt to return to a one-party authoritarian state where
no one with certainty knows where the genuine boundary of freedom
of speech lies is a leap into the unknown for many who have thrived
in an open Western environment. Though the tragic ending of the
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Tiananmen democracy movement in June 1989 does not figure in the
minds of the under 35-year olds, the Chinese leadership’s decision to
use force is still mentioned in discussions about the returnee
dilemma with middle-aged Chinese. China lost nearly a generation
of its best-educated youth in the aftermath of the government crack-
down. When, in April 1990, George H.W. Bush issued an executive
order allowing Chinese who were in the United States in June 1989
to apply for permanent residency, about 60,000 took him up on
the offer.66 Especially for the Tiananmen generation of academics, the
question “what if society does not remain stable?” still lurks in the
subconscious.

In spite of the much-publicized efforts of Chinese officials to make
the working and living environment suitable for returnees, return-
ing to China after years abroad can prove difficult. On a personal
level, life is often not as convenient as the one an academic, previ-
ously based in a Western university or research environment, is
accustomed to. Returnees tend to feel alienated from their colleagues,
partly because of envy stemming from high returnee salaries, but
also because of their different outlook on life, based on the years
spent abroad. Professionally, returnees within academia share their
colleagues’ frustration with the hierarchal and bureaucratic way
institutions are managed, but are much less patient in expecting
changes to take place. Those with working experience in the West
find it hard to cope with the ever-present influence of politics in
S&T decision-making and the top-down approach with which
research institutes are managed. Those who are no longer citizens of
the PRC feel slighted when they are barred from research funding
(e.g., a major source of funding for S&T researchers, the 863 program,
excludes foreign passport holders) and are not eligible to receive
 various national awards.

Some of the Chinese who have returned from abroad are without
question a valuable addition to Chinese science, not only for the
knowledge they bring back but also because they have established a
network of international connections. However, many returnees
have sought employment in multinational companies, which, in
turn, is leading to a new kind of “internal” brain drain. Though some
of the more adventurous among MNC returnees could one day make
the break and start their own enterprises, for the most part, their
value for China’s S&T aspirations is modest.



vi The term for “China” in Mandarin—Zhong guo or Zhong hua—can mean
the country China, but also the Chinese civilization or culture.
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While the status of overseas Chinese is complicated, their input is
pivotal. Today, thousands of scientists with a Western academic
degree and Western academic affiliation work alongside scientists
with a solely domestic academic background. Some are citizens of the
PRC; some are Taiwanese holding passports of the Republic of China
(ROC); others were born in the PRC, then left the country for study
and/or work and have returned to the PRC as foreign citizens; others
are Overseas Chinese with much older roots abroad, that is they were
born abroad and are of ethnic Chinese descent, either second-, third- or
even fourth-generation Americans, Brits, Australians, Singaporeans,
and so on. Culturally, they are all “Chinese.” Yet, there are multilayered
nuances of tension associated with their role in the PRC.vi

Overseas Chinese have constituted a pillar in the PRC’s success. As
investors and disseminators of Western technological know-how and
management practices their role has been crucial. In the realm of S&T
development and education, United States citizens of Chinese
descent, in particular, have been instrumental. But though the input
of Overseas Chinese is welcomed by PRC officials, it is unclear how
these “Chinese compatriots.” as they are called in official context, fit
in to the government’s larger scheme of promoting “indigenous
innovation” in order to make China a technological world power. If
groundbreaking research is done in a laboratory, situated in the PRC,
by a team headed by an American citizen, does this qualify as
“indigenous” research? And, if that research is awarded a Nobel Prize,
will China claim credit?67 Also, issues of IPR have yet to be addressed.
How do the Chinese and foreign institutions that a head scientist is
affiliated with share IPR? It is not inconceivable that if political ten-
sions were to rise between China and Western countries, American
and European funding institutions may question where and for whose
purposes grant money has been used.

