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1. Introduction

In order to cope with the dynamism of the New Economy, a namework for
government and public policy is necessary to allow a country to adagte
fundamental shifts in economic and social realities thatnitsrgence brings about.
Not only private sector innovation and entrepreneurial drive but alategit and
concerted public policies are essential to overcome the diffisulbeolved and
thereby achieve the New Economy'’s full promise.

In the past two decades, China has undergone intensive transformation in terms of
industrialisation and urbanisation; at the same time, it has erped transition from
‘the plan’ to ‘the market’ and from isolation to gradual inteigratinto the world
economy. Starting as a low-income ‘non-core innovator’ country, China has
encountered the challenges of developing an ‘old’ manufacturing ecomasgs-
production and the New Econonsymultaneouslyin a uniquely short period. We
argue that the ‘catch-up’ strategy relying on technologicélision has its inherent
limits for China and that China’s government has taken an agbpeach to the
challenges, fostering new and high technology industries to providktbreughs in
sustaining economic growth subsequent to the initial industrialisatioodp@s the
driving force of the New Economy, the role of government in the developaient

high-tech sectors in China is the focus of this paper.

Instead of following the somewhat tired dichotomy of ‘the freeketaversus
government intervention’ and the deterministic approach of thelassi@al property
rights school to interpret the transition of new high-technology inéssimi China, we

adopt in this study an institutional approach to change. In so doinggue that



China has coped with the dual challenges of economic development tiudions
transition simultaneously within its unique ‘contextual circumstdnees that
gradualism and pragmatism have turned out to be the ‘path depemulehtns for
China to deal most successfully with the ‘churn’ of transition. \Wgiea that the
‘transitology” of China, from the very beginning has involved pragmatic attempts at
wealth creation, welfare improvement and growing efficiencthieymost appropriate
available means within its extant contextual circumstancesrréthe by blindly

following textbook models

The current situation shapes the institutions of tomorrow and, asudt, re
institutional change cannot be explained in abstract from past utrostal
arrangements. Thus we argue that, with regard to China, the insi#utramework
of the Mao era (1949-76), with its features of rigid party/stateeance structures
and the political norm of the collective good, shaped both the evolution ofethe
institutional framework and the nature of the market in China-irsitian under
Deng Xiaoping and Jiang Zemin (1978-present).

In the first part of the paper, we present our understanding ofajene¥stions
associated with the New Economy. In the second part, our analysige dilew
Economy in the context of China-in-transition presents the contesitcaimstances

in which China has recently found itself.

In the third part, based upon an institutional approach to change esenpthe
process through which the high-tech sectors in China have evolved.s@sslihe
role of government in fostering institutional innovation, highlighting the
policymaking and management of two major government projects in theegbmsn
era under Deng Xiaoping and Jiang Zemin: The National High Techn®egearch
and Development Programme of China (863) and The Torch Programenargive
that the springboard for growth of the high-tech sectors in China in this perioevas t
science and technology and R&D capabilities that had accumulatet Mao in
which the unique ‘government-industry-university’ partnership wasnaily forged.
China’s prior institutional framework allowed government and the usites to

! This concept is associated with Laszlo Cs@iaURCE?)
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engage in activities that went far beyond basic research and bdxaime the early
driving forces for product development and commercial adventuresgmtéch

sectors.

In the final part, we present the evolutionary process of univergjhytech spin-
offs that have been characterized by ‘fuzzy property rightsd dpublic
entrepreneurship’, and through these concepts, attempt an explanationretethie

‘path dependence’ of the Chinese high-tech sector.

2 The New Economy: an American Phenomenon?

In recent years, the ‘New Economy’ has become a highly nuanceeéptoil he
term was originally coined to describe the performance of tBeetbnomy in the
1990s: often referred to as the ‘American Phenomenon’ and charedtéry high
productivity and growth rates, yet with low levels of both unemploynsemdt
inflation?, it represented a stark contrast to the post-war decades of theth8&5ayh
to the 1980s when economies seemed forever dogged, in traditioriapsP@Gurve’
style, by periodic bouts ddither inflation or unemploymentSubsequently, the term
‘New Economy’ became identified with those sectors of any ecorarasacterized
by high-tech industry, driven by ICT, enjoying booming capital markand
associated with intensified globalisation (in contrast to thoseeglts of the economy
dominated by traditional industry) promising a new economic dawlmowi periodic
boom and bust. Despite enthusiasm for the concept of the New Economyt ¢lre
crest of the wave, however, there have always been doubts asthemdgwech a thing

ever really existed. Those doubistensified once the ICT and dot.com share bubbles

2 SeeBusiness Weelan 31, 2000: “With the information technologygtse leading the way, the U.S.
has enjoyed almost 4% growth since 1994. Unemploynas fallen from 6% to about 4%, and
inflation just keeps getting lower and lower. Leaybut food and energy, consumer inflation in 1999
was only 1.9%, the smallest increase in 34 years.”

® Doubts are held by economists who argue the pagoce of American economy in 1990s does not
support the claim that ‘new economy’ generatesisterst high productivity: the annual growth of non
agriculture sectors from 1963 to 1966 was 7.098/63ahd 3.2%, and that from 1970 to 1973 was
6.1%, 3.6% and 2.9%. By contrast, the average ¢rénotm 1996 to 1998 was 4.3%. The average
increase of productivity during 1990-1996 was 1.58ich is much lower than that during the ‘golden
age’ (1948-1966). Gordon (1999) and Trghet (1998)a that contribution of globalisation and
information technology innovation to growth of Aritam economy has been falsely amplified and
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burst at the start of the new millennium and the economies df$#e and Europe

joined Japan in suffering the cold winds of cyclical downturn.

Yet a number of American economists argue that reports of theBdenomy's
demise have been greatly exaggerated. According to theim{siit) views, the
current difficulty is merely a short-term blip within a much lengyrowth cycle
associated with a New Economic transformation which has scabsgun. As
representative of their views, Scherer (1999, p.119) emphasizes, Ylecemnturies—
old tradition of gazing with wonder at recent technological achievensutveying
the difficulties that seem to thwart further improvements, and edimg that the
most important inventions have been made and that it will be muchdifiiecalt in
the future to achieve comparable rates of advance. Such viewslWways proved to
be wrong in the past, and there is no reason to believe that thég wny more valid

in the foreseeable future.”

In the same vein, authors (Cornelius, Balnke and Paula, 2002AGE
NUMBER?) of “The Growth Competitive Index” indicate, “the reality @t the New
Economy was neither an epochal and dizzying transformation norangjegerated
by some dot-com companies looking to inflate their IPO priceheRdt was and is
the kind of profound transformation of all industries that happens perhajgsitna
century... we need to remember that the New Economy was nevesbjost the
Internet. Rather, it is about the transformation of all industaed the overall
economy. As such, the New Economy represents a complex arrayce$.fdihese
include the reorganisation of firms, more efficient and dynaiapital markets, more
economic "churning" and entrepreneurial dynamism, relentless gatal,

continuing economic competition, and increasingly volatile labour markets”.

Nowadays the influence of the New Economy, in terms of its witeed
fundamental tendencies of scientific and technological innovation (Wit
information revolution as its leading force) and globalisation, has gepend the

territory of the United States. Other countries, regardleskeif tifferent levels of

thus overemphasised. According to Shapiro & Varti®99) -MISSING REFERENCERE although
the technology has been significantly improved,@abenomic laws and mechanisms remain as valid as
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development, have also embraced New Economy-driven changes. Buttheéhile
American model of the New Economy represents the archetypéhdoongoing
science-based innovation-led changes in economies and society lgentl
contours of the New Economy in other countries are not and netessanot be the
same as those of the world’s only superpotvéet currently, according to Kolodko
(2001) —-PAGE NUMBER?,“the concept of the ‘New Economy’ and the innovative
attempts at its theoretical explanation are heavily biasddviour of the American
outlook on reality”. As a result, there is a need to identifyviieee-ranging nature
and characteristics of ongoing fundamental change involved in gga#ipen New

Economy in parts of the world beyond the boundaries of the United States.
Concepts such as the ‘knowledge economy’, ‘information economy’, ‘thénfourt
industrial revolution’ have all been variously used to describenteeeonomic
transformations. For the purposes of this paper, however, we proposdetstand
the New Economy as being differentiated from the old by the following &=atur
(1)Knowledge as its critical factor of production,
(2) Science-based high technology as its driving force,

(3) Innovation as its spirit,

(4) Globalisation as its economic environment.

3. The New Economy in the context of China- in-transition

ever. “The New Economy is built on old virtues” saireasury Secretary Lawrence H. Summers
(SOURCE?)

