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Abstract

This paper reviews the innovation of the s&t system during recent years in China,
analyzes the university/research institute-industry (U/Ri-industry) linkage and discusses
the role of U/r-industry linkage in the development of China’s computer industry. The
paper shows that universities and research institutes have become the driving force in
the development of high-tech sectors in China by the case studies of the U/RFFindustry
linkage in computer industry. It proposes that developing countries follow China’s
experience of building indigenous innovative capacity by strengthening the U/RI-I
linkage under adequate guidance of the government policy.
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Resumen

Este trabajo analiza la innovacion del sistema de ciencia y tecnologia en arios recien-
tes en China. Analiza la relacion entre Universidad/ Instituto de investigacion-indus-
tria (U/RI-industry) y debate el papel de ésta en el desarrollo de la industria de la
computacion de China. Asimismo demuestra que las universidades y los institutos de
investigacion han llegado a ser la fuerza que impulsa el desarrollo de los sectores de
alta tecnologia en China mediante el estudio de caso de esta relacion en la industria
de la computacion. Se propone que los paises en vias de desarrollo sigan la experien-
cia china de construir capacidades propias de innovacion a través del reforzamiento
de la conexion universidad/instituto de investigacion-industria bajo la adecuada pla-
nificacion de politicas gubernamentales.

Palabras clave: universidad/instituto de investigacion-industria; sistema de ciencia y
tecnologia; universidades e institutos de investigacion, industria de la computacion,
universidad-empresas afiliadas.

Résume

Ce travail est une analyse de ['innovation que constitue le systeme de science et de
technologie adopté en Chine ces derniéres années. Il examine la relation entre
université/institut de recherche et industrie (U/RFindustry) et traite du réle joué par
cette relation dans le développement de 'industrie informatique chinoise. 1l y est
démontré, a travers l’étude de ce cas précis, que les universités et les instituts de
recherche sont parvenus a constituer la force qui impulse le développement des secteurs
de haute technologie en Chine. 1l est proposé enfin que les pays en voie de développement
prennent modele sur [’expérience chinoise de construction de ses propres capacités
d’innovation sur la base du renforcement de la connexion université/institut de
recherche-industrie, et planifient des politiques gouvernementales a cet effet.

Mots-cléfs: université/institut de recherche-industrie; systeme de science et de
technologie, universités et instituts de recherche; industrie informatique; universités
et entreprises affiliées.

Resumo

Este trabalho analisa a inovagdo do sistema de ciéncia e tecnologia em anos recentes
na China. Analisa a relagdo entre Universidade/Instituto de investiga¢do-industria
(U/RI-industry) e debate o papel desta no desenvolvimento da industria da computagdo
da China. Demonstra também que as universidades e os institutos de investiga¢do se
tornaram a for¢a que promove o desenvolvimento dos setores de alta tecnologia na
China através do estudo de caso desta rela¢do na industria da computagdo. Propde-se
que os paises em vias de desenvolvimento sigam a experiéncia chinesa de construir
capacidades proprias de inovagdo através do refor¢o da conexdo universidade/insti-
tuto de investiga¢do-industria sob a adequada planificagdo de politicas
governamentais.

Palavras chave: universidade/instituto de investigacdo-industria, sistema de ciéncia e
tecnologia; universidades e institutos de investigac¢do, industria da computag¢do, uni-
versidades-empresa filiadas.



Introduction

development. Domestic enterprises have been achieving great successin this
area. One prominent feature is that the country’s own capacity to build the
computer industry has been closely linked with public research institutes and
universities. Thereform of China sinnovation system sincethe 1980s has strengthened
the u/ri-industry (university/research institute-industry) linkage and propelled
research institutes and universitiesto play akey rolein the hi-tech sectorsin China.

The concept of innovation system has been adopted to explain mechanisms of
knowledge creation and dissemination at national, regional or sectora levels
(Freeman, 1987; Lundvall, 1992, Nelson, 1993; Saxenian, 1994; Edquist, 1997;
Breschi and Malerba, 1997). A primary focus of these studiesistherole of different
players in innovative activities and the interaction of these players. In particular,
many have focused ontherolesof universitiesand research institutesin thedivision
of labor in national innovation systems and their linkages with the industry in
fulfilling these roles.

In developed nations, it is now widely accepted that universities and research
institutes (Uris) have played a significant rolein the regional development of high-
tech industries. In the us, the two most successful clusters of hi-tech firmsin both
the information technol ogies and biotechnol ogies are the Boston and San Francisco
Bay areas (Kenny, 1986). The success of these two regions can be, at least, partially
explained by the presence of global-ranking universities. Not surprisingly, the
discussions of high technology regions have focused on the developed nations,
though recently Bresnahan and Gambardella (2004) edited abook on hi-tech regions
including an examination of Hsinchu (Saxenian, 2004) and a general discussion of
India (Arora, Gambardella, and Torrisi, 2004). Hardly anyone has looked into
these issues in the settings of China, the biggest developing country in the world.

In this paper, | will put the discussion of the development of China's computer
industry within the context of the 20 years' dramatic reform of China’s innovation
system and highlight the role of u/ri-industry linkage in indigenous innovative
capacity-building through adetailed introduction of those leading enterprisesin the
information technology (iT) sector. In the next section, | will first give a brief
review of the literature on the u/ri-industry linkage. After the brief overview,
| shall move on to introduce China’'s 20 years' reform of the Science & Technology

j n recent years, China's computer industry has undergone amazing
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(seT) system and the current status of the u/rRi-industry linkages. The devel opment
of China's compute industry will be carefully analyzed thereafter and a conclusion
will be drawn at the end.

A review of the literature

In the knowledge economy, uris are considered vital actors in the creation,
acquisition, dissemination, and utilization of knowledge in a nationa innovation
system (Nelson and Rosenberg, 1993). Theliterature broadly definesthenis (National
Innovation System) as a network of institutions, policies, and agents supporting
and sustai ning scientific and technical advance (Nelson and Rosenberg, 1993; Porter
and Stern, 2001; Furman et a. 2002; Crow and Boeman, 1998). Three core actors
in the nis are uris (university and research institutes), industry, and often, the
government (Etzkowitz, 1999; Mowery and Rosenberg, 1993).