An illuminating example of the confusion and possible misunder-
standing that can arise from multiple identities is an April 2006
People’s Daily Online article, headlined “World’s smallest generator
developed in China.” It fails to mention that the research was done at
the Georgia Institute of Technology by a prominent American
nanoscientist of Chinese heritage. The scientist was born in the PRC.



In addition to his main job in Atlanta he is a part-time director of a
leading nanoresearch center in Beijing.68

Naturally, similar questions apply in other countries as well. The glob-
alization of research is becoming the norm, alongside the two-way flows
of “transnational capital.”69 and the establishment of “transnational
communities” and “global production networks.”70 However, in China,
the contradictory position of Overseas Chinese is especially relevant
because of, on the one hand, the vital role of the large community of
foreigners of Chinese heritage working in the PRC and, on the other
hand, the PRC government’s emphasis on “indigenous innovation.”

1.5 The domestic environment

Throughout the reform period, the leaders of the Chinese Communist
Party have made efforts to reform the inner workings of the Party to
improve its capabilities to govern China. However, many systemic
problems still hamper S&T progress.

1.5.1 Linkages

The so-called stovepipe syndrome that has its roots in the centrally
planned economy still plagues China’s S&T landscape. Each research
entity tends to be an isolated work unit, an island on its own. Even
research centers of multinational companies have few ties to the
research community at large. Collaboration among research insti-
tutes or universities has traditionally been weak, and the same applies
to ministries, other government organizations, and state-owned
enterprises (this problem affects modernization processes within
Chinese society more broadly). In part, this is a legacy of the past, as
mentioned earlier. In part, it derives from the present, rigid top-down
political system as well as from fierce competition for government
funding, talented people, and ultimately, power within the system.
In numerous plans and policy outlines, the government encourages
cooperation, especially between research institutes and enterprises.
In reality, weak linkages remain a major structural challenge.

An obvious consequence of weak collaboration between different enti-
ties is that China’s limited “scientific resources are scattered, repetitive,
and not used efficiently.”71 There is tremendous waste within the system
(again, this applies more broadly to Chinese society). Lack of communi-
cation between research entities is often accompanied by mistrust, which
does not promote the free exchange of ideas. Of course, within
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 academia worldwide rivalry related to funding opportunities are
commonplace. The problems are accentuated in China because of the
unclear way in which funding decisions are made. When decision-
making processes are not transparent and decision-makers are not
accountable on the basis of publicized rules that can be challenged,
cultivation of personal relations with decision-makers is essential. In
research interviews probing the S&T landscape in China, a recurring
spontaneous observation was the need for Chinese to study effective
system management.

1.5.2 Other systemic problems

The bureaucratic control mentality, inherited from the planned
economy, is one of the greatest hurdles China has to overcome in
order to transform into a world-class innovative society. The fact that
the 15-year S&T plan ended up including four science megaprojects
and sixteen engineering megaprojects reflects the bureaucrats’ domi-
nance (see Figure 1.8). In the drafting stages of the plan, both behind
closed doors and in a few cases in public, several leading scientists
made known their staunch opposition to continue the legacy of
heavy-handed science planning in the spirit of liangdan yixing , the
nickname of the 1956–67 program that led to China acquiring
nuclear weapons and building satellites.72 But to no avail.

In four-fifths of the research interviews conducted for this chapter,
the Ministry of Science and Technology, in particular, was criticized for
its inept bureaucrats, for its attempts to control the direction of research,
for its lack of transparency in decision-making, as well as for its over-
spending on infrastructure and “mammoth projects that give bureau-
crats a lot of face.” When asked about the role of Minister of Science and
Technology Xu Guanhua, a specialist in remote sensing, several inter-
viewees answered that one person cannot change the top-down
approach of a ministry that has its roots in the old central-planning
 system.* “The system is stronger than the person, and the person is
molded,” a mid-level MOST official said. Several interviewed researchers
opined that the only remedy would be the abolishment of MOST and
the establishment of a new government body to oversee S&T policies,
one based on modern concepts of openness and accountability.
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* In April 2007 Xu resigned at age 66 and was replaced with 55-year old
Wan Gang, President of Tongji University in Shanghai. Wan is a fuel cell spe-
cialist who in 1991 received his PhD in mechanical engineering in Germany
before pursuing research at Audi Corporation.