“In terms of the openness of the economy and amtopfiinformation technology, the economic
conditions of industrialised countries such asdmnit France and Japan are similar to those of B&.U
However, unemployment in Britain and France washrhigher than in America in the 1990s, Japan
has suffered a decade of stagnation, and nonecthaslieved the typical ‘new economy’ standard of
‘one stability three lows’ - stable growth and lowemployment, low inflation and low interest rates.
Yet can we argue that Britain, France and Japaa havembraced the benefits of the New Economy?
If that were the case, the New Economy should tegpreted merely as an ‘American phenomenon’
rather than as a world-wide trend.
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3.1 New Economy - Driven Industrialisation

China has achieved both remarkably fast and generally stableofagesnomic
growth in the past 20 years. Having seen ‘Made in China’ prodaoging from
labour intensive low value-added goods such as toys and textile gobdgh-tech
high value-added computing and telecommunications products flooding world
markets, some western observers argue that China hassultgegrned itself into a
‘factory of the world® with its massive manufacturing power. However, according to
the latest Global Competitiveness Report (200R)ISSING REFERENCES!China
remains classified as a low-income ‘non-core innovator’ countryautBors adjust
China’s competitiveness by taking out the part of growth that asecklto the ‘catch
up’ phenomenon. Because the latter is temporary, its authors ardisappears once
low-income countries have caught up with richer economies and shoultbtbdre
ignored. Thus, according to that report, China's competitiveness rank38thlput
of 80 countries and only 63rd in terms of technology, weighting Yzctoe*
innovators’ and 1/3 to ‘non-core innovators’ in the Growth Competitivermedesx|
(GCl).

For China, grasping the New Economy involves profound transformation of all
industries. Such a change is equivalent in scope and depth to thef ribe
manufacturing economy in the 1890s and the emergence of the massipmduct
corporate economy in the 1940s and 1950s in the west. It has taken western developed
economies a span of two centuries to go through the various stagassbbrmation.
However, post-reform China has encountered the challenge of devebpags-
production manufacturing economy more-or-less from scratch ingmfisantly
shorter time span (no more than twenty years owbdg at the same timengaging

in its transformation into a New Economy.

New growth theory identifies technological change as a key factooioetc

development and technology is given a high weighting in gauginguatry’s

® Chinese scholars argue that there is still a lmagch ahead for China to reach before it can Hg tru
described as the ‘factory of the world’. Accorditg their research, China contributes 7% of the
outputs of manufacturing industries world-wide, dyntrast, that United States and Japan contribute
22% and 14% respectively
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competitiveness, requiring, first and foremost, an analysis of tieateto which that
country is able to achieve technological progress. The way teclynalfigcts
economic growth is dependent on the level of economic prosperity a chadry
already achieved.

Porter (1990) identifies three stages of economic developmentr-thoten,
investment-driven and innovation-drivenin his analysis, at early stages of economic
development and once a country has exhausted the benefits of lovacioss fof
production, a country’s ability to launch its economy on a steeper lyrpath
depends primarily on the transfer of technology from abroad. Accotditige Global
Competitiveness Report (2002), developing countries that have experieagid
economic growth are typically those that are successful in yapiokorbing and
disseminating the advanced technologies and capital of the more #dighedlvanced
countries - known agechnological diffusionThis process of ‘catch-up’ growth has
been very important for developing countries but for any country to adanleer it
IS necessary to achieve a new competitive advantage by developque products

and processes at the global technology frontier.

Cornelius (2002, pl1l0) argues: “The transition through the differegestaf
economic development is not necessarily linear or gradual, nor ddesppen
automatically.” As a large developing country, China has fabedchallenge of
balancing the needs of development of high and new technology indusitle
traditional industries, of capital- and technology-intensive industkigls labour-
intensive industries. Thus, to accomplish industrialisaiod modernisation has
been regarded by the Chinese government as a vital historicaBtaskalike in ‘core
innovator’ countries where, as the New Economy develops, increases in

manufacturing productivity leads to a decline in the number obfiagbbs and their

® Factor-Driven stage: firms produce commoditiesrelatively simple products designed in other,
more-advanced countries. Technology is assimilttexmligh imports, FDI and imitation.
Investment-Driven stage: efficiency in producingnstard products and services becomes the dominant
source of competitive advantage. Technology is ssmm through licensing, joint ventures, FDI and
imitations. At this stage, firms not only assiméldoreign technology but also develop the capaoity
improve on it, extend capabilities more widely e tvalue chain.

Innovation-Driven stage: the ability to produce dmative products and services at the global
technology frontier using the most advanced methmetsomes the dominant source of competitive
advantage.
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share in total employment, in China, it has been necessary t@ d@hsusustainable
growth of the traditional and new industries of mass productiche same timas
promoting the New Economy given the need to absorb the vast numbers of
endogenously displaced agricultural workers.

Yet in order to maintain the efficiency of the traditional indestrit is necessary
to transform them with high and new technology. Manufacturers wdonase high
technology in their production processes export more and are mongcfwedthan
manufacturers who do not. Meanwhile, it is important to accelénatelevelopment
of the high-tech industries, the modern service sector and to erflargeoportion of
the tertiary industry in the national economy. Thus the ongoing prookess

industrialisation of China imtertwinedwith the rise of the New Economy.

As a ‘non-core innovator country’, technology transfer has played adeoalsly
more important role than innovation in China’s development in the last 2@.ye
China has actively participated in international economic and tewmjinal
cooperation and competition and has opened up to the outsid€.\@hida’s kinship
with Taiwan, Hong Kong and Singapore, classified as ‘core innovator’ roesimb
1990s, has provided an important channel through which China has gainedt@access

the global technology fronti&r

Yet while China has achieved very high rates of growth, ‘catclgugith with
reliance ontechnological diffusionhas had its inherent limits and constrains the
international competence of the mass manufacturing s€cars result, the Chinese
government has recently proposed a strategy for acceleratedpmlaeet by ‘taking a

new road to industrialisation’. In President Jiang Zemin's cipeet the 18 Party

" Jennifer Blanke, Friedrich von Kirchbach, Mondimouni and Jean-Michel Pasteels... )
(SOURCE?)economists from International Trade Centre andlsMBconomic Forum, find that
developing and transitional countries are seeingpitant improvements in their export performance
over time. Curiously, improvements largely drivegnibicreasing FDI flows are taking place at the
higher end of the investment and technology laddearsectors with higher value added goods, such as
IT and consumer electronics.

8According to Huang Yasher{OURCE?)60% of FDI to China come from overseas Chinese
societies in the region of Asia and the Pacific Rim

° Chinese DVD manufacturers are the leading prodyuftirce of DVD, however, the ‘core’
technologies and patents of DVD are held by arrmatégonal DVD manufacturing union of 6
multinationals from Japan and Europe — 6Cs. Chinemsufacturers only holds 6 core patents out of
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Congress in November 2002, he conclud@®URCE? PAGE NUMBER?) by
arguing that China needed to “take a new road to industrialisatioimmateiment the
strategy of rejuvenating the country through science and educatdrthat of
sustainable development... We must press ahead to optimise and upgrade the
industrial structure so as to bring about an industrial pattern lgth and new
technology industries as the leader, basic and manufacturingriedwst the kingpin
and the service industry developing in all areas. We must giveitprio the
development of the information industry and apply IT in all areascohomic and
social development. We must develop high and new technology industpesvide

breakthroughs in stimulating economic growth. ”

In taking this ‘new road to industrialisation’, the Chinese gowemt is thus
reinforcing a strategy based upon a consideration of the conteihioh as a
developing country while at the same time accommodating the apaltdrthe New

Economy.

32, although they have claimed the most patem®im core technology and design of DVD.
Therefore, Chinese manufacturers have to pay $a0pasent fee to 6Cs for every DVD they sell.

The ‘New Economy’ and Old Problems. Prospects fstEsrowth in Transition Economies, March 14 — 159
2002 Warsaw www.tiger.edu.pl



3.2 Thegradualismandpragmatisnof China's economic reform

As indicated at the Fourteenth National Party Congress in 1992rtlarmental
goal of Chinese ‘transition’ was to establish a ‘socialistketaeconomy’ through
reform, opening upand modernisation.However, given the diversity of issues
involved in the transitional process, in terms of policy strategytlaeoretical base,
there was no standard textbook, from within China or without, for Chipelsey
makers to go by. Csaba (2002:p3) pinpoints the similar circumsténaepuzzled
policy makers engaged in the transition of the Soviet economy atete&uropean
countries: “(western) academic—and especially macroeconomic—uepésthad little
idea, if any, about command economies in general and the social cointesmtral
and Eastern Europe in particular”. Thereafter, as Murrel (1B85%E NUMBER?)
argues, “the lack of knowledge of the specific post-communist cotgeded to be
‘remedied’ by reliance on a direct application of textbook solutiengout much
care about the institutional or historic context into which thesghtsswere to be
transposed.” The policies, with uncritical reliance on ‘standaedcpoked solutions’
adopted by some transitional countries in the 1¥9Gs Csaba argues, led to a
neglect of the €ontextual circumstanceshich “determine the success or failure of
the application of a proven theoretical insight to policy-makir(tiglitz 2000,
pp.552-7)

China’s experience, described by Naughte@URCE?)as ‘growth out of plan’,
has been repeatedly contrasted with neo-liberal shock theraPye of the
characteristics of China’s reform, as Fan Gang has drgsi¢hat China has had to
handle the dual challenge of ‘development’ and ‘transition’ simultamhgous
Regarding the relationship between ‘development’ and ‘transitioiDeasg Xiaoping
once indicated SOURCE? PAGE NUMBER?)“‘development is the fundamental
principle” while the ultimate purpose of ‘reform’ or ‘transitiom iChina is to
facilitate economic development and improve people’s living standards
‘transition’ is not simply a linear process in which the backbonethd plan’ is
broken and replaced by the spine of ‘the market’. Economic pros@eraysocial
stability have been dual principles of the reform. The ‘trangiidlof China from the

1% For example, voucher privatisation in Russia i82@, privatisation of public utilities in Hungaity
late 1995, the introduction of the private pensigstem in Kazakhstan in 1999
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very beginning has never been concerned with tranggoise nor did it focus on the
creation of capitalism or the search for the optimal allocatioresdurces through
privatisation, but with gragmaticsearch for wealth creation, welfare improvement,

growing efficiencyandsocial harmony.