Generally speaking, u/ri-industry relationsinclude: labor market-related linkages,
linkages for the creation, acquisition and dissemination of knowledge, and linkages
to create new enterprises that form the basis of hi-tech regions. uris are the major
educational and training institutions within which educated and trained students
and professionals gain knowledge and skills to become a part of the labor poal in
national and regional economies (Jaffe, 1989). More specifically, linkages between
uris and industry take a variety of forms, such as joint rep projects, technology
licensing, consulting, internships, and other collaborations between firms and uris,
to develop the products or the technology (Kodama and Branscomb, 1999).

Morerecently, there has been much interest in therole of universitiesand research
institutes as a source of spin-offs. There is substantial evidence that universities
around the world are adopting a policy of encouraging entrepreneurship (Rappert
et al., 1999; Shane, 2003; Goldfarb and Henrekson, 2003). Framed in a slightly
different way, Etzkowitz et al. (2000) observed that the university as an institution
is moving toward a more entrepreneurial paradigm. But theoretically, while there
is a consensus on the role of the university in disseminating knowledge through
teaching activities, there are certain disagreements about its role in generating
knowledge, and even lessagreement oniitslinkageto theindustry and the commercia
market. Dasgupta and David (1994) presented an economic argument which also
favors keeping academic and industrial research separate. They argue that
industrial research focuses on profit and intellectual property, while academic
research should concern itself more with fundamental discovery. Mixing the two
would distort resourceallocation and hence, have negative socia welfareimplications.

China developed a policy of encouraging the spin-off of enterprises from
universities and research institutions, even while owning the spin-offs. In
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particular, university-affiliated enterprises, along with those hi-tech enterprises
affiliated with government research institutes, have grown into a major force in
China's hi-tech industry.! Whether such academia-industry linkage is appropriate
or not, such enterprises have made a unique contribution to the development of hi-
techindustry in China. To analyzethis phenomenon, we should look into the historical
background within which the u/ri-industry linkages have evolved.

The innovation of China’s s&T system
The evolution of government policy

Since the 1980s, China's szT system has undergone significant reforms. China's
slogan for the s reform 1985, “build the nation with science and education”,
shows that education and scientific research served as a key to the development of
the country. Since then, universities and research institutions have worked actively
to collaborate with industry. Since the 1990s, as well as being involved in different
kinds of collaboration with enterprises, universities and research institutions have
been encouraged to establish their own enterprises, especially in the hi-tech sectors.

Thereform since 1985 can be divided into 3 stages and each stage is symbolized
by important policies issued by the government. The first stage was from 1985 to
1992. The central government issued adecree on structural reform in the education
system, “Resolution of the Central Committee of the Communist Party of Chinaon
Structural Reform in Educational System” (cccp, 1985), which emphasized the
role of the university in the development of s in China. Almost at the same time,
another decree “Resolution of the Central Committee of the Communist Party of
China on the Reform of the se T System” was issued. It propelled the reform of the
s&T system and encouraged universities and research institutes to strengthen their
linkagewith industry (most, 1999). The budget for the funding of research institutes
and universities was cut considerably with a view to stimulating research
institutes and universities to turn to industry for their survival. To facilitate this
process, regulations and laws concerning patenting and technology transfer were
issued to facilitate the linkage between uris and industry.

The second stage was from 1992 to 1999. Since Deng Xiaoping's southern tour
in 1992, the transformation of China's economic system has entered a new stage.
The most important characteristic of this stage is that the government has begun to

' There is no universally-accepted definition of high-tech industry. This paper accepts the
Chinese definition of “high-tech industry”, generally including electronics and 1T technology,
space science and aeronautics, optical technology, life sciences, materials science and new
material energy resources, ecology and environmental science, medical science, etc.
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render more operational autonomy to government-owned institutions and
universities. The State Council issued itsendorsement of university/research institute
—affiliated (uri-affiliated) enterprises in a document submitted by the Education
and Science Commissions to provide guidelines for administering university-run
enterprisesin 1991. University and government-owned institutes are encouraged to
establish different forms of linkage with enterprises, including technical services,
cooperation in development, production and management, as well as technology
investment, etc. They are also encouraged to establish their own hi-tech enterprises.
Researchers and college teachers can take part-time or full-time research jobs in
enterprises or establish their own hi-tech enterprises while continuing to hold on to
their posts. Statistics indicated that from 1997 to 2000, the average growth rate of
salesincomefor university-affiliated enterprises (uaes) had reached 32.3% annually.
Up to 2000, there had emerged 2097 hi-tech university-run enterprises in China
with net assets of US$ 3.8 hillion (most, 2001).

The third stage started from the year 1999 and has continued until today. The
emphasis of the policy is on promoting the transformation of research institutes and
elevating the innovation capacity of industry during this period. Since 1999, China
began to transform government-owned applied research institutes into hi-tech
enterprises or technical service enterprises. At the national level, the first batch of
242 research institutes affiliated to the former State Committee for Economics and
Trade were transformed into enterprises. By the end of 2003, 1149 formerly
government-owned research institutes had been transformed into independent
enterprises. Therest of them have been transformed into non-enterprise institutes,
such as parts of universities or other research institutes or intermediate agencies.
The government applied more active plans for the development of Science Parks,
which were regarded as a “key component” of the nationa innovation system.
Measures and laws to establish technology transfer were promulgated. A series of
regulations or decrees was issued to facilitate technological innovation. The
government began to examine deeply the efficiency of uri-affiliated enterprisesin
2001. Since then, the “de-linkage” of uris and their affiliated enterprises has been
under progress.

The effects of s&T reform: strengthening u/ri-industry linkage

During the 20-year reform, the mechanism for cooperation between industry,
universitiesand research ingtitutes was established. |n 2003, enterpriseswere engaged
in 90% of al the projects in the national szT program for key reD technologies,
mostly in cooperation with universities and research institutes. 80% of the large
enterprises have established ties with uris (most, 2003).
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Comparing the profile of China's innovation system in 1987 and 2003, we find
dramatic differences. The 1987 innovation system followed the model of a strong
centralized administration. Public research institutes (pris, actually there were no
private ones) conducted the mgjority of the re.D projects, funded mainly by either
central or local government; universities were mainly responsible for education
with limited involvement in reD; enterprises rarely had any input in the projects of
theresearch institutes and they were responsiblefor limited downstream innovation
activities concerning their production and prototyping. Under such a system,
researchersin prisand universities had littleincentive to conduct productive research
and transfer their research results to commercia applications.

In 2003, things changed a lot. Compared with 1987, the total reD expenditure
increased by more than 8 times; the re b expenditure of universitieswasraised from
4% 10 10.5%; personnel involved in public research institutes declined considerably
while those in enterprises increased to alarger extent.

