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ABSTRACT

Based on the partial least squares (PLS) method, this article use the Total S& T Personnel, Total Funding for S&T
Activities, Total Intramural Expenditures, Full-time Equivalent of R&D Personnel Total and the Total R&D
Expenditure as the independent indicators to quantitatively analyze the impact on the high-tech industry
development. The results showed that the Total S& T Personnel and Full-time Equivalent of R&D Personnel Total
have more intense impact on high-tech industry development, while the total Intramural Expenditures is not obvious
to the innovation output.
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INTRODUCTION

The high-tech industry is the key industries whigtomote industry development and economic growth by
technology-driven and the important position o&mational economic and technological competitibrifherefore,
developing high-tech industry has an irreplaceable on facilitating industrial upgrading, promaireconomic
restructuring, accelerating economic growth androwimg labor productivity and economic efficiendg. China,

the high-tech industry is an emerging, rapidly gravindustry. In the 1995 to 2006, China's highhtéedustry
added value increased from 108.1 billion Yuan @D%6 trillion Yuan, accounting for GDP from 1.78@ent rose to
8%. In support of the local science and technologgstment, High-tech companies is now becomingstiigect of
basic research, an important force of applied rebeaf high-tech cutting-edge exploration, andrapartant source

of technological innovation.

The level of technological development in a county region largely determines the region's economic
development potential and overall competitivenassl the investment scale, patterns and investmanagement

of government investment in science and technololgys a key role on the development of local sa@eand
technology|[2]. Science and technology investmemduding local financial direct investment, locatéstment in R

& D institutions and enterprises as well as tecbgplinvestment of local colleges and universitiesence and
technology investment is not only material and &usdpport to the development of high-tech induétiig, also the
reflect of full emphasis on high-tech industry[Blowever, the financial S&T investment, including mgaaspects,
which will play a more proactive role in promotitggh-tech industries development, which will haveveak
impact on the development of high-tech industrys ik new problems our each levels government rieeble
addressedn the new situation. Therefore, using scientifitagtitative analysis methods to study the impact of
science and technology investment on the developofdrigh-tech industry have important theoretisiginificance
and practical value in government decision-making the development of high-tech industry.

A PLS model is established in this paper to ingadé the relationship of S&T investment and theettgyment of
high-tech industry. In addition, the SIMAC-P softeds used to deeply analyze the impaction of CHIS&T
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investment on high-tech industry development. Tésearch shows that the facilitation of China’s S&Jestment
to high-tech industry development is rather sigaifit and with the strengthening of the capacit3&T investment,
which has a continuing stimulus in high-tech indysievelopment.

Literature Review

In the impaction study of S&T investment on highkeindustry development, Kortum S., Lerner(2000),
Hagedoorn J., Cloodt M2003) , Ernst H, Witt P, Brachtendorf G2005 show that S&T investment has a huge
range of effects on industrial innovation and indakdevelopment. Dushnitsky G., Lenox N2D06)F1 MacMillan
I., Roberts E., Livada V., Wang A2008) investigate the role of venture capital on innayatand high-tech
enterprise development, venture capital can be m@svan important factor to promote industrial wvaton and
industrial development. Sahaym A., Steensma H.krdBn J.Q(2009 using econometric models combined with
time-series and cross-sectional data, from thesin@l level discuss that the R&D investment is th&in reason of
impacting innovation output of high-tech industri€hina scholar Gu Huisan(2004) according to th@5192001
China's economic statistics, analyze China's hagh-industry science and technology input and kégh-industry
development situation and use gray system theogotassociation studies of science and technologgsiment
and industrial development. Lu Yongming(2008) usihg DEA model to evaluate China's 17 high-techustd/
science and technology input-output efficiency fre@®2 to 2006 and analyze the industries scalen®situation.
Zhao Xiuyu, Guo Chunli, Huang Shichuan (2010) usimgvincial panel data empirical analyzes the impzfc
human capital, science and technology investmertherdevelopment of high-tech industries. Xu Li,i uling,
Zhao Jiangiang(2011) examine local government'smsgs and local industry's expenses in sciencéeahdology,
as well as the data of high-tech production vallige research verifies this theoretical assumpt&mpresent,
government investment in science and technologyspdadominant role in the growth of local high-teéotustry.
Feng Feng, Zhang Leiyong, Gao Mou, Ma Lei(2011)stmet two-stage S&T input-output chain model andlies
data of 29 provinces in method of series networlADihds that there are differences between pradmar regions,
divides all provinces into four categories, dradficency map of the two-stage S&T input-output chaeveals
that increase the efficiency of 'Target Stage'inarease efficiency of the S&T input-output chaid[3].

