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ABSTRACT

China's scientific development has gone through several phases over the past 50 years, In
1956, the first generation of leaders called on the whole country to "march towards
science," drafting China's tirst scientific development plan. The country made
considerable progress in atomic energy, electronics, semiconductors, automation,
computing and rocket-Iaunching technology. In 1978, the then Chinese leaders sponsored
a national science conference and mapped out scientific development strategies for a new
period of refonn and opening-up policies. China has accomplished more than 460,000
major scientific and technological achievements since then, 20 per cent ofthem reaching
world advanced levels. In 1985, the central government issued a "Decision on the Refonn
ofScientific and Technological Systems," with the aim ofaccelerating the application of
technological discoveries to promote productivity. Since then, China has implemented a
series of projects to spur the take-off of the rural economy through technological
innovation as weil as developing high-tech industries. upgrading traditional industries,
enhancing basic research, commercializing applied technologies and advancing
technological innovation. In 1995, at a national conference on science and technology,
the Chinese leaders put forward the strategy of "revitalizing the country through science,
technology and education." The central govemment listed this strategy along with the
policy ofsustainable development as the basic principles for China's long-term economic
and social development.

Technology Transfer has been considered by Chinese leaders as a main measure to obtain
updated cutting-edge technology in the global market. Joint imports by research institutes
and manufacturers began to replace unilateral imports by companies. The main usage of
the imported technology will be shifted from the production and the replacement of
China-invented technology to international co-operation. The case study on Ti02
technology transfer illustrated in this thesis demonstrated the trend.
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SOMMAIRE

Le développement scientifique de la Chine a connu plusieurs phases depuis 50 ans. En

1956, la premiè re génération de dirigeants demanda au pays de 'marcher vers la
science', en rédigeant le premier plan de développement scientifique. Le pays fit des

progrè s considérables dans les domaines de l'énergie atomique, de l'électronique, des
semi-conducteurs, de l'automatisation, des ordinateurs et des missiles.

En 1978, les dirigeants d'alors mirent sur pied une conférence scientifique nationale et

préparè rent des stratégies de développement scientifique pour une nouvelle période de
réforme et d'ouverture. La Chine a connu plus de 460,000 réalisations scientifiques et
technologiques majeures depuis lors, dont 20 % avaient une portée mondiale.

En 1985, le gouvernement central émit une 'Directive sur la Réfonne des Systè mes
Scientifiques et Technologiques' avec l'objectifd' accélérer l'application des découvertes
technologiques pour augmenter la productivité. Depuis lors, la Chine a mis en oeuvre une
série de projets pour accélérer le développement de l'économie rurale par l'innovation

technologique; ces projets visaient aussi à développer les industries de
haute-technologie, mettre à jour les industries traditionnelles, améliorer la recherche de
base, commercialiser les technologies appliquées, et avancer l'innovation technologique.

En 1995, à une conférence nationale sur la science et la technologie, les dirigeants
chinois mirent de l'avant une stratégie pour 'revitaliser le pays par la science, la
technologie et l'éducation'. Le gouvernement central a placé cette stratégie et la
politique de développement durable comme principes de base pour le développement
économique et social de la Chine.

Les Transferts Technologiques sont considérés par les dirigeants chinois comme un
élément-clé pour obtenir les technologies de pointe sur les marchés mondiaux. Les
importations conjointes par les instituts de recherche et les manufacturiers commenccrent

à remplacer les importations unilatérales par les compagnies. L'utilisation principale de
la technologie importée évoluera de la production et du remplacement de la technologie
chinoise vers une coopération internationale. L'étude de cas du transfert de la

technologie du Ti02 présentée dans cette thè se démontre cette tendance.
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Introduetion

l.lntroductory

Since 1949, China has made impressive achievements in many fields of science and

technology. Although China is still a low-income, developing country in the 1990's, it has

by its own efforts developed nuclear weapons, the ability to design and produce a variety

oforbital vehicles, a supercomputer, and two-line hybrid nce 1. In 1999, China became the

third country in the world to launch spacecraft. The developrnent of science and

technology, however, has been uneven, and significant achievements in sorne fields are

matched with 10w levels in others.

For more than a century, China's leaders have called for rapid development ofscience and

technology, and science policy has played a greater role in national politics in China than

in many other cauntnes. Since 1956. six national science and technology develapment

plans have been launched.2 "We should vigorously push forward the development and

application of high and new technologies, which are crucial to China's modemization

drive and future prosperity." China's Premier Zhu Rongji said on the occasion of the

National Congress of Science & Technology Innovation on Aug 1999 in Beijing. China

will commit more efforts to technological innovation and the development of advanced

technologies to improve the country's comprehensive strength and bolster its position in

1 Cox Report :A Complete Fabrication ( 07/16/99. China Dai/y). "In faet. China's spacc sector has independcntly
accomplished development from scratch to the world's most advanccd Icvcl by totally rc1ying on its own scicntific
forces. Under the circumstanccs of an ali-round blockade and embargo irnposed by the United States and other Western
countries. China successfully devcloped intermediatc and short-range missiles in 1964. and succeeded in launching its
tirst man-made earth satellite in 1970 and a recoverable satellite in 1975. There were further developments between the
late 19705 and the early 1980s. For example. China successfully launchcd a long-range rocket into the Pacifie Ocean in
1980. and a solid-propellant rocket l'rom a submarine in 1982. and further inserted a communications satellite into a
geostationary orbit in 1984. Thesc achievements had ail been made bctore.~ China entcred the international commercial
satellite launehing market. and. again. were accomplished without any foreign assistance:'
:! Tire Absrract oJOur Country 's Science and Teelmology Development Plan since 19-19(in Chinese),
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global competition during the next century. 3

Uneven development, wide variation in quality ofwork, a high level ofinvolvement with

politics, and a high degree of policy discontinuity have been the marks of science in

China. The only areas of Chinese science that reflect a concentration of resources are

those with military applications. Another distinctive characteristic is the combination of

evolving structure of science and frequent reversais of policy.

China's leaders have involved themselves in the formulation ofscience policy to a greater

extent than have the leaders of most countries." Science policy also has played a

significant part in the struggIes between contending leaders, who have often acted as

patrons to different sectors of the scientific establishment.5 Party leaders, both previous

non-scientifically trained and members of the-present technological bureaucracy, have

taken science and scientists quite seriously, seeing them as keys to economic

development and national strength. Party etforts to control science to "serve production"

and generate economic and military payoffs, however. have met with repeated frustration.

The frustration in tum has contributed to frequent reversais ofpolicy and has exacerbated

the inherent tension between the scientific and political elite over the goals and control of

http://www.most.gov.cn!
3 Dian Tai, Technology lO Push Prosperity (08/27/1999, China Dai/y)
4Premier Pushes Science and New Technologies ( 01/04/99. China Dai(v). "The premier. who also heads a
govemmcnt lcading group for scientitic and tcchnological education made the remarks during the group's third meeting.
hcld in Beijing on Thursday. I-Ie emphasized that the rapid expansion of contemporary science and tcchnology has fully
dcmonstratcd the correct scicntific foresight of Deng Xiaoping and his contention that 'science and tcchnology are the
primary productive torees. Resolving dcep~seatcd contradictions and problems in cconomic rcstructuring and
devclopmcnt will dcpcnd on improving the levcl of science and tcchnology and innovation. as weil as on improving
scicntific and technological education. Thesc efTorts will dctcrmine the cxtcnt of the gap betwccn China and dcvclopcd
countries, • aceording to the premier.o •

s Organization for Economie Co-operation and Devclopmcnt. Science and Technology in the People's Repllblic of
China. Chapter 1: the Policy Conlext. 1977. pp. 19-36.

2
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the nation's science and technology. In any economic system~ there are likely to be

tensions and divergences of interest between managers and scientists~ but in China such

tensions had been extreme and had led to repeated episodes of persecution of scientists

and intellectuals. In the post-Mao er~ the anti-intellectual policies of the Cultural

Revolution had been reversed by senior leader Deng Xiaoping, who encouraged the

deve10pment of science and technology.

China's leaders in 1990's, however, remained, like their predecessors over the past 100

years, interested in science primarily as a means to achieve national strength and

economic growth. President Jiang observed: "To establish China's position in the fiercely

competitive international arena and eosure its sovereignty and safety, we should spare no

efforts to deve10p science and technology and build up our own technological expert

teams. ,,6 The goal was the creation of a vigorous scientific and technical establishment.

which would operate at the level of developed cauntnes, while contributing in a fairly

direct way to agriculture. industry, and defense. Since the mid-1980's we have witnessed

a major effort in China to reform the scientific and technical system through a range of

institutional changes intended to promote the application of scientific knowledge to

production.

ln late 1999, the Central Committee of the Communist Party of China and the State

Council made ajoint announcement in Beijing calling for greater efforts in technological

6 Dian Tai. Teclmology RcvÎ\'cS Nation ( 08/24/1999. China DaiZv). ··Nowadays. one nation's levcl of technological
innovation and application of advanced technologies dccidcs its comprehensive national competitiveness. "To
establish China's position in the tierce international competition and cnsure its sovereignty and safety. we should sparc
no efforts to dcvclop science and tcchnology and build up our own technological expert teams." Jiang said. The stretch
oftime betwecn now and the end orthe tirs! dccadc in the next ccntury will be a crucial period for China. Jiang pointcd

3
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innovation and high-tech research and development~ as weIl as the commercialization of

new technologies. Challenges for China exist in areas ranging from indListrial

readjustment., rural economic development and revitalization ofState-owned enterprises~

which aIl calI for solutions backed by technological innovation. The new policies provide

guidelines and outline measures regarding infrastructure construction~ investment in

scientific research, venture capitat technology transfer and other issues crucial to

sharpening the country's technological competitiveness. Simultaneously, China's

accession to the WTû will open China's high-tech markets to the U.S.A, among others.

The new policy caUs for irnplernenting a strategy of rejuvenating the country through

science., technology and education in a bid to prornote the construction and development

ofChina.7Throughout the twenty-first century, China's politicalleaders have had a deeply

ambivalent attitude toward science and technology ~ promoting it as necessary for national

defense and national strength, but fearing it as a carrier of threatening alien ideas and

practices.

[n order to analyze China's sCience and technology policy, in particular. the

implementation of technology transfer, the thesis consists of six chapters. The

introduction states the rationales and the objectives of the research~ which involve the

research method and resaurces used in this thesis. The first chapter addresses historical

development of science and technology policy. In this part, the segment before 1984 will

be periodized with an explanation of technology policy in each of the periods. It briefly

out."
7 Zhu Stresses Deve{opment in Drafting Five- fear Plan (10/20/2000. China Dai/y). ""In arder ta narrow the gap
betwcen China and the developed countries and increase comprehensive national strcngth. we have ta use the
advancernent of science and tcchnology as another strong driving force. further implemcnt the stratcgy of rcvitalizing
the nation through science and education. accelcratc advancement and innovation of science and technology:'

4
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introduces Pre-1949 Patterns, Soviet Influence in the 1950's, "Reds" Versus "Experts" in

the 1950s and 1960s, the Cultural Revolution 1966-1976, and Rehabilitation and

Rethinking, 1977-84. The second chapter focuses on Science and Technology in the

1980's and 1990's, including the Supply of Skilled Manpower, Research Institutes,

National Organization and Administration, Integration of Administrative Systems, and

International Ties. The third chapter evaluates the Shortcomings of the Science and

Technology System Before the Refonns, The "863" Project, Readjustment Policy in the

1990's, and Innovation and Customization of Science and Technology in the late 1990's

and 2000. The fourth chapter places emphasis on the Policy, Modes and Linking with

Economies of Technology Transfer. The fifth chapter will study a case of technology

transfer. In the last Chapter 1will present my own views and a comprehensive conclusion.

2. Research Method and Resources

In order to fulfill the requirements for this thesis, 1shaH combine historical phase review

method with case study to state the policy of China"s science and technology and the

implementation of technology transfer. Resources are from books, journals, newspapers,

government's documents. web sites, related firm documents, agreements, faxes, e-mails

and personal files.

Il is important to note one are of technology transfer that is excluded from this study;

China's investment in enterprises in foreign countries aimed at technology acquisition

and know how, such as the copper industry in Chile. Data are simply to be fragmented at

5
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this time. 1shaH also leave non-addressed the issue of whether or not China has acquired

technology via the process of reverse engineering.

6
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Chapter 1: Historical Development of Science and Technology Policy

1.1 Pre-1949 Patterns

Until the Ming dynasty (1368-1644), China was a world leader in technology and

scientific discovery. Scientific and technological activity in China, however, dwindled

after the fourteenth century. Under the last two dynasties, the Ming and the Qing, China's

ruling eHte intensified its humanistic concentration on literature, the arts, and public

administration and regarded science and technology as either trivial or narrowly

utilitarian. China lost the opportunity to experience the "scientific revolution" and the

accornpanying "industrial revolution" that transformed the West in the eighteenth and

nineteenth centuries.8

Jesuit missionaries introduced Western mathematics and astronomy to China in the late

seventeenth century but had no impact. Until the 1860's, the trauma of repeated defeat at

the hands of Western invaders (in 1840-41 and 1860) finally convinced sorne Chinese

leaders of the need to master foreign military technology. As part of the

Self-Strengthening Movement 9in the 18605, sorne high-ranking Qing Dynasty officiaIs

llSimon. Denis Fred and Goldman. Merle. Scicnce and Technology in Post-Mao China ( The Council on East Asian
studiesiHarvard Univcrsity .1989 ). pA.

<) The rude realities orthe Opium War. the unequal trcaties. and the mid-ccntury mass uprisings eaused Qing courtiers
and oflicials to rccognize the necd to strengthen China. Chinese seholars and officiais had been examining and
translating "Western Icarning" sincc the 1840s. Under the direction of modcm-thinking Han officiaIs. Western science
and languages \Vere studied. special schools \Vere opened in the larger cilies. and arscnals. factories. and shipyards \Vere
established aeeording to Western modcls. Western diplomatie prncticcs were adopted by the Qing. and studcnls were
sent abroad by the government and on individual or community initiative in the hope that national regeneration could
be achieved through the application of Western praetical methods.

8
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initiated a movement to import "Western novelties" to check the Westemers. Metallurgy,

chemistry, mathematics, physics, and foreign languages were taught at a number of

foreign-style arsenals, shipyards, and associated training schools. The last decades of the

century saw the establishment, under the auspices either of the imperial government or of

foreign missionaries, of secondary schools and colleges teaching science, as weIl as the

movement of Chinese students to advanced studies in Japan, the United States, and

Europe.

Amid thcse activities carne an attempt to arrest the dynastic dccline by restoring the traditional order. The eITort was
known as the Tongzhi Restoration. narned for the Tongzhi Emperor (1862-74). and was engineered by the young
cmpcror's mothcr. the Empress Dowagcr Ci Xi (1835-1908). The restoration. however. \",.hich applied "practical
knowledge" while reaffirming the old mcntality. was not a genuinc program ofmodemization.

The etIort to grafl Western technology onto Chinese institutions bccarne known as the Self..Strengthening Movemcnl.
The movemcnt was championed by seholar-gcnerals Iike Li Hongzhang ( 1823-1901) and Zuo Zongtang ( 1812-85).
who had fought with the govcmment forces in the Taiping Rebellion. From 1861 to 1894. leaders sueh as these. now
tumed scholar-administrators. were responsible for establishing modern institutions. devcloping basic industries.
communications. and transportation. and modemizing the military. But despitc its leaders' accomplishments. the
SelfS-trengthening Movement did not recognize the signiflcance of the politieal institutions and socialtheories that had
fostcrcd Western advances and innovations. This wcakness led to the movement's failure. Modemization during this
pcriod would have been difficult under the bcst of circumstances. The bureaucracy was still deeply influenccd by
Neo-Confucian orthodoxy. Chinesc society was still reeling from the ravages of the Taiping and other rebellions. and
foreign encroachments eontinucd to thrcaten the intcgrity of China.

The tirst stcp in the forcign powcrs' effon to car",e up the empire was takcn by Russia. \\'hich had been cxpanding into
Central Asia. By the 18505. tsarist troops also had invaded the Hcilong Jiang watershed ofManchuria. from which thcir
countrymen had becn ejected under the Treaty orNerchinsk. The Russians used the superior knowledge of China they
had acquired through thcir ccntury-Iong residcnce in Beijing to further thcir aggrandizemenl. In 1860 Russian
diplomats secured the secession ofall of Manchuria north of the Heilong Jiang and cast of the Wusuli Jiang (Ussuri
River). Foreign encroachments inereased aner 1860 by m~ansofa series oftreaties imposed on China on one pretext or
another. The forcign stranglehold on the vital sectors of the Chinese economy was reinforced through a Icngthcning list
of concessions. Foreign settlements in the trcaty ports bccarne extraterritorial--sovereign pockets of tcrritorics over
which China had no jurisdiction. The safety orthese foreign settlements was ensured by the menacing presence of
warships and gunboats.