An analysis of China’s gradualism as a pragmatic ‘bottom upegsocorrectly
emphasises the importance of local conditions and initiatives rdtaertextbook
blueprints as the key determinants of change. Lifting and relaxingdéwogical
constraints has encouraged local tests and trials and once thdyeleavperceived as
serving the principles of economic prosperity and social stabihty Party / State
pragmatically authorizes and legalises them. As Gang Fary weattludes: “In short,
the definition and contents of ‘the socialist market economyCfima) change over
time according to the changing circumstances. Talking only aboat ‘&lachievable
and acceptable’ without specifying a ‘final destination’ (h&s)pragmatic virtues
and saves a lots of political costs.” (2002, p.9). In appraising the ‘bofoprocess,
the most important feature of China’s ‘gradual’ or ‘increménggproach to
institutional transformation so far, as Gang Fan (2002, p.6) puts itbdes “the
development of the market-oriented non-state sector, not the refdhm stiate sector
..... the development of new sectors and associated changes to the ecsinachire
(has) had to create and improve the conditions for the reform of the old sector”.
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4. The Evolution of China’s High Tech Sector

4.1 Institutional Evolution

4.1.1 An Institutional Approach

“The situation of today shapes the institutions of tomorrow through a selectiv

coercive process, by acting upon men’s habitual view of thingéeblen (1899: 190)

Studies on Chinese transition frequently contain themes of ‘government vs
market’ and ‘bureaucratic (political) ends vs. economical efficy’ although some
scholars (WHO?) have gone beyond this framework by recognizing the unique
characteristics of China’s transition, by examining ‘the econonle of government
as a variable’ and by taking a look at ‘the interests and rolgevarnment officials’.

As they have indicated, “the macro question is whether the @gatficiency and
economic rationality will guide Chinese enterprise reform, rathan embedded
political and institutional norms. At the micro level, the questiomhisther the future
direction of enterprise reform will reflect strategic and apenal needs rather than a
desire to retain political control and placement.” (Edwards, 198&E NUMBER?)

Much recent research on China’s high-tech sector has followeddiueolothe
above framework. Francis’s empirical work (1999) on the scienceemmhology
sector in Beijing concentrates on exploring new ways of combiningndsss
autonomy with a changed role for government. Gu’s research (199%yddihe same
outline: according to his research, highly successful enterpriséee information
technology industry — the Founder Group, the Legend Group and the Stone-Group
are officially categorised as collectively owned or stateed but they have
considerable strategic decision-making autonomy. This autonomy haeffent,
turned state support into a business asset rather than a liaBtignce-based
companies have thus evolved a new form of corporate governance, whitdrs
their official ownership status little more than nominal. The gawent obliges these
companies to meet certain requirements but it refrains frorotdiervention in their
business. This arrangement offers a model of evolution towards mahagéonomy

and non-bureaucratic practices within state-controlled organisations.
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Instead of following the above framework to interpret Chinesk tegh sector,
however, we take an institutional approach which involves interprétam@volution
of the high-tech sector as a process through which both ‘econonanatdy’ and
‘institutional (political) norms’ at the macro level, and ‘stgateand operational
needs’ and the ‘desire to retain political control and placemeiiteamicro level are

intertwined forces that dynamically shapes the path of institutional change

Institutional transformation cannot be explained by starting frormstitution-
free state of nature. Institutions involve rules, constraints, pegcéind ideas that can
sometimes, regarded as constraim®uld individual purposes and preferences in
different ways. Menger’s ‘bottom up’ approach first analysesdihe of constraints in
institutional evolution, proposing that habit formation greatly enhatheeformation
and stability of institutions. The process of habit formation, regultirom
institutional channels and constraints, is described rasonstitutive downward
causation’by Hodgson & Knudsen (2001), in which institutions and constraints have
a capacity to mould individual preferences. Once habits becorablisiseéd they
become a potential basis for new intentions or beliefs. As wt,reshared habits
become, dialectically, the constitutive material of institutigm®viding them with

enhanced durability, power and normative authority. (Hodgson, 2001)

The market itself is an institution (Hodgson, 1988; Loasby 2000). tiaeket
involves social norms and customs, instituted exchange relations, andetises
consciously organised — information networks that themselves have iplaaed.
All market and exchange relations themselves involve complex rategannot be
institution-free” (Hodgson, 2001:114). As Viktor Vanberg (1985:75) puts WHhat
we call a market is always a system of social intevaatharacterised by a specific
institutional frameworkthat is, bya set of ruleslefining certain restrictions on the
behaviour of market participants.”

4.1.2 Tiao kuai systerfrom Mao to Deng

Although few civil high-tech industries producing commercial product$he
west existed in China at the end of the Mao era, this did miatl ea lack of

development of modern science and technology under Mao. On the costaiey,
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education and research institutions were established and developed hendiot
kuai systert. However, most R&D capacity was concentrated in the militady a
defence industries which were given top priority at that time. The then plagagem
was highly efficient in terms of mobilising available sourcesamplete key projects,
notably in successfully launching ‘two missiles and one sateifitthe 1960s and
early 1970s. By the end of the Mao era in 1976, China had establishBd R&
capability with teams of scientists and researchers baseadynaiuniversities and
research institutes attached to respective industrial masistrtUnder the system of
planning, R&D units conducted academic and research projectsessughin their
‘tiao’ or ‘kuar systems, which received the allocated funding from the ceinrall
plan and then distributed it to units accordingly. All universities agskarch
institutes were (and most still are) state-owned and &@sgaojects were conducted
collectively in highly organised project units. Therefore, insteaélging on markets
for the allocation of labour, technology and capital as ‘a set @s’rmhoulding
economic actors behaviour under market-oriented institutional arrangentbe
planned tiao kuai’ system relied on rigid political and administrative forces Wwhic
constituted the ‘rules’ governing participants’ behaviour. The institat
arrangements and norms of ‘party / state’ provided the springldoam which the
later reform started. At the micro level, the accepted norms and habits e dearty

| state’ structure stressed the collective good and individuahs® viewed as
politically incorrect.

Under Deng Xiaoping'’s leadership from the early 1980s, ideologaratraints
were gradually lifted and the strategic priority was sHiffeom political struggle
towards economic construction. At the macro level, the change sthyted
modification of the rigid planning system by incorporating markenciples
progressively. The reform of administrative institutions followé@ folicy of
“releasing rights and sharing benefits”, starting from the nefof fiscal policies
allowing local government to retain local tax revenues. Tdom@mic structure was

adjusted by transforming parts of the military and construction indsignto civil

" Tiao & Kuai (Vertical & Horizontal): it was the administratiwructure of China under the planned
system. All functional ministries and line indussiunder the direct control of the central govemme
through the State Council wer€iao' systems which within themselves had administeativerarchy
from the central to grass root&uai' referred to the local authority that governed tbeal functional
departments and industries. In this study, unitiessiand research institutions directly controllad
the State Education Committee, Ministry of Scienod Technology and other ministries are defined
as Tiao' units; and those governed by local authoritiesdassified asKuai' units.
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production and stressing the importance of developing the testatpr previously
neglected under Mao. At the micro level, the non state-owned seatoallewed to
develop and State Owned Enterprises (SOEs) were allowed toatge@d retain

capital. People were allowed to pursue their individual interests.

Deng Xiaoping emphasised the importance of science and educatighefor
economic development of China. Once he came into power, the filshhlaScience
and Technology Forum was held in spring 1978, later referred theaspring of
science and technology’. There was a need to apply the R&D s$trémat had
accumulated under the Mao era in civil sectors to serve thetéomgdevelopment
objectives of the ‘Four Modernisations’ of China. This processimtagwined with
the transition from planning to the market which started withitkerporation of
competition and market principles into the system and which gradurallyessed by
building up market-oriented institutional infrastructures. It wasrexonstitutive
downward’ process. People whose lives had been spent in militarpditidal
struggle gradually adjusted to the market economy. Meanwhile, iscikace and
technology sector, the institutional need was to bring togethetetttenological
strength already developed within public research institutes tiwéhopportunity-
seeking, flexible entrepreneurship that characterised theidradiChinese model of
doing business. This required an accommodation between the cultimagadicracy
and enterprise and necessitated the establishment of an institutioma of
entrepreneurshipNonetheless the formation of any new norms were constrained and

‘moulded’ by the prior planning system and the norm of the collective good.

4.1.3 Government’s role in the Development of Science & Technology

According to the World Competitiveness Report “government plays an
inevitable role in economic development. Universities, schools, infcigte
providers and other national and local institutions must not just devetbprgrove
their capabilities, but must also become more connected to the ecamohbetter
linked with the private sector.” (World Economic Forum, 2002MISSING
REFERENCESPAGE NUMBER?).However, the nuances of the economic role of
‘government as a variable’ and ‘the interests and roles ofrgment officials’ have

particular implications not only in different countries but also istigct periods
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within the same country and should be interpreted within different ‘xtuae

circumstances’ (Stiglitz, 2000).

