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ABSTRACT

Scholars have successively studied the national innovation system from
the perspective of system, perspective of knowledge flows and triple
helix Angle and so on. This paper decomposes national innovation system
into three networksfrom the perspective of knowledge network: scientific
research network, technology development network and technology
diffusion network, and evaluates theindex system of national innovation
systems networked based on the three secondary index of the network.
Thispaper also putsforward the concept and measuring method of network
group tightness and diversity, and evaluates the level of the network of
China’s national innovation system using principal component analysis.
The evaluation results show that for more than 10 years the relation
between the main behavioral bodies of the national innovation system
has been getting closer, and the level of specialized division of labor and
collaboration in innovation has been getting higher. At the sametime, the
low weight of papers of industry-university-institute cooperation and
patent cooperation intensity tends to decline in recent years.
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INTRODUCTION cation efficiently™. Chinese scholar Duan Fang-fang,

Wu Tian-zu®

Thefifthinnovation mode and the networking per-
gpectiveof assessment of national innovation system

National innovation system was put forward in
19805Y by Lundvall, Freeman, Nelson, etc, which em-
phasized thei nteraction among government, companies,
colleges, researchingtitutesand intermediaries seeking
for aseriesof socia and economic goasin common'@,
It wasasysteminwhichinnovation playedthekey role
of revolution and devel opment™® andit could also pro-
motethe production, transfer, dissemination and appli-

Pointed out when they studied the operation mecha-
nism of nationa innovation system that nationd innova:
tion system was anetworking system which was com-
posed of organizationsandingtitutions. Nofunctionsof
systemscan work without other ingredients’ functions
and their coupling. In national innovation system, the
process of interactionamong al socia partsisjust the
oneof the operation of nationd innovation system, and
effects of theinteraction among el ementsdirectly de-
terminetheoperation efficiency of the system. Efficient
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market mechaniam, aufficent informationflowsand sup-
porting systems of sound intermediariesand service
guaranteetheinteraction and operation efficiency.

In order to analyze the different parts of national
innovation system, 224 records (theses and book re-
views) can beretrieved in Web of Sciencewith “na-
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tional innovation system” asthetheme by the year of
2011. The networking figure of keywordsof national
innovation system can be plotted by citespace accord-
ingtothe 224 recordsasisshowninfigurel, inwhich
therearemainly six clusterslabeled with red dotted
crdes.
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Figurel: Clustersof keywor dsof national innovation system

Cluster 1includestheempirica anadysesof differ-
ent national innovation systems. Foreign scholarshave
paid more attention to some kinds of new economic
entitiesrecently, such as China, Taiwan, Korea, Iran
and other Asian countriesand regions. But Americaand
Norway ared soimportant parts of theresearch fields.
Cluster 2ismainly about researches of nationd innova
tion system from the perspective of ingtitutionsand poli-
cies. Cluster 3 focuses on the knowledge flows and
learning to study nationd innovation system'®. Cluster
4ismadeup of studiesintheview of triplehelix angle
to study nationd innovation system(”.

Cluster 6 concentrates on the research methods,
including DEA, performance eva uation, productivity
evauation, etc.

Cluster 5 studies nationd innovation system from
networking point of view, which started after 2007 and
belong to the hot issues of nationa innovation system
nowadays. Thiskind of researchtakessocial network
asmainapproachand put al innovation agentsinto the

network to anayzetheir interaction, knowledgeflows
and study mechanism, etc.

Inthe perspective of networking model, the agents
inthenationa innovation systemincorporate colleges,
researchinditutes, government, companies, financid in-
stitutions, intermediaries, etc. Itisput forward inthe
Outline of the National Program for Long- and Me-
dium-Term Scientific and Technol ogical Devel opment
(2006-2020) that to comprehensively promotethe con-
struction of national innovation system with Chinese
characterigtics, to establish thetechnological innova
tion system with companies as agentsand combination
of industry-university-research, to devel op research
universitiesand build theknowledgeinnovation system
inwhichthe scientific researchesintegrate with higher
education, to construct regiond innovation systemwith
distinctive characteristics and advantages, to build sci-
entificintermediary servicesysemwith socidizationand
networkingt®. Inthesametime, knowledgeinnovation
and technol ogy innovation arethe coreof national in-
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novation system, and thefifth model of technology in-
novation lays emphasis on the connection impacts
knowledgeflowsand knowledge management haveon
innovation network. Therefore, nationd innovation sys-
tem consistswith integrated innovation networking
mode when it comesto theeffectsof knowledgeinno-
vation. Asaresult, this paper believesthat theconsis-
tency of national innovation system and the fifth net-
working model of technology innovation offer anew
thinking for the study of national innovation system,
namely theresearch of theinteraction among agentsin
nationd innovation system from the perspectiveof sys-
temintegration and networking model.