Based on the above overview, we can see that Ghimafent research on the influence of S&T investnand
high-tech industries still has a large space, @aliethe quantitative analysis of related impdntthis paper, on the
basis of existing research, the impact relationdfépveen S&T investment and high-tech industry nalyzed
guantitatively. The question that what is the keinpof S&T investment and if the impact differeriseexistence of
S&T investment on output are also discussed.

EXPERIMENTAL SECTION

A Currently, multiple linear regression models bagn widely used in many areas of research, wheglernld on the
variation tendency of multiple variables to expldive variables which are interested. This modelhothas
become a more mature theory. However, despite thigphe linear regression analysis is an effectivethod, but
its application must satisfy certain constraintgtsas the independent variables in the set caxistt the multiple
correlation between each other, the sample paret ghnnot be too small, otherwise it will lead e todel error
expansion and regression coefficient estimatesgd®im the sample data is very sensitive, leadirthe regression
model unstable. As in the economic and social seignvariables are often related phenomenon with ether in
varying degrees, and because of the conditionatations, there may be the problem of sample pogite
insufficient. Therefore, this article uses a nepetpf multivariate statistical analysis--partiadde squares regression
(Partial Least Squares Regression)[7,8]. PLS meihaah effective method in eliminate the multiptarelation of
independent variables. In a complex multi-variagystem, the PLS method do not judge the variabbecor
reject one by one, but use the idea of informatiecomposition to make the information recombinatdrthe
independent variable systems, to effectively extitae comprehensive variables which have the mqdaeation of
the system, excluding the information interfereméeoverlapping information or non-interpretation anéngful
information to solve the negative effects produbgdnulti-variable correlation in modeling the systeso to get a
more reliable analysis results[9]. The biggest athge of Partial Least Squares Regression modbaist solves
the variable multi-correlation in multiple regremsianalysis and the explanatory variables is mbaa tsample
points and other issues.

The original theory model of partial least squasggession is as follows[10]:
There are k dependent variables y, which constitutedependent variable set Y 5,[y.., ] and p independent
variables x constituting the independent varialsietsX = [x, ..., %], in order to study the statistical relationships

between dependent variable and independent vesiable observed n sample points and get the nx(p+k)
observation matrix resultant constituted by theeshelent variable and the independent variablesheget
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Original regression model is: Y =f%e

Wherep is the p x 1 regression coefficient vector, X 3, [x.,%]n X p is the sample observed matrixis n x 1
random error vector, Y is the n x k dependent \@eianatrix.

The sample data processing in this paper all usespkcial processing software--SIMCA-P for pafgalst squares
regression to complete. This software can automgtibandle the main components and run the crafidation
method internally to export a reasonable main campofinally to interpret the whole model system.

Variables and data selection

In selecting the measure index, this paper chatee$otal S&T Personnel, Total Funding for S&T Adties, Total
Intramural Expenditures, Full-time Equivalent of R&Personnel Total and the Total R&D Expenditure as
independent variables to measure the S&T investnierihe selection of the dependent variable fer tigh-tech
industries, the authors use high-tech industry Nemalb Enterprises, Gross Industrial Output Valu€atrent Prices,
Revenue from Principal Business, Profits and Taxed Profits as the dependent variable indicatotbk.th®
variables data are selected the annual cross-sattiata of all provinces in 2008, (original datatrin "Statistical
Yearbook 2009, China Science and Technology") réieioto study conveniently, considering that tdies [bgarithm

of the sample data will not affect the variableltienship in the future, and the obtained dat@asy to get
stationary series, we process the each variabtasbgaaken logarithm.