In the case of China’s science and technology sector, at tiad $tétge of reform
and transition in 1980s, the challenge came on two fronts, on theandalaveloping
science and technologyer seto catch up with world leaders while, on the other,
transforming the technological strength that had developed withincprggearch
institutes into ‘productivity’ and to serve the pragmatic needsnpfaving people’s

living standards.

When the reform started at the end of 1970s, the state sectdheveeminant
force in Chinese economy, which, in 1978, contributed 76% of GDP, with the
collective sector contributing the other 24%. Throughout the 1980s, the men-sta
sector, Township and Village Enterprises (TVES) in particulasurished and
increasingly contributed to economic growth in China. Thus, unber t
circumstances of a lack of a private sector and of markettedeinstitutions, the
development of the high-tech sector was initiated by public reseastitutions
within the planned economy. Its growth was intertwined with the psoafeansition
as market principles were gradually established and the nensstator gradually
outperformed the state sector.

As indicated in Figure 1, government funds were the principal sourieaoice
for S&T in 1980s. With the development of the non-state sectors, fundssitim
generated channels gradually increased yet from 1995 to 1999, gowmerfumés
contributed on average a stable 45% of total S&T finance althougihdhe sf self-
generated funds increased sharply in 1998 up to 46.20% from only 2.5% in 1997.
Only in 1999 did the share of self- generated funds (48.75%) exceed that of
government funds (47.8%.) for the first time. The data indicates therajepicture
that government has been, until very recently, the primary sourc&&df
development although the non-state sector has now outstripped the government
sources, while sources from finance institutions, as indicatedhébghare of bank
loans, were trivial and declined after 1995. The sources of S&T fsahave
diversified and government is no longer the only channel of investmegifliaSthe

non-state sectors have played a larger role. However, the tnar&eted finance
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channel for S&T remains weak. The role of public institutions has batal in

financing high-tech sector given the minor role that banks have played.

Figure 1: Statistics on Higher Education for Scientificd aTechnological
Activities
China Statistical Yearbook 2000: p688HSSING REFERENCES!

PLEASE RE-STATE THE DATA ON S&T PERSONNEL IN THE S/
FORMAT: EITHER THE TOTAL OR IN THOUSAND (3,9 THOUSAND
SCIENTISTS IN FUNDAMENTAL RESEARCH?)

ltem 1995 1996 1997 1998 1999

S&T Personnel 324,279| 332,008 326,202 345,1b9 341,910

Scientists &
_ 307,985| 316,354 311,622 311,417 328,991
Engineers

R&D Institutions 3,431 3,398 3,306 3,241 | 3,124

Fundamental

3.9 4.1 4.3 4.6 4.7
Research
Applied Research 7.8 8.0 9.2 9.3 9.8

Sources of Funds
for S&T (10,000 | 494,756| 565,380 730,763 849,556 1,029,460
Yuan)
Government Fundg 220,525| 258,241 364,700 411,494 492,174
44.57% | 45.68%| 49.90% 48.44% 47.80%

Self-raised 12,041 | 17,138 | 18,248 392,490 501,908
2.43% | 3.03% | 2.50% |46.20% | 48.75%

Bank Loans 11,748 | 8,302 7,126 - 4,509
237% | 1.47% | 097%| - 0.44%

Total 49.37%| 50.16% 53.37% 94.64% 96.99%
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4.2 The National High Technology Research and Development Programme of

China — The 863 Programme

“ We must have our own ‘fist’ products, otherwise we will be bullied and Beaten

Deng Xiaoping 1992

In order to narrow the gap between China and high-technology frynties
Chinese government launched The National High Technology Research and
Development Programme of China, referred to as the 863 Progranpnesémting
March 1986, the date it was initially proposed). The policy makérghe initial
programme took the China context into consideration when they made thégla
large low-income developing country, China was not capable of ingekill-scale
into new high-technologies and it was impossible (and, indeed, notsaege$or
China to compete with leading developed countries in every high tecyniotog.
Therefore, the programme followed the guideline of adopting high temiwol
according to the pragmatic demands and capacity of China, sgleethen priority
areas (biotechnology, information, automation, energy, advanced nsatexser and
space) covering fifteen subject topics as national key pr&jedtae programme
currently covers 20 subject topics selected from eight priority areas.

4.2.1 Policymaking and management of the 863 Programme

The programme learned the lessons of developed countries’ high-tech
programmes but incorporated them with China’'s ‘mass mobilisatiotersys

nourished in the Mao era. Based on the ‘hardware’ of extant instgutiloa policy

12 |n 1993, telecommunication was added as a sutgjpic of the 863 Programme and from 1991 to

1995, there were other 4 subject topics addedulin1P96, marine was added as the eighth areaeof th
programme
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and management systems of the programme can be described ash-techig

programme with Chinese characteristics’ in a number of aspects.

First and foremost, under state direction, the universities, cellageé research
institutes were the key forces employed to conduct projects natien#s indicated
in the latest statistics from the Ministry of Science anchfielogy (MOST), the host
institutions of projects under the programme in 2001 were distrilout28 provinces,
municipalities and autonomous regions across the country. More than 20,000
researchers and administrative staff from over 3,000 researithtioes, universities
and enterprises across the country were invofveBigure 2 makes clear the
continuing importance of universities and research institutes twdhle of the 863

programme.

Figure 2: Distribution by the nature of project undertaken (2001)

Research ) N _
o Universities Enterprises
institutes
Projects 38% 50% 12%
Expenditure 43% 43% 14%
Personnel 39% 46% 15%

(Source: The 863 Program Annual Report 2001)ISSING REFERENCES!

Secondly the funding system involved direct appropriation of centrargment
funds to key projects, circumventing the bureaucracy and other @sstddhe then
planned fiscal and financial systems that otherwise might hlawveed down the
programme. Reforms led to the allocation of funding directly toptiogects rather
than to the ‘directing units’zhu guan danwei)of the universities research
institutions, which belonged to differentido’ and ‘kuai’, thereby putting limited

sources together to pinpoint the project.

3 The top ten regions in terms of R&D funding acdedrfor 85% of the national total and the top ten
regions in terms of project number accounted f&6 &4 the national total. Beijing, the top region in
terms of project numbers had a 40% share of thenattotal; Shanghai ranked second with 11%,
Hubei third with 6%. Many of the best Chinese unsitees and research institutes, including 32 of
those which are classified dsu' shu yuanxiao{under the direct leadership and control of thaisry

of Education), or which are directly controlled lynistries, are based in thet®p three regions:
Beijing, Shanghai and Hubei (province capital Wghan
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Thirdly, the management of the programme was based on an exgreagement
system established under MOST. This involved a field expert cibeen{FEC) and a
priority expert group (PEG), the former responsible for supervisionu@vah and
consultation regarding the implementation of projects in a spdifit, the latter
responsible for organizing the technical direction and process controlkeyor
projects, a general expert group (GEG) was set up to be respdasibiganising the

projects and ensuring their smooth implementation.

4.2.2 Success of the 863 Programme

The 863 programme can claim progress on a number of fronts. Fitdtlgs
narrowed the gap between China and high-tech frofitiels the biotechnology
sector, new varieties of plants with high yields and tolerance lbese developed.
Breakthroughs have been made in developing new medicines, vacothegerze
therapy and in protein engineering. The government approved th€firsa-made
anti-AIDS drug for clinical testing and China’s human genome sefugproject
was incorporated in the framework of the International Cooperatiogr&mme. In
automation technology, a breakthrough was made in the intelligent (i&)qiroject
and home-made robots were used in manufacturing industries; a prejeleing
robots working at sea in depths of 6,000 metres was successfully tenpléowing

China to conduct scientific research in 97 % of the oceans of the world.

Secondly, under the 863 Programme, breakthroughs in high-tech frcamigrs
applied technologies have provided China with strategic home-suppdigabtegies
and products to compete with overseas multinationals, breaking their mpraoabl
technology constraints, specifically in the areas of the ICi#osewluding intelligent

14 According to the statistics of the Ministry of 8ste and Technology (MOST), 1,200 projects were
completed in the first ten years, covering fiveopty areas, 540 of which were classified as oegat
at ‘world level’, and 244 projects were grantecingtional and national patents. Among 36 key
technology projects that were selected by MOST wvtherprogramme was initiated in 1986 and were
started largely from scratch, 60% were completedmiroaching world level’ by 1996, 11% were
conducted at ‘world level’ and 25% made progretisoalgh they were evaluated as ‘below world
level'.
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computer systems, optoelectronic device & systems integration teglnol

information acquisition and processing techniduies

Thirdly, the programme has promoted commercialisation and indusdtiah of
completed projects. The implementation of high technologies hiaaped traditional
industries and enhanced the productivity and the competence of China’s
manufacturing sector. The breakthroughs in information technology, hutlegy
and other high-tech sectors have provided China with opportunities for ©©hugd
up its own New Economy sectfr

Fourthly, the 863 Programme has nurtured a new generation of leading
scientists. The programme invested heavily in basic research andgubii®% of
the papers in computing science published and presented by Chiregestscin
international journals and conferences. Within ten years, theeemare than 30,000
scientists involved in the programme receiving funding providing tlokbosme of

China’s national effort in science & technology.