Previoudly, networking anaysesof nationa inno-
vation system regarded the whol e system asabig net-
work with companies, colleges, researchingtitutes, gov-
ernment and intermedi ariespreading onitsnotes, which
focused ontheir interaction with each other™®. Never-
theless, thispaper not only treatsthe national innova-
tion system as aknowledge network, but aso believes
that thisnetwork isahuge one, including alarge num-
ber of sub-networksinwhichtherearedifferent agents
interacting with each other™, However, agentsin dif-
ferent sub-networksplay distinctiverolesanditises-
sentia for every sub-network to function well so that
the huge network can operate normally.

Moreover, this paper decomposes national inno-
vation system into threeknowledge networks: scientific
research network, technol ogy devel opment network and
technol ogy diffusion network. Based onthethree net-
works, index system of nationa innovation systemsnet-
worked eva uation can bebuilt.

THE FRAMEWORK OF THREE-NETWORK
COMBINATIONAND THEASSESSMENT
INDEX SYSTEM

Thispaper dividesnationa innovation systeminto
three networksfrom the perspective of knowledge net-
work: scientific research network, technology devel -
opment network and technol ogy diffusion network

Scientificresear ch network

Scientific research network pays moreattentionto
colleges and research institutes and this sub-network
laysthefoundation of nationa innovation system, pro-
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vidinginnovationfoundeation and guaranteefor thewhole
network. It consistsof collegesand universities, gov-
ernment laboratories, industria |aboratoriesand non-
profit organizations. All theagentscollaboratewith each
other and engagein research and devel opment of basic
scienceand technology™. Itisan efficient way to gauge
how robust the scientific research network connection
isby studying the collaborated theses. It ispossibleto
figure out thetightness of the scientific research net-
work through researching the aggregation of collabo-
ration, the higher thelevel of aggregation, whose co-
authors comefrom different agentsis, the higher the
integrity of theknowledgeis. Thenit canboost thein-
crease of innovation network’s performance.

Technology development networ k

Technology development is a process in which
achievementsof scientific research areappliedto pro-
ductionthrough further innovation, sothat commercid-
ization can beredlized.

American economist Freeman differentiated tech-
nologica innovation diffus onfromtechnol ogica inno-
vationandinvention gtrictly. Heinssted that “invention
isidea, paper or model which is put forward to im-
provedesign, production, craft or ingtitution, whichis
usualy patented but not necessary to becometechnol -
ogy innovation. Intermsof economics, innovation means
those new productionsand craft designswhich areini-
tialy introduced into commercia trade.” But techno-
logical innovation diffusion happensafter invention or
technol ogy innovation, and isconcerned withthedis-
semination process of technology innovationin mar-
ket2,

Technology devel opment network isthe network
which appliesachievementsof scientific researchesto
companies’ production. Fromitsdefinition, itisclear
that compani es are the agents of the network. How-
ever, thisnetwork should dso includegovernment, re-
searchinditutes, finandd ingtitutions, intermediariesand
other agents. With the application of socia networking
analysisto every research field recently, scholarshave
brought up the approach of using patent-citation net-
work and socia network to andyzethe networking fea-
turesof technological diffusion. Knowledgediffusion
networks of different organizationsand nations can be
established by patent-citation network, anditisalso
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feasibleto gaugethenetwork by analyzingthekey notes
and core networksthrough socia network.