At this time the foreign powers also took ovcr the peripheral states that had acknowledged Chincse suzerainty and
given tribute to the emperor. France colonized Cochin China. as southcm Vietnam \Vas then called. and by 1864
established a prOlectorate over Cambodia. Following a victorious war against China in 1884-85. France also took
Annam. Britain gained control over Bunna. Russia penctrated into Chinese Turkcstan (the modem·day
Xinjiang-Uyghur Autonomous Region). Japan. having emergcd from its century-and-a- half-Iong seclusion and having
gone through its own modemization movement. dcfeated China in the war of 1894-95. The Trcaty of Shimonoseki
torccd China ta cede Taiwan and the Penghu Islands to Japan. paya huge indemnity. pernlit the establishment of
Japanese industries in four treaty ports. and rccognize Japanese hegemony over Korea. In 1898 the British acquired a
ninety-nine-ycar lease over the so-called New Territories of Kowloon (J iulong in pinyin). which inereased the size of
their Hong Kong colony. Britain. Japan. Russia. Germany. France. and Bclgium each gained sphercs of influence in
China. The United States. which had not acquired any territorial concessions. proposed in 1899 thatthcre be an "open
door" policy in China. whereby ail forcign countries would have cqual duties and privileges in alltreaty ports within

9
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Individual Chinese students had no great difficulty mastering Western science, but the

growth in their numbers and potential influence posed a challenge to the Confucian

scholar-officials who dominated the imperial government and Chinese society. Such

officiais were reluctant to grant foreign-trained scientists and engineers a status equal to

that of Confucian scholars, and they were suspicious of foreign ideas about politics and

social organization, such as professional autonomy, freedom ofspeech and assembly, and

experiments rather than written texts as validation of propositions. Nineteenth-century

officiais attempted to control the influx of foreign knowledge and values. distinguishing

militarily useful technology, which was to be imported and assimilated, from foreign

philosophy, religion, or political and social values. which were to be rejected. In the

nineteenth century, the self-strengtheners sought to combine Western techniques with

Chinese civilization, but again the orthodox Confucian framework overwhelmed the

Western technology. China was unable ta meet the Western challenge. Therefore, the

grafting of modem technology into a conservative, bureaucratie and above aIL feudal.

system turned out ta be a failure, when China's modem naval fleet, the largest of the day

in Asia, was defeated by its lapanese counterpart in 1898. In August 1900, the foreign

soldiers from eight world powers blew Chinese horse legions armed with swords into

pieces with their guns. 10

In the first two decades of the twentieth century, an increasing number of colleges and

universities were founded, and growing numbers of Chinese students were educated

and outsidc the various spheres of influence. Ali but Russia agreed to the United States ovcrture.
la He Shcng. Raad a/Science Full afTwists and Turns ( 09/11/2000. China Dai~l'). "While the last saw China. as the
third country in the world. succcssfully launching its tirst unmanned spnceship into space. the tirst was iIIustrated by a
painful image ofChincse horse Icgions armed \Vith swords bcing blown to bits by the gun tire of foreign invadcrs. In
August 1900, an army made up ofsoldicrs from eight countries invadcd China and looted Beijing to crush the so-callcd

10
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abroad. The membership of Science Society of China inc1uded most of the country's

leading scientists and engineers, was founded by Chinese students at Comell University

in 1914. In 1915, it began publication in China ofa major journaJ, Kexue (Science), which

was pattemed on the Journal of the American Association for the Advancement of

Science. In 1922, the Society established a major biologicaJ research laboratory in

Nanjing. The Society devoted itselfto the popularization ofscience through an active and

diverse publication program, the improvement of science education, and participation in

international scientific meetings.

During both the warIord periods following the 1911 Revolution and the establishment of

the Guomindang government at Nanjing in 1927, there was the creation of several

govemment research and training institutions. The Academia Sinica, founded in 1928,

had a dozen research institutes, whose personnel did research and advised the

government." The late 1920s and early 1930's saw the establishment of many research

institutes, such as the Fan Memorial Biological Institute in Beijing and the Beijing

Research Laboratory, which eventually formed departments in physics. biology,

pharmacology, and other fields. Most of the research institutes were characterized both by

very limited funds and personnel and by productive, high quality scientific work. By the

1930's China possessed a number of foreign-trained scientists who did research of high

quality, which they published in both Chinese and foreign scientific joumals. These

scientists worked in the major universities or in research institutes funded by the

Boxing Uprising. a self-organizcd movcment to drive offforeigners:'
Il He Shcng. f10w a Nation C/rases a Dream (12129/1999. C/rina Dai(v). .. However. it was not until the establishment
of AcadcmiaSinica in 1928 that China saw the first goldcncra in the dcvclopmentofits modem science and lcchnology.
The establishment of Acadcmia Sinica. the first national academy of science in China's history. was gcnerally secn as
the starting point of institutional devclopment of China's modem scicntific undcnakings...

Il
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government or foreign organizations (such as missionary groups and the Rockefeller

Foundation) and were concentrated in Beijing, Nanjing, and Shanghai. This period

witnessed the maturing of the tirst and second generation of self-conscious professional

scientists and engineers, which were inherited by the Chinese Communists' institutions

and could have served as the basis for developing further modern science and technology.

Between 1937 and 1949, China's scientists and scientific work suffered the ravages of

invasion, civil war, and runa\vay inflation. Funds ta support research, never ample,

aimost totally disappeared, and most scientists were forced ta devote most of their

energies to teaching, administration. or a govemment job. In a change from the earlier

pattern, many students opted not to retum to China after foreign education, choosing

instead to seek careers abroad.

1.2 Soviet Influence in the 1950s

Mao Tse-tung once said: ""Class struggle, the struggle for production, and the struggle for

scientific experiment are the three great revolutionary movements for building a mighty

socialist country." 12After the establishment of the People's Republic in 1949, China for

the tirst time had a government that took direct and explicit responsibility for developing

science and technology. Il reorganized its science establishment along the Soviet Stalinist

Model--a system which tended to de-emphasize the raie of research in the universities

and stress the centralization of research in institutes under an Academy of Sciences, with

high priority given ta research related to military and heavy industry needs. This line
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remained in force until the late 19705, when China's leaders called for major reforms. The

Soviet model is characterized by a bureaucratie rather than a professional principle of

organization, the separation of research from production, lJ the establishment of a set of

specialized research institutes, and a high priority on applied science and technology

which mainly includes military technology. It also emphasized excellence in highly

specialized and narrow fields with the expectation that the bridging of specialties would

be done by the senior scientific bureaucrats.

On November 1, 1949, the Chinese Academy of Sciences (CAS) was founded,

amalgamating research institutes onder the former Academia Sinica and Beijing Research

Academy (the former Beijing Research Laboratory). At the beginning of the new regime,

CAS was to have two main functions. The tirst was to be an institution actively engaged

in scientific research primarily to serve the requirements of the production sector of the

economyand to adjust scientific research to meet those requirements. The second was to

have an administrative function as that agency of the govemment in charge ofaIl matters

relating to science and to social and historical studies. Scientists were ta engage in

research with significant and fairly immediate benefits to society and to work as members

of collectives rather than as individuals seeking personal fame and recognition.

The CAS was explicitly modeled on the Soviet Academy of Sciences (SAS), whose

director, Sergei I. Vavilov. was consulted on the proper way ta reorganize Chinese science.

12 Suttmcier. Richard P.• Research and Revolution ( D.C Heath and Company.1974). p.29.
IJ 'The separation ofresearch from production" rncans the rcsearch and the production in civilian industry vertically
Icd by ditTcrent higher-Ievcls and little communications happcned bctwcen the two sectors. details sec "3.2
Shortcomings of BcfofC Rcfonn" and "6 Conclusion")
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His book, Thirty Years ofSoviet Science was translated into Chinese to serve as a guide. 14

Soviet influence aJso was realized through large-scale personnel exchanges. During the

1950's, China sent about 38,000 people to the Soviet Union for training and study. The

Soviet Union dispatched sorne 11,000 scientific and technicaI aid personnel to China. In

1954, China and the Soviet Union established the Joint Commission for Cooperation in

Science and Technology, which met annuaIly until 1963 and arranged cooperation on

over 100 major scientific projects! including those in nuclear science. When the CAS

cornpleted a draft twelve-year plan for scientific development in 1956, it was referred to

the SAS for review. In October 1957 a high-Ievel delegation of Chinese scientists

accompanied Mao Tse-tung to Moscow to negotiate an agreement for Soviet cooperation

on 100 of the 582 research projects outlined in the twelve-year plan. 15

Since China's initial industrial system was established with technology~ equiprnent, and a

management system introduced from the Soviet Union. China unavoidably followed the

same ideological line. The influence of the Soviet Union had both positive and negative

sides. ft did play an important role in the fonnation of the initial industrial system. China

obtained the most comprehensive technology transfer in modem industrial history. The

Soviet Union provided aid for 156 major industrial projects concentrated in mining,

power generation, and heavy indust!)'. Following the Soviet model of economic

development. these were large-scale. capital-intensive projects. 16 By the late 1950's.

China had made substantial progress in such fields as electric power, steel production,

basic chemicals, and machine tools. as weil as in production of military equipment such

14 Soviet Influence in the 1950s. Library o[Congress.http://lcwcb2.1oc.gov/frd/cslcntoc.html
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as artillery, tanks, and jet aircraft. 17 Soviet standards for materials, engineering practice,

and rigid and inefficient management, however, were adopted. In a move whose full costs

would not become apparent for twenty-five years, Chinese industry also adopted the

Soviet separation of research from production. 18 Moreover, the various institutes,

concentrated primarily in CAS and the industrial ministries, were guided by a central plan

and funded by an annual budget from the central govemment. Consequently, power over

research was concentrated in the hands ofpoliticalleaders who had little understanding of

science or how to combine research and production.

A central planning economic system adopted by China right from the outset ofeconomic

construction, was based on the belief that it was the ideal operational system for a

socialist country. The Soviet Union, the tirst socialist country in the world, with decades

of experience in implementing a planned economy, was certainly recognized as the

example for China to follow. Simu1taneously, the adoption ofthe Soviet model meant that

the organization of Chinese science was based on bureaucratie rather than professional

principles. Under the bureaucratie model, leadership is in the hands of non-scientists,

who assign research tasks in aecordanee with a centrally determined plan. The

administrators, not the scientists, control recruitment and personnel mobility. The

primary rewards are administratively controlled salary increases. bonuses, and prizes.

Individual scientists, seen as skilled workers and as employees of their institutions, are

15 Soviet Influence in the /950s. op.cit.
16 OECD. Science and Tee/m%gy in the Peop/e's RepubJic ofChina (OECD. 1977), p.21
17 Soviet Influence in tlze /950s. op.cit.
1& "The separation of rescarch from production" mcans the rcscarch and the production in civilian industry vcrtically
Icd by difTcrcnt higher-Ievels and !ittle communications happcned bet\\'cen the two sectors. details sec "3.2
Shortcomings of Before Refonn" and "6 Conclusion")
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expected to work as components of collective unÎts. Infonnation is controlled~ and is

expected to flow only through authorized channels~ which were often considered

proprietary or secret. Scientific achievements are regarded as the result primarily of

"external" factors such as the overall economic and political structure of the society7 the

sheer numbers of personnel, and adequate levels of funding. 19 Under professional

principles~ which predominate as a goal in Western countnes, scientists regard

themselves as members of an international professional community that recruits and

rewards its members according to its own standards of professional excellence. The

primary reward is recognition by professional peers, and scientists participate in an

elaborate network ofcommunication, which includes published articles, grant proposais,

conferences, and news of current and planned research carried out by scientists who

circulate from one research center to another.

1.3 "Reds" Versus "Experts" in the 1950s and 19605

During the Great Leap Forward ~o of 1958-1960 and the Cultural Revolution21 period

(1966-1976), however, the encrusted Soviet Model was damaged by Mao's own vision of

[9 Simon, Denis Fred and Goldman. Merle. Science and Technology in Post-Mao China (Published by
The Council on East Asian studieslHarvard University,1989), p.7.
10 A drive to increase industrial and agricultural production following the suspension of Soviet aid and the desire to
catch up with the advaneed nations ofthe world. The campaign \Vas concdvcd by Mao tse-tung in late 1957. adoptcd by
the National Pcoplc's Congress (q.v.)in 1958: it continued through 1960. Emphasis was placcd on accclerated
colleetivization ofagriculture. national sclf-suflicicncy. and labor-inlensivc mcthods. The campaign rcsulted in
widesprcad waste of rcsources and was panially rcsponsible for famine in 1960 and 1961.
~I A slogan introdueed by Mao tsc-tung in 1940. notcd again by Liu Shaoqi in 1958. and used more frcquently in
connection \Vith Icftist attacks on the "cultural l'rom" in late 1965 and carly 1966. The expression was uscd to denote
thc Great Proletarian Cultural Revolution. a politieal campaign oflicially inaugurated in August 1966 to rekindlc
revolulionary fcrvor of the masses outsidc fonnal party organizations. The Cultural Revolution dceade (1966-76) ean
bc divided into threc periods: 1966-69. from the militant Red Guard (q.v.) phase to the Ninth National Party Congrcss:
1969- 71. the period of the zenith and demise of Lin Biao; and 1971-76. the period of Mao's declining hcalth and the
ascendaney of the Gang of Four (q. v.). At the August 1977 Eleventh National Pany Congress. the Cultural Revolution
was declared officially to have ended \Vith the arrest in Octobcr 1976 orthe Gang of Four.
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scientific and technological development. Mao imposed his own theory on technological

and economic activities and emphasized mass participation, egalitarianism, self-reliance,

and the principle of indigenous development. Party cadres and representatives of the

masses were to take over technological and scientific tasks from the professionals, who

were criticized for their "'ivory-tower" mentality and were sent to the countryside or

factories to leam again from the masses.

In the early 1950's, Chinese scientists, like other intellectuals, were subjected to regular

indoctrination intended to replace bourgeois attitudes \vith those more suitable to the new

society. Many attributes of the professional organization of science, such as its

assumption of autonomy in choice of research topics, its intemationalism, and its

orientation toward professional peer groups rather than administrative authorities, were

condemned as bourgeois. During the Hundred Flowers Campaign22 of 1956-57, sorne

scientists used the brief period of free expression to air complaints of excessive lime

taken from scientific work by political meetings and rallies, or of the harmful effects of

attempts by poorly educated party cadres to direct scientific work. However, those people

later were criticized for their "antiparty" stance, labeled as "rightists" in the

~'Anti-rightists Campaign". and sometimes dismissed from administrative or academic

positions.

The Great Leap Forward was an audacious and misplaced experiment. China tried to

Z2 Hundrcd Flowcrs Campaign also is Double Hundred Campaigns. Party-sponsored initiative to pennit greater
intellectual and artistic frecdom. Introduccd first into drama and other arts in the spring of 1956 under the official
slogan ilLet a hundrcd flowers bloom. let the hundrcd schools ofthought contcnd." With Mao's encouragement in
January 1957, the campaign was cxtcnded to intellcctual expression and. by carly May 1957, was bcing intcrprcted as
pcnnission for intelleetuals to criticize political institutions of the regime. The efTcct was the large-seale cxposure and
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accelerate its growth in both agriculture and industry using both modern and indigenous

methods. The terminology of the period distinguished between being "red" 23 and

"expert".24Although party leaders spoke of the need to combine "redness" with expertise.

prime stress was placed on local initiative and the role of the Hmasses," who were

regarded as "Red". The period of the Great Leap Forward saw efforts to reassign

scientists to immediately usefui projects, to involve the uneducated masses in such

research work as plant breeding or pest control, and to expand rapidly the ranks of

scientific and technicaI personnel by lowering professional standards. The direct result

was a far-reaching decentralization of central planning and the statistical apparatus. The

Great Leap Forward and the accompanying Commune25 program represented radical

attempts to solve real and scientific problems. The economic depression and three-year

natural disaster (1959-1961) following the Great Leap Forward, and the need to

compensate for the sudden withdrawal ofSoviet advisers and technical personnel in 1960~

brought a renewed but short-lived emphasis on expertise and professional standards in the

early 1960's.