The rapid increase in re.D personnel and expenditure on the part of enterprises
can be explained as follows. First, the transformation of former public research
institutes added to the personnel and re.p ability of the enterprises. Among the 1149

Table1
A profile of China’sinnovation system 1987

Types of R&D Number of r&D R&D Personnel R&D Expenditures
Ingtitutions Ingtitutes  (in 1000 person/year) (in million US$, %)
Public Research Ingtitutes 5222 386 2886.5 (60.7)
Universities' r&Db Units 934 178 189.2 (4
Enterprises’ R&D Units 5021 253 16784 (35.3)
Total 11 177 817 754.1 (100)

Source: compiled by the authors from www.sts.org.cn

Table2
A profile of China’sinnovation system in 2003

Types of rR&D Number of r&D R&D Personnel r&D Expenditures
Ingtitutions Ingtitutes (in 1000 person/year) (in million US$, %)
Public Research Ingtitutes 4 169 204 4 807.2 (25.9)
Universities' r&D Units 3200 189 19554 (10.5)
Enterprises’ r&D Units 11 300 478 11 568.7 (62.4)
Others 3300 62 218.1 (1.2)

Total 21 969 933 18 5494 (100)

Source: compiled by the authors from www.sts.org.cn
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research institutes that were transformed, 1003 have become enterprises or parts of
enterprises, which added up to atotal enterprise s&T personnel increase of 102,000.
The u/ri-run enterprises, a lot of them involved in hi-tech sectors, also increased
the reD density of this category. Secondly, with the enforcement of aliberalization
policy since 1980s, the market has been getting more and more competitive, which
stimulates the initiative of reD activities at the enterprises. Thirdly, the s&T reform
that concentrates on promoting afavorabl e environment-supporting re.b and deepened
u/ri linkage has also helped to build up the reD potential of the enterprises.

China's innovative capacity has also expanded rapidly. In terms of publications
listed in sci, El and istp, Chinaimproved from 15th in 1990 to fifth in 2003, with
93 352 publications listed. In respect to patent applications, from 2000 to 2003, the
number of al three types of patent applications were on the rise. Before 2003,
foreigners were more active than the Chinese in invention patenting. In the year
2003, Chinese patent applications increased greatly and for the first time in the 4
years from 2000 to 2003 surpassed their foreign counterparts’ applications. Table 3
shows the distribution of the sources of invention patents approved from 1996 to
2002. Since 2000, Chinese companies have overtaken public research institutes to
become the most important contributorsin the domestic invention patenting market.
Patents approved for enterprises have been rising sharply, especialy since 2000.
Thedrop experienced by research institutesin 2000 occurred because many research
institutes began their transformation at that time.

The transformation of the research institutes has changed the research model of
the research institutes from government-oriented to market-oriented. It isbeneficia

Table3
Invention patents approved (1996-2002)

1996 1997 1998 1999 2000 2001 2002
Domestic 1383 1532 1655 3 097 6177 539% 5 868
Professional 825 912 954 1685 2824 2 614 3144
Universities 228 256 243 425 652 579 697
Researchinstitutes 247 316 337 543 910 800 907
Enterprises 187 170 182 462 1 016 1 089 1461

Government
organization 163 170 192 255 246 146 79
Non-professional 558 620 701 1412 333 2781 2724
Foreign 1593 1 962 3078 4 540 6506 10901 15 605
Professional 1497 1889 2 949 4 295 6222 10455 15013
Non-professional 96 73 129 245 284 446 592
Total 2976 3494 4733 7637 12683 16296 21 473

Source: compiled by the authors from http://mmw.sts.org.cn
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to build up their indigenous technology innovation capacities. The transformed
research ingtitutes still play a very important role in industrial progress. They have
been taking over a lot of national science and technology programs and provide
technological services to the enterprises. From the perspective of reform, of the
1 149 transformed research institutes, 1 003 have become enterprises or parts of
enterprises. Those remaining state-owned research institutes have increased their
expenditure on re.D. The coverage of repexpenditure in the total seT expenditure
of research ingtitutes hasincreased from 40% in 1985 to 65% in 2003, which shows
that public research institutions have had more incentives to carry out technology
innovation work than before.

Universitieshave become asignificant basefor knowledge generation, diffusion,
technology innovation, and the commercialization of seT achievement. Patent
applications by universitiesin 2003 registered a 150% increase over 2002; the re.D
expenditure of universities accounted for 10.2% of the total reD expenditure of
2003. In particularly, the growth of uaesis striking. Before 1985, some universities
only had their own university-affiliated factories, used only for students to obtain
short-term internships or apprenticeships. Currently, there are more than 4 000
UAES and some of them, especially in the it sector, have developed themselves into
strong competitors of their multinational counterparts in the domestic or global
market.

Generally speaking, the sz reform has been effective in promoting s&T in the
economy and building up an indigenous capacity for theindustry. The government’s
role of facilitating and orienting sz T development has been rather successful. If we
look into the policy in depth, we may find two factors which are combined to give
incentivesto the research institute and universities. On the one hand, the government
budget for research institutes and universities has been greatly reduced since 1985,
putting them in a difficult financial situation. It has become crucia for Chinese
uRIS to secure funds from other sources. On the other hand, the government gave
research institutes and universities legally independent status and pushed them to
develop ties with industry through various kinds of support, such as offering favo-
rable policies, opening up the technology transfer market, establishing a hi-tech
development zone and science parks, etc. As aresult, the developing linkage with
industry has become avery attractive way for many uristo finance their operations.
Take Huazhong University of Science & Technology, a famous university of
engineering for example. Itsincome from government appropriati ons had decreased
from 60% to 30% from 1985 to 2003, while income from research had increased from
20%t0 40%, largely the result of increasing research fundsfrom enterprises, including
its own affiliated enterprises.
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An overview of ulri-industry linkages in China

Since 1985, re.d from enterprise sources has increased rapidly. As we can see from
table 3, in 1985, the government provided 79% of the rep funds, while in 2000
only 33.4%. Statistics for 2003 show that enterprises provided 60.2% of al the
funds raised and the government 29.9%, a 3.5% decrease compared with the year
2000. Enterprises have become the most important investors in rep activities.

Since the 1985 s&T system reform, universities and research institutes
(transformed or public ones) have made great efforts to develop closer ties with
industry. In China, the u/ri-industry linkagesincludeinformal consulting of university
researchersinindustry, technology service contracts, joint research projects, science
parks, university-run enterprises and more recently, patent licensing.