Technology diffusion network

Astothecarriersof technologicd diffusion, techno-
logicd diffusion happensintheway likeFDI and techno-
logical tradesat macroscopiclevd. Whileat themicro-
cosmiclevd, it hgppensby information communication
among compani esand staffl*?, Sotechnology diffusion
network of national innovation systemisalsotheone
whichiscompounded of technol ogical tradeagents, FDI
networksandtechnologicd users Agentsinvolvedinthe
technol ogy diffusion network aredomestic and foreign
companies, multinationa corporations, collegesand uni-
verstiesand intermediaries. Inthisnetwork, technologi-
cal market driven by government playsacritical role,
technologicd tradesand foreigninvestmentsrely onma
turemechanism of technol ogicd market and sound envi-
ronment of law and policy toalarge extent.

Technologicd tradeagentsin different areastakethar
advantagesof informationizion, networkingandlargescde
to integrate scientific and technol ogical resourcesand
becomethe supporting service systemsof technol ogica

trangfer which have multi-functionsof information col-
lection and distribution, technol ogica assessment, tech-
nologica counsd, market forecadt, projectincubationand
investment and financing™, influencingtheformationand
deve opment of technol ogy diffus on network.

Thebasicframework of assessment index system
of national innovation system

Accordingtothefesturethat scientificresearch net-
work, technology devel opment network and technol-
ogy diffusion network composethenationd innovation
systemandthevalidity of thedata, thispaper congtructs
the networking index systems of national innovation
systemwith “scientific research network”, “technol ogy
devel opment network™ and “technol ogy diffusion net-
work” asitsfirs-gradeindex, asisshowninfigure 2.

THE DATASOURCE, MEASUREMENT AND
EVOLUTIONARY TREND OF THE EVAL UA-
TION INDEX

Thedata sour ceof theevaluation index
Thispaper mainly usesthefollowingindicators: the
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Figure2: Framework of three-networ k combination of national innovation system
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proportion of production-study-research cooperation
papers(x, ), thetightnessof production-study-research
cooperation paper group (x, ), paper concentration
(%), the patent proportion of production-study-re-
search cooperation (x, ), thetightness of production-
study-research cooperation patent network group (k. ),

patent diversity (. ), the project sales of the national
scienceand technol ogy/technol ogical market turnover
(%), technological market turnover/thefunds of tech-

nologica reform (3 ), theproportion of company sales
intechnologica merket dedls( X, ), thetightnessof trad-

ing network group intechnological market ( X,, ). The

relevant dataabout “papers” arefrom “ChinaNational
Knowledge Internet (CNKI1)”. We use “company”,
“factory” and “‘group” askeywordsto identify compa:
niesin ChinaNational Knowledge Internet, use“uni-
versity”, ““school” askeywordsto recognize univers-
tiesand use“researchingtitute” and “academy” askey-
wordstoidentify research ingtitutions. Retrievethelit-
eraturethat containsat least two of thethreemain body,
and useyearsas measuring unit. Therelevant dataon
“patents” arefrom “Chinapatent database”; Therest
basic dataare from Chinastatistical yearbook (2001-
2011 years) and the statistics of theannual report on
the nationa technology market (2004-2012 years).

Themeasurement of someimportant indicators
(1) Thecalculation of network group tightness
Theindicatorsof network group tightnessthat x;

¥ and X, used arenetwork analysisindicatorsthis

paper proposed, mainly measurethedegreeof theclose
contact among the network group unit. Therelation be-
tween thisconcept and the concept of “centrality” are
closay linked. “Overdl center” isaconcept that ispro-
posed by Freeman, onthebasisof the*““regiona center”.
Inthesocid network measurement, two pointsarecon-
nected through away which containsdifferent linesand
thelength of theway ismeasured by thenumbersof the
linesthat congtitutetheway. In graphtheory, thedistance
between two pointsismeasured by thelength of theshort-
est path between two pointsand theshortest pathiscaled
“shortcut”. If the distances between apoint and many

BioTechnology —

other pointsarevery short, wecdl thispoint isthe center
of thewhole. Thewholecentra degreeof thispointisthe
sum of the short distance between thispoint and every
other pointinthepicture,

Center degree is one of the most important and
commonly used conceptsto andyzethesocid network.
It’s about the measurement concept of the centricity
position of the actorsin the social network andit re-
flectsthedifferences of position or advantage of the
actorsin the social network structure®¥. In the past
socia network study, the scholarsrespectively put for-
ward the concept of relative closely center degreeand
group closaly center degree which represent theinde-
pendent degree between the network group unit. Their
measure equationsarerespectively:

Relatively centrd tightness:

N-2

C = - —
> d(n, n,) (@)
i=l

[4

Cluster centrd tightness:

(2N -3)Y(C,pue —C.0)

Cmax

)

(N -2)(N-1)
Thetightnessof the network group this paper pro-
posed ison behalf of the degree of the close contact
among thenetwork group unit. The higher the connec-
tion degrees of the units are, the bigger the network
group tightnessis. Asthe centrality degree represents
theindependent degree between thenetwork group unit,
network groupstightnessis measured by theinverse of
theclosdly centrality degree of the network group, that
IS
D=C* ©)
(2) Calculation of patent diversity

Inthe new growth theory, thetechnological inno-
vation showed theimprovement of “product diversity”,
the same astheincreasing of the product categories
brought about new products devel opment. Inthe model
(4) of Aghionand Howitt, Y, L, X, M, arerespectively
on behalf of output of thefinal productOinput of the
laborOinput of thei-th intermediate productsand the
typesof theintermediate products. Their modelsare

Y =I" '( 0” x*di (4)

1
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Diversity in the measurement can be defined as
(thereared so other defined forms):

H=-Ylog(R/Z)/(B/Z) ©
i=1

Informula(5), intermsof patent network, nOHOZ0
arerespectively on behaf of thetotal numbersof the
main body of the patent networkOthe diversity of the
main body of the patent networkOthe patent numbers
of the patent network and the patent numbers of the
subjecti.

Virtualy, diversity isakind of “negative entropy”,
which representsthe amount of information of the net-
work group to some extent. Thegreater the amount of
informationis, themorecreativity it may be.

Themeasurement and evolution trend of the net-
work evaluation index of thescientific resear ch

(1) The proportion of the production-study-re-
sear ch cooper ation paper sof thetotal (}:1)

The producti on-study-research cooperation papers
mean that of all the papers, selecting the papers co-
authored by the enterprises, universitiesand research
ingtitutions. Asthereare many key wordsof enterprises,
universitiesand researchingitutions, weuse“‘company”,
“factory” and “‘group” askeywordsto identify compa:
niesin ChinaNational Knowledge Internet, use“uni-
versity”, ““school” askeywordsto recognize universi-
tiesand use“researchingtitute” and “academy” askey-
wordstoidentify researchingtitutionsfrom SSCI data-
base. Retrievetheliteraturethat containsat least two of
the three main body, and use years as measuring unit.
From the statistical resultsintermsof thetwo indica
torsthat include the number of papersand the paper
proportion, it showsarising trend from 2000 to 2010,
whilethe cooperation between universitiesand research
indtitutes, universitiesand research cooperation accounts
for thelargest proportionin production-study-research
cooperation, that isto say production-study-research

cooperationisreatively closeand frequent; Secondly,
it isthe cooperation between production and study. We
can say, inthe scientific research network, university is
undoubtedly in the dominant position of the network.
From therising trend, whether the numbersof produc-
tion-study-research cooperation papers, an absolute
number or the proportion of production-study-research
cooperation papers, arelative number, itishigher than
that of 2000, on thewhole. It isproved from the point
of scientific research network, theintensity of produc-
tion-study-research cooperation increased year by year
inChina, asisshowninfigure3.

. = 0

1

1
0

Figl;re 3 ﬁ’roducti(;n—stuhdy—re‘ﬁsearéh cooperaﬁon p:alper
proportion (unit: % ; datasources. CNKI)
(2)Thetightnessof production-study-r esear ch co-
operation paper group (x,)

We can cd cul atethetightness of production-study-
research cooperation paper group according to for-
mula(3), theca culation resultsof thisindex isshownin
TABLE 1. Itsfigureincreased on thewhole, but there
isabigfluctuation.

(3)Research and development spending/GDP
(x,)
Thedataof thisindex areshownin TABLE 1. Its

figureisincreasing year by year and catching up C the
averagelevel of developed countries (2.5%).