In table 1, the first columns 1-31 sample poir @btained by using the logarithmic transformati@msforming

of Chinese provinces and municipalities data, theable y in the first line is the logarithm of high-techdumstry
Number of Enterprises,means the logarithm of high-tech industry Grossustidal Output Value at Current Prices,
ys accepted that the logarithm of Revenue from PpaicBusiness, ymeans the logarithm of high-tech industry
Profits, y said the logarithm of Taxes and Profits; whilexs, xs, X4, Xsrespectively mean, the logarithm of the Total
S&T Personnel, Total Funding

Tab.1 Logarithmic transformation table

¥l ¥ ¥3 ¥ ¥ al «2 w3 xd 5

1 12 04733 18.20323 1602515 12 15241 15 52089 7 033508 7.000BSE  5.0853{4 047482 5. 312615
2 1172775 15.00846 140287 10, 78618 14, 25839 6.654153 7.5T2665 7.583324)4, 254051 4, 09451
3 11,868 14,4596 14.42094 10, 73976 13,902T1 5. 572118 6.321703 6.290235{4, 124712 4, 431412
4 11 80238 14 46261 14 42646 10 BY163 13 34642 5 003946 5 Z37TT18 5 10Z21581) 1 83418 Z 46215
5 10,7788 13.52838 13.51590 9.812687 12, T3361 4 553877 5.235005 G, 16344712, 150509 2, 587012
6 1218314 15.07683 15.02367 11.2473 14, 45771 6. 766493 7.070826 7.020162)4, 037951 4, 410857
T 11,4861 13 8AT25 13 89679 10 36505 13 17754 5 983936 B 054463 5 885131}3 480317 35 90076

11 85342 14.22564 14 10180 10 83402 13 67279 5. 2G32ET 565110 5 T41045{3 410818 3. 627359
9 1232045 15.56307 15.57386 11, 45299 15, 08355 7. 340536 ©.65286 5.710049)4, 650037 5, 043425
10 13.14544 16.27815 1623583 12, 18246 1557494 8305032 9.395166 9.36499816, 532654 6.8319
11 12 93146 15.TES4S 15.83081 11 05036 15 05264 T 054723 7001207 7.853362|5. 208202 55723
12 1191203 14.757T64 1460057 10,80002 13, T9559 6. 102362 5.820074 5.706302) 343431 3 831247
13 1178003 14.64973 1455512 10, 98986 13, 63461 B.517671 7.591221 7.561361)4, 651946 4, 564594
14 11 25597 13 93896 13 82795 10 24853 13 3558 B 150603 B 3733588 6 3764363 R32045 4. 174895
15 1250354 15.84379 1581673 11, 09555 15, 28273 T 450661 5.274064 5.259561) 542301 5 517044
16 1223504 14.776873 14, 71476 11, 17737 14, 01662 6. 444131 6.595T8T 6. 5793914, 312543 4, 642466
17 12 12308 1484787 14 85725 111948 14 71419 B 526495 B T42744 6 BTBTSE 4 096541 4. 494467
18 11 30259 14.58656 14 54102 10.52483 13 43511 B O5TE6E 6. 250161 6.209716)3 654288 4, 251401
19 1317586 15.95609 15.94215 12,3329 1543005 5.639234 9. 725183 9.604758) 6. 26636 6, 780149
20 11,11969 1386555 136041 10,05376 12,7017 5. BT6TS4 5.491208 5.25243{2, TT1964 3, 286502
21 0250087 1189436 1182074 T 453562 10. 41687 4 007333 3.8TT43Z 3.7O0051]2 1532382 2. 444005
22 11,33460 14. 16303 14, 12655 10, 44842 13, 30722 5, 537334 5.64405C 56056552 606652 32312
23 12,30855 15.10088 14,9511 11, 37082 14,28713 B, TE04L5 T.247408 7. 1680274 683704 5. 153612
24 1058119 13 14082 13 05825 9. 346443 12 15108 4 990433 5 391899 5 2174337 792391 3. 234355
25 1106252 1364358 13.57351 0.801111 12,64403 4, 090433 4. 820765 4, 7130382 605078 3, 172203
25 5174421 1090314 10.86636 6.453625 9. 416134 2, 079442 1. 757856 1.46375{0, 307485 0.71784
27 1190272 14 TE335 14 T8SEZ 11 0T83Z 14 17509 5 TT4552 B 4TRYST 6. 414131}5 488022 4. 092543
23 10,6073 13.5456 1334834 0 00037 12 BAOSS 4 JBPES 4. 0BT3Z 3.9885T4] 2 2805 2 SO6T4S
29 9.23459 1201708 11.90275 T.524446 10,57367 3. 256097 2.697326 . 49574]-0. 59315 0, 223144
30 9.60103 1209359 12, 09805 5.547334 11,23176 2, 533213 3.214064 3. 132010, 444688 0, 615365
31 1043980 1319748 13 10285 0.053643 11 08384 3 401197 2 07553 2. 861443{0. 928219 1 305626