Of dl the forms of linkage, technology service contracts have become a major
source of research funding for researchingtitutesand universities. In researchingtitutes
and universities, researchers are highly motivated to look for cooperation from
enterprises by signing technology service contracts. An examination of the reD
spending of Chinese universities (seetable 4) revealsthat avery high percentage of
their spending is on applied and experimental research (more than 80 percent). It is
expected that most of this spending is funded by industry through different forms
of technology contracts.

Professors and researchers can use different methods to obtain projects. funds
fromdifferent level of government, university projects, and, of particular importance,
companies. Since the competition for government project is usualy very high,

Table4
Rr&D expenditure of universities
(1991-2002, 100 million yuan RMB, % —1991-2002, million USD, %—)

R&D Basic Experimental

expenditure  research Applied research research Total
1991 245 (13.9) 143.4 (55.5) 81.1 (31.4) 249 (100)
1992 436 (12.5) 183.6 (52.6) 120 (34.4) 347.2  (100)
1993 58.6 (12.2) 258.7 (53.6) 164.9 (34.2) 482.2  (100)
1994 59.3 (13.2) 248.8 (55.3) 140.7 (31.3) 448.8 (100)
1995 77.8 (15.4) 279  (55.1) 149.7 (29.6) 506.5 (100)
1996 90.4 (15.7) 321.7 (55.9) 165.1 (28.7) 577.2  (100)
1997 116.9 (16.8) 380.7 (54.8) 197.6 (28.4) 695.2 (100)
1998 104.8 (16) 367.5 (56.1) 184.3 (28.1) 656.6 (100)
1999 137.3 (18.0) 454.2  (59.4) 1735 (22.7) 765  (100)
2000 2145 (23.2) 4819 (52.1) 227.7 (24.7) 924.1 (100)
2001 204.8 (16.6) 710.8 (57.6) 3181 (25.8) 12337 (100)
2002 3349 (21.3) 808.4 (51.5) 4289 (27.2) 15722 (100)

Source: compiled by the authors form China Statistical Yearbook 1992-2003, National Bureau of
Stetistics of China).
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projects from companies have become very attractive. Generally, professors return
a certain amount of the funding to universities/departments (5%-20%) as
“maintenance fees’, while the rest of the money can be used very autonomously by
themsealves. Besidesthis, projectsbring professorsand researcher many other benefits,
including promotion and prizes.

Aswe have seenintable 3, patenting activity in Chinahas been relatively weak,
but the trend during recent years shows that the Chinese are becoming more likely
to patent inventions. Income generated by Chinese universities through licensing
and salesof patentsin 2002 was 11 timeswhat it wasin 1985 (Liu, 2006). Universities
and research institutes have begun to pay more attention to intellectual property
issues. Many of them have set up technology transfer offices to promote the
commercialization of intellectual properties generated by universities.

Thefirst university-based science park was established by Northeast University
in 1988. Upto 2003, there were 44 university-based science parks. They aretypicaly
created by the joint effort of local government and university administration. Most
of these parks are located on or adjacent to the university campus and administered
by a commercial entity established by the university or through a joint venture
between local government and the university. The park administration not only
manages the real estate of the park but also provides incubation services ranging
from fund raising to legal console. Companies located in these parks can enjoy
preferential policies. These parksnot only have played animportant rolein incubating
spin-offs created by faculty or students from universities. They have also become a
magnet for attracting other hi-tech start-ups including those created by expatriates.
According to areport from the Ministry of Education, by the end of 2002, university
science parks had attracted US$ 3 600 million in investments, employed 100 000
persons in 1 200 rep centers, supported 5 500 hi-tech companies, and incubated
2 300 start-ups, among which 920 had graduated and 29 had been listed on the
stock exchange (Ma, 2003).

While there is no formal definition, university-affiliated enterprises refer to
those enterprises that are in one way or another controlled by the universities they
are affiliated with. In redity, some enterprises willingly submit their management
control to universities so that they can generate intangible benefit for themselves.
University-affiliated enterprises in China are run under three models. The first is
university-affiliated factories or print shops, which are mainly used for studentsto
get short-term internship or apprenticeship in areal productive environment. The
number of these has been greatly reduced during the past 20 years. The second
model is to use university technologies to create joint commercial entities with
enterprises outside universities. The most common model istechnology devel opment
companies created by universities and departments (Li, 2000).
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Since 1985 many university-affiliated factories have opened their doors to the
outside world through a more active collaboration with enterprises. University-
affiliated enterprises (UAES) have been developing at an accelerated speed since
1991 after the endorsement of a guideline for the uaes by the government. In 1991,
salesincome of uaes amounted to US$ 330 million. By 1999, this number reached
US$ 4.6 billion. Since 2000, the sales and profits of university-affiliated enterprises
have increased steadily.

Table5
Performance of university-affiliated enterprises 2000-2004 (in million US$)

Total Gross Net Yield  Profitreturns
Year Units income profit profit of taxes to universities
2000 5451 5852.1 551.2 435.3 307 203.5
2001 5039 7264.8 580.4 426.6 343.1 221.2
2002 5047 8696.6 554.7 426.7 438.2 208.2
2003 4839 9959.9 519.1 337.6 38.69 467.3
2004 4563 11706.5 603 356.6 48.66 587.7

Source:  http://www.cutech.edu.cn/ShowArticle.asp?Articlel D= 10290

In the year 2004, there were 4 563 university-affiliated enterprises based on 592
universities, among which 2 355 were in s&T sectors. In terms of governance
structure, 66.71 percent of the university-affiliated enterprises were owned solely
by the universities, 32.31 percent were joint ventures with domestic partners and
0.9 percent of them absorbed foreign investment. In terms of management control,
88.34 percent were operated by their universities and another 1.66 percent by
departments or institutes within the universities.

Some of the university-affiliated enterprises are publicly traded on the stock
market either with their own i1pos or by purchasing “shells’ from existing public
companies. Till 2003, there have been morethan 30 university-affiliated enterprises
listed on the stock market and most of them are in the 1T industry. Universities are
the majority shareholders for some of the enterprises, and for the remainder of
them, universities are the largest shareholders, maintaining enough power to con-
trol the direction of the companies.