Figure 1.8 Mega projects of the “Medium- and Long-term S&T
 Development Plan.”

Mega science projects (4) Mega engineering projects (13)*

Protein Science Core electronic components, high-end generic
chips, and basic software

Quantum Research Extra large scale integrated circuit manufacturing
and technique

Nanotechnology New-generation broadband wireless mobile
telecommunications

Development and Advanced numeric-controlled machinery and  
Reproductive Biology basic manufacturing technology

Large-scale oil and gas exploration

Large advanced nuclear reactors

Water pollution control and treatment

Genetically modified new-organism variety breeding

Drug innovation and development

Control and treatment of AIDS, hepatitis, and
other major diseases

Large aircraft

High-definition Earth observation systems

Manned aerospace and Moon exploration

Note: * The S&T plan states that there are 16 mega engineering projects, but then pro-
ceeds to give details for only 13. One can surmise that the remaining three deal with
national defense.
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The detailed action plan to implement the 15-year S&T plan
indicates that MOST will no longer be the main government body
in charge of S&T development in China. The role of MOST
remains important, but it shares responsibility for implementing
the 15-year S&T plan with, among others, MOF, NDRC, and MOE.73

Implementation of the 15-year S&T plan requires close coopera-
tion between ministries and between central and local government
entities—that is a tall order in today’s China.

Another major stumbling block is law enforcement, that too a
symptom of the systemic problems that the Chinese leadership is
grappling with as it attempts to prepare China for the challenges of
the twenty-first century. Lack of law enforcement in the realm of S&T
translates explicitly into weak enforcement of IPR. Pirating of
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 intellectual property is rampant. Many experts see this as the para-
mount problem that will deter China from achieving it goals.74 China
will not be looked upon as a favorable location to conduct ground-
breaking research before researchers, both Chinese and foreign, can
trust the system to protect IPR.

Academic misconduct, including corruption and plagiarism, are
systemic problems too. A revealing book written by Professor Liu
Ming of Zhejiang University about academic corruption in China
documents in detail the customary practices and sums involved in
bribing Master’s degree and PhD thesis committee members, pur-
chasing academic titles as well as the buying and selling of academic
papers. According to Liu, academic corruption is a “typical ‘fish rot’
syndrome that not only poisons the social environment, but also
decays the souls of [future] generations.”75 Liu traces the problems of
Chinese science and academia to China’s political system, specifically
political interference at all levels and the lack of independent organ-
izations. He argues that political interference prevents the peer
review system from functioning properly. Lack of reliable qualitative
evaluations pushes universities and Chinese science to rely too much
on quantitative indicators.

1.6 The international environment

Foreign investment, foreign technology, and foreign expertise have
constituted strategic gears of China’s modernization drive for over
25 years. They will continue to do so. International research cooper-
ation has been instrumental for China’s S&T development. There is
every reason to predict that this too will play a significant role in the
future. China will further expand its transnational knowledge net-
works, including tens of thousands of formal and informal types of
research cooperation between Chinese and foreign governments,
universities, research institutes, and companies, as well as individual
researchers.

However, as the global economy moves toward a knowledge-based
economy in which the role of technological innovation is central, the
economic strength of a nation will increasingly be determined by
who owns the technology. Those who control IPR and set technology
standards of new products increase their competitiveness. Hence
the need for Chinese companies to improve their own innovation
capabilities and avoid paying license and royalty fees to foreigners.76
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The Beijing government aspires to China developing its own stan-
dards, at least in prioritized areas. China’s national standards strategy
advocates that inventions resulting from “indigenous innovation”
translate into Chinese standards incorporating Chinese intellectual
property. On the other hand, it is not clear whether Chinese enter-
prises share this goal. They, after all, must adhere to international
standards to be competitive in the global market.77