Tab.2 Correlation coefficients

vl V2 v3 vd V5 x1 x2 x3 x4 x5
vl 1
y2 0.961 1
v3 0. 965 0.996 1
vd 0.992 0.96 0. 962 1
V5 0.959 0.992 0.994 0.967 1
x1 0.89 0.817 0.844 0.887 0.836 1
x2 0.808  0.766  0.801 0.823 0.8  0.957 1
x3 0.812 0.776 0.811 0.827 0.811 0.955 1 1
x4 0.8%6  0.827  0.836  0.842 0.83 0,943  0.931 0.93 1
x5 0.863 0.819 0.849 0.857 0.829 0.963 0.955 0.953 0.994 1

for S&T Activities, Total Intramural ExpenditureSull-time Equivalent of R&D Personnel Total and ffaal R&D
Expenditure. In other words, there are total fiepehdent variables (yy», Vs, Y4 ¥s) and five independent variables
(X1, X2, X3, X4, Xs) in the partial least squares regression origimadiel.

First, according to the above raw data logarithtransformation table, a correlativity matrix betweadl variables
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is obtained, as shown in Table 2. It can be semn the correlativity matrix that the correlatiorefficients between
variables are all very high; there is a strong @ation among the variables. To more intuitivelysetve the explain
role of each independent variables on the dependeiatble, the regression coefficient vedtasf four independent
variables will be plotted as the regression coigffichistogram (see Figure 1).

In the regression coefficients Histogram, the \@deax1l as the Total S&T Personnel and x4 as Fuléti
Equivalent of R&D Personnel Total have the greatagact on the dependent variable. Followed byTdtd]
Funding for S&T Activities) and x5 (Total R&D Expéditure), which impact on the dependent variablels®
very obvious. In other word, the impaction of R&[RrBonnel investment in S&T investment on high-tech
industry innovative output can not be ignored. kerrtanalyzing the Figure 1, we can find that x2dTot
Funding for S&T Activities) has the most negativapact on high-tech industry, indicating that ndt al
investment need to shift material inputs
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Fig.1 Regression coefficient histogram

R2VY R2VY{cum) Q2VY 02 limit 02VY{cum)
Cowp 1 0.71336 0.71338 0. 540875 0.05 0.6405875
Cowp 2 0.0325225 0.745583 -0.09z55z22 0.05 0.80753

Cowp 1 0.741998 0.741995 0.711421 0.05 0.711421
Cowp 2 0.0592825 0.60128 0.0229385 0.05 0.71i8041

Comp 1 0.864977 0.664977 0.544282 0.05 0.544282
Cowp 2 0.0365688 0.701546 -0.112936 0.05 0.49871

Comp 1 0.717535 0.717535 0. 804683 0.05 0.604639
Comp 2| 0.0273167 0.744551 -0.1485097 0.05 0.565158

Cowp 1 0.743834 0.743534 0.719163 0.05 0.719189
Comp 2 0.0268612 0.7708695 -0.0422475 0.05 0.707305

Cowmp 1 0.69845% 0.695459 0.624814 0.05 0.624814
Cowp 2 0.0125834 0.711043 -0.160848 0.05 0.587z35

Fig.2 PLS Calculationsresults

into Intramural Expenditures input. For many higlt enterprises, more Personnel investment thatatagput is
more meaningful and have more evident role in imorg the innovation output.