Public universities are not allowed to directly run profit-earning business in
most countries. But in China, such activities have been encouraged. As we can see
from table 5, the income of the university-affiliated enterprises is amazing. These
enterprises not only return a part of their profit to the universities but also continue
to serve as the internship training base for students. In 2004, university-affiliated
enterprises received 759 300 students for internship training.
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The development of China’s computer industry

In the early 80s, the computer industry hardly existed in China. Since the 1990s,
China's computer industry has been developing at an accelerated speed. In 1990,
the number of rcs produced was only 500 thousand, while in 2003, over 23 million
were produced by this country.

Table 6
Growth of rc production (thousand units)

Year 1990 1995 1996 1997 1998 1999 2000 2001 2002 2003

Production 500 836 1388 2066 2914 4050 6720 8777 14635 23 167

Source: National Bureau of Statistics of China.

China s hardware industry has been doing very well during these years. In 2002
and 2003, it was the second largest in the world. Although the development of
software has not been so fast, it has aso been on arising trend over the years. For
the present, the software industry has become alarge proportion of China'scomputer
industry, but is still avery small proportion of the country’s eppr. The devel opment
started accel erating after the promulgation of “ Policies regarding the Devel opment of
the Software Industry and the Integrated Circuit Industry” in 2000. In 2004, the
output of China’s software industry amounted to US$ 27.8 billion, with an average
increase of 30% since 1999.

Table7
Output of software, computer industry and total cop (million US$)

Output of Output of Software as Software as
software computer proportion of Total proportion
industry industry computer industry GDP of cbp

1999 5319.3 20 733.9 25.60% 987951.8 0.54%
2000 7 144.6 25 903.6 27.60% 1072289.2 0.67%
Growth rate 34% 25% — 8.50% —

Source: Ministry of Information industry. Yearbook of IT industry, 2002.

According to oecp, China has surpassed the United States to become the biggest
exporter of icT products, including computers, mobile phones, digital cameras, etc.
Compared with 2003, China's export of icT products in 2005 saw an increase of
46%, amounting to 180 hillion US dollars, while the growth rate for the us was
12%. China has become a strong exporter of hi-tech products since the year 2002,
with atrade surplus of 3 billion US dollarsin hi-tech products that year. The most
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recent statistics also indicate that China's pc and laptop trade surplus reached 45.4
billion US doallars in 2004.

The prominent characteristic of China's computer industry may be the strength
of its domestic enterprises. Domestic enterprises have strong indigenousinnovative
capacities, which isnot common for devel oping country. With regard to the hardware
industry, although China's domestic enterprises have not possessed an obvious
advantage in the production of servers, drivers, and electronic components etc, the
PC makershave been performing extremely well in the domestic rc market. Domestic
companies had 80% of the market in 1998 and 75% in 1999, a remarkable change
from the early nineties when foreign companies had 60% of the rc market (Chung,
1999). Since 2000, the dominance of domestic companies has continued. In 2004,
the top three rc market |eaders were domestic enterprises, Lenovo (25.1 percent),
Beijing Founder Electronics (9.9 percent), and Tsinghua Tongfang (7.8 percent).
The fourth was Dell, with a 7.2 percent share of China's PC market, leaving other
foreign PC vendors behind, including 1em, which ranked No. 5 with a 5.1 percent
share of the market, and No. 6 Hewlett-Packard, which has a 4.8 percent share of
the market (Lemon, 2005). In 2005, Lenovo (formerly named Legend) bought the
pc division of 1Bm in a dea valued at $1.75 billion, making it the third-largest rc
maker in the world after Dell and Hewlett-Packard. Although the strength of
China's software industry has still been weak in the world, domestic firms also
have their indigenousinnovations. The statistics for 2002 shows that domestic soft-
ware firms held about 33% of the market (Gartner, 2002).

u/ri-industry linkage: the driving force
of indigenous capacity building

The Chinese government’s strategy to develop the computer industry is to catch up
technologically while maintaining its control over key technologies. The essence of
thesaT reformisto strengthen the u/ri-industry linkage and make China suniversities
and research ingtitutes directly serve the needs of national economic development.
The particular case of Chinaisthat not only have university and research institutes
been acting as an important provider of technology innovations and the cradle of
the futureintellectual resources, but they have also commercialized their technol ogy
results by operating enterprises, some of which have grown into strong performers
in the industry. When we look into the computer industry, we find that almost all
the leading domestic companiesin this sector areinvolved with strong u/ri-industry
linkage.
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Government influence

Government policies and programs have been the orienting force for the develop-
ment of high technology in China. Table 9 summarizes the Nationa policies and
program. Some of the policieswe have discussed in previous sections. The programs
worth mentioning here are the “National S& T Achievements Diffusion Program”,
“the National Engineering Technology Research Center Program”, the“ 863 Program”
and the “Torch Program”. The “National S& T Achievements Diffusion Program” was
set to mobilize technol ogical achievementsin 1990. In addition, as continued efforts
to promote technology transfer and commercialization of research products from
academia, measures such as cutting financial support and granting greater autonomy
to research institutes from central government, were adopted. The enforcement of
“The National Engineering Technology Research Center Program” in 1991 was
one of such efforts.

The most important program for the hi-tech areas is the “National High
Technology Research and Development Program”, or the “863 Program”. It covers
20 subject topics selected from eight priority areas. Biotechnology, Information,
Automation, Energy, Advanced Materials, Marine, Space, and Laser and Ocean
Technology, in which the first six areas are managed by most (Most, 1998). It aims
at improving the nation’s overall rep capability and catching up with the advances
of cutting-edge technology in the world. Meanwhile, it also aims at educating and
training professionals for the 21st century by mobilizing more than 10 000 mass
researchersfor more than 2 860 projects each year (Ito, 1995). Some of theresearch
resultsin core computer technol ogies developed by this program became the basis
for the leading domestic computer enterprises.

The Torch Program, launched in 1988, eased regulations, provided support for
building facilities to attract foreign hi-tech companies, and encouraged the esta-
blishment of indigenous hi-tech companies in special zones throughout China.
Government planners established these hi-tech zones in close proximity to uris
with the goal of promoting linkages between researchers and firms. Until 2003, 53
national hi-tech zones had been established since 1991. The mainindustriesin these
zones were information technology (1), biotechnology, new materials, and new
energy technologies (Annual Report on China's Torch Program, 2003).