While it is generally argued both inside and outside of China that Mao's policies were

both inappropriate and unsuccessful, his objectives \Vere: (1) to broaden the base of

scientific recruitment; (2) as a consequence. to raise the scientific level of the base in

society, on the assumption that by so broadening the base China would ultimately

produce a larger number of scientists.

~urgc of intcllcctuals eritieal of party and govcmmcnt policics.
!J A tenn referring to politieal and ideologieal altitudes prcseribcd by Maoist doctrine. Usually juxtaposcd with
"expen" (q.v.). the tcrm \Vas scldom uscd in the 1980s.
24 A tenn refcrring to politieal and idcologieal attitudes prescribed by Maoist doctrine. Usually juxtaposed with "redit
(q.v.). the tcrm \Vas scldom used in the 1980s.
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lA Depression, "Readjustment" and Recovery, 1961-1965

Instead of producing an economic breakthrough, the Great Leap Forward resulted in a

crisis of massive proportions in economics. Nationally there was widespread

malnutrition.26 Agricultural output dropped precipitously, in part as the result of bringing

on stream virgin lands which were not productive. The crisis aiso had effects on the

Chinese leadership. Mao Tse-tung was forced to a less active leadership raIe, instead, Liu

Shaoqi came to the fore. In order to cope with the existing crisis and to stimulate recovery.

a series of new development polieies, which were pragmatie and experimental, neither

the rigid Soviet model, nor the Maoist concepts of radical egalitarianism, were pursued.

Many measures were taken such as to restore a sense oforder and rationality in economic

policy, and to repair the planning and statistical apparatus, and to close sorne unsuccessful

small-scale industries, more broadly, to renew attention to efficiency and technical

improvement. As a result, '''expertsH as weil as professional managers rose to prominence

once again.

One of the most important decisions by Liu Shaoqïs group was to restore fundamental

national economic priorities. Agriculture was assigned to top priority, similarly. light

industry second, and heavy industry third. Of course, military industry was different.

During this period, due to the practicai poliey of Liu's group, the Soviet modei was

gradually split and China's own pattern emerged. Foreign trade with non-communist

2S A lenn rcfcrring 10 low-Icvcllownship and counlrysidc govemmcnt organization.
26 Science and Tee/m%gy in the Peop/e's Republic ofChina. 1977. op.ctp. p.23.
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countries began to pick up and increased significantly. 27 Economy was recovered and

growth sustained to upward. This situation continued until 1966.28

Two things, however, changed China's fate. One was the new Soviet leaders' total

denunciation of Stalin, which Mao called Soviet "revisionism". The other, was the

approach of the Liu group who obviously compromised Mao's egalitarian values.

Starting in late 1962, Mao repeatedly stressed c1ass struggle and the need to combat

revisionism. The inner party struggle between two lines became more and more serious.

This finally resuIted in the Culture Revolution. This was, however, preceded by Mao's

counter attack on two fronts (1) his sanctioning of Lin Piao's reorganization of the PLA

in 1960, and (2) the launching in 1963 of the Socialist Education Movement in the

countryside.

1.5 Cultural Revolution, 1966-1976

The power struggle within the Communist party existed since its foundation. The

Cultural Revolution was a relocation of political power rather than a refonn of China's

superstructure and culture in a certain sense. The senior bureaucratie leaders who stood

for a line in opposition to Mao led eventually to an open power struggle. Mao. a talented

mass campaign leader, mobilized millions of Chinese youth into the Red Guards29
,

~7 Ibid
28 Ibid.,p.24.
29 Generally used to refer to young peoplc-primarily studcnts-in thcir tccns and twentics who began in May 1966 to
support the leftist intra-party strugglc thcn crncrging against Liu Shaoqi and others. They made world famous the "Iiule
red book," Quolations from Chairman Mao. and were known for their use ofbig-characler posters (q.\'.) during the
Cultural Revolution (q.v.). Acting under the leadership of Mao and his radical adherents. Red Guards \Vere the
"soldicrs" and the vanguard orthe Cultural Revolution. The term Rcd Guard \Vas dcrived from the carly days of the
Chinese Communist Party's anncd struggle.
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backed by the army, launched a frontal attack on both the Party and the state

bureaucracies. Liu Shaoqi, Mao's principle opponent, was bitterly denounced as being in

command of the capitaIist class. The immediate impact of the Cultural Revolution upon

the Chinese economy was the temporary breakdown of authority, the resulting

bureaucratie confusion, the widespread political turmoil, and a significant drop in

production. The Army eventually took over, temporarily, many ofParty's and state's roles.

Marshall Lin Piao, Minister of Defense, may have wanted this role to be permanent.

Because the scientific establishment was attacked, ChinaIs science and technology was

seriously damaged during the period. Research institutions were dissolved, Research

facilities and materials were destroyed, experiment bases were sabotaged, the regular

working order was disturbed and the structure was broken down and paralyzed. A large

number of individual scientists were labeled as "reactionary authorities" and made the

objects of public criticism and persecution. Accompanying decentralization and local

initiative, rural development beeame a ne\v foeus. Large numbers of urban intelleetual

youth were transferred to the countryside in the "rustieation" movement. The entire staffs

ofreseareh institutes commonly were dispatched to the countryside for months or years to

learn political virtue by laboring with the poor and lower-middle peasants. Work in the

military research units devoted to nuclear weapons and missiles presumably eontinued,

although the seerecy surrounding strategie weapons research makes it diffieult ta assess

the impact of the Cultural Revolution in that sectar.

As soon as the worst turmoil of the period 1966-68 ended, an upturn in the economy
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began in late 1968 with JO order restored and Party leadership's rebuilt. Although

egalitarian values were asserted, it was very important that policies in economy continued

with old approaches that dated back to the early 1960's, i.e, to policies that had been

originated by Liu Shaoqi and others which were denounced during the Cultural

Revolution. Equally important, the basic scientific institutions and incentive systems

clearly resembled those of the early 1960's. Beijing's basic approach was now in many

respects essentially pragmatic once again rather than ideological. Although an argument

can be made that pragmatism itself is ideological, but a different one than that of Mao.

Sorne outside researchers described the policy trends as ~'Liuism without Liu,,31 .

In the most general sense, the Cultural Revolution represented the triumph of

anti-intellectualism and the consistent, decade-long deprecation of scholarship. formaI

education, and aIl the qualities associated with professionalism in science. During the

decade between 1966 and 1976, ChinaIs leaders attempted ta create a new structure for

science and technology characterized by mass participation, concentration on immediate

practical problems in agriculture and industry, and eradication of distinctions bctween

scientists and workers. Mao's idea was that by solving the technological problems while

working upon them one could accumulate knowledge, whieh. in tum, would help in

making further technological innovations.

The early 1970's were characterized by mass experimentation. in which large numbers of

peasants were mobilized to colleet data and encouraged to view themselves as doing

JO OECD. Op.cil. 1977. p.24.
JI Ibid.• p. 25.
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scientific research. Typical projects included collecting information on new crop varieties~

studying the effectiveness of locally produced insecticides, and making extensive

geological surveys aimed at finding useful minerais or fossii fuels. Mao Tse-tung took a

personal interest in earthquake prediction, which became a showcase of Cultural

Revolution-style science. Geologists went to the countryside to collect folk wisdom on

precursors of earthquakes, and networks of thousands of observers were established to

monitor such signs as the level of water in wells or the unusual behavior of domestic

animais. The emphasis in this activity, as in acupuncture anestbesia, was on immediate

practical benefits, and little effort was made to integrate the phenomena observed into

larger theoretical frameworks.

Mao's idea ofhaving technology first was taken up to improve the living conditions of the

masses in the shortest possible time. Although it did give short-term gains in terms of

increase in production, the strategy did not seem to work for long. The effects of the

extreme emphasis on short-tenn problems and the deprecation of theory were noted by

Western scientists who visited China in the mid- and late 1970s. For example, work in

research institutes affiliated with the petrochemicai industry was described as excessively

characterized by trial and error. In one case, large numbers of substances were tried as

catalysts or modifiers of the wax crystals in crude oil. and little attention was given to the

underlying chemical properties of the catalytic or modifying agents. The direct result of

Cultural Revolution was China lagged far behind the advanced world in scientific and

technological research. During the Culture Revolution. it was strictly prohibited to learn

from the advanced experiences of foreign countries in respect to science and technology.
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Any effort to leam from foreign advanced experiences was repudiated as "" slavish

comprador philosophy" or '" crawlism ". What prevailed was a closed-door policy that

isolated the country from the outside world and broadened the gaps in science and

technology between China and the world's advanced levels. However, this period

witnessed a shift in China's foreign trade policy in favor of non-communist countries.

The pragmatic modemization drive led by party leaders Zhou Enlai and Deng Xiaoping

and China's growing contacts with Western nations resulted in a sharp acceleration of

trade in the early 1970s. Imports of modem plants and equipment were particularly

emphasized. Trade more than doubled between 1970 and 1975. reaching US$13.9 billion.

Growth in this period was about 9 percent a year. As a proportion of GNP, trade grew

from 1.7 percent in 1970 to 3.9 percent in 1975.32 The improvement in Sino-American

relations had considerable influence on Chinese economy, science and technology policy.

1.6 Rehabilitation and Rethinking, 1977-84

Deng's reappearance on the political stage in 1975 compensated for the damage caused

by the Cultural Revolution's attacks on science. In January 1975, Premier Zhou Enlai

made a major speech at the session of the Fourth National People's Congress calling for

Four Modernizations 33
• that is, modemization of agriculture. industry, science and

32 Foreign Trade. f1islory ofChinese Foreign Trade. (China. Counlry Sludies. Library ofCongressl.
http://lcwcb2.loc.gov/frdlcslcntoc.html
3) The core of a development strategy aimed at tuming the country into a relatively advanced
industrialized nation by the year 2000. The modemizations are those of agriculture, industry, science
and technology, and national defense. The concept was embodied first in the Third Five-Year Plan
(1966-70), launched in eamest by Zhou Enlai at the Fourth National People's Congress (1975), and
adopted as the official party line at the Third Plenum of the Eleventh Central Committee (December
1978).
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technology, and national defense.34 Although the policies proposed in the speech had

little immediate effect, they were to become the basic guide for the post-Mao period. In

1975 Deng Xiaoping, then Vice Chairman ofthe Chinese Communist Party, Vice Premier

of the govemment, and Zhou Enlai's political heir, acted as patron and spokesperson for

China's scientists. Under Deng's direction, three major policy documents--on science and

technology, industry, and foreign trade were drafted. Intended to promote economic

growth, Deng's group called for rehabilitating scientists and experts, re-imposing strict

academic standard~ in education, and importing foreign technology. The proposaIs for

reversing most of the Cultural Revolution policies toward scientists and intellectuals

were denounced as "poisonous weeds" by the ideologues and followers of the Gang of

Four who had the protection ofChairman Mao. Zhou died ofcancer in January 1976, and

Deng was dismissed from aIl his posts in April. Deng was accused of deliberately

distorting Mao's directives. Deng's stress on the priority of scientific and technical

development was condemned as "taking the capitalist road." This dispute demonstrated

the central place of science policy in modern Chinese politics and the link between

science policies and the political fortunes of individualleaders.

Both experts and professional managers in science and technology regained their

important operational roles after Mao's death and the subsequent overthrow of the Gang

of Four in October 1976.The reversais of science and education policies demonstrated

again the leader's role in science poliey. During 1977, the more vocal supporters of the

Gang of Four were removed from positions of authority in research institutes and

34 Kharbanda, V P and Qureshi, M A. Science Tee/m%gy und Economie Deve/opmenl in China
(Navarang, New Delhi, 1987), p.57.
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universities and replaced with professionally qualified scientists and intellectuals.

Academie and research institutions that had been c10sed were reopened, and scientists

were summoned back to their laboratories from manual labor in the countryside.

Scientific journals resumed publication, often carrying reports of research completed

before everything stopped in the summer of 1966. The media devoted much attention to

the value of science and the admirable qualities of scientists. Il denounced the repressive

and anti-intellectual policies of the deposed Gang of FOU~5, who were blamed for the

failure of China's science and technology to match advanced international levels. The

news media now characterized scientists and technicians as part of society's "productive

forces" and as "workers" rather than as potential counterrevolutionaries or bourgeois

experts divorced from the masses. Considerable publicity went to the admission or

readmission of scientists to party membership.

The year 1978 was a historical turning point. The Third Plenary Session of the Central

Committee of the Eleventh Congress of the Communist Party of China declared that

China should shift ta taking socialist economic construction instead of c1ass struggle as

the central role and to carrying out reform and opening policy.36 At the same year~ the

Chinese leaders sponsored a national science conference and mapped out scientific

development strategies for a new period of reform and opening-up policies. The

conference was considered as a milestone in science policy. Many ofChina's top leaders,

35 Term used by the post-Mao leadership to denote the four leading radical figures--Jiang Qing (Mao's
fourth wife), Zhang Chunqiao. Vao Wenyuan, and Wang Hongwen--who played a dominant politieal
raie during the Cultural Revolution (q.v.) decade (1966-76) until Mao's death in September 1976 and
their arrest several weeks later. Their "antiparty" deeds are often linked with Lin Biao, an early leader
of the Cultural Revolution. who also has been discredited.
36 VU. Q.Y.• The Implementation ofChina 's Science and Tedmology Polie)' (QUORUM BOOKS.
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as weil as by 6,000 scientists and science administrators attended the conference. Ils main

purpose was to announce publicly the government and party policy ofencouragement and

support of science and technology. Science and technology were assigned a key role in

China's development goal toward the creation of a modern socialist society by the year

2000. A major speech by Deng Xiaoping reiterated the concept ofscience as a productive

force (later on, it was further emphasized as 44first force of production") and scientists as

part of the working c1ass, 37an ideological fonnulation intended to remove the grounds

for the political victimization of scientists. Speeches by Premier Hua Guofeng and Vice

Premier Fang Yi, the top government figure involved in science and technology, urged

that scientists be given free rein in carrying out research as long as the work was in line

with broad national priorities. Basic research was to be supported, although stress would

continue to be placed on applied work, and China's scientists would be given wide access

to foreign knowledge through greatly expanded international scientific and technical

exchanges.

[n late 1978, the main aim was to resurrect the Soviet-style system or so-called

pre-Cultural Revolution model. Leaders with special responsibility for science and

technology joined recently rehabilitated senior scientists in looking ahead and framing

sweeping and very ambitious plans for further developrnent. The draft known as the

··Outline National Plan for the Development of Science and Technology, 1978-85"

discussed at the 1978 National Science Conference. The broad objectives of the plan

called for a rapid increase in the number of research workers. for narrowing the gap with

1999) p.8.
J7 Ibid. Yu.Q.Y.
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advanced international countries by the mid-1980s, and for completing a nationwide

system of scientific and technological research.

Both political leaders and media personnel seemed captivated by the vision of rapid

economic growth and social transformation made possible by the wonders of science.

Further, many leaders, not themselves scientifically trained, tended toward unrealistic

expectations of the immediate benefits from research. For sorne scientists, and perhaps

for their political sponsors as weil, mastering technologies and developing Chinese

capabilities in the most advanced areas ofscience were goals in themselves, regardless of

the costs or of the likely benefits to the peasants and workers. Both of them hoped to

obtain substantial success in such fields as lasers, manned space flight, and high-energy

physics in a relative short time. This attitude. while different from the hostility to science

exhibited during the Cultural Revolution, was based on a misunderstanding of the nature

of scientific work and was therefore a poor foundation for science policy.

The plans for rapid advance in many scientific areas were associated with equally

ambitious calls for economic growth and the large-scale import of tumkey facto ries.

During 1979 it became increasingly clear that China could not pay for aIl the imports or

scientific projects wanted by aIl the ministries, regional authorities, and research

institutes. It also became increasingly evident that those promoting the projects had

overlooked financial constraints and severe shortages of scientific and technical

manpower and the absence of a comprehensive plan. In February 1981 a report of the

State Science and Technology Commission reversed the overly ambitious 1978
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eight-year scientific development plan and called for renewed emphasis on the

application of science to practical problems and on training more scientists and

engineers.38

Gradually the reform leadership moved away from both the Soviet and Maoist Models,

which it regarded as obstacles to the development of advanced science and technology.