4.3 The Torch Programme and the Introduction of High-Tech Development
Zones (HTDZs)

In August 1988, MOST launched the Torch Programme. While the 863
programme put emphasis on long-term R&D in the strategic and gsetlige high-

15 More than 20 varieties of home-made servers haee beroduced widely used domestically. The
Dawning 2000-11 Super Server was successfully deeel The ‘Hangwang-99' handwriting
recognition systems and the ‘Tsinghua Wentong'tpdrChinese character recognition systems (OCR)
held the largest shares of the domestic marketewh# Chinese-supporting platform of ‘Sitonglifang’
won a market share of more than 50%. The R&D on ‘thied-generation semiconductor’ was
conducted at ‘world level’.

% The Programme established bases and projectsilitatactheapplicationof research outcomes and
university-industry partnerships were encouraged.gxample, in the Automation Technology sector,
Contemporary Integrated Manufacturing System (ClIM8hnology which started from scratch at the
outset of the 863 Programme had within ten yeaabkshed ten CIMS training centres nationwide
and given CIMS training to 400,000 people includBigg000 chief engineers and company experts.
The CIMS Centre at Tsinghua University and Huazhbmiversity of Science & Technology were
awarded University Lead Awards by the Society ofnMfacturing Engineers (SME) in 1994 and 1999
respectively. Their achievements made China ordyséicond country to receive the award more than
once, the USA being other. CIMS technology has bagplied widely in 11 industries including
China’s key exporting engines, including the textielectronic and machine tool industries and
provided competitive advantage for Chinese produ®y 1999 a Contemporary Integrated
Manufacturing System Virtual Network (CIMSNET) hdiken established, realizing nationwide
integration and sharing of contemporary integratednufacturing technology information and
resources and promoting the dissemination and egijgh of CIMS on a networking basis. Ten
universities and five institutes in China jointlgdertook the CIMSNET project.
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tech sectors, the main mission of the Torch Programme wasctes fon the
application of completed R&D and on the commercialisation of market-oriented
technologies that would benefit business quickly. In terms of adnaitiist and
management, while all 863 Programme projects were (andrsilaee monitored and
directed by MOST at central government level, the Torch Pragears administered

at both central and local level.

Between 1988 and 1999, the Torch Programme made significant progtess
total of 18,888 projects completed, 5,045 classified as ‘nation levelctg'oj@he
scientific breakthroughs under the 863 Programme and the pragpatication of
schemes under the Torch Programme provided the essential foundatiome for t
formation of clusters of high-tech industriés

In order to the gap between basic R&D and commercialised applisathe
government adopted the method of fostering Science & Technology iatiEstrks.

At the same time, MOST instituted a network of High TechnolDgyelopment
Zones (HTDZ) across China to facilitate the Torch Plan and supihat

commercialisation of basic R&D at local letfl

4.3.1 Characteristics of the Torch Programme

Yinier area, leading companies including Huaweihiretogy, ZTC, Great Dragon Technology and
Giant Tang Technology formed the cluster of telecmmication equipment, and Chinese
manufacturers are capable of competing with mutiemal giants Northern Tel, Cisco on international
markets. With 7 semi-conductor companies, Chinaeatly holds the second largest manufacturing
power in producing computer chips, with Americarigethe first’. The formation of new clusters
upgraded the structure of China’s export produamflow value added as majority to currently with
significant part of high tech high value added good

Brhe major functions of HTDZ, according to the MOSiere: 1). The building-up of high-
tech industrialisation bases. 2). The establishnoérilemonstration sites’ for science and business
links, accelerating theapplication of research outcomes and stimulating applied tedagy
innovations. 3). The provision of a source foramting the competence of traditional industrieswit
high technology. 4). Fostering entrepreneurship.Agting as a window for the ‘open’ policy. 6)
Functioning as trial sites for in-depth reform afvgrnance in terms of institutional innovation.

The Shenzhen High Technology Industrial Park wasned in July 1985. In May 1988, the
State Council approved the establishment of th& fiational level High Technology Development
Zone — Beijing HTDZ. Thereatfter, through 1991 t®79the State Council permitted the establishment
of 52 other national level HTDZs, are located in@28vinces, autonomous regions and municipalities.
HTDZs in China have made rapid progress througtwmit990s. By 1999, there were 17,498 high tech
companies registered in 53 HTDZs, which hired 2.2mployees, the industridlirnover exceeded
600 billion Yuan, generating 85.6 billion Yuan hetform of profits & taxes.
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First and foremost, the programme was (andtade-led collectively conducted
through cross-ministry co-operation. In contrast to 863, the Torch Prograovers
lower but wider technology areas and has been conducted by both eedtialcal
authorities but, as with 863, in addition to the establishment of newutrsts, the
programme initially relied upon extant institutions, including theao’ and ‘kuaf

system.

High-tech companies registered in HTDZs under the Torch Progedmemefited
from a range of favourable policies. In terms of taxation, tfee purpose of
stimulating the development of applied technology and promoting its
commercialisation and industrialisation, MOST and the State Buséalaxation
consistently provided significant tax breg&kaVith regard to financial arrangements,
from 1990 MOST and the China Industrial and Commercial Bank, ConstriBzith
and Agricultural Bank jointly issued regulations that favoured high-tempanies in
the provision of special loans for R&D and applied high tech projettserins of
customs policy, high tech companies registered in HTDZs wewedl to set up duty
free storehouse and manufacturing plants within the?2orl@ 1991 MOST issued
new regulations that simplified the application process for going dlroen high-
tech company chiefs. Meanwhile, cross-ministry co-operation hasciaey role in
fostering the cluster of high tech industries. For example, in 1998nsiistries,
including the State Planning Committee, Ministry of Education, MQ8inistry of

Electronic Industry, China Academy of Science and the Bureailieohnology

P2t an early stage of the programme, in Decembe®1880ST and the State Bureau of Taxation
issued a new regulation to exempt tax duty on lalolycts for mass production developed by research
institutes. Subsequently, in 1991, according totlles newly-issued “Law on Science and Technology
Progress of P.R. of China” and State Council regna, high-tech companies registered in HTDZs
became entitled to favourable taxation policiesludimg 1). An income tax rate for high- tech
companies of 15% (compared with that of 55% on SHsaditional sectors), while for those high-
tech companies whose export turnover contributecertttan 70% of the total turnover, an income tax
rate of 10%. Newly established high tech companiese exempted from income tax for the first 2
years of production. 2). Newly established higleht§oint ventures with foreign partners with a co-
operation period over 10 years were exempted incaxdor the first 2 years in which profits were
generated. Favourable taxation policies were issaatedoth central level and local level and local
governments to some extent competed with each @thgroviding more attractive policies for high
tech business.

%0 |n 1995, China Custom opened the first customsdiran Beijing Zhong GuanCun HTDZ to
improve the efficiency and convenience of the amstervice for high tech companies. High tech
companies also benefit from favourable custom taicies on their exports.
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Supervision, worked together on a national strategy to fosteretredagphment of the

software industry primarily in HTDZS

Secondly, as with the 863 programme, the implementation of the Torch
Programme has fundamentally relied on R&D strengths in the unigsrsand
research institutes. Indeed, one of the main missions of HTDZkdemsto provide
guidance and support for academics from university and reseasttutes to
‘commercialise’ their research outcorffesMost HTDZs were established in

university districts.

MOST and the Ministry of Education, the governing body of 32 top Chinese
comprehensive universities, built up strategic cooperation. Undefjdah#idirection,
the ‘University Science & Technology Park’ (USTP) project watablished in 1995
for the purpose of fostering technology innovation and cluster fornfatidfith the
aim of attracting overseas Chinese scholars, 25 Business Hdtrh&verseas
Scholars were set up hand-in-hand with USTPs to provide businessipstar
opportunities for overseas Chinese, especially for those who left sityvdor

adventures abroad and obtained frontier technologies in western countries.

Thirdly the Torch Programme instituted a new management sysiencltide
HTDZ Management Committees. Unlike extant government functidepartments,
the committees were originally set up as NGOs, the natusdich was close to that

of an agent, functioning as a connection between the academic and bugirdss

“To date, 22 ‘software Industry Bases’ have beembtished with more than 3,700 registered
companies hiring 170,000 employees. By 2000, tked tarnover of software companies registered in
22 bases exceeded 65 billion Yuan.

%2 For example, the Beijing HTDZ was located at Zh@gan Cun where Beijing University, Qinghua
University, the China Academy of Science, Peoplaes/érsity and other important research institutes
are based. Zhong Guan Cun has been transformedarsaburb campus into a high tech zone with
world leading ICT manufacturers and their assodiatsearch institutes, including Chinese groups
such as Legend, Founder, Sitong, DaTang, origingflin-offs of universities in that zone, and

American blue-chips such as Microsoft China anddviaa China

2During the §' Five-Year Plan, relying on 67 universities’ R&Drdes, 22 University Science &
Technology Parks were established. There were Z;@#panies registered within the parks and
attracted an investment total of 17 billion Yuam2DO0O0, the total sales of the Parks was more2Ban
billion Yuan, with an increase of 91.6% in twelvemths. Registered companies developed 2,191
kinds of home-made new products and obtained 4y8&Bectual property rights and registered
patents. 3,482 units
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They became the creature of the needs of both ‘development’ athition’,

facilitating the development of high-tech businesses following market jplesci

The HTDZ Management Committees were a hybrid of the itransprocess,
originating from the old system as a ‘market force’, yet ipocated into the ‘old’
system as ‘new’ blodd. By nature, they were ‘semi-authority, semi-entrepreneur’
institutions. Originating from their semi-entrepreneur nature, thaye, indeed,
pursued their own economic interests as market actors. Howesghave taken the
advantage of their ‘authority’ origin and benefited in terms ofesecto limited
sources. The HTDZs, unlike old institutions, have been encouraged to fuastion

enterprises rather than as purely bureaucratic organisations

5 TheEvolutionof the Government-Industry-University Partnership in China

So far, we have examined the macro-level decision-making concetinéng
development of high-tech sectors in transitional China. However, apgepnacro-
level conditions are necessary but not sufficient in themselves to provide oppestuniti
to generate prosperity and create wealth. Wealth is actraldted at the micro-level

by enterprises.