Government policies have played akey rolein the devel opment of the computer
industry. The ninth five-year plan (1996-2000) began to put emphasis on devel oping
the indigenous capacity for China's hardware industry in planning to increase the
percentage of domestic components in Chinese-assembled computers and
the production of peripherals. “Golden Projects”’, including “golden bridge”, “ golden
customs’, “golden card”, were initiated to promote the use of computers and the



Table8
Summary of S& T programsand policies
Policies Dominant features Year

Key Technology r&D program Encouraging effortsin key technologies 1982
Resolution on the reform

of s&T system (cccp) Adopting flexible system of rR& b management 1985
The sparkle system Promoting basic research in agriculture 1985
863 program High-tech promotion 1986
The Torch Program High-tech commercialization, establishing high-tech zones 1988
The National s& T Achievement

Diffusion Program Promoting product commercialization 1990
TheNational Engineering Technology

Research Center Program Technology transfer and commercialization of research products 1991
The Climbing Program Promoting basic research 1992
Endorsement of uaEs by sstcc Promoting university and industry linkage 1992
s&T Progress law Technology transfer, s&T system reform 1993
DecisiononAccelerating s&T

Progress (cccp) Promoting uri-industry linkage 1995

The Law for Promoting
Commercialization of s&T
Achievement Regulating the commercialization of s&T Achievement 1996
Super 863 Program Commercialization, break-through in key areas 1996
Decision on Developing
High-tech and Realizing

industrialization (cccp) Encouraging technology innovation and commercialization 1999
The Guideline for Developing
National University Science Parks  Accelerating the devel opment of university science parks 2000

Source: compiled by the authors based on various sources of mosT.

internet. Though the “golden bridge” project, a national information highway was
established. Thetenth five-year plan (2001-2005) focused on enhancing innovation
capacities, especially inintegrated circuit and software technology. More favorable
policies were issued during this period. Statistic show that the development of the
software industry has greatly been accelerated during that period.

Origins of the Chinese computer industry

All of the earliest and the most well-known Chinese domestic computer companies
have their originsin avariety of sources. Four important modes of I T industry firm
formation have been identified by Lu (2000):

a) The modd of spin-offs from the government-funded research institutes in the
Chinese Academy of Sciences (cas) —as represented by Legend.

b) Themodel of university-researched technol ogies being commerciaized by private
enterprises funded partly by the university and partly by other agents —as
represented by Founder and Tongfang, currently the second and the third in the
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pc market, and Dongruan, thefirst listed software company, which isauniversity
—adffiliated enterprise at Dongbel University.

c) The Greenfield startup model —represented by Stone Group Corporation, a
company that was started by university graduates at Tsinghua University, whose
first products were word-processing products.

d) The model based on spin-offs from a state-run firm, as represented by Great
Wwall.

All four types of enterprises had their origins in university and research
institutions. L et ustake those representative compani es as examples. Legend started
with anumber of professors at the cas I nstitute of Computing Technol ogy. Founder,
China stop university-affiliated enterprise, hasrootsin Beijing University, devel oped
from the research results of a key government supported research project, font
processing and pictographic publishing systems. Stone got started by specifically
designing Chinese character software to be combined with a Japanese printer. It
also took advantage of talent from cas, which was crucia to its products. Great
Wall wasformed by mer (Ministry for Electronic Industry) for the commercialization
of the first generation Great Wall Brand computers, the iBm-compatible pc with
superior capabilities for Chinese character generation and a display developed by
mel-affiliate research ingtitutions.

Most of the spin-offs, such as Legend (currently Leonovo) and Stone, have still
been working closely with uris through various kinds of u/ri-linkage, such as
technological services contracts, collaborative projects, licensing, etc. Those
university-affiliated enterprises, such as Founder of Beijing University, Tongfang
of Tsinghua University, and Dongrun Software, continuously build up their
innovative capacity by taking advantage of university resources.

The u/rrindustry linkage model in the computer industry

The u/ri-industry linkage in the computer industry followsthe “triple helix model”,
which takesthetraditional formsof institutional differentiation among universities,
industries, and government as the starting point for institutional interaction in the
production of knowledge (Etzkowitz and L eydesdorff, 1997). It impliestheemergence
of new hybridingtitutional structuresbetween the three sectors of academia, industry,
and government. The government supports the collaboration by setting policies and
programs, and putting in place the necessary infrastructure for successful cooperation
between uris and industry. A high level of entrepreneurial activities such as
networking, informal and formal connections, and strategic partnerships on the
part of universities, which take placein theform of hybrid organizationsor coaitions,
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isinvolved in thismodel. Based on the institutional level of cooperation, the sphere
of cooperation, and the durability of the arrangement, there are 3 major prototypes
of collaboration in China: 1) uri-run enterprises; 2) spin-offs, referred to as
new, revenue generating firm (i.e., contract and consulting firms, technology
asset firms, product-oriented firms) originating from a parent university or
research institute (Steffensen et al., 2000); 3) strategic research aliances (i.e.,
technical service contracts, science parks, think tanks, research groups, etc.).

Universitles __
\_ [ Hybrid orgs

Source: compiled by the authors.

During the szt reform, many research institutes and universities have established
their own enterprises in hi-tech sectors, most of which acted as commercialization
mechanisms for their seT achievements. The common practice is as follows: a
group of researchers conduct research projectsor programs; when they make valuable
achievements, they form enterprisesto commercializetheir products. Such enterprises
are generally uri-affiliated at the initial stage. The institutes they belong to make
the crucia decisions and share the profits of the enterprises. Later on, when the
enterprises grow, de-linkage may take place. They look for other outside investors
or get listed on the stock market. Informal relations are generally maintai ned between
the institutes and the enterprisesin terms of re.D support, intellectual resources, etc.
Government has played the role of lubricant to facilitate the development of such
enterprises. As to intellectual property rights, these stipulate that if the sa.1 results
of the government supported projects are not concerned with national safety, the
property rights belong to the researchers themselves. Moreover, favorable policies,
such as tax exemption and money premiums, are offered to urRl —run companies
and spin-offsin hi-tech sectors.
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In the following sections, we shall investigate the two cores of origin for China's
computer industry: the Chinese Academy of Science, the most important research
institute in China, and Beijing University and Tsinghua University, China's most
prestigious universities.

cAs and its spin-offs

The Chinese Academy of Science (cas) is a system of government science &
technology research institutes with premises all over China specializing in various
areas, the most important ones being located in Beijing. Currently it has 108 institutes,
more than 200 hi-tech enterprises and another 20 supporting agencies.