Themeasur ement and evolution trend of the net-
wor k evaluation index of thetechnology devel op-
ment

(1)Thepatent proportion of production-study-re-
sear ch cooperation (i, )

Similar to producti on-study-research cooperation

TABLE 1: Theevolution of scienceresear ch network indicator s

2001|2002|2003|2004(2005(2006| 2007|2008 2009|2010

The proportion of the production-study-research cooperation
papers of thetotal (%)

The tightness of production-study-research cooperation paper

group
Research and devel opment spending/GDP (%)

45]151|53|58|58|64|64|61|64|65

1929
0.95

696
1.07

867
1.13

1227
1.23

2096
1.32

1711
1.39

2138|1557|2520|3609

14 (147|217 | 2
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paper proportion, the patent proportion of production-
study-research cooperation refersto sel ecting out the
patents cooperated by enterprises, universitiesand re-
searchingtitutionsamong theintegration of al granted
patents. Asthere are many key words of enterprises,
universitiesand researchingtitutions, we usethe‘“‘com-
pany”, “factory” and “group’” askeywordsto identify
companiesinthe search of Chineseintellectual prop-
erty office patent, use“university”, ““school”, “college”
askeywordsto recognizetheuniversitiesand use“in-
ditute” and “research” askeywordstoidentify research
ingtitutions. Retrievetheliteraturethat containsat least
two of thethreemain body, and useyearsas measuring
unit.

Proportion of patents of production-study-research cooperation. %

° L
—

\'\‘k—"\
R

1
0.5
0

2000 2001 2002 2003 2004 2005 2006 2007 2008 2009 2010
Figure4: Thepatent proportion of production-study-research
cooperation in 2000-2010(unit: %; data source: patent
retrieval database of Chineseintellectual property office)

Astheinsufficient situation of thedomestic tech-
nology demand ischanging, enterprisesbegin to seek
morecooperation of collegesand universities, scientific
researchingtitutionsat homeand abroad, and al kinds
of production-study-research and the model s of coop-
eration between enterprisesincluding technology ali-
ancewill appear more. The characteristicsof thege-
neric technol ogy determine cooperationisan effective
way of technological breakthroughs. For theindustry
asawhole, technology breakthroughsareintherela-
tionship of the national economy, and for thegeneric
technology that playsanimportant leading roleinthe
nationa economy, they havegenerd characteristicsin-
cludingmultidisciplinary cross, moredifficultintech-
nique, high compl exity, needing long-term technology
accumulation and interdepartmental joint researchin-
novationinorganizing theimplementation. Only theen-

terprises, industries and each departments of the gov-
ernment coordinate and cooperate, will thekey com-
mon technology achievefundamenta breakthrough*?.

From theview of the absolute number of the pro-
duction-study-research cooperation patent, patent num-
ber of production-study-research cooperationincrease
year by year in China. But from the view of the patent
proportion of production-study-research cooperation, it
basically presents an inverted u-shaped curve form.
Namely the cooperation patent proporti on descends af-
ter thefirst ascend. Analysisof thereasonmainly liesin
thegrowth of thetotal number of patent cooperationis
faster than the growth of the patent, so asto makethe
patent proportion of producti on-study-research coop-
eration declineyear by year after reaching themaximum
in 2005. It ad so suggeststhat the strength of production-
study-research cooperation patentisnot enoughin China

(2)Thediversity of thepatent (x.)

From figure 5, we can seethat from the perspec-
tiveof thedivision of the main body of patent network
(university, college, group, company, factory, etc.), the
diversity of China’s patent risesyear by year. The con-
nection degreein the patent cooperation network of al
kindsaof innovation main body (university, college, group,
company, factory, etc.) isenhancing progressvely while
thelr regpectivecharacterigticsaregiving fully functioned.

6

e

0.
0.
0.
0.
0.
0.