24 Starting as a semi-official institution, poorly éoped with limited staff, the HTDZ Management
Committee played the role of ‘official’ agent. Witkentral government’s increasing emphasis on high
tech sector, the fast expansion of HTDZs and tbesbgrowth of business within HTDZs, in February
1995, 7 years after the first HTDC opened, theeS@auncil finally approved the HTDC Management
Committee, which governed 26 HTDZs at the time,hwiite status of shiye (governing) unit’
equivalent to the status of the science committéecal level. With the growing importance of HTDZs
in local politics and economies, the HTDZ Managet@ommittee was granted a higher bureaucratic
position, the head of the committee, very oftem@eeputy Mayor of the city.

25Acting in their semi-official function, HTDZs orga®d training courses for high-tech enterprises to
adopt market-oriented systems, acting as both fosga and ‘referee’ of the reform. Various traigi
courses on modern enterprise and share systemsdekvered through the HTDZ system. However,
the HTDZ Management Committee turned out to beyglaas well. In 1994, Zhongshan Torch HTDZ
was, as the first of 53 HTDZs, transformed intoublg company and floated on Shenzhen Stock
Exchange in 1995.

26 Therefore, generally, there is a need to enhareenibroeconomic business environment to foster
the sophistication of company strategy and opeyafiractices. The quality of scientific research
institutions and of university / industry reseaidilaboration are among variables that establigh th
microeconomic conditions in which firms compete.
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The development of the high-tech sector owes much to the reforma)sbut
drew heavily upon the ‘accumulated capacity’ of science and technblaly up in
the previous era, particularly at an early stage. For mucheofdform period that
followed the Mao regime, the norms and methods of the past preiwradgdernance
and administration, serving as the principal instruments by whiatessize reforms

incorporated market principles into the extant system.

Institutional arrangements constrain individual habit and behaviour.efbens
allowed research institutes to pursue units’ benefits and individsednehers’ chase
after wealth was no longer regarded as a vice’. The capacigenerate profit’
(chuang shouby turning research outcomes into commercial ventures turnea out t
be an assessment criterion as important as basic academe&veacbnts for
promotion, both political and academic, within the system. The inteflahese
forces helped to create new positions for individuals and gave theppantunity to
play a part in the new order. As a result, the direct andeictdoonsequences of the
reforms had the effect of creating new interests and groups wotim an explicit
commitment to the reforms themselves, others seeking to fin& asdhe reforming

measures began to erode their hitherto secure status.

Central government policies played a vital role in creating appropriate
environment to foster the transformation of S&T research outcam@sammercial
ventures. The nature of the process, like the nature of the reforgasg generally,
was that of trial and error without a uniform style. Fosteringnass ventures from
previous state-owned and state-operated research instituted auie involve an
interplay between transforming a ‘work uniflanwei) under the plan into an

‘enterprise’ in the market and converting technology into commercial products.

Research institutes and individuals were encouraged to co-opetlatmavistry,
firstly with SOEs and thereafter with the non-state sectdihe reforms were
implemented at different rates, depending upon the initiative, eaedyporms of the
local officials, university leaders and scientists. It wapracess which involved
education and S&T officials, R&D leaders and otherwise well-coedecidividuals
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within the system using the capital and influence they had accuchwdtiein the

administrative system and S&T worlds of the previous era to pbissieess ventures

in the new one. The practical consequences of the reforms vesreléar-cut and

took time to emerge, often shaped by the personalities involved. As a resulténere

diverse forms of business venture, including industry-university grelsenstitute)

partnerships which varied not only for businesses developing in differgiohs and

from different universities, but also for businessw®yinating from the same

university

Figure 3: Government-I ndustry-University Partnership
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(MOST: Ministry of Science & Technology, SOE: State OwnedeEprises, E:
Enterprises, HTDZs: High-tech Development Zones)

— . Flow of G-1-U partnership at start-up stage
_ . Flow of I-U partnership at growth and expansion stages
Bie : Flow of G-1-U partnership at growth and expansion stages
SOURCE??

Figure 3 shows the evolution of high-tech business sectors. The blue flow
indicates the circumstance at start-up and survival stagdee aénterprises: at this
stage in 1980, the SOEs were major industrial partners in transépnmasearch
outcomes into products in traditional industrial sectors while unilessiistablished
directly supervised spin-offs to launch products in brand new highgectors. The
red flow indicates the growth and expansion stages of high teabrsektdustry—
university partnerships were established with the surge of new riadiiestterprise
formation involving mainly non-state owned firms. Market reformsate intense
competition and pressure for technological innovation. Both state and m®n-sta
enterprises increased investment into R&D with the accumulaigitht and hunted
for new technologies from research institutions. The broken red dloows the
process whereby the established high tech enterprises, regaddl¢he nature of
ownership, co-operated with research institutes and jointly bidgéwernment
funding for further innovation. The yellow line indicates the goal and function aff loc
government and local HTDZs roles in regulating the growing foofeBigh-tech

enterprises.

In terms of the changing nature of ownership of high-tech @mtes, the
development has proceeded through gradual reassignment of spegiécty right8’
within the party/state administrative hierarchy (from highgevernment agencies to
lower government agencies and from government agencies to enterprisageraar

individuals. In the past two decades, it has occurred gradually arahéaged along

%" Specifying property rights including following getéons: who exercises managerial control? Who
has a right to income flows? Who has the rightssign ownership to other parties? How are the above
rights enforced.
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different paths in different sectors and regions over time. Vakit@n of high-tech
enterprises has intertwined with the uneven patterns of reforntlame among
different sectors and among different scale of enterffisaés ownership has moved
gradually away from traditional forms of state and collectteevard a mixed
economy, high-tech enterprises have been pervaded by various foons@fship
over time: reformed state and collective, various forms of prigeaterprise — the
family firm, the elite industrial empire, and the private companoevned by

government agencies and enterprises.

In Figure 3, the blue flow illustrates the power of the adnratise hierarchy
that specified and enforced property rights at the early stagedooim, given the lack
of market institutions and non-state sectors. Stages 1 to 3eaptbe procedures
involved in applying for allocated funding under the planned system. fugal
change came at stage 4: the decentralisation and refonstgdtional environment
allowed those who had inventions the opportunity to explore new formatseor t
development of production technology encompassing different configurations of
property rights. With the creation of market institutions and the jrcation of non-
state sectors, mechanisms to specify and enforce propehtg ngere gradually

decentralised alongside the expansion of high-tech enterprises.

5.1. Characteristics of University Spin-offs

Among different types of business ventures in the high-tech sector rsityive
spin-offs in China have had a distinctive development path. China’s hlgh-te
industries have from their inception been dominated by spin-offs X€84, Baark,
1994) As we have argued earlier, universities and research irstgthave played a
vital role in the transitional development of high-tech sectors. In contrast to thé mode
developed by Vannevar BUSh(SOURCE? REFERENCES? PAGE NUMBER?),

which was presumed appropriatethe post-war American market economy in which

8 Collective sector shifted toward the reformed,trarted, leased and private types of ownership
earlier and more quickly than the state sectorn@adrom state/collective-owned towards private was
employed primarily in small-scale enterprises. (f&Whiting, 1999)

29 Vannevar Bush: a noted MIT electrical engineerpiuposed the model in his 1945 report to
President Truman with the title “Science: The EsdlFrontier”.
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“government should keep mission-oriented research in the hands dlfagencies

and be the main founder of scientific (basic) research in uniessitillowing

individual scientists to decide how research funds are allocattdh@wv research is

conducted and applied”, China’s prior institutional framewbrkas allowed

government and the universities to engage in activities that hawe fgr beyond

basic research and which have been the early driving forcgzroiduct development

and commercial adventurednlike western counterparts, Chinese universities have

set up departments of ‘industrialisation’ and ‘industrial-acadegasearch’ ¢han-

xue-yan committees to organise and develop business spin-offs. Theseffspin

represent a fundamental institutional innovation which alters the cegamal

relationship between R&D and entrepreneurship.

Figure 4 showevtheation of

university high-tech spin-offs in China in terms of property rightargements,

management style and organisational structure.

Figure 4: Development stages of high tech spin-offs

Period | PR Ownership M Style O Structure

Start-up | 80s-92 | Contract The reformed University DS| Unstructured

Responsibili | collective firms | Individual E

ty /

Contract

leasing
Survival | 90s e-m| Contract Contracted University SS | Simple

Responsibili | public firms /| Individual E

ty / leased  publig

Contract firms

leasing
Growth 92 Joint Stock | Mixed Entrepreneurial, Functional,

onwards ownership Co-ordination | Centralised
(Including
private)

Expansio | 92 Joint Stock | Mixed Inception of MES Dec-en
n onwards| Shares ownership Professional

offered on| (Including Administra

stock private) tion

exchanges

% The decentralisation of fiscal and managerial mdtitas been accompanied by a decline in central
government funding for public institutions on themise that they should become increasingly self-
financing. All elements of the public sector haestme involved in setting up business ventures (Lin
Yimin and Zhang Zhanxin, 1999—-MISSING REFERENCE} including universities and research

institutions.
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Maturity | 90s m o| Joint Stock | Mixed Professional MES,
Shares ownership Administration | Multinational
offered on| (Including (De-cen)
stock private)
exchanges

(PR: Property Rights, T M: Top Management, M: Management, O:
Organisational

DS: Direct Supervision, SS: Supervised Supervision, MES: Modern Eseerpri
System)

SOURCE??

Universities, research institutions and their governing bodies hayedpla
crucial role in the start-up of high-tech spin-offs in termspadviding financial
support. The Torch Programme identified spin-offs as the prdfestategy to
commercialise technology resources. According to Gu (1994), mosttdugh
enterprises operating nationwide in 1993 were set up with assidtameepublic
institutions. Universities have not only acted as organisers amsdrficout have also
converted themselves into corporations. Most high-tech spin-offs wgistered as
‘collectives with a supervising unit’ (Gu, 1994), even when the untiessand other
public institutions they belonged to initially engaged in the top manage®snd
remained as the ultimate controller, in terms of voting rightshayes, after they had

grown into multinational publicly listed companies.

Property rights arrangements in university high-tech spin-off vestwere fuzzy
at the start-up stage and continue to remain unclarified. The pasattha® university
spin-offs have performed impressively through intense competition in it\oova
based sectors, their growth dependent upon the sophistication of closteny
strategies and strong operating practices, despite the inadgqustecloped

microeconomic business environniérgnd the unclarified institutional arrangements.

For the purpose of interpreting the above paradox, we have examined the
evolutionary process of university spin-offs. We have conducted a somv2$ high-

tech companies currently listed on the two Chinese stock exchamgated as

31 7o include the extent of bureaucratic red tape,dhality of infrastructural facilities, the coridit
of governance, the lack of sophistication of maiketitutions, constraints on the liberation ofdiea
and quality of S&T research institutions and policetection of business.
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university spin-offs. These high-tech shareholding corporations armmatdty
controlled and owned by universities and state research institutihwere listed
among the top 100 publicly listed high-tech companies at the end of*20b.
research observes the change of ownership and control in termsnoéjtiveplayers

involved.

Figure 5: Leading University Spin-offs

City No. PLCs Industries
Status

Beijing University Beijing LC 4 ICT, CS, BT
Tsinghua University| Beijing LC 2 ICT, BT, MT
Fudan University Shanghai LC 1 Mixed
Shanghai
Transportation Shanghai LC 2 Mixed
University
Tongji University Shanghai LC 1 BT
Zhejiang University | Hangzhou LC 2 ICT
Nankai University Tianjin LC 1 MT
Tianjin University Tianjin LC 1 ICT
Dongbei University | Shenyang LC 1 ICT, CS
Xian Transportation  Xian LC 1 ICT
University
Huazhong University Wuhan LC 1 CIMS, MT
of Sci.& Tech
Wuhan Institute of Wuhan ML 1 ICT
Telecommunication
Sci.
Yunnan University | Kunmin LL 1 BT
Chinese Academy of Various ML 2 ICT, BT, MT
Science

32 All samples are shareholding corporations listad trade on Shanghai Stock Exchange (SHSE),
Shenzhen Stock Exchange (SZSE) and Hong Kong $&ckange (HKSE). Data of all companies

included in this research project are obtained frii@ China Securities Regulatory Commission
(CSRC) official database and various data relei@mnbmpanies.
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(LC: Leading Comprehensive University under State Education CoeanhiL:
Leading University under direction of the Ministry, LL: Leadingiersity under
direction of Local government;

ICT: Information Communication Technology, MT: Material Technology, B
Biotechnology)

SOURCE??

Figure 5 identifies key sample universities in our study. Muosversities in
charge of publicly-listed companies are leading comprehensive utiz®rsnder the
direction of the State Education Committee (SEC), the restediher directly
controlled by parent industriehuguan bu)or supported by local government.
Almost all sample university companies are located in theomsgreceiving most
government funding for S&T and high tech projects and are mainlygedga ICT,
computing science and biotechnology. As Fig. 4 suggests, the top uregersiti

Beijing and Shanghai have been allocated higher quotas for company flotations.

University PLCs were initiated as university spin-offs aseault of the
commercialisation and industrialisation of research outcomes loedgrreviously in
the paper. They had the following common features from gpairt-the 1980s and
early 1990s: (i) they started with the constraints of lack dlieskiabour, technology
and capital, (ii) their products relied primarily on the technolmgy know-how of the
original founders who often were leading academics and employéles university
who remained in their life-long jobs while undertaking commeratViies outside
the scope of their formal work, (iii) the founders used offices, |aboes, research
students and other university resources for the development ofriting¢ivij their
R&D breakthroughs were originally conducted under government progrsnand
very often the research outcomes of state-funded projects antheg(Vijounders
normally received no subsequent financial support from the univesedttypugh
university directors and department heads contributed to the firm througlamprogs
such as the Torch Programme to grant loans to launch the venturef tharke
products through the university’s network and exempt the company from heavy tax.

At the initial stage, given the lack of legal recognition of theenship rights of
such kinds of enterprise and given that the success of the comEanwasvyet

unknown, neither the university directors nor the founders of the firoh timispecify
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ownership details in a formal contract. Neither were thereeatgnt legal norms and
institutions on which they could rely. Thus the definition of the natutbesfe high-

tech spin-offs has remained a ‘grey area’, different fromstate-owned enterprises
(SOEs) but not legally distinguished from the traditional SOEsreavgnisable as

‘collective enterprises’.

Our empirical study of university spin-offs indicates tfaggainednature of their
property rights. With regard to the right to residual income, from titme the
company began making a profit, profit-sharing arrangements lveegained annually
and worked out informally through discussion between the universitytaiirand the
head of the company. Yet with regard to the rights of control andatiliz of the
company, the founder managers often exercised enormous personal powreove
firm. The university exercised a limited degree of control oveagmointment of the
general manager, often the result of informal bargaining degtwhe university and
the appointee him/herself. Ultimately, the university retre&taoh the productive
function, strategic decisions and employment contracts of the comigawng the
rights of control in the hands of the founder. We agree with FFgth6i09) that the
bargaining of property rights may have helped the spin-offs regmioelems of
entrepreneurship, resource allocation, investment, soft budget cossaadtother
institutional and economic challenges at initial stage while theetsity authority
remained the legitimate owner of the company, often holding tharitgashare in the

company.

The question of fuzzy property rights has led to the difficultydefining the
nature of shares, thus leaving the rights of control and the ultowater of company
a perennial source of dispute. Figures 6 and 7 show the size ofowstad
shareholdings in university PLCs at the year of flotation anetcuyear respectively.
The absolute amount of state-owned shares has decreased and ter wfim
companies in which the state shareholding exceeded 50% has drappegitiv 2.
Twelve of these university PLCs currently leave the questiontate*®wned shares’

undefined, compared with only 4 at flotation.

Figure 8 indicates the current largest shareholder of samhfls. Hhere are five

different titles of shares which are in use to descrilee facto,the same type of
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shares: Designated & State-owned Legal Person, Createrdstaed Legal Person,
State-owned Legal Person, Creator State-owned, and State-owned.tdimes are
used to refer to shares held by governmental agencies or authioszadions on
behalf of the state. The use of different titles incorporatirgptor’ and ‘legal person’
titles implies the possibility of designating rights of ska ‘collective’ groups and
‘individuals’. It is not unusual for the same shares which, accordingpmpanies’
annual reports, were defined as ‘state-owned shares’ a yeatodg®,classified as
‘legal person shares’ or ‘creator legal person shares’ in tkteyaar’s report, or, to be
simply left undefined. The solution to the problem, as an exogenousdsgesnds on
the change of macro-institutional arrangements, which involvebefulifting of
political and ideological constraints and the evolution of markeitutishs. As an
endogenous issue, its resolution relies on the bargaining power and vision of
individual entrepreneutd The crucial challenge at the current stage is to succgssfull
balance the ‘selective incentives’ for individuals to maintain todléctive strength’

of R&D and stimulate further innovation by the reallocation of property rights.

% For instance, the process of defining the ultineateer of Founder Group, which originated from
Beijing University, has been going on for threergeand still remains unsettled.
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Figure 6: State shareholding in the 23 university PLCs rasedrat year of
flotation

10

czba

1%

%- %- me
9.9 22). 42). %+ ntio
9% 99 99
% % ned
SOURCE??

COULD THESE TWO FIGURES BE PUT TOGETHER INTO ONEGURE,
WHICH WOULD COMPARE BOTH? THE TWO FIGURES COULD AICs A
MORE INTELLIGIBLE FORMAT.

Figure 7: State shareholding in the 23 university PLCs researched currently

SOURCE??
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Share Title Shareholder Percentage| Nature of Share
Beijing  University| Shenzhen Beijing University Designated 4
1 . : 37.94 State- ownedq
High-tech High-tech Investment Ltd
Legal Person
Creator Stater
2 Zhong KelJian Shenzhen Kedian Group’ttd 29.01 owned Legal
Person
3 Nankai Guard Tianjin Nankai Guard Grou D47 38 State-owned
Ltd Legal Person
4 Ziguang Guhan Tsinghua Ziguang Group Ltd 21.44 State-owned
5 T!an!!n , University Tianjin University 33.41 State-owned
Tianjin Finance Legal Person
N : .. | Zhejiang University i
6 Zhgjlang University Enterprises  Group  Sharé2.44 State-owned
HaiNa Legal Person
Control Ltd
7 Tsinghua Ziguang Tsinghua Ziguang Group Ltd 62.11 OCVrvenitgr Statey
Huagong  ScienceHuazhong University  of i
8 and Tech Science and Technology 67.95 State-owned
I Beijing University Qinniao Sc )
9 Qinniao Huaguang & Tech Ltd 2541 State-owned
10 Tsing Hua TsmgHga uUniversity 504 State-owned
TongFang Enterprises Group
Yupnan University Yunnan University Science State-owned
11 | Science and 20.95
Industry and Trade Group Legal Person
Technology
12 Eounder Tech Beijing University Foundef 702 Transferable
Group A Share
13 Fudan University Fudan University 3274 State-owned
Fuhua Legal Person
14 Qinniao Tiangiao Beijing University Qinniao Ltd 20.88 Legal Person
15 Jiaoda NanYang Shgnghgl Transportatlon43.7 State-owned
University Legal Person
16* | China High-tech
17 Zhejiang University Zhejiang University Innovation22 63 State-owned
WangXin Technology Co.Ltd ' Legal Person
18 JiaoDa Tech Xian Tr_ansportatlon UnlverS|ty29 Transferable
Enterprises Group A Share
Tongji Science & Lo . Creator Lega
19 Tech Tongji University 45.16 Person
20 Elame Tech Wuhan 'Ins_tltute _ of 20.49 State-owned
Telecommunication Sci. Legal Person
: : : State-owned
21 Dong ruan Gufeng Dongbei University Software 35.20 Legal Person &
Group Ltd .
Public
China Academy of Scienge
22 Zhongke Yinghua | Changchun Applied Chemistry33.36 State-owned
Science Ltd
23 Jiaoda Angli Sh‘?‘”gh?" Transportat|0n16l5 State-owned
University
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SOURCE??

* Table of Shareholders of China High-tech on 2002-06-30

Shareholder Percentage Nature of Share
Oriental Times Investment Ltd 28.24 Legal Person
Fudan University 5.15 Legal Person
Shanghai Transportatign

. . Transferable
University Investment  0.28

A Share

Management Group Ltd
Tongji University 2.92 Legal Person
Beijing Telecommunication

_ _ 2.41 Legal Person
University
Tsinghua University 1.55 Legal Person
Beijing University 1.37 Legal Person

Shanghai Foreign Language
1.37 Legal Person

University

5.2.Public entrepreneurshifor the collective good

Schumpeter (1993[1991]) was the first to explore the entrepreneurial function and
its role in social change. The very core of the ‘Schumpetemndérepreneur’ rests on
the importance of vision and imagination for overcoming uncertainirikrt, 2001:
14). Kwiatkowski (2002) argues that building elements of entrepreneataty is

vital for post-socialist countries to take opportunities for achieving econoowdlgr

As stated in Section 4.1 above, almost all directors and top manafgers o
university spin-offs were leading academics and employedbleotiniversity who
remained in their life-long jobs while undertaking commercialvdiEs outside the
scope of their formal work. When they started their businesseg tiere no
contracts clearly defining property rights and thus there thtdadective incentives’
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for their behaviour. There were costs, not just benefits, andaigke initial stage of
creating a business-oriented organisation from scratch wheasitimcertain what the
political and economic outcomes and rewards would be. According to ome of t
basic neo-classical assumptions, ‘rational self-interestelividuals are not supposed
to act to achieve common or group interests, rather thereta@eted by incentives to
‘free ride’. In that light, why were those leading acadenmc€hina willing to bear

the high costs of creating business organisations for the collective good?

We borrow Olson’s concept of ‘public entrepreneurship’ to describeatueenof
university spin-offs as discussed above. Relying on the instituti@maroach
involving ‘a shift of perspective from the determinism of conventiongsial...to
the non-teleological, creative, and non-determined nature of evoluytigmacess’
(Buchanan/Vanberg 1991:168), we gain an evolutionary perspective afotluth gf

university spin-offs and step towards an explanation of the phenomenon.

How did the then institutional framework mould individual behaviour toward
socially beneficial decisions and thereby cause individuals to aacpublic
entrepreneurd As Krusselberg indicates: “When a decision cannot be based on
incontestable facts, entrepreneurs make use of their own thebaas tae reality
surrounding them, of their value systems, subjective interpretation®cefved
information, and the conclusions they thus derive with regard tofttliane actions.

In this sense decisions under uncertainty always contain a ‘ploéteraent’ (1969:
107, [Kuhnert’s translation, 2001])”".

The institutional framework directed individuals to socially bemefidecisions.
Specifically, the legacy, derived from the Mao period, of pursuingahective good
prior to individual benefit had a crucial influence on their behaviowsweéver while
people were no longer judged politically progressive or backwardlys by whether
they owned property or how much property they owned as they had beerMaajer
they remained judgedoy their political awareness and consequentlyhbw they
acquired and used their property, anchboy they contributed to the cause of building
‘socialism with Chinese characteristics’ through their work. akfgie that, in this one
crucial aspect, fuzzy property rights helped them cope with ecoabmmcertainty:

on the one hand, such fuzzy rights allowed the collective unit, nohdnadual, to
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bear the prospect of any business failure and on the other, suchpfopeyty rights
helped individuals to avoid ideological puzzles and constraints whicteéxdsiring
the early stages of reform. The set of institutional arraegénthat allowed
individuals to take different and even contradictory actions thus hdteed to cope

with theideologicaluncertainty of the transition.

According to Shackle (1964:6), human beings are “liberated by thexistence
of any objective future to invent it in an image chosen by them frorange of
possibilities constrained only by the orderliness of nature anthtt® of their own
present circumstances.” Kuhnert (200GE NUMBER?Y) summarises: “Innovative
actions must be based on a mental picture of the future. Exoppi@rtunities’ exist
only in the mind of the entrepreneur (White 1990 [1976]\&/HICH TEXT DOES
THIS REFERENCE APPLY TO?JThus, the issue is not ‘opportunities which others
have not yet noticed’ (Kirzner 1973:81) but rather the invention of opporsibyiea
certain subjective way of interpreting the information thatpresent in one’s

environment.”

In the initial stages of reforngublic entrepreneursn China had to deal with
‘uncertainty’, with the ‘imperfect’ knowledge of the ‘right’ wand of the unintended
consequences of actions taken to realise desired outcomes. Weldatifeed in our
survey that individual rewards for public entrepreneurs in Chinacpkatiy in terms
of the range of shares for creators and incomes generated tifremm, varied
significantly. In exchange for the investment of their timesowces, skills and
capital, they expected power, honour, fame and a change of stafias. Some
pursued substantial control of the company and began to transform themeé&ve
individual entrepreneurs. Such transformation was not statid@skiplace under the
twin pressures of growth and increased competition. But in order tolireobi
investments and opportunities beyond the capacity of relatively-sosé individual
firms, individual entrepreneurs developed new forms of shareholding usguct
associated with mixed ownership and thereby regained ‘public’ stAng in so

doing, thosendividual public entrepreneurs operated to furtherdbkectivegood.
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6 Conclusion

The ‘New Economy’ offers great potential for sustainable econagroevth.
However the full potential of the ‘New Economy’ cannot be achievednaatically
without establishing a new framework for government and publiccypoliess
developed post-socialist countries have to cope with the challengesabping the
‘old economy’ and fostering the ‘new’ simultaneously and there is @ahneed for

government policy to balance the process of ‘development’ and ‘transition’.

Since science-based high technology is the driving for¢keofNew Economy’,
this paper has examined the development of high-tech industries in iGChiv@past
two decades in which China’s government has taken an active appoda&img the
‘new road to industrialisation’ and fostering the ‘New Economy’. ¥Wgue that
efforts to move quickly to the theoretically optimal condition magiéanacceptably
high social and political costs. Gradualism and pragmatism agrkagiples of the
reform process generally in China have been applied to the evolutibigletech

industries there.

Government policy has explicitly encouraged R&D and commerdialisaf
technological resources. Subsequence policies, including the Natioeac&and
Technology Development Program (863) and the Torch Program, havedmeada
to encourage the transformation of accumulated R&D capacity intot-praking
ventures. Policies have been implemented both through the extantiorsl system
and by incorporating new institutions, such as the High Tech DeawelapZones,
whenever it was necessary. Government policies have encouragkxvéhapment of

high-tech spin-offs from universities and other public research institutions.

We have identified the key ‘path-dependent’ features of China’sthidh spin-
offs: fuzzy property rights and public entrepreneurship. We argtevtied is optimal
in theory is not necessarily achievable in the real world andabat result, the set of

institutional arrangements that allows different and even cootoagi individual
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actions to occur may help to cope with the uncertainty of transitienb&Weve this to
have been the case in China in the last twenty five year$as gitruggled to come to

terms with the New Economy.
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