China has an additional incentive to strengthen its R&D capabil-
ities: It is restricted from acquiring some so-called dual-use technol-
ogy because of export controls imposed by the United States and
the European Union. Most of these controls were put in place
 following the Chinese government’s suppression of the Tiananmen
movement in 1989. The restrictions further strengthen the view
among some Chinese policy-makers that outsiders, in particular the
United States, are intent on containing China’s rise. An example
worth mentioning in this context is the consternation among
Chinese  policy-makers over the U.S. decision in March 2006 to sign
a nuclear cooperation agreement with India. Chinese officials inter-
preted the move as directed against China, which reinforced their
view that China must find a way to rely on its own “indigenous”
high technology.78

In sum, Chinese decision-makers look upon the international
 environment as both furthering and hindering China’s S&T ambi-
tions. As has been the case since the economic reform and opening
policies were embraced, the pull-and-push between internationalist
and nationalist views among leading Chinese policy-makers is
bound to continue. Hence, the balancing of techno-nationalist and
techno-globalist objectives will remain a dominant feature of S&T
policies in China. China will pursue multiple paths to achieve its
goals.

1.7 Conclusion

China has several of the drivers in place to fulfill its technological
ambitions. The political elite and scientific community are committed,
the government is willing to provide substantial funding to S&T, and
the general public approves of placing a high priority on S&T.79 The
speed with which China has acquired the ability to build high qual-
ity research and knowledge centers has been phenomenal. A handful



vii There are several corresponding Chinese sayings, for example, “The
taller the tree, the more wind it attracts;” “A person fears fame, a pig fears
becoming stout.”
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of Chinese companies such as Hai’er, Huawei, and Suntech (Shangde)
have become world leaders in their own sectors.

However, for a strong national innovation system to emerge in
China, four main obstacles need to be overcome. These are raising
the quality of Chinese education; reducing the bureaucratic control
of S&T policy-makers to facilitate an environment conducive to cre-
ativity and cooperation; improving law enforcement to protect IPR;
and implementing a system of checks-and-balances to introduce
accountability for grant applications, job promotions, thesis approvals,
and academic articles. Needless to say, there are numerous other prob-
lems China needs to tackle. Many of them are being addressed with
targeted policy measures. Chinese leaders are acutely aware of the
problems. The inefficient and inappropriate management of research
funds is a recurring theme in governmental reports and speeches.80

The underlying question is whether a state in which freedom of
speech is restricted and stability is placed at the very top of the
 government’s priority list can transform itself into an innovation-
 oriented society. Can creativity and innovation flourish in an envi-
ronment that ardently deters people from rocking the boat? That
constantly reminds people that the ultimate goal is a harmonious
society? That is known to hammer down the nail that sticks out?vii

The goal of building a harmonious society is a repackaging of the
demand for stability.81 How does one encourage students to chal-
lenge authority in the science classroom and prod researchers to dis-
regard recognized models, while simultaneously demanding that
they do not question the rules that govern society? These are com-
plex questions to which there are no definite answers. The continu-
ous success of PRC-born students within academia in the United
States and Europe is proof of the capabilities of Chinese researchers
when they work in an academic atmosphere in which diversity and
critical thinking are cherished.

The efforts that China has made and continues to make toward
technological excellence will certainly bear fruit. Within the next
decade, in some cases perhaps sooner, there will be news of ground-
breaking innovative research done in China. There are several pockets



of excellence within such fields as information technology, biotech-
nology, nanotechnology, and perhaps some other fields of science. But,
considering the enormity and extent of the major hurdles China has to
overcome to build a comprehensive national innovation  system, it is
highly unlikely that the transformation could take place in 15 years.

China will proceed to develop its capabilities in the realm of S&T in
the same manner it has traversed the reform road since 1978, bit by
bit, one step at a time, striving to instill in future generations of
Chinese scientists what Premier Wen Jiabao has referred to as an
“innovative spirit.”82 Changes will be implemented incrementally.
Progress will be piecemeal. At the end of the day, whether or not
China achieves its ambitious goals in the realm of S&T depends on
how societal reform in China progresses. The S&T landscape faces the
same problems as society at large.
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