cas isthe highest academic research ingtitute in science & technology in China
and the comprehensive re.d center for natural science and cutting-edge technol ogy.
Founded in 1949, it was formerly the leading agency for defense-related research
on nuclear weapons, satellites, and jet-propulsion technologies. In the 1980s, cas
maintained basic research as its major concern while shifting towards rep with
greater commercial applications. During the seT reform, many cas institutes have
been restructured and transformed into enterprises, most of which have entered the
hi-tech sectors. cas (Beijing) established a holding enterprise, the China Science
Group (holding) Corporation (cscc) in 1993. Since then it has been engaged in the
management and administration of the assets of casin order to give freerein to the
technological strength achieved by the scientists and experts of casand to promote
the integration of science and the economy. csec now has 30 solely —or partially-
owned membership enterprises. In 2002, the casHolding Corporation was established
by cas to be responsible for al its wholly —or partially-owned enterprises. cas
Holding Corporation owns csec and another 18 companies and it also has sharesin
another 6 enterprises, including China's top rc company —L eonovo. All of the 25
enterprises are engaged mainly in the high technology sectors. cas has by far the
most successful research institute in spinning-off enterprises. Until 2004, the whole
cAs system hasinvested in and spun off more than 400 hi-tech enterprises, eight of
which have been publicly listed. The gross income of the enterprises cas invested
in came to US$ 6.45 hillion in 2003 and they had a net profit of US$ 250 million.

One of the most successful companies to emerge from cas was the Lenovo
Group Limited (formerly called Legend). It was founded by eleven scientists at the
cas Ingtitute of Computing Technology in Zhongguancun (zcc, China's so-called
“silicon valley”) in 1984 with the advanced pcp technology developed at cas. The
founders remained institute employees and cas provided technologies, a loan of
200 000 rvB, and office space, as well as research facilities. The decision to start
Lenovo in zcc was sparked by a government initiative to reform the national sa
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system giving rise to non-government s T enterprises (Lu, 2000). In 1994, Lenovo
was listed on the Hong Kong Stock Exchange and became the world's fifth largest
supplier of computer motherboards and add-on cards (L azonick, 2004). Since 1996,
Lenovo has become the largest Chinese 1T company and occupied first place in
Chind's pc sales market. With its 2005 acquisition of 1Bm’s pc business, Lenovo has
become the world’s third largest pc firm in terms of sales.

The development of Lenovo is a process of indigenous innovation. In 1987,
Lenovo devel oped its Legend Chinese-character card, which wasagreat technology
breakthrough and won the highest National szt ProgramsAward in Ching; in 1990,
Lenovo launched its first Legend rc in the market and changed its role from an
agent importing rcs to a pc producer; in 1995, Lenovo introduced its first Legend
brand server; in 1996, Lenovo developed its first Legend brand laptop; in 2002,
Lenovo launched its super computer, Deepcomp 1 800, and one year later, Lenovo
innovated it into Deepcomp 6 800, ranking 14" on alist of the 500 fastest computers
in the world. Lenovo's continuous indigenous innovation capacity has its roots in
cAs. cAs has supported Lenovo with preferential treatment including full autonomy
in managerial decision-making, financial budgeting, and employee recruitment,
and full accessto cas resources. Though cas owns acontrolling interest in Lenovo,
Lenovo is independent in conducting business. The benefit for casis that Lenovo
makes payments to it every year. The relationship between the two is quite close
and rather informal.

The case of Lenovo points to the combined strength of the enterprise, the
government and the research institute. The government paves the ways for the
enterprises and the research institute supports it with available resources. The
enterprise model is a symbiosis between the system of scientific research and the
system of technology commercialization. More significantly, the success of Lenovo
set a model and inspired other research institutes and researchers within the cas
system to establish spin-off companies. This has become particularly important for
s&T development in China.

5. Universities and their affiliated enterprises

During China's s&1 reform, universities have become the key force in the national
innovation system, not only in educating future intellectuals but also in commer-
cializing science & technology. According to statistics for the year 2004, 592 of all
the 1 010 universitiesin Chinahave established uaes, with atotal of 4 563, including
2 355 hi-tech enterprises. Actually, there have been serious concerns about the
ownership of the university-affiliated enterprises and theimpact of commercialization
activities on the function of the university throughout these years. Consequently,
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after 2000, the government and universities have been exploring waysto clarify the
complicated relationship involved in the governance structure of the university-
affiliated enterprises and putting more emphasis on patenting licensing and university
science parks. But despite al the problems, we should not deny that university-
affiliated enterprises have made a unique contribution to the development of hi-
tech industry in China.

Certainly, not al university-affiliated enterprises are successful, but there are
somereally successful ones. Aswe can seefromtable 10, among the top 10 university-
affiliated enterprises, 7 are in the 1T sector. Founder Tech and Tsinghua Tongfang
have remained the market leaders in China's rc market since 2000. On the ranking
of China's best 1T enterprises (based on sales income) in 2005, Founder Tech and
Tsinghua Tongfang occupied 11th and the 25th place, respectively. Dongruan Tech,
the first listed software company in China, developed from a university workshop
of 3 people with registered capital of just US$ 5 660 in 1991 —currently, it is the
leader of the software industry with total assets of US$ 30 million.

Beljing University and Tsinghua University have been the leaders, not only in
education and research in China, but also in developing the university-affiliated

Table9
Top 10 high-tech uae with highest net profit in 2004
Net profit (in
Ranking Name Line of industry University thousand US$)
1 Founder Tech 1T-high tech r&D Beijing University 48 336.10

2 Dongruan Group Ltd 17-software System integration Dongbel University 30 898.80

3 Tsinghua Tongfang IT products and services Tsinghua Unniversity 13 964.90
4 Kaidi Electric Corporation Electrical equipment Wuhan Unviersity 12 269.20
5 Fudan Engineering IT products & services Fudan University 11 031.60
6 Yongsheng Huaging IT equipments Tsinghua University 10 428.00
7 Tsinghua Holding IT products and services Tsinghua University 8 538.40

8 Sifang Tongchuang
Equipment Electrical equipment ~ Huabei Electric University 8 012.00

9 Shenzhen Tsinghua
Research Ingtitute Education Tsinghua University 7 375.20

10 Beijng Jingdian

Technology IT products Tsinghua University 7 098.00

Source: complied by the authors from http://www.cutech.edu.cn
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enterprises. Founded in 1898, Beijing University is China's first national
comprehensive university and the most prestigious university in terms of science
and the humanities. Tsinghua University, on the other hand, is China’ s most famous
university for itsengineering education and research. Thetwo universitiesare ranked
first on the list of China's best universities. As the most comprehensive university
in China, Beijing University hasastrong endowment of talent and research resources.
It has 12 national corelaboratoriesin different areas, 2 national engineering research
centers, including one software research center, and 13 Ministry of Education core
laboratories (General Administration Office, 2006). During the ss T reform, Beijing
University has actively involved itself in collaboration with industry and has
established firms to commercialize its rep achievements. Currently, Beijing
University has 9 fundamental affiliated enterprises concentrating in areas of 17
manufacturing and services, bioengineering and education, including one Science
Park, plus more than 100 medium and small enterprises. It has become a cluster of
generating sz T achievement, incubating hi-tech enterprisesand nurturing high-quality
intellectuals.