The sample data analyses are used SIMPA-P softwhieh is data analysis software operating in thaddws and
developed in 1987 by S. wold and his following ted@y a simple operation, you can get the entire Bh8lysis
process and results, which is easy to use. Fighiraee PLS calculations results. It can be seen frigare 2,
extracted a PLS components whose cross-validitiotal impact on thénigh-tech industry is 0.640875, and the
second component is -0.0928522, so the systemesitiigict one components. The explain ability ofriedel to the
high-tech industry development is 0.640875, reaghihigh accuracy.

In addition to the calculation of partial least-acgs, SIMCA-P software also provides abundant euyilanalysis

techniques to mine sample data information morepcehensively and more deeply. So next, we will ya®lthe

impaction of S&T investment on high-tech industnyvarious angles. The first is the correlation gsial between
the independent variables set X 5.[xx] and the dependent variable set Y 3..Jyys], which illustrate the

rationality of linear regression model. Here, weegihe t1/ulplanar graph (see Figure 4). In thégldeast squares
regression analysis, the composition of independariables t1 and the composition of dependentabégiul have
the characteristics of the typical ingredients sigantly, so we can use t1/ul planar graph to giseh sample point
location [t1(i), ul(i)], if the linear relationship
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between t1 and ul can be clearly observed in thedi which means that X and Y have a significamtetation

relationship. We can see in Figure 3, there isangtcorrelation relationship between the indepahsariables and
the dependent variable, in the same time, SIMC/Afvare give the correlation coefficient is 0.94248vhich

indicate that this linear regression model is reabte, the selected set of independent variabldsdapendent
variable have a significant linear relationships ttonclusion establish the theoretical foundafmmthe following

further analysis.

Followed we analyze the role of single independemtable in explaining the set of dependent vadalthat is,
whether each S&T investment variables can effelgtiegplain the high-tech industry development. Whest the
interpretation ability of single independent valésbon the sedf dependent variable, SIMCA-P software commonly
used the indicator VIP(Variable Importance in Pctifm) to measure. The formula is:

_ P~ .
VIP, = [——— S RA(Y;t,)W?
j \/ Rd(Y;tl,tz)g‘ (Yit)vh (1)

Where VIR means the projection importance index of the jidependent variables;, xp is the number of
independent variables;wis the jth component of ywwhich is used to measure the marginal contrilougbx to
structure the th component. The explain principfeth® variable projection importance Indicators Eor p
independent variables, if their role of explainivigare same, all of the VIP values are equal tothemvise, the
independent variable whose VIP value is greater thhave larger effect in explain the dependenabte. Figure 4
shows the sample VIP histogram.

As shown in Figure 4, in addition to the variablgtke Total S&T Personnel) whose variable projectimoportance
index is more than 1, the other is less than oaktpul, but not big differences between each otlubich indicate
that variable x1 has larger role in explaining tlependent variable in the model. This conclusiathér validate
the results of the previous regression coefficggaph, which shows that the contribution of Tot&TSersonnel to
high-tech industry Number of Enterprises, high-teafustry Gross Industrial Output Value at CurrBnices, the
Revenue from Principal Business, Profits and thee¥and Profits is greatest.

At last, we investigate the structural analysiscofrelation between the groups that is the effet# of a single

independent variable on a single dependent varidlble previous VIP indicator only shows the impadegiree of a
single independent variable on the set of dependariable,the following method can be visually observed the
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correlation structure of the independent variablefof each dependent variable,.YIn order to research this
correlation, SIMPA-P software provides a speciathod, which is W1*C1/W2*C2 planar graph, shown iigure
5.

Generally speaking, the closer the position ofitidependent and dependent variables, the strohgerdorrelation,
although this method is not mathematically rigordust it is an effective judging method. In the tig6, % (Total
Funding for S&T Activities) and x(Total Intramural Expenditures) is farthest aweyn the other variables, that
the Total Funding for S&T Activities and Total