1
3
2
1
0

2001 2002 2003 2004 2005 2006 2007 2008 2009 2010
Figure5: Theconstant riseof thepatent diver sity (from the
per spectiveof thedivision of themain body of patent network)

(3)Thetightnessof production-study-r esear ch co-
operation patent network group ()

Thetightnessof production-study-research coop-
eration patent network group represents how closely
thelinks between the patentee of production-study-re-

TABLE 2: Evolution of thetechnology development networ k indicators

2001 | 2002 | 2003 | 2004 | 2005 | 2006 | 2007 | 2008 | 2009 | 2010
Patent proportion of production-study-research cooperation (%) 251291 28|30|32|28|26|27 (23|13
The diversity of patent 039(041|1042|041|042|042|045(047]049| 053
Networking cluster intensity of industry- university-research cooperated patents 827 | 422 | 740 | 673 | 398 | 770 | 798 | 719 | 770 | 1028
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search cooperation. The higher the degree of the con-
tact is, the greater the tightness of production-study-
research cooperation patent network groupis.

TABLE 2liststheevolution trend of threeeva ua-
tion indicatorsin technology devel opment network in-
cluding proportion of patents, patent diversity and evo-
|ution trending dataof thetightnessof patent coopera-
tion network group.

1200

1000

i
N

100 A

200

0

Figuré6 : T“hie changeiof thétighfne&sbf productigon—stﬁdy—
resear ch cooper ation patent network group in 2001-2010

(3)Theproportion of company salesin technologi-
cal market deals( X,)

Enterpriseisthereceving party intechnol ogy dif-
fusion, and theindicator of the proportion of company
salesintechnol ogica market ded sreflectsthe network
degree of dissemination and diffusion among thetech-
nology recaiversinthetechnology diffusion. Intermsof

thisindicator, it ascended from 38%in 2001to 86%in
2010.

(4)Thetightnessof trading network group in tech-
nological market ( X,,)

According toformula(3), thetightnessof trading

network group that has been calculated is shownin
TABLE 3. Intermsof thisindicator, it ascended from
17.7in 2001 to 28in 2010.

PRINCIPAL COMPONENT ANALYSESAND
THE EVALUATION OFNETWORK LEVEL
OF NATIONAL INNOVATION SYSTEM

Principal component analysis

TABLE 4 showstherelative valuesof theindica
tors. Principal component analysis can beused to de-
termineweight of 10 indicators. Asshowninthelast
row in TABLE 4. And eval uation of Chinese national
innovation system network level canbedoneasisshown
inFigure?.

Themode of the nationd innovation system net-
work level evaluationis

=Y 6%, ®

Informula(5), | representsthenationa innovation
system network level evaluationresults: X represents
thei-thevaluationindex: g, representsthei-th evaua-
tionindex weight, the 10 weights determined by the
principa component analysis, accordingtothedatain
TABLE 4, thecontribution rates of thefirst two princi-
pal componentswere 62% and 17% (which indicated
that thetwo main componentsextract 78% information
of theentiredata), so according to thesetwo principal

TABLE 3: Evolution of theevaluation index of thetechnology diffusion networ k (2000-2010)

The project sales

. . The proportion Thetightness
of the national Technological of Eomppany of trading networ k
science and mar ket turnover/ slesin roun in
Years  technology /technological the funds of technological Technological Teghnolpogical
Market Reform( X,)

Turnover(X.) mar ket deals( X,) Market( X,,)
2001 0.19 0.62 0.38 17.7
2002 0.14 0.59 0.42 194
2003 0.19 0.57 0.48 20.2
2004 0.19 0.45 0.57 20.6
2005 0.15 0.56 0.59 20.6
2006 0.22 0.60 0.84 21.2
2007 0.20 0.61 0.86 229
2008 0.18 0.57 0.87 199
2009 0.19 0.70 0.87 22.0
2010 0.24 1.07 0.86 28
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componentsto determinetheindex weight, asshownin

thelast row in TABLE 4.