Let uslook at the case of Beijing University’smost successful affiliated enterprise,
the Founder Technology Group. Like most other university-affiliated enterprises
activein hi-tech sectors, the emergence of Founder was aresearch-based achievement
developed at the university’s laboratory. Founder was the commercialization
mechanism for the advanced research result of a government-led reD project, the
pictographic language electronic publishing system. Established in 1985, listed on
the stock market in 1998, Founder currently is the largest university-affiliated
enterprise in China with total revenue of USD2.66 billion in 2004. It has been
dominant inthe market for Chinese-language el ectronic publishing systemsinAsia,
the US and Europe. Besides continuously developing its advantage in electronic
publishing technology and expanding its business in other area of iT manufacturing
and services, Founder also has entered other sectorsbased on theresources of Beijing
University, including medicine and securities investment, etc. Another important
Beijing University-affiliated enterprise, Jadebird Corporation, hasfollowed the same
route. Its emergence was based on another important government-led re.D project,
“Jade Bird Computer Aided Software Engineering”. Established in 1994 with a
registered capital of US $ 700 000, Jadebird Corporation has developed itself into
one of the top software companies in China and a comprehensive industrial group
covering areas including software technology and services, education and
communications.

Most university-affiliated enterprises act as the commercialization mechanism
of thereD results of the universities. Asin China’s case, since the absorptive capacity
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of domestic companies has been low, it has been very hard for the universities to
find appropriate partners to bring the technology to product. The institutional
arrangement of university-affiliated enterprises makes it convenient to bring tacit
knowledge gained at the research stage (such knowledge is sometimes the key to
success, especially in hi-tech production processes) to the manufacturing stage. We
could say that without the university-affiliated enterprises, many rep results would
never be commercialized.

Conclusion

In early studies by economists, the scientific knowledge generated from academic
research is assumed to be exploited by industrial firms at almost no cost (Nelson,
1959; Arrow, 1962). The argument has been challenged in recent year. Studies by
Rosenberg(1982), Mowery(1983), Pavitt(1987), and Cohen and Levinthal (1989)
show that transferring scientific knowledge is a costly process, heavily influenced
by the division of labor among different institutions in an innovation system, the
internal networksand coordination. |n another important paper, Cohen and Levinthal
(1990) indicated that the “absorptive capacity”, the ability of a firm to recognize
the value of knowledge, assimilate it and apply it to commercia endsis critical to
itsinnovative capabilities and essential to enterprisesin hi-tech sectors. They point
out that the absorptive capacity is largely a function of the firm's level of prior
related knowledge.

The in-house reD capacity of China's domestic enterprise had been very low
before 1995. They lacked the necessary intellectual, capital and technical resources
to carry out innovations. Before the emergence of those important uri-affiliated
enterprises in this sector, there only existed medium and small companies that
manuf actured low val ue-added components using | ow-cost assembly. When research
institutes and universities developed st T results, the most effective way to make
them productive was to transfer them into products and commercialize their st
achievement themselves, which is especially evident in hi-tech sectors, such asthe
computer industry. Thisis partly because it was difficult to find adequate enterprises
to commercialize the knowledge and partly because a critical component of the
absorptive capacity for certain types of information such as those associated with
product and process innovation is often “team-specific” and therefore cannot easily
be transferred and quickly integrated into another firm, while for the commer-
cialization of innovationsin the computer sector, such absorptive capacity iscrucial.
AsLeeandAllen (1982) pointed out, considerabl e time lags are associated with the
integration of new technological staff, particularly those concerned with process
and product devel opment. To integrate certain classes of complex and sophisticated
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technical knowledge successfully into the firm's activities, the firm requires an
existing internal technology staff who are both competent in their fields and fami-
liar with the firm’s idiosyncratic needs, organizational procedures, complementary
capacity, etc. The institutional mechanism of uri-affiliated enterprises is beneficial
for the commercialization of the technology in the sense that the whole research
team and tacit knowledge are maintained within the same overall system.

The emergence of successful uri-ffiliated enterprisesin China's computer industry
may be influenced by the interaction of the following factors. Most importantly,
s reform has strengthened the u/ri-1 linkage and has thusfacilitated the devel opment
of China's uri-affiliate hi-tech enterprises. It is no exaggeration to say that the
research institutes have become the driving force of the indigenous capacity buil-
ding China’'s computer industry. In particular, cas, THU and pku have been the
source of firms that are now among the largest 1T suppliers in China. Moreover,
Chinese government has adopted a policy of “catching up in technology while
maintaining central control over key aspects of economy”. The access of foreign
companies to China's domestic market was restricted to a certain degree so that the
domestic companies have gained time to strengthen themsel ves (K enneth and Jason,
2001). Finally, the strong system of the China's uris combined with the weak in-
house re.D capacity of itsdomestic enterprises has strongly impelled sz Tdevel opments
in the computer industry.

Although there have been serious concerns over university-affiliated enterprises,
it is undoubtedly the case that university-affiliated enterprises have made great
contribution to the growth of China's industry, especially the i1 sector.
Notwithstanding this, the experience of some successful uaes suggeststhat in order
to maintain sustainable devel opment, uaes need to absorb more social capital inthe
market and clarify the relationship between the government, the university and the
enterprise. The solution has been investigated by the government and delinkage has
been in progress. The new trend shows that the establishment of science parks and
the traditional technology transfer approaches such as licensing may be more
appealing in the future.

China's experience shows to what extent government policy can shape the
industry. China's strategy of building indigenous innovative capacity by fully
exploiting the resources of its universities and research institutes under the suitable
orientation of government policy is worthy of study for those developing nations
that have strong uris, but which are weak in in-house corporate reD capacity.
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