Attention shifted to reforming the existing system and promoting greater efficiency and

better use of searee resources, such as trained manpower. Between 1981 and 1985, a

nurnber of journals and newspapers such as Guang Ming Ri BaD discussed China's

scientific system and suggested improvements, while national and local administrators

sponsored a wide range ofexperimental reforms and reorganizations ofresearch bodies.39

The extensive discussion and experimentation culminated in a March 1985 decision of

the party Central Comrnittee calling tor thorough reform of China's science system. .JO

38The Minislry of Science and Tcchnology ofPRC, The ,Valional Developmenl Plan o/Science and Teclmologyfrom
/9ï8-/985 (in Chinese) http://www.most.gov.cn/
3Q Op cit. Yu, O. Y. pp.14-17.
-l0 Ibid. Yu.O.Y.
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Chapter 2: Science and Technology in the 1980's and 1990's

2.1 The Supply of Skilled Manpower

ln the 1980's, one of the fundamental stumbling blocks facing China's drive for

modemization was the shortage of high-Ievel scientific and engineering personnel.

Research and development is a labor-intensive endeavor, in which the critical resource is

the size and quality of the pool oftrained personnel. China suffered bath from an absolute

shortage of scientists, engineers, and technicians and l'rom mal-distribution and misuse of

those it had. Chinese statistics on the number and distribution ofscientific personnel were

neither complete nor consistent. According to the State Statistical Bureau, at the end of

1986 there were sorne 8.2 million personnel (out of 127.7 million workers) in the natural

sciences working in state-owned enterprises, research institutes, and govemment offices.

These numbers probably excluded military personnel and scientists in military research

bodies, but they included support personnel in research institutes. "Scientific and

technical personnel" comprised about 1.5 percent ofaIl employed persons, but only about

350,000 ofthem were "research personnel." 41Their number had increased markedly from

the 1970's as well-trained students began graduating trom Chinese colleges and

universities in substantial numbers and as postgraduates began retuming from advanced

training in foreign countries. Between 1979 and 1986. China sent over 35,000 students

41 Chapter 9 : Science and Tee/m%gv (China. Country Studies. Library ofCo"gress).
hup:/llcwcb2.loc.gov/frdlcslcntoc.html
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abroad, 23,000 ofwhom went to the United States.42 More significant than sheer numbers

of scientific personnel were their quality and distribution. The total numbers masked

wide variations in educational background and quality lumping together graduates from

two years colleges and major institutions in the early 1960'5 or the 1980's, that is, before

or after the period of the Cultural Revolution. The Cultural Revolution had removed an

entire generation from access to university and professional training, creating a gap in the

age distribution of the scientific work force. The scientific community included a small

number of elderly senior scientists. often trained abroad before 1949, a relatively small

group of middle-aged personnel, and a large nurnber of junior scientists who had

graduated from Chinese universities after 1980 or returned from study abroad. In the

mid-1980's, many of the middle-aged, middle-rank scientists had low educational and

professional attainments. Generally they could be neither dismissed nor retired (because

of China's practice of secure lifetime employment); nor could they be retrained, as

colleges and universities allocated scarce places to younger people with much better

qualifications. Scientists and engineers were concentrated in specialized research

institutes, in heavy industl)'~ and in the state's military research and military industrial

facilities, which had the highest standards and the best-trained people. A very small

proportion of scientists and engineers worked in light industl)', consumer industry,

small-scale collective enterprises, and small towns and rural areas. During the period

between 1978 and 1984. the average annual increase in scientific and technical personnel

was 6.5%. By 1987, the total number came to 8,894.000, inc1uding 4.172.000 scientists

4:! Ibid. http://lcwcb2.1oc.govlfrd/cslcntoc.htrnl
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and engineers.43

While in the 1990's, the situation has been greatly improved. Today China has 21,663

scientific and technological institutions with more than 2.8 million researchers, according

to a report from the National Bureau ofStatistics (NBS).44 China has accomplished more

than 460,000 scientific and technological achievements since 1978, 20 per cent of them

reaching world advanced levels. Chinese scientists published 35,000 theses in

world-renowned academic joumals in 1997, bringing Chinais rank in global thesis

publication to ninth from 15th in 1989, according to the latest NBS statistics..~5 And

acquiring a patent has become less difficult, resulting in over 1 million new patents being

issued. According to the annual report of the State Intellectual Property Office (SIPO),

applications for patents nationwide have surpassed 1 million in November 1999. and

530,000 among them have been authorized by the SIPO. In 1999, patent applications

received by the SIPO were 134,239, a 10 per cent increase over 1998. Among them. there

were over 35,000 invention patent applications. according to a SIPO report. 46

2.2 Research Institutes

In the late 1980's. most Chinese researchers worked in specialized research institutes

rather than in academic or industrial enterprises. The research institutes, of which there

were about 10,000 in 1985, were, like their Soviet exemplars, directed and funded by

430p cil. Yu, Q.Y, p.37.
44 Cui Ning , Scientific Advances Spur Nation (08/24/1999. China Dai/y)
45 Ibid. Cui Ning.
~6 Jia Hepeng, Patent Exlzibit Drau's Many Viewers ( 04/03/2000 • China Dai/y)
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various central and regional govemment bodies. Their research tasks were assigned by

higher administrative level as part of an overall research plan; the research plan was, in

theory, coordinated with an overaJl economic plan. Research institutes were the basic

units for the conduct of research and the employment of scientists, who were assigned to

institutes by government personnel bureaus. Scientists usually spent their entire working

careers within the same institute. Research institutes functioned as ordinary Chinese work

units, with the usuaI features of lifetime employment. unit control of rewards and scarce

goods, and limited contact with other units not in the same chain of commando Each

research institute attempted to provide its own staff housing, transportation, laboratory

space, and instruments and to stockpile equipment and personnel. The limited channels

for exchanges of information with other institutes often led to duplication or repetition of

research. Eighty percent of ail research institutes that were affiliated to ministries of the

State Council and provincial government were considered as low in quality. Central

planners and administrators considered the proliferation of low-quality research institutes

a waste of scarce research funds, but as of mid-1987, they had not been able to overrule

powerful ministries or local govemments. Such institutes. which employed the majority

of China's scientists and engineers. were expected to devote themselves to the application

of science and to useful innovations and improvements ta industrial processes and

products. They had little direct contact with factories. and they reported their research

results up the chain of command of their department or ministry, which was responsible

for passing them on to factories. The scientists and engineers had little opportunity for

interchange with research institutes that were doing similar work but that \vere

subordinate ta a different ministry or commission.
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[n 1999, the central government made a decision that 242 scientific research institutes,

whieh were affiliated with the 10 bureaus of the State Economie and Trade Commission,

would operate under market-oriented management systems.47 Under the new poliey,

institutes could freely conduct import and export business, and the State would publish

government-designated and specialized research projects each year. The institutes are

encouraged to apply for funding to undertake these projects. The aim of the policy is to

further stimulate the institutes to accelerate the industrialization and commercialization

of teehnologica1 discoveries. The Government promised to create a favorable climate to

help the institutes become listed companies. The institutes are permitted to join

enterprises, become technological finns, operate as intermediate technologieal

institutions, be merged into universities or other corresponding sectors, or be tumed into

large, State-Ievel technological enterprises. These institutes, seen as the backbone of

Chinais science and teehnology, would propel their development as weil as that of the

economy. Technological firms will be key forces in fostering new pillar industries. 48The

State Council gave approval for 131 of the institutes to join enterprises, 40 to become

technological firms, 18 to function as intermediate technological institutions. 24 to be

merged into universities or other corresponding sectors and the remaining 29 to be turned

into large, State-Ievel technological enterprises:~9 The reform of the institutes' systems

will finally pave the way to restructure governmental institutions. The Chinese leadership

hopes the institutes will take the lead in furthering the reform of other researeh

institutions. Those institutes who engaged in applied science and technology research

would be partly or wholly transformed into enterprises or agencies to maximize resourees

~7 Slaie Pushesfor Reforms ofResearch Ins/ilulions (12/30/1999. China Dai/y)
0111 Ibid.
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and speed up the commercialization of scientific achievements. sOThe 270 institutions

which were previously attached to the Ministry of Land Resources, the Ministry ofWater

Resources, the Ministry of Agriculture, the State Forestry Administration, the State

SeismologicaJ Bureau, China Meteorological Administration, the State Bureau of

Surveying and Mapping and other govemmental departments were transformed into

enterprises or agencies according to the plan. More than 100 government-subsidized

research institutions would be required ta support themselves beginning in late 1999.

Another 170 such institutions which conducted academic research under the planned

economy would follow suit in 2000.51 The isolation of research institutions tram industry

has hindered the application of discoveries ta commercial activities. These institutions

would adopt new management systems, salary standards, pensions, and insurance

systems in fine with market practices to stimulate researchers' enthusiasm by increasing

salaries and bonuses according to individual contributions. Many of the independent

institutes have greatly improved efficiency over the past year. The Beij ing Iron and Steel

Research Academy, for example, has become a large technology enterprise and set up a

subsidiary Antai Technology Shareholding Company. The company has been listed on

domestic stock markets. 52

2.3 National Organization and Administration

The research institutes belonged to larger systems or hierarchies, defined by the

-'9 Ibid.
50 Cui Ning. Adapl to Market Economy Research Institutes Restructured (05/27/99. China Dai/y)
51 Cui Ning. Institutions required 10 Ilirn profit (07/11/2000. China Dai/y)
5Z Ibid.. Cui Ning. China Dai/y
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administrative bodies that directed and funded their subordinate institutes. Research

institutes were grouped into five major subsystems that were administratively distinct and

had little contact or communication among them. The five major subsystems are Chinese

Academy of Science (CAS)/Chinese Academy of Engineering (CAE), The Ministry of

Science and Technology (MST), National Defense Science, Technology, and Industry

Commission (NDSTIC). Universities, and Enterprises.

Chinese Academy ofScïences (CAS)

The CAS is the highest academic organization supporting and controlling a number of

research institutions and is a comprehensive research center in natural science. The CAS

is mainly concemed with basic research. h has five departments: (1) mathematics and

physics, (2) chemistry, (3) biology, (4) earth science, and (5) technical science. hs main

task is to study and develop new theories and techniques and to solve scientific and

technical problems involving many sectors in cooperation with relevant government

departments and universities. In the late 1980's and 1990's, the CAS still remained the

most prestigious research agency in the natural sciences. [t administered about 120

research institutes in various parts of China, with major concentrations in Beijing and

Shanghai. [n 1986. the Academy employed 80,000 persons, over 40,000 of who were

scientific personnel. Il also operated the elite Chinese University of Science and

Technology located in Hefei. Anhui Province, as weil as its own printing plant and

scientific instrument factory. hs institutes concentrated on basic theoretical research,

manufacturing scientific instruments, operating scientific information services, and

providing training and postgraduate research facilities. It also served as an advisory body
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to the Party and the State in scientific and technical policy. The CAS institutes employed

China's best-qualified civilian scientists and had better laboratories~ equipment, and

libraries than institutes in the other four research systems. The academy's concentration

on basic research was intended to be complemented by the work of the more numerous

institutes affiliated with industrial ministries or local governments, which focused on

applied research.

The CAS in practice reported directly to the State Council. Before 1956, the Academy

was directly responsible for overall science planning, and since 1987 it has retained a

fairly high degree of institutional autonomy and influence on national science policy. The

Academy provided expert advice~ when asked, to the State Council and its ministries~

commissions, and agencies. Ils speciaJized institutes also did work for the military

research and development program. Additionally, it had responsibility for

muItidisciplinary research, monitoring the level of technology in Chinese industries and

suggesting areas where foreign technology should be purchased. During the 1980's and

1990's, the Academy repeatedly was asked to pay more attention to the needs of

production and the application of kno\vledge while CAS strengthened ils basic scientific

research. In 2000, health issues and development of agricultural and information

technology will top the Chinese Academy ofSciences' (CAS) research agenda in the new

century. CAS and the govemment will emphasize research involving energy, the

environment, ecology, space, new materials, and geo-sciences according to Lu

Yong-xiang, President oreAS. CAS will provide special support to 15 scientific research

programs which may achieve breakthroughs in the next two or three years. These
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researeh programs involve high-perfonnanee eomputers, industrial robots, fuel ceUs,

small satellites, human genome and genetie research into diseases, oil and gas exploration,

gallium-nitrogen nano-rods, high-yield nee and climate research. [n addition, high-teeh

enterprises under CAS generated 985 million yuan RMB (US$119 million) in revenue in

1999, up 82.96 per cent from 1997.53

The Scientific Council is the highest decision making organ of CAS. The membership of

the CAS includes the nation's most senior and best-known scientists, sorne ofwhom had

long-standing personal ties with senior politiealleaders. For example, Qian Xue-sheng,

the father ofChinese atom bombs and missiles, has kept this type of relationship with the

leaders ofthree generations of the Party. Such ties and the prestige of the Academy help it

win favorable treatment in the state budgetary process and operate with relatively little

outside interferenee. Its relatively privileged position generates resentment among those

working in less well-funded institutes under the industrial ministries, whose workers--as

weil as sorne planners in the state administration--reportedly considered the academy

both over-funded and overstaffed with theoreticians who contributed litde to the national

economy.54

Chinese Academy of Engineering (CAE)

The CAE, established in 1994. is ChinaIs ranking consulting institute for engineering

science. [t is attached to the State Council. The CAE had 437 acadenlicians, including 12

5] Cheng Liang, Top Science Body Ourfines Agenda ( 01/26/99, China Dai/y)
54 Cui Ning. Scientific Srudy Flmds Increased ( 03/23/2000, China Dai/y)
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foreigners. It added another 113 academicians in 1999 to help provide scientific support

for China's infrastructure projects in the new century. The CAE mainly provides advisory

services for govemment on such projects as power~ transportation, water conservancy,

flood prevention and telecommunications. The present CAE president is Song Jian, the

fonner State Councilor and the head ofState Science and Technology Commission. 55

The Ministry of Science and Technology (MST)

The Ministry of Science and Technology (MST), an organ of the State CounciL was

established in 1958 and named the State Science and Technology Commission. The Zhu

Rongji government renamed it the Ministry of Science and Technology. Its major

responsibility is the fonnulation and execution of the State science and technology policy.

It is also responsible for a number of additional functions, such as development of

petro-~hemicals.computers and machinery, Foreign affairs, planning and policy research

related to science and technology. Among its other functions are coordination of national

R&D activities, planning of science and technology and establishing national standards.

56MST evolves its own plans and presumably provides specialized advice to the State

Planning Commission in the formulation of national plans. MST had responsibility for

overseeing the work of civilian research institutes subordinate to the various industrial

ministries, sueh as the State Economie and Trade Commission, or to provincial-level,

55 Cui Ning. Academy 10 Seleci New Academicians ( 01/07/99. C/rina Dai(v)
56 The Ministry ofScience and Tcchnology ofPRC. Organi=alion and S,nlc,ure ( in Chincsc). http://www.most.gov.cnl
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prefectural, or municipal bureaus. More than 80 percent of China's 10,000 research

institutes feU in this category, and their range ofquality was considerable.

The importance ofscience and science policy can be inferred by the high state and party

rank of the Ministers and Vice Ministers placed in charge of the MST. Provincial-level

units, responsible for budgeting, planning, and coordinating across administrative

hierarchies, have their own science and technology bureau. The demarcation between the

responsibilities of the Chinese Academy of Sciences and the MST in policy fonnulation

and consultation is not entirely clear, and there is probably a certain degree of ambiguity

and competition in their dealings with each other. The MST is apprised of the research

being done at the academy institutes and approves the academy budget as a whole, but it

could not direct the allocation of funds within the academy.

National Defense Science, Technology, and Industry Commission

Since the 1950's, the quality ofscientific and technological achievement is uneven. Much

of China's research and development effort has been channeled into military work.

Military research facilities and factories are reported to have China's best-trained

personnel, highest level of technology, and first priority for funding. Although the

military sector has been shrouded in secrecy, ilS work evidently has resulted in the largely

independent development of nuclear and thermonuclear weapons, intercontinental

ballistic missiles, nuclear submarines and submarine-Iaunched ballistic missiles. and the

successful launch and recovery of communications and reconnaissance satellites. Little
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infonnation on the military research sector had been made public until the mid-1980's.

Secrecy had been reinforced by physical isolation ofmany military research centers in the

remote deserts and mountains of China's western regions. The overall level of China's

military technology is not the highest by international standards. however, the

achievements in nuclear weapons and missiles had apparently resulted from concentrated

resources, eftèctive coordination ofdistinct specialties and industries, and firm leadership

directed at the achievement of a single, well-defined goal. Innovations in the weapons

industries, suggests that a military mission could create a climate for rapid advance and

technological breakthrough. The 1940'5 Manhattan Project in the United States, and the

Soviet military accomplishments demonstrate the effectiveness of the "big push"

breakthrough mode of organizing research and development. On the other hand, the

general level of technology in Chinese industry and the quality of Chinese science at

universities and civilian research institutes remained at a consistently low level between

the 1950's and the mid-1980·s. One logical explanation is that science activities to

support the military differed in a very important way from purely civilian scientific and

technological activities. During much of the Mao period both military strategy and the

role ofthe People's Liberation Army (PLA) were conceived as extensions of the guerrilla

based struggle for liberation.

The military sector had developed in comparative isolation from the civilian economy,

and until the 1980's, its higher level of skills made liule contribution to the national

economy. Throughout the 1980's, efforts had been made to break down sorne of the

administrative barriers separating the military and civilian research and development
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systems. The military sector had been relatively privileged, and the spirit of self-reliance

had been strong. Nevertheless, the rapid development of electronics and computer

applications in the 1970'5 and 1980's rendered much ofChina's military industry obsolete.

Consequently, pressure for more contact between the military research units and civilian

institutes (which, with foreign contact and up-to-date foreign technology, likely

surpassed the technical level of the military institutes) was generated. Since the

mid-1980's, many military industries such as aircraft, electronics, and

telecommunications have been transferred to civilian sectors.

In 2000, the work of the military research institutes continued to he directed by the State

Council's National Defense Science, Technology, and Industry Commission (NDSTIC).

The NDSTIC was created in 1983 with the merger of the National Defense Science and

Technology Commission, National Defense Industries Office, and Office of the Science,

Technology, and Armament Commission of the Party~ s Central Military Commission.

The NDSTIC functioned in a manner similar to the Ministry of Science and Technology,

concentrating on high-level planning and coordination across the vertical chains of

command in which military research institutes and factories are organized. In 2000. the

Chinese leadership stressed that the defense industry should be combined with the

civilian sector, and their co-operation should he market-oriented.57

Research in Colleges, Universities, and Enterprises

Chinese universities had engaged ln little research until the mid-1980's because
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universities had mainly played a role in education and training. This fact was based on

China's adopting the Soviet model for the organization of science and industry that

featured strict separation ofresearch., production, and training. The Ministry ofEducation

had provided only limited funding to support research.. and through the 1980's the scale of

research at most colleges and universities has been very modest. Since 1980, a few

academic research institutes have been established in such areas as computer science and

telecommunications. The World Bank has supported a major effort to increase research in

Chinese universities and to make bener use of the scarce skills offaculty members. Since

1986, however, universities began to play a greater role in scientific research. ""Key" state

laboratories have been established in a number of selected universities. For instance.. a

genetic engineering laboratory was set up in Fudan University. A laser technology

laboratory can be found at the Central China Science and Technology University.

Likewise, the Oceanography Laboratory was located al Shanghai Jiaotong University, the

Tribology laboratory appeared in Qinghua University, and the Protein Engineering and

Plant Genetic Engineering laboratory was initiated at Beijing University58.

Research institutes associated with or organized as constituent parts of productive

enterprises have been quite rare and represent the smallest of the five systems ofresearch

institutes. Only the largest state-owned enterprises such as the Bao Shan Iron and Steel

Group in Shanghai or the Yanshan petrochemical complex in Beijing in the late 1980"s

and 1990's, had their own R&D units, dedicated to solving immediate problems in

production. Enterprises concentrated on production, and their managers had linle

S7 Jiang Urges :lrmv. Civi/ Co-operation (07/17/2000. China Dai/y)
S8 •

Yu. Q. Y.• op. cil. p. 170.
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incentive to take the risks associated with innovation.

2.4 Planning Scientific Research, and Management System Refonn

Since 1949, China has attempted, with mixed success, to organize research and

development according to a centralized national plan. The six main plans for scientific

deve10pment adopted since 1957 have been broad--listing topics and areas of priority

without going into much detail or attempting to issue targets or dates to specifie research

institutes. From the 1950's through mid-1980's, the employment and funding granted to

research institutes and researchers had been as much as to any other enterprise or

state-sector workers. No institute ever had its budget eut for failing to make a planned

discovery, and no scientist was dismissed for failing to publish or to make progress in

research.

Much of the initiative in research seems to have come from below, with institutes

submitting proposaIs for projects and funding to the State Science and Technology

Commission. The commission's plans were drawn up after conferences in which

scientists and directors of institutes suggested work that seemed feasible and worthwhile.

The commission communicated with and coordinated with other clements of the central

administration, such as the State Planning Commission and the State Economie

Commission. The core of the responsibility and power of the State Science and

Technology Commission was in its allocation of funds for research and approvai of

projects. It possessed neither the human resources nor the expertise to monitor the work
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of the several thousand research institutes it oversaw. Of necessity it concentrated on

major projects and relied on the advice ofexpert scientists and the regional scientific and

technological commissions, which processed reports and applications for new projects.

Much of its work consisted of "balancing" the competing requests for limited funds, and

its decisions often were made on grounds other than scientific ment. 59 Although China's

leaders have addressed the rhetoric ofcentralized planning to scientific research, research

activities have been more decentralized and more subject to pressures from powerful

ministries and provincial-Ievel governments

Since 1985, however, China launched the ~~Decision of Central Committee of the

Communist Party on the Reform of Science and Technology Management System'\ a

diversified system of funding has been carried out in accordance with the nature of

different categories of research activities. 60 Funding sources have been broadened.

Enterprises, organizations. even private institutions are encouraged to invest in science

and technology research. The commercialization of technology achievements and the

development of a technology market have been promoted in a way that fits the market

economy structure. The combination of research, education, and design institutes with

enterprises has been strengthened. The personnel management system has been reformed

which allows scientists and technologists to move to the position that can fully display

their talents. Sorne scientists and technologists resigned their positions in state-owned

institutes to open their own semi-private_research laboratories and enterprises.

59 Yu. Q.Y.• op.cit. pp.IS-17.
60 Ibid. Yu.Q. Y.
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2.5 Integration of Administrative Systems

The two forms of organizationaJ remedies, high-Ievel coordinating bodies and mass

scientific associations that eut across administrative boundaries, were adopted by

Chinese policy makers to solve the following problems: lopsided distribution of skilIed

personnel; pervasive fragmentation; compartmentalization; and duplication of research.

Due to the Soviet model and historical factors enduring until the late 1980's two of the

five research subsystems--the Chinese Academy of Sciences and the military

system--were still relatively privileged in receiving government financing and allocation

of scarce resources. They formed c1osed, self-sufficient domains. The system under the

State Science and Technology Commission, which inc1uded the largest number of

research institutes, was marked by wide variations in quality and a vertical, bureaucratie

mode of organization that inhibited collaboration and exchange of information. Both the

universities and the research institutes attached to large industrial complexes were short

of funds and out mainstream research.

State Science and Technology Leading Group

The growth of Chinais scientific system and the tendency of compartmentalization

inherent in the Soviet mode of scientific and industrial organization, were matched by the

creation of administrative bodies intended to coordinate the activities of vertically

organized administrative hierarchies. Both the State Science and Technology

Commission and the NDSTIC, which were formed by the amalgamation of earHer
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coordinating bodies founded in the mid-1950's, had been charged with coordination.

Efforts to fill the need for progressively more authoritative and comprehensive

coordination culminated in the establishment of the State Council's Leading Group

(STLG) for science and technology in January 1983. 61 The leading group, a

special-purpose task force formed by the State Council to address problems that cut

across administrative boundaries, was China's highest-Ievel policymaking organ for

science and technology. Ils Chairperson was the Premier. Its membership included

Deputy Premier, Head of the State Science and Technology Commission and the Chinese

Academy of Sciences, and leading members of the State Science and Technology

Commission, NDSTIC, State Planning Commission. State Economie Commission, State

Education Commission, Chinese Academy of Sciences, and Ministry of Labor and

Personnel. That the leading group was headed by the Premier indicated both the

significance China's leaders attached to science policy and the level of authority

necessary to seule disputes and to encourage cooperation. The fact that the current and

immediately past Premier are engineers gives them a special role in the process.

China Association of Science and Technology

At the lower end of the administrative hierarchy, it is expected that communication and

cooperation will be promoted by professional organizations. whose membership cuts

across administrative boundaries. The primary organization is the China Association of

Science and Technology, a non-government mass organization. It is funded by the

61 Simon. Denis Fred and Goldman. Merle. Science and Technology in Post-Mao China (The Council on East Asian
Studies. Harvard University. 1989). p.75.
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govemment and, like ail organizations in China, and directed by party cadres, its

autonomy has strict limits. The China Association of Science and Technology is an

umbrella organization: as of 1986, comprising 139 national scientific societies organized

by discipline, and 1.9 million individual members. It succeeded earlier scientific

associations that had been founded in 1910-20. The China Association of Science and

Technology serves three major purposes. First like professional associations in most

countries, it brings individual scientists and administrators together with their

professional peers from other work units to conferences, lectures, and joint projects, and

it promotes communication across administrative boundaries. Second, the China

Association of Science and Technology has a major role in the popularization of science

and dissemination of scientific knowledge to the general public. This latter function is

accomplished through the publication ofpopular-science journals and books aimed at an

audience with a high-school education and through lecture series, refresher training for

technicians and engineers, and consultation for farmers and rural and small-scale

industries. Throughout the 1990'5, the China Association of Science and Technology and

its constituent associations served increasingly as consultants to govemment officiais.

Third, the China Association of Science and Technology played a major role in ChinaIs

international scientific exchanges and hosted delegations of foreign scientists, sponsored

international scientific conferences in China, participated in many joint research projects

with foreign associations and scientific bodies, and represented China in many

international science societies. 62

2.6 International Ties

6:! Ibid. Simon. Denis Fred and Goldman. Merle
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The introduction and assimilation of foreign advanced technology is an important part of

China's opening policy. Since 1978, China has greatly strengthened its participation in

international conferences and the extent ofcooperation in projects with foreign scientists.

China has sent thousands of Chinese graduate students and senior researchers to foreign

universities for training and joint research.

Scientific cooperation has come to play a significant part in ChinaIs foreign relations and

diplomatie repertoire. In 2000, China had diplomatie relations with 150 countnes and

formaI, government-to-government agreements on scientific cooperation with 95 of

them.63 When diplomatie relations were established between China and the United States

in January 1979, the Joint Commission in Scientific and Technological Cooperation was

founded. Sinee then, the two governments have signed twenty-eight agreements on more

than 1000 scientific and technical cooperation projects in fields ranging from earthquake

prediction to industrial management.64 China has mutually heneficial scientific exchange

programs with both technieally advanced nations and those having only a minimal

scientifie eapability. Although China tended to receive aid from more seientifically

advanced nations and to render aid to the less developed, the equality implied in scientific

exchange made it a useful diplomatie fonn.

By 2000, China had scientific-exchange relations with 150 countries--usually in the fonn

of agreements between the China Association of Science and Technology and a foreign

63 The Ministry ofScience and Tcchnology ofPRC. International Co-operation ( in Chinese). http://www.most.gov.cnl
64 IbM. http://www.most.gov.cnl
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equivalent. 65 Incomplete statistics indicated that by 1997 aImost 120,000 Chinese

scientists had completed over 35,000 joint projects with scientists in the United States,

West European countries, Eastern Europe, and Japan. 66 In June 1986, the Chinese

Academy of Sciences signed an agreement with the Soviet Academy of Sciences for

scientific cooperation in unspecified fields. 67Many exchanges with the United States

involved Chinese-American scientists and engineers, who collaborated with visiting

Chinese researchers in the United States and visited China to lecture on their speciahies

and to advise scientific bodies. 68

By 1986, the China Association ofScience and Technology or ils constituent associations

were full members of 96 international scientific societies and committees, and over 300

Chinese scientists held office in international scientific bodies. 69 China also was an

active participant in United Nations scientific activities in the 1980's and 1990's.

Luoyang, Henan Province, is the site of the United Nations Educational, Scientific and

Cultural Organization's International Silt Research and Training Center_ which

specializes in problems of river silts. Apart from the 340,000 students China sent abroad

for studying and training between 1979 and 1999. approximately 300,000 Chinese

scientists took part in various international exchanges70
• Between 1980 and 1986. China

hosted 155 international academic conferences. which were attended by 10,000 foreign

scholars and 30.000 Chinese participants.71 By 1999, China also has employed about

os Ibid. hup://www.mosl.goV.cn/
60 Ibid. hup:llwww.mosl.gov.cn/
b7 Ibid. hup://www.mosl.gov.cn/
b8 Ibid. hltp:llwww.mosLgov.cn/
b9 Ibid. http://www.moSl.gov.cnl
70 Ibid. http://www.moSl.gov.cn/
71 The Ministry of Education of PRe, International Co-operation and E.r:change ( in Chinesc),
http://www.moc.edu.cn/moc·dcpl/guoji/indcx.hlm
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700,000 foreign experts, often, retired scientists or engineers, as short-term consultants.72

International exchanges represent one of the most successful aspects of the Chinese

government's efforts to raise the level of science and demonstrate the strength of the

centralized direction and funding possible under ChinaIs bureaucratie organization of

science. The weaknesses of that mode of organization are evident in the less successful

efforts to improve the internaI functioning and productivity of the domestic science and

technology establishment and have generated a major effort to reform that establishment.

n op.cit.. http://www.most.gov.cnJ
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Chapter 3: From Reform and Opening to InDovation and Commercialization

3.1 Shortcomings of the Science and Technology System before the Reform

From the perspective of China's leaders~ the entire science and technology system of the

late 1980s~ with its 8 million personnel and 10,000 research institutes, represented an

expensive, underutilized and not very productive capital investment. Dissatisfaction with

the system had become pervasive by the early 1980s. and both scientists and political

leaders agreed on the necessity for fundamental reform. 73 The primary complaint of the

leadership was that, despite thirty years of poliey statements~ central plans~ and political

campaigns directed at the attitudes of scientists and engineers~ science still was not

serving the needs of the economy. Reformist political leaders and senior scientists

identified a number of organizational problems that were inherent in the system adopted

from the Soviet Union and that had been compounded by Chinese work-unit and lifetime

job assignment practiees.

The primary problems before the reform were listed as the following:

· Uneven development and lack of coordination arnong scientific fields.

· Lack of communication between research and production units~

· Duplication of research and faeilities, rivalry among institutes.

· T00 many administrative bodies, and hierarchies,

· Mal-distribution of personnel,

with sorne units and fields overstaffed and others very short of skilIed personnel•

55



•

•

· Poor management,

· Poorly educated managers,

· Absence of incentives for good work or of penalties for poor perfonnance,

· Absence ofdirect communication between research units and productive enterprises,

AlI these problems resulted in the failure of the science and technology establishment to

serve production and economic growth. 74

In the 1980's research institutes, Iike ail Chinese work units, responded to an economic

system in which supplies were uncertain by attempting to be as self-sufficient as possible.

Exchanges of infonnation~ services, or personnel across the very strictly defined

administrative boundaries were difficult, resulting in failure to share expensive imported

equipment and in widespread duplication of facilities. The absence of information on

work being done in other research institutes, even in the same city, frequently led to

duplication and repetition of research.

Like ail other workers in China, scientists were assigned to research institutes or

universities by government tabor bureaus. 5uch assignments frequently did not reflect

specialized skills or training. Assignments were meant to be pennanent, and it was very

difficult for scientists or engineers to transfer to another work unit. In many cases, talents

or specialized training were wasted. Institutes that may have had the funds to purchase

advanced foreign equipment often had no way to hire a Chinese chemist or

mathematician. Not only were China's scientists and engineers in short supply.. many

7) Yu. Q. Y.• Op cit.• p.9.
7-& Ibid.• pp.14-17.
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were underemployed or misemployed.

3.2 The Reform Program

In March 1985, after extensive discussion, consultation, and experimentation, the party's

Central Committee called for sweeping refonns of science management. The reforms

proposed in the "Decision on the Refonn of the Science and Technology Management

System" represented a major break with past practices, and they assumed corresponding

reforms in the nation's industrial and economic systems. Chinese leadership pointed out

that China's former science and technology management system was formed under

specifie historical conditions that it was inadequate in meeting the demands of building

Four Modemization. One of the major faults of the fonner management system was the

misapplication of science and technology to production. There should be manifold cross

channels between the bath. Under the old management system, research institutes were

under a vertical system in which they were responsible only to their higher level

departments, without any channel ta lead to the society and serve enterprises. Scientific

research institutes had long failed to confonn to the demands of enterprises. Even

research results needed by enterprises had been difficult to apply and extend to

production, because of either high cost or inability ta outfit technology into a whole set.

The industrial community had developed hostility to the scientific community, seeing it

as uselessness, and the scientists on their side had also come to see their work as the

laboratory. The only way was to remove the old one and build a new one. By changing the

method of funding research institutes, encouraging the commercialization of technology
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and the development of a technology market, and rewarding individual scientists, the

reforms of the mid-1980s were meant to encourage the application ofscience to the needs

of industry. h was envisaged that most research institutes would support themselves

through consulting and contract work and would cooperate with factories through

partnerships, mergers, joint ventures, or other appropriate and mutually agreeable means.

The ultimate goal was to encourage exchange and cooperation and to break down the

compartmentalization characterizing ChinaIs research and development structure. The

policy also encouraged young scientists by providing research awards, and not giving

grants to scientists above a specified age.

The principal means for accomplishing the reforms was changing the funding system to

force research institutes to establish contact with productive enterprises and to do work

directly supporting those enterprises. Direct allocation of funds to research institutes was

to be phased out and replaced by a system under which institutes sold their services in the

marketplace. The distinctions among institutes subordinate to the Chinese Academy of

Sciences, the industrial ministries, provincial-Ievel governments, colleges and

universities, and even the NDSTIC were to be minimized, and aIl were to compete and

collaborate in a single market-oriented system. Institutes doing basic research were to

compete for grants from a National Natural Science Foundation (which was subsequently

established).75The reforms were not intended as a budget-cutting measure and total state

funding for science and technology was to be increased. The central governmentls 1985

Decision on Science and Technology System Reform began a restructuring. The decision

encouraged institutes to do business freely, to support themselves rather than relying on

58



•

•

State funds. As a result, non-state technology companies opened. Today, China has more

than 7,000 non-state companies working with chemicals, electronics, communications,

machinery, computers, biotechnology and environmental protection, according ta the

China Promotion Association for Non-State Technological Enterprises. 76

A technology market and the commercialization of technology in the late 1980s were to

be developed to encourage the transfer of technology and the transformation of research

results into products and services. Direct centralized administration and supervision of

research were to decline, and institutes were to be headed by younger. technically

qualified directors, who were ta be given broad powers to select their own research topics

and to seek out partners for cooperation and consultation. Scientific personnel were to

receive better pay and benefits, recognition of their achievements. and the right to do

supplementary consulting work and to transfer to units where their talents could be better

utilized.

3.3 The 863 Project

Amidst the tide of commercialism, a couple of top scientists sent a suggestion to Chinais

leadership in March 1986, calling for a high-tech project of Chinais own. The famous

"863 Project" was launched, 77 which kept China close on the heels of international

advances in the high-tech research arena, such as in computer science, high-energy

physics, and marine science. The first phase of the project was completed by the end of

75 The Ministry of Science and Technology of PRe. Scientific Flinding (in Chincsc). hnp:llwww.rnost.gov.cnJ
76 Cui Ning, New Economy Rewards Science (09/11/2000. China Dai("')
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1999 with many substantial achievements, such as the discovery of the Hepatitis B

vaccine and robots for deep-sea exploration. The second phase ofthe project, titled "super

863," is now under way and focuses on the application of the research results.

3.4 Readjustment in 1990's: From Basic Research to High Tech Research

In the ~ 990's, China readjusted its policy of science and technology because of rapid

economic growth as weIl as growth in people's demands for an improved standard of

living. China participated in international economic exchange to a greater extent than

ever before and was confronted with strong international competition. The entry of a

large number ofglobal corporations such as IBM intensified such competition. Although

low technology and labor intensive products had helped China develop a good export

market, now the market was saturated. In addition, exporting products in large volume

was equivalent to exporting resources and energy. The high consumption ofresources and

the increase in labor cost made it impossible to sustain the market for the long run. For

instance, China exported to Japan every year about 20 billion pairs of disposable

chopsticks, which account for the entire consumption ofchopsticks in Japan. Disposable

chopsticks as a commodity have a very low value added and high timber consumption.

China is seriously short of forestry resources, with a green rate as [OW as 14%. The green

rate ofJapan is more than three times than China. Actually, the importation ofdisposable

chopsticks had helped Japan preserve its forestry resources even though its green rate is

much higher than that of China. In addition, Japan had cycled the used chopsticks into

77 The Ministry of Science and Technology of PRe. The 863 Projecl. Science Plans. http://www.most.gov.cn/
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raw materials for making recycled paper. What Japan received from exporting this

recycled paper had nearly covered its payment for importing disposable chopsticks.

Therefore, for China's industrial upgrade, the export industry of chopsticks should he

eliminated. Furthermore~ the upcoming participation in the World Trade organization

(WTO) would finally result in removing or reducing in tariff rates and the withdrawal of

non-tariff barriers. The Chinese leadership realized the situation and called for refonn

again. The specifie measure was to readjust the industrial formation and enhance high

technology and high-tech industry. The more important change was recognizing the

interaction between scientific and technological developrnent and the economic

mechanism. Stagnation of the large and medium state-owned enterprises had been a

negative factor for scientific and technological development in the industrial sector.

Transformation of the economic growth model was dependent on scientific and

technological progress. China imported a large number of advanced technologies and

equipment from abroad since the implementation of reform and opening policy.

According to China's Third Nationwide General Industry Survey by the State Statistical

Bureau, the current technologies and equipment were still generally obsolete. Aside from

the obsolescence of technological equipment. higher consumption of materials and

energy as weil as lower quality in products also came l'rom the lower levels oftechnology.

The emphasis of the readjustment policy was the transition from basic research to high

tech research. High-tech industry is in the forefront of international economic, scientific.

and technological competition. The development and industrialization ofhigh technology
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IS a fundamentaJ way to upgrade industrial formation and substantiaJly improve

productivity and economic benefit. Since China carried out the 863 Project in 1986,

China has given priority to the development of high-tech industry in State industrial

policy and development planning. Efforts have been made to improve performance,

quality and market competitiveness of domestic high-tech products and to increase the

scaJe-up benefits of high-tech industry and its proportion in the national economy. In

2000, high-tech industries have grown into mainstay industries. In the realm of industry,

further development of information technology (IT) will be the country's primary focus.

Specific sectors within the general fT industry that will receive particular anention

include micro-electronics, computer software, communications, electronic business, long

distance learning, and computerized finance, insurance and taxation services. Other

industrial sectors that will continue to be emphasized are space and aviation technology,

bioengineering and new materiaIs. 78

3.5 Technology, Innovation and Commercialization, 1999-2000

Technological innovation and commercialization is an important strategy adopted by

China in the late 1990's. Nowadays, one nation's level of technological innovation and

application of advanced technologies determines its comprehensive national

competitiveness. Without technological progress, China would not be able to maintain

steady social and economic progress, nor achieve its strategie development goals for the

modemization drives. China has made great efforts to develop science and technology

and build up her own technological expert teams. Governments, instead of meddling in

78 Cui Ning. Ministry's science plan put ,mder microscope (10/31/2000. China Daily)
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enterprises and institutes, help create a healthy climate for scientific workers to exploit

their full potential. Scientific researchers are encouraged to make breakthroughs in sorne

key industries and important fields determined by the science development strategy for

the IOth Five-Year Plan period (2001-05) by giving full play to their wisdom and

creativity. China will develop high-tech industries with their own Intellectual Property

Rights (IPR) and promote renovation of the traditional industries with high technology.

Most scientific research institutes are being tumed into enterprises and scientific

researchers encouraged carving out their careers in the competitive market. 79

China is making efforts to cultivate and improve the innovative consciousness and ability

of the whole nation by reforming the education system and practicing quality-oriented

education. The role of small and medium-sized enterprises, which are based on science

and technology. will be upgraded in intensifying technology innovation and developing

high technology. Such businesses are highly specialized and flexible with smaller

burdens. A further move is the establishment of state-Ievel technological innovation

systems, as weIl as measures to speed up technological application and the establishment

of a nationwide mechanism that encourages technological innovation and supports the

application of scientific discoveries and inventions.

Scientific development for the IOth Five-year Plan (2001-05) will focus more on

nurturing high-tech industries and boosting agricultural production through advanced

technology. In regard to agriculture, strategies will be geared towards accelerating the

7<) Cui Ning. Ibid.• •• By the end of next ycar. ail acadcmic institutes attachcd to ministrics or commissions and rcgional
govemmental dcpanmcnts will cithcr becornc technological firms. rncrgc with enterpriscs or univcrsities. or function as
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transition from a traditional labor-intensive mode to modem technology-based

production. This of course will have the consequence of freeing up substantial numbers

of agricultural workers, for whom employment will have to be found. For high-tech

industry, measures will be taken in such fields as agriculture, information science,

environmental protection and the comprehensive use of naturaI resources, medicine,

energy, transportation, materials, machinery, building, textiles and the light industry,

sources from the ministry revealed. 8o Scientific departments will launch a group of

projects involving ecosystem conservation, environmental protection and disaster

prevention or mitigation to sustain the harmony between economic growth and

population and natural resources and the environment. Another important task is to

upgrade tertiary industry, mainly the service sector, through advanced technology. Efforts

will also be made to develop technologies for national defense and civil industries. Ta

upgrade traditional industry through high technology, scientific administrations across

the country will help spread computer-aided, energy saving and cleaner production

technologies among industrial sectors 81

Supplementary regulations will be worked out to spur the development of high-tech

intcrmediate technology agencics.··

Ka Ibid., "In the future. the country's researchers will pay greater attention to such issues as population. health care.
environmental protection. and work place safety in a bid to improve people's living standards. the Ministry of Science
and Technology announced yesterday... "This incrcased research and the attendant creation ornew technologies arc
just part of the science developmenl strntegy for the 10th Five-Year Plan period (2001-05). according to the Ministcr of
Science and Tcchnology Zhu Lilan. who spoke at a national conference on science and lcchnology which opened in
Beijing yesterday. In the realm of industry. Zhu said furthcr dcvclopment of information technology (IT) will be the
country's primary focus. Specifie scctors within the gencrallT industry that will rcccive particular attention include
micro-clcctronics. computer sofiwarc. communications. c1ectronic business. long distance leaming. and computerized
finance. insurance and ta.xation services...
KI Cui Ning. Scientisis ToM 10 Aid Det'e/opmenl (01/2512000. China Dai(v). "He urgcd scientists to focus on upgrading
traditional industries with modem tcchnology. Tcchnicians and engincers should help businesses accclcrate their
tcchnology innovation. The breakthroughs could then bc marketcd. Wen said. Anothcr important task is dcveloping
high-yield agriculture. Wcn addcd. Scicntists arc responsiblc for devcloping ne\\' energy-saving tcchnology that can be
used in agricultural production. he said..•
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industrial zones and reform personnel administration systems in research institutions.

High-tech firms will be listed on the stock exchange to pool funds directly from the stock

market The government has already adopted measures to help build a national innovation

system and support high-tech ventures. It announced earlier in 1999 that it wouId allocate

5 billion yuan RNfB (US$600 million) for the system. It will also provide 600 million

yuan RMB (US$72.3 million) for outstanding Chïnese scientists overseas to participate

in related research programs. The government has established the State Supreme Science

and Technology Award that provides winners with 5 million yuan RMB (US$588~OOO) to

encourage scientists to work for major breakthroughs in research. 82 There are various

plans and inducements aimed at Chinese who are overseas to return and establish

high-tech enterprises. For example, Guangzhou, one biggest city in South China, held the

'99 China Overseas Chinese Scholars Science and Technology Exchange Convention to

help the nation secure more high-tech projects and encourage more overseas Chinese

students and scientists to come back to work in the country. The convention allowed

overseas Chinese students and scientists to promote their high and new technology

projects, allowing them to network with domestic enterprises. About 800 overseas

Chinese students and scientists with doctoral degrees. registered for the convention. They

were presenting 602 high and new technology projects for which they \vere seeking

institutional support. Attending the convention were representatives from 28 provincial

and municipal govemments~40 universities and sorne research institutions.83 Other plans

included Chinese universities~ research organizations and high-tech enterprises provided

82 Cui Ning, New Economy Rewards Science ( 09/11/2000.Clrina Dai/y). "Last ycar China set up a national award to
honor scientists who contributc to scientific progress and lead to the commcrcialization oftheir findings. Calicd the
National Top Scienlific and Technological Award and nicknamcd "China's Nobel Prize." the award will give 5 million
yuan (USS602,400) ta outstanding scicntists",
83Zhan Lisheng. Fair /ures Overseas Scienrisrs Back Home (12/29/1999, China Dai/y)
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competitive salary, benefit and good work environment to recroit overseas high-tech

personnel.

3.6 The Relation with Economic Reform

Implementing the reforms of the science and technology system, however, presupposed

reforms of the economic, industriaI, and local administrative systems. In generaI, science

and technology reforms represented the application to that sector of the principles

underlying the sweeping refonns of the economy proposed in the October 1984

"Decision of the Central Committee of the Chinese Communist Party on Reform of the

Economie Structure." 84 80th reform "decisions" emphasized greater autonomy for

institutions, a greater role for the market, more competition, and rewards for the

successful introduction of improved products and processes. In every case, the goal was

increased productivity and economic benefit.

The central provisions of the 1980's refonn related to funding, the technology market and

cooperative ventures, and the rights and potential job mobility of individual researchers.

The intent of the reformers was to change the basic conditions of the economic system.

So that the self-interest that had pushed managers of factories and research institutes

toward compartmentalization, duplication, and hoarding of resources would henceforth

push them toward cooperation, division of labor, and orientation toward the needs of the

market. Because these reforms represented a radical departure from the procedures

developed since the 1950's, the leadership anticipated that their implementation would be
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slow, and it planned to phase them in over a number ofyears.85

Perhaps because of the centrality of funding to the whole reform scheme and because the

administrative machinery for handling budgets was already in place~ many concrete

provisions for funding research were adopted following the March 1985 Central

Committee decision. In February, 1986 the State Council promulgated provisional

regulations under which science and technology projects listed in the annual state

economic plan were to he cornpleted as contract research, in which there would be

nationwide open bidding on the contracts. Banks were to monitor expenditures under the

contract. Institutes conducting basic research were to have their regular operating

expenses, a base budget, guaranteed by the state, but all other incorne would come from

competitive research grants. The government was to continue to fund completely the

institutes working in public health and medicine, family planning, environmental science,

technical information. meteorology, and agriculture. In 1986 the newly established

National Natural Science Foundation, explicitly modeled on the United States National

Science Foundation, disbursed its first competitive awards, totaling 95 million yuan RMB,

to 3,432 research projects selected from 12,000 applications. 86 The amount of money

awarded to individual projects was not large, but the precedent ofcompetition, disregard

of administrative boundaries, and expert appraisal of individual or small-group proposaIs

was established and widely pubIicized. And~ early in 1987, the NDSTIC announced that

henceforth weapons procurement and military research and development would be

84 China: Reform oftire Economie System. Beginning in 1979. http://lcwcb2.1oc.gov/
115 Ibid.. http://lcweb2.1oc.gov/
86 Ibid.. http://Icwcb2.1oc.gov/
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managed through contracts and competitive bidding.87

The deteriorating situation in resources and environment has drawn serious attention

from the Chinese government in the 1990's. The government has worked out a whole set

ofstrategies, policies and countermeasures. 88 The scientific community has also engaged

in serious study of the issue. The options for China are either to gain fast economic

growth at the expense of high consumption and even a serious waste of resources and the

sacrifice of the environment. or to c10sely integrate economic development with the

conservation of resources and the protection of the environment and society. Chinese

economic and social development policy in the 1990's has been based on optimizing

state-owned enterprises and coordinating between economy, society and environment.

China attended the V.N. Conference on Environment and Development in 1992. The

Chinese government has taken an important step to coYer the sustainable development

strategy and the measures for its implementation into the Ninth Five Year Plan for the

national economic and social development and the Outline of the Long Range Goal up to

2010 of the PRC. 89 The economic policy on sustainable development will motivate

scientific innovation and commercialization.

3.7 Technology Markets and Joint Ventures

117 Ibid. http://lcweb2.Joc.gov/
8ll Cui Ning• •."linistry's Science Plan Put Under Jficroscope. (10/31/2000. China Dai(v). ··In the future. the country's
researchers will puy greater attention to such issues us population. health care. environmental protection. and work
place safety in a bid to improvc people's living standards. the Ministry of Science and Technology announced yestcrday.
One product ofthis research is expccted to bc the dcvclopment ofnew technologies to help prcvcnt natural disasters.
rcduce the sprcad of serious diseuses and improve safety on work sites."
89 Out/ine o/the Ninet/r Five-year Planfor National Economie and Social Developmem & the Long Term targets
Through tlze rear 2010. http://www.chinesc·embassy.org.uklcconomy/outline
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Commercializing technology requires markets, and China in the late 1980's had to

develop market institutions to handle patents, the sale of technology, and consulting

contracts. This was a major endeavor and one that promised to take many years deciding

how to set priees for teehnology and how to write and enforee contracts for technicaI

consulting proved difficult, largely beeause of the complexity of teehnology markets.

Further~ China lacked the legal and commercial frameworks to support such markets.

Nevertheless, institutes and faetories participated in "technology fairs" and established

contractuaI relations in great numbers, with the total technology trade volume in 1986

reaehing an estimated 2.3 billion yuan RMB. 90 Research institutes and universities

formed companies to sell technicaI services and develop products. Even the fonnerly

self-contained Chinese Academy of Sciences established companies to export specialty

magnets and to develop optical products. 91

In the late 1980's, ChinaIs technology markets and efforts to commercialize seientific and

technieal knowledge \Vere growing rapidly arnid considerable confusion, ferment. and

turmoi!. Although progressing, the commercialization of technology was proving

difficult to implement. and, perhaps for this reason. the State Council announced in

February 1987 that most applied scientifie research institutes were to he ineorporated into

large and medium sized productive enterprises to coordinate researeh with the needs of

production.92The precise fonn the technology market would eventually take was not clear,

but its development had wide support and was not likely to he halted or reversed.

<j() China: Tedrn%gy Alarkets and Joint Ventures. http://lcwcb2.loc.gov/cgi-binlqucry/
91 Ibid. http://lcwcb2.1oc.gov/cgi-bin/qucry/
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In the 1990's, technology importation, through vanous joint ventures. has further

expanded not only in scale but also in scope. After a successful joint venture with

McDonnell-Douglas for the assembly of airplanes,93 joint ventures in the production of

automobiles have developed rapidly. 94 China has put forward a general guideline for the

exchange of technology with market.95 Almost every province, city, county has its own

technology development zone. In the 1980's, a large amount of foreign capital absorbed

by China was invested in labor-intensive industries. However~ in the 1990's, a relatively

larger arnount offoreign capital shifted to technology and capital-intensive industry.

3.8 Personnel and Job Mobility

From one perspective, the most important element of China's science and technology

system is its human capital--its trained scientists and engineers. By the 1980's it was

widely recognized in the Chinese press that scientists like aIl intellectuals, had been

poorly treated, underpaid. and burdened with difficult living conditions that reduced their

productivity.96 [n many cases scientists abilities were wasted because they were assigned

to jobs outside their expertise or because their institute already had aIl the professionals in

92 Ibid. hllp:lllcweb2.Joc.gov/cgi-bin/queryl
9J Jiang Chen. Domeslie Airerafi Set 10 Fly (11/13/1999. China Dai/y). "The first MD90-30 trunk liner. especially made
in China for the 21st century, received certification from the Federal Aviation Administration (FAA) orthe United
States on Tucsday. The MD90-30. bascd on the MD82 of the fonner McDonnell Douglas. is a 150-seat aircraft. Ils
features arc low fuel consumption. la\\' noise and good performance. whlch meet the ail"\vorthiness requirements for the
21 st centurv, accord ing to a spokesman from lh~ corporation:'
94 Shen SOin, Volkswagen to E.-rpand Business in China ( 03111/99, China Dai(v).
9<; Cui Ning. Sipo Plan 10 EnhcJnce Teclmology Marketing ( 02/09/99.China Dai(v). "A project to enhance
commercialization of patcmed technologies will be implemented this year by the State Intellectual Property Office
(Sipo)."
96 He Sheng, Raad ofScience Full o/Twists and Turns (09/11/2000.China Daily) ."Knowledge \Vas drained and
dcvalucd following the opening-up policy and the overall refonn orthe country. The pain was summed up by a popular
saying: "the rocket designer has becn impaled by the egg seller, while a doctor \Vith a scalpel earns less than a barber
with a razor". Suddcnly, Chinese scientists. who \Vere used to the highly-centralized. non-profit-making research mode!.
got their tirst Icsson of market economy by "swimming in the sea ofcommerce":'
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their field it needed and there was no way for them to change jobs. Many Chinese science

policy writers were familiar with the conclusion of Western specialists that scientific

progress and the effective application of science to practical problems are facilitated by

personnel mobility.97 Accordingly, the March 1985 party Central Committee decision

called for reform of the personnel system to prornote a "rational flow" of scientific and

technical personnel. 98

Throughout the late 1990's, however, job rnobility and attempts to place scientists where

their talents could have the greatest effect were the aspect of reform in which least was

achieved. Transfer of scientists from one unit to another remained a major step, and a

relatively infrequent one. According to the State Science and Technology Commission, 2

percent of scientists and engineers changed work units in 1983, and only 4 percent in

1985. Personnel still required the permission oftheir work unit heads to transfer, and that

permission often was withheld. Many directors of institutes were accused of having a

"feudal mentality," that is, regarding personnel as part oftheir unit's property. 99

The State Council reiterated in the mid-1980's that scientists and engineers had the right

to do consulting work in their spare time. ln practice, however, such spare-time

consulting often created problems within the work unit, as sorne institute directors

atternpted to confiscate payments for consulting or even to charge their personnel in the

local courts with corruption and theft of state property. 100 Although the press gave

<)7 Yu. Q. Y. op.cit.• p.36-41.
<)8 Ibid. Yu. Q. Y.
'19 Ibid. Yu. Q. Y.
100 Ibid. Yu. Q. Y.
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considerable publicity to scientists who had left the "iron rice bowl" IOIOf a Chinese

Academy of Sciences institute to start their own business or to join a growing collective

or rural factory, such resignations remained relatively rare. 102 Possibly more common

were practices whereby institutes encouraged their personnel on temporary consulting

contracts to productive enterprises.

The difficulties in transferring scientific personnel even when the Central Committee and

the State Council made it officiaI policy demonstrated the significance of ChinaIs unique

work-unit system of employment and economic organization and the obstacles it

presented to reform. Allowing personnel to decide tor themselves to move out of the

work units to which the state and the party assigned them would he a major break with the

practices that have become institutionalized in China since 1949. Sorne observers believe

I03that because of its potential challenge to the authority of the party, which controls

personnel matters in ail work units. job mobility for scientists, even though it would

promote scientific productivity and the growth of the economy. may be tao extreme a

reforrn to he feasible.

101 A Chincsc idiom rcfcrring to the system ofguarantced lifctime cmploymcnt in state entcrprises. in which the tenure
and Icvel of wagcs are not rclatcd to job performance.
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Chapter 4: TECHNOLOGY TRANSFER

4.1 Poliey

The acquisition of foreign technology is viewed as the key element in China's strategy for

entering worid markets. The ultimate goal being to absorb, adapt. equal and surpass those

ofWestem countries. In fact~ technology transfer has beeome something ofa compulsion

among Chinese leaders, who see tremendous opportunities for China to leap ahead

through the application of foreign equipment and technical knowledge. Since the late

1970's, China's goals ofmodemization and rapid eeonomic growth have depended on the

large-scale introduction of foreign teehnology and investment. The task was ta import

technology to renovate and upgrade several thousand factories. mines. and power stations

whose levels of productivity and energy efficiency were far below prevailing

international standards. Since 1980 Chinese policy statements have stressed the need ta

improve existing facilities, to import technology rather than finished goods, and to

renovate factories through selective purchase of key technology rather than through

purchase of whole plants. 104This was an unprecedented problem, since China's previous

experience with technology transfer. both in the massive Soviet technical-aid program of

the 1950's and in the more modest purchases of fertilizer and petrochemical plants in the

1960's and early 1970's, featured large turn-key projects that brought in complete plants.

In the 1980's and 1990's, much of the technology to be imported was production or

process know-how, with emphasis on electronics. telecommunication, and machinery

areas. Such technology was usually based on the proprietary knowledge of foreign
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corporations, and China demonstrated an unprecedented willingness to cooperate with

such fions. With the explicit aim of promoting technology imports, China made great

efforts to attract foreign businesses and foreign capital and pennitted joint ventures and

even foreign-owned subsidiaries to operate in China.

China's economic planners gave priority In technology imports to electronics,

telecommunications, electric-power generation and transmission~ transportation

equipment, and energy-saving devices. lOs The degree of central control over technology

imports fluctuated in the last two decades, reflecting changing foreign trade policies and

foreign exchange balances, but the overall trend was to\vard devolution of decision

making to those who use the technology or equipment. Bank loans and other means were

made available to encourage end users to select appropriate technology. Earlier attempts

to have central authorities select technologies proved totally ineffective, as they took no

responsibility for whether or not he end product had a market either domestic or foreign,

leaving the Chinese recipient enterprise with the burden of paying the cost of imported

technology.

4.2 Modes of Transfer

105 TecJmology Firm 10 En/oree Role (1 % 1/l999.China Dai/y), "CHINA National Technical Import and
Export Corp (CNTIC) is to play a more important role in the international technical and service trade
as the knowledge economy develops. Founded in 1952. CNTIC, which is owned by General
Technology (Group) Holding Ltd, is one of the largest State-owned foreign trade companies
specializing in technology imports and exports. Since 1979, CNTIC procured funds for various
projects From Foreign government loans, World Bank loans, Asian Development Bank loans and other
international financial organizations. The company has 50 far imported 3,500 projects of advanced
technology and completed production !ines of total contract value of more than US$68 billion in the
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Chînese leaders see foreign investment as a means more easily to bring about the transfer

of key production and managerial know-how to Chinese industry~ though both Chinese

and foreign observers acknowledge that many questions rernain about the effectiveness

of several existing joint ventures for acquiring technology. The transfer of proprietary

technology from a foreign corporation is, among other things, a commercial transaction,

and such transactions take Many forms. Chinese authorities have selected joint-equity

ventures as their preferred mode of technology transfer. 106 In such ventures, both the

foreign and the Chinese partner contribute capital, or its equivalent in agree to value. each

provides what it has the advantage in (usually technology and access to world market for

the foreign partner and labor and a factory for the Chinese partner), and management and

profits are divided according to percentage of ownership. Many major foreign

corporations with technology that China desires have been reluctant to risk their capital in

such ventures. There is also concem over intellectual property rights protection and

concern over Chinese technicians' reverse engineering of that technology. But enough

have agreed to produce such items as jet airliners, computers. and machine tools that

Chinese authorities can claim success for their policy.

A series of regulations on technology transfer have been introduced. 107 A patent law was

announced in April 1985, in large part to alleviate foreign concems about violations the

integrity of their technology and know-how. Regulations also have been introduced that

enhance Chinese access to core technologies, but whose principal aim is to limit the

fields ofenergy, Tele-communications, chemical and petrochemical industry."
106 Simon .D~nis Fred and Goldman. Merle. op.cir... p.290.
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amount of control foreign firms can retain over the application of technology once

transferred to a Chinese counterpart. The rules announced in May 1985 by the State

Council, restrict the use of so-called restrictive business practices by foreign firms in

China, such as limiting the geographic export area of products manufactured with the

imported technology. 108 Another set of measures was the adoption of the '''certificate of

approval " to be obtained from the Ministry of Foreign Economie Relations and Trade

that the teehnology-import projects are reviewed in order to ensure that proposais are

adequately evaluated before final approval is granted. Other legislation regarding

teehnology transfer included requirements eoncerning the levels and appropriateness of

the imported teehnology must meet specified criteria. 109 The need for guarantees by the

foreign supplier is that the teehnology is not defective and will allow the recipient to meet

its stated objectives. The provisions limit the tenn of the contraet to ten years and

stipulate that the Ministry of Foreign Economic Relations and Trade or its stated

representative must review and approve the contract. [[0

4.3 Linking Technology and Economics

The graduai integration of the Chinese economy with the world' s major market

economies stimulated and supported in large part by the transfer and more effective use of

foreign technology~ould positively serve to make China increasingly interdependent

with important segments of the global economy. Throughout two decades, the Chinese

economy has become an important site for the production of sorne key labor-intensive

107 Ibid., p.30 1
108 Ibid. p.3D 1
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components or products, a supplier of key natural resources and mineraIs, and even a

source of R & D support for foreign corporations. For example, Volkswagen and Tongji

University launched an automotive institute in Shanghai, Chinais largest car making city.

Volkswagen has donated more than 1.1 million Deutsche marks (US$550,OOO) to the

institute. The institute has been a forum for German and Chinese experts to conduct an

automotive information exchange. The institute is dedicated to automotive research and

development projects for both Volkswagen and its joint venture in China. III In this

context, the evolution of Sino-Japanese, Sino-West European, Sino-American economic

and technology relations could take on long-term significance. China entry to the WTû

will be a further step in augmenting this trend.

As they have accumulated experience in dealing with foreign corporations. Chinese

economic administrators and enterprise managers beconle better able to negotiate

contracts that, while not full joint ventures, still permit the necessary training and

consultation in the use of Foreign technology. By the late 1980's, the transfer of foreign

technology had become a normal commercial transaction. To an increasing extent. policy

and practices for technology transfer were becoming part of general economic and

foreign trade policies. China faced problems in assimilating technology in the factories

that imported it and in deciding which foreign technologies to importe It was becoming

clear to Chinese planners and Foreign suppliers of technology that these problems

109 Ibid. p.30 1
110 Ibid. p.30 1
III Gong zhengzheng. Sc/lool Silldies Automobiles (06/17/2000. China Dai/y). "SHANGHAl: Volkswagcn and Tongji
University yestcrday launchcd an automotive institute in Shanghai. China's largest car making city. The launch of the
institutc symbolizcd that co-operation between Volkswagen and Tongji University has cnlercd a new phase. said Robert
Buechelhofer. president of Volkswagen Asia-Pacific Region...

79



•

•

reflected overall deficiencies in technical and management skills and that they were

generaI economic and management problems. It was compounded by the fact that many

foreign suppliers offered special private bonuses to Chinese decision-makers who were

charged with technology selection. The solution to these problems was increasingly

provided by Chinese reforms of the economy and industrial management. The effort to

import and assimilate foreign technology thus served to help unify technology policy and

economic poliey and to overcome the problems of the separation of science, technology,

and the economy, which China's leaders had been trying to solve since the early 1950s. [n

addition, China's commitment to the joint venture model on the assumption that a foreign

investor was by definition committed to maximizing the profit of the j-v enterprise was

subject to sorne question. Multiple problems were reflected from j-v. For example,

Chinese side undervalued their capital instruction and infra structural contribution,

neglected international marketing resulting in the final distribution of profit not

proportionate to each side's equity contribution, folded transfer priee into the "'priee" set

on equipment and related technical support which expressed through the value of equity

contribution. 1
12 These problems negatively retlected that China stilliaeked experience in

dealing with multinational capital and j-v.

112 Noumoff. 50.1.. Transnational Corporation Investment in China: A view[rom the Outside. in Teng Wcizao and
Wang. N.T (eds). Lexington Books. 1988. p.210.
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Chapter 5: Case StudyllJ

Those foreign-technology acquisition projects that succeed almost always pass through a

decision-making process that takes place in identifiable stages. First., decisions are made

about the specifie technologies needed on the ~~demandH side and those cao realistically

be offered on the "supply" side. Most often., these decisions are made by organizations

most directly involved, the Chinese enterprises seeking foreign technologies and the

foreign firms offering them. Second., consultations and negotiations typically take place

on two levels: discussions within the Chïnese enterprises, as various groups came to grips

with the implications of the technological innovation. Then discussions between the

Chinese enterprises and its constituencies about changing requirements necessitated by

the new technologies and the productivity to expect from this technology. Third, the

above decisions have to go through a process ofauthorization by ~~ higher authorities." It

is here that decisions are reviewed and new arrangements ratified. Finally., the users put

their new technology to work and evaluate the results. Ifany stage is rnissed or completed

in a partial or slipshod fashion., the acquisition process almost invariably falls through..

regardless of the appropriateness or ;,;,fit" of the new technology.

1 have found from this case study that China's acquisition of Foreign technologies is

shaped by (1) a multi-tiered process that includes a number ofdistinct and separate stages.,

and (2) a group ofkey players whose activities shape the workings ofthe different stages.

An important part of whether the foreign technology transfer process works or not in

113 The information used in this case study is from personal files provided by Dr. SJ. NoumofT.
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China depends on how well the key players interact with each other and how successfully

they negotiate each stage of the acquisition process. The Ti02 project offers an

interesting case study that illustrates the interaction among players and process in a

technology transfer in China.

The Ti02 project started when a relationship was established between the Stanford

Research Institute and the Institute of Mechanical Engineering of the Chinese Academy

of Science. One of the consequences of this relationship was an exploration of the

technologies available to SRI and an attempt to match these with China's needs. The tirst

major project agreed to by both sides was a process of Titanium Dioxide (Ti02) coating

process for paper, paint and other industrial applications. It was assumed that if clearance

could be obtained from the senior levels of the Chinese government it would facilitate the

technology transfer process. Taking advantage of the presence in Beijing of Dr. S. J.

Noumoff of McGill University, it was agreed that Dr. Thiers (Director, Specialty

Materials and Chemicals, SRI Consulting) would join him and a meeting was arranged

with then Chinese Vice Premier (Present Premier) Zhu Rongji in 1996. It is of interest to

here note that Vice-Premier Zhu increasingly employed the State Bureau for Foreign

Experts as an instrument for tàcilitating technology related acquisitions. Dr. Noumoff is

the oid friend ofPremier Zhu. Two Chinese scientists. Dr. Pu Yikang (Ph. D from McGill

University and the person who arranged a visit to McGill University by Zhu Rongji in

1985), and Dr. Jia Fu (who had also studied abroad), both from the Institute of

Mechanical Engineering (lME) of the Chinese Academy of Science, played a

coordinating role with Chinese clients in this project. Dr. Pu and Dr. Jia have a broad
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relationship with the Chinese central govemment, provincial govemments, enterprises

and financial institutions. The four persons fonned a group that initiated the project; Pu

and lia were the bridge inside of China-Thiers the bridge to the V.S. technology

community, and Noumoff as the facilitator between the two. Dr. lia Fu has designed a

grinding machine for Tiü2, which according to Dr. Thiers is just one step away from

permitting China to independently develop its own Ti02 process.

SRI International (SRI), formed in 1946 as Stanford Research Institute, is an independent

nonprofit corporation that performs contract research and consulting for business,

industry, and government worldwide. SRI Consulting (SRIC), a wholly owned subsidiary

ofSRI, has a team ofprofessionals who provide strategie management consulting backed

by industry and technology know-how to help clients compete more effectively in today's

global markets. The main offices ofSRI and SRIC in Menlo Park, Califomia. also include

extensive data processing and library facilities, as well as a staff of nearly 3,000. The

Specialty Materials and Chemicals center, which is part of SRIC's Chemical and Energy

Division, is the focal point for resource-related research throughout SRI/SRIC. Il has

extensive industrial experienced scientists, engineers, managers and economists.

SRIISRIC conducted long-term research on Titanium Dioxide (Tiü2) studies and

developed a set ofTiü2 finishing technology called "dry" method. with know-how based

on laboratory and bench scale, different from the traditional ., we!" method, and judged to

be the next generation of finishing technology.

China has produced Tiü2 pigments on an industrial scale for decades. The technology
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used for Ti02 pigments in China is the "'Sulfate" process, which is older and more

traditional than the newer "Chloride" process. Because access to this technology

originally came from Eastern European nations (including the former USSR), current

production facilities in China are afflicted by the same type of problems encountered in

Eastern Europe, namely the tendency of the Tiü2 product to age when exposed to

ultraviolet light and assume a yellow tint. This problem was also observed in the older

sulfate plants ofWestern Europe, but had been largely solved by the early 1980's through

adoption of modern pigment finishing technology.

A fe\v years ago, China attempted to independently solve this problem through joint

ventures with major Tiü2 pigment producers using the chloride process (e.g., DuPont and,

Kerr McGee), but negotiations along those Hnes failed to materialize and, as a result,

access to the chloride process and the necessary finishing technology was prevented.

Dupont proposed a $50 million project with it retaining control over the technology.

Today, Tiü2 pigment production in China originates from relatively small sulfate plants.

e.g., less than 2,000 metric tons per year.

The SRI/IME interface occurred over a number ofyears. ft took almost two and halfyears

for the group to promote this project. 1can only brietly summarize the main facts in this

thesis. The first practical potential user-General Chemical Factory of Fu Zhou (GCF)-.

with the support of the local government, signed a consulting contract with SRfC in 1997.

SRIC would provide GCF with technical data involving the processing of titaniurn

dioxide pigments into finished products solely for the purpose offurthering the work and
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strictly for GCF's internai use. GCF would construct its own finishing plant to absorb the

technology. After the manager of GCF and one local government official visited SRIC,

the GCF side cancelled the contract. One possible explanation of GCF was that GCF

could no longer obtain sufficient financing from local banking to support this project. The

bank committed to invest in this project was dissolved owing to reforms of central

financial institutions. Other reasons were less than clear. One possible additional reason

was based on information that Dr. Pu obtained from local government, that after visiting

SRC the user believed that SRI's technology was still on a laboratory scale and scaling up

to production scale was a very difficult job and had greater risk. [n order to rescue the

project, Dr. Pu and Dr. lia found another Hong Kong investor, Mr. Barton Lee, who

received his MBA from Harvard University and who understood both Chinese and

Western business ways. Barton Lee was interested in investing in a pilot plant, thereby

permitting him to benefit from license royalty. He visited SRIC and negotiated a price

with Dr. Thiers on several occasions. After serious assessment, plus the Asian Financing

Crisis of 1997/1998, which damaged his family business, Barton Lee withdrew From the

project. The next investor found by Dr. Pu was a state-owned big company. China

Metallurgical Equipment Company (CMEC), a subsidy of the fonner Ministry of

Metallurgy [ndustry. The manager of CMEC, Mr. Wang, was greatly interested in this

project when Dr. Pu introduced the whole picture of the Tiü2 pilot to him. Both SRIC, as

weil as CMEC, negotiated the nature of investment and equipment manufacturing for

more than a year. At this level the Chinese side had Iittle familiarity with international

practice on licensing fees. It seems, however, there is a deadlock. [n the SRI,

reorganization had taken place reducing Dr. Thiers' authority and giving it to the Head of
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the Legal Department. Because of SRI internaI conflict, the Chinese side, both managers

like Mr. Wang and experts like Dr. Pu and Or. lia, was confused by the reverse attitude of

SRI represented by Dr. Thiers. They were unaware of the internai changes within SRI,

untii sa infonned by Dr. Noumoff. As the SRI situation stabilized, yet another enterprise

from Shanghai was introduced iota the picture which was looking to diversify its

investments After discussions in Shanghai with Dr. Pu, and follow up meetings in Beijing

with Dr. Noumoff, it was agreed that a price estimate would be sought for the building of

an up-scaled pilot from the lab model at SRI headquarters. SRI initially agreed and then

withdrew its agreement owing ta municipal zoning difficulties in Menlo Park, California.

The next step was ta identify an equipment manufacturer and decide if the up-grade pilot

was to be constructed in the V.S., where any technieal hglitches" could more easily be

resolved, after which it could be shipped to China, or in the first instance to eonstruct the

pilot in China. Dr. Noumoffbegan negotiations with the largest equipment manufacturer.

however, on advice [rom Dr. Thiers rejected the price as being 3 times what it should be.

SRI proeeeded to seek a eonfidential agreement to proteet its technology with a number

of other equipment companies, which took considerable time. and as of this writing an

estimate has been promised by early 2001. China is still in need of the technology, as the

cost of foreign supplied Tiü2 keeps rising on the international market.

SRI has offered to sell the teehnical hrecipe" ta China, and have Chinese engineers

operationalize it. However, lack ofconfidence on the Chinese side has led ta the rejection

of this option
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From this project, 1 have found that the Chînese who maye through the steps of foreign

technology acquisition usually demonstrate sorne combination of the following abilities:

They recognize the advanlages ofchanges. The impetus for change in Chinese units most

frequently originates with sorne sort of unexpected crisis in the enterprise - the failure of

a machine, a new demand for a different sort of production, a serious financial situation,

as weIl as the recognition that there is a rapidly expanding internaI market and a

potentially lucrative extemal market. For example, GCF would adopt new finishing Hne

ta improve its product quality. Sometimes it occurs when an employee or local official

returns from abroad full of new ideas. Managers successfully acquiring new technology

know how to tum necessity to advantage and seize the opportunity when changes are

forced on them.

They understand the po/ential disruplion /hat a new technology can cause. Since a new

technology may alter working relationships within a unit and therefore cause dissension.

It is the Chinese managers who have acquired sorne experience for dealing with changed

circumstances or new inputs that move mûst easily through the different stages of the

acquisition process. The mechanisms for coping with changes are not remarkable. They

include procedures recognized by organizational theorists worldwide: staff meetings.

specialists-manager forums, and formai channels for the submission of suggestions. In

China, as elsewhere, the real importance of these mechanisms is that they convey a sense

that the concerns surrounding crisis and new situations are taken seriously.
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They bui/d good relationship with /echnical subordinates and consultants. While the

manager is usually responsible for overall coordination of a project, many Chinese

enterprises assign a chief engineer in charge of technical decisions. Sorne small

enterprises, for example, GCf, invited experts from CAS and universities to be their

consultants. When the manager works easily with technical personnel, the acquisition

process proceeds more smoothly, regardless of the •. tit" of the new technology.

They are sensitive to the needs of major constituencies. Most Chinese organizations

seeking ta acquire foreign technologies do not do 50 in a vacuum. Upstream suppliers and

downstream users are also affected by technological changes. Units that move most

easily through the acquisition and the implementation process work closely with ail their

constituencies, involving them early on in many of the discussions and negotiations.

They are rela/ively au/onomous. Managers who are not tao closely wedded to any one

government agency or Ministry seem to have greater leeway ta make the changes

required by new technologies. Managers with a strong patron at •• higher levels" have

initially greater access to foreign technologies by virtlle oftheir patron's position. But, in

most cases, the patron also keeps a tighter rein on such an enterprise. thereby limiting the

manager's discretionary power to bargain and maneuver.

They main/ain multiple 1ines ofcommunication. The most successful managers have a

multiplicity of contacts on the local, provinciaL and even nationallevels. These multiple

channels provide information, expertise, and access. They also give managers options: if
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one channel is closed, others cao be used.

They are entrepreneurial. Chinese managers who are most effective in acquiring foreign

technologies are entrepreneurial types who play otT multiple points ofaccess and control

against each other and take a certain joy in the process.

They are ven/ure capi/aUs/. Some excellent Chinese managers have a foresight in sorne

laboratory technology and would like to take more flexible way to acquire foreign

technology and even to invest in this kind of start-up project to become one owner of the

technology and share potential world markets. CMEC was active in investment in SRl's

pilot demonstrated this trend.

Encouragement /rom the very top can be a great facilita/or. When details, however, are

left to lower units for implementation, these local units own "enterprise culture" and

experience play a significant role.

A new genera/ion ofscientists is likely to become less dependent on foreign technology as

their scientific formation occurs under the new system.

1 will argue here that at the heart of technology transfer is a personal process in which

change is valued and allowed to proceed in an orderly fashion. The Tiü2 case study lend

support ta my argument and suggest that the most important element in the process of

change and development tums out to be the human component rather than structure or
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finance. The decision and acquisition stages are crucial to the success of technologicaI

innovation. If a project is not handled successfully during these first stages, it will aImost

certainly run into real difficulty tater. The decisive elements in successful technology

transfer projects involve both process and players. Responsibility faUs increasingly on

the actual end users of the new technologies-the Chinese production enterprises, service

organizations, and state agencies. These units exist in a rapidly changing world ofshifting

priorities and volatile bureaucratic alignments although in 2000 they are more

autonomous.
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Chapter 6: Conclusion

In general, the history of China's science and technology can be divided into two main

stages. The first main stage is from 1949 to 1984. During this period, China employed the

Soviet Model that tended to de-emphasize the role of research in the universities, and

stress the centralization ofresearch in institutes under an Academy ofSciences, \vith high

priority given to research related to military and heavy industry needs. Research activities

were isolated from other production activities. Moreover, the various institutes,

concentrated primarily in the Chinese Academy of Science (CAS) and the industrial

ministries, were guided by a central plan and funded by an annual budget from the central

government. Consequently, power over research \Vas concentrated in the hands of

political leaders who had little understanding of science or of how to move innovations

from the research laboratories onto the factory floor. Because the research system was

vertically organized with little horizontal interchange, CAS created rigid, narrow

structures that were not conducive to developing theoretical science or its practical

application into readily usable production technologies.

The second main stage is from 1985 to the present. A new science and technology

management mechanism has been developed to integrate science and technology with

industrial and agricultural production. Scientists and engineers look the lead in breaking

up the c10sed loop system and examining the world's advanced level of scientific and

technological development. International exchange and cooperation have been a priority

in China's science and technology policy. In the 1990's, the country has both achieved
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rapid eeonomie growth and been confronted with new challenges. More intensified

international competition, for example, as associated with China's entry to WTO, has

made it inevitable that China needs to upgrade her industrial composition. High-tech R &

D and high-tech industrialization have been given attention in the industrial sector, and

innovation strategy and commercialization have replaced the original follow-up pursuit

in high-tech development. A new emphasis has shifted from basic research to high-tech

research. Obviously, China's science and technology poliey is furthered with the

changing situation. The raie ofChina's leaders in science and technology policy has been

strengthened and the new generation of leaders has a better scientific and technological

background. China has been following a strategy of "revitalizing the nation through

science, technology and education" since 1995. Inereasing the technological contribution

to economic growth is the first step in implementing this strategy. Teehnology has

contributed 42 per cent to the growth of agricultural production, while its contribution to

industrial growth is a bit lower, only about 30%.114 hs contribution to overall economie

growth is estimated to inerease by at least 10 percentage points in the next few years. 115[n

1999, the State has already issued a number of regulations to promote technology. Those

regulations are the Decision on Restructuring and Administering Scientific Research

Institutes, 116a Provision on Accelerating the Transftr ofTechnology into Production, 117 a

Regulation on the Reform ofNational Science and Technology Awards and a Regulation

on Technological Innovation Funds for Small and Medium-Sized Technology

Firms. 118These regulations were designed to help encourage scientific researchers to

114 Cui Ning. New Policies Spark tee/r Innovation (OS/09/99.C/rina Dai/y)
Ils Ibid. Cui Ning.
116 Ibid.• Cui Ning•.
117 Ibid.. Cui Ning.
IIR Ibid.. Cui Ning.
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make their technological projects more industry and commerce-oriented.

It is clear that China has begun to benefit substantially from the growing presence of

foreign technology in the local economy. However, China also has encountered a number

ofserious internaI and external problems. Among the domestic problems which stand out

are insufficient coordination, excessive duplication. poor assimilation capabilities and

consequences of decentralization vis-a-vis the decision-making process for technology

irnport. Sorne international factors such as Western countries' national-security concems,

increasing global competition, rising protectionism in the West, and cultural

discrimination have combined with China's internai constraints to help slow down

China's access to technology and equipment and to diminish sorne of the significance of

China's own progress.

Other numerous problems will persist. The prospects for foreign investment will rernain

largely unimpressive, and, as a result, the value of this mechanism as a vehicle for

technology transfer will be somewhat limited, and more selective. In the final analysis, [

point out it will be the interface with the international market along with the interaction

between foreign buyers and the Chinese firms that will provide the greatest source of

technology transfer. This sustained contact with foreign firms in the international

marketplace served to improve the understanding of foreign market structure and

characteristics among Chinese firms. The more China leams about the intricacies of the

markets outside its country. as weil as within, and attaches itself to a dynamic '''Ieanling

curve," the better China will be able to compete. Foreign technology will continue to
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provide the linkage through which China interacts with the world economy. As a key

buyer for technology in the international market, China promises to become more

selective as its level ofsophistication and its ability to do comparative shopping improve.

China has leamed about the critical value offeasibility studies, market survey, intellectual

property, patent, and so on. Over the past 20 years, China has imported a total of 28,000

items of technology, involving a contractual volume of U8$111.3 79 billion. 119 Imported

technology over the past 20 years has helped Chinese firms upgrade their technicallevel,

narrow the distance China lags behind advanced foreign nations in tenns of technology,

and raise the quality of Chinese goods. Contractual volume for high-technology imports

accounted for nearly one-fourth of the total technology and equipment imports in 1999. 120

Multi-Iateral industrial co-operation and the protection of intellectual property rights

while importing technology have been enhanced. This ail suggests that substantial

leaming has taken place, and that gaining continued and perhaps expanded access to

foreign technology on more beneficial terms is likely to remain a high-priority item on

the agenda of Chinese leaders for the foreseeable future .

119 Zhang Yan. China 10 Slrenglhen Technology /mporls ( 03/25/99. China Daily)
I~O Ibid. Zhang Yan.
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