TABLE 4: Relativevaluesof theindicator sand weights

The
number productio Na_tional the
of . n-study-r Number . Teqhnolo soience proportio
productio esearch of cooper ati gical and Technolo n of
n-study-r . onlee mar ket technolog gical .
esearch tip%rtjr?rejss fulf]i‘ilr? / C\(/’:ﬁ(:;t' number Patent turnover  yprojects  trading :gﬁ:s
cooper ati cogo orati GDPg Total tightness  diversity /Technolo turnover/  network in 9
on P networ k gical Technolo groups
on X number 6 . . . ; technolog
papers network 3 of patents group innovatio gical tightness mar ket
Thetotal rou P X n funding mar ket X ¥urnover
number group X, 5 X turnover 0
of papers X2 7 XB Xlo
X
1
2001 0.85 053 0.48 0.83 0.80 0.74 0.58 0.78 0.64 0.44
2002 0.85 0.19 054 0.90 0.41 0.77 0.55 0.60 0.70 0.48
2003 0.86 0.24 057 0.93 0.72 0.80 0.53 0.80 0.74 0.55
2004 0.90 0.34 0.62 0.93 0.65 0.78 0.42 0.79 0.75 0.66
2005 0.90 0.58 0.66 0.93 0.39 0.80 0.52 0.64 0.75 0.68
2006 0.92 0.47 0.70 0.94 0.75 0.80 0.56 0.94 0.77 0.97
2007 0.96 0.59 0.70 0.86 0.78 0.85 0.57 0.82 0.83 0.99
2008 0.95 0.43 0.74 0.90 0.70 0.88 0.53 0.76 0.72 1.00
2009 1.00 0.70 0.85 0.78 0.75 0.92 0.65 0.79 0.80 1.00
2010 0.90 1.00 1.00 0.96 1.00 1.00 1.00 0.99 1.00 1.00
Theindex
W‘zghts 0.02 011 012 0.05 011 012 013 0.12 013 0.08

Evaluation of Chinesenational innovation system

network level

China’s national innovation system network level
showsasteady upward trend since 2000 and rosefrom
0.64in2001t00.985in2 010 asisshowninfigure?.
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Figure7: Evolution of Chinese national innovation system

network level

Discussion on theevaluation results

(1) Thelevd of thenational innovation system network
inaway representsthe devel opment of thenationd
innovation system. In 2000, if thevariousel ements
of the nationd innovation system (enterprises, uni-
vergties, ingitutions, agencies, etc.) do not contact

BioTechnology —

closaly enough, nationa innovationsystemisdill in
the primary stage of development; then, by 2010,
national innovation system havedready begunto
enter the more advanced stages of development,
degree of contact of the elements has beenrela-
tively tight, showing more complete network char-
acterigtics.

(2) Fromtheweightsof nationa innovation system net-

work level estimated index, weight of scientificre-
search network is0.26, weight of thetechnol ogical
development network is0.28, weight of technol -
ogy diffusion network is0.46, so at thisstage, the
nationd innovation system deve opment center tends
to technology diffusion stage of science-technol-
ogy-economic, whichisdecided by development
of Science and Technol ogy-economic at thisstage.
Inthisopinion, interms of theinnovation model,
from 2000 to 2010, China’semphasi zed original
Innovation (closer to scientific research networks),
integrated innovation, aswel| astheintroduction of
absorption and innovation. In the next decade
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(2011-2020), thetimeof original innovation and
introduction of absorption and innovation, China
should pay moreattentiontointegrated innovation,
so that theweight of scientific research networks,
technol ogy development network and technology
diffusion network would be more balanced.

(3) For eachindex weights, the““proportion of produc-
tion-study-research cooperative papersaccounted
for tota number”, “proportion of cooperative patent
ratio” weightswere0.02 and 0.05, much lower than
other ones, indicating that strengthening research
cooperation and collaborativeinnovationistill the
key task of nationd innovation system contribution.

(4) From the sub-indicators, indexes on therise are
“proportion of production-study-research coopera:
tive papersaccounted for total number,” “tightness
of production-study-research cooperative network-
inggroups”, “R& D expenditure/ GDP”, “patent di-
versity”, “technol ogical market turnover/ techno-
logicd innovation funds*,”proportion of corporate
betrayd intechnology market transactions”,” tech-
nology trading network al unitstightness”. Andthe
recent falling index is““production-study-research
cooperative patent ratio”. Thusthe next target of
thisstudy areto analyze thereasonsof thedecline
of “proportion of production-study-research co-
operative patents” and great volatility index “tight-
ness of production-study-research cooperative net-
working groups” and what causes“‘nationd science
and technol ogy projects turnover/technol ogical
market turnover” volatility. Findly, countermeasures
should be worked out in order to promote better
and faster devel opment of nationd innovation sys-
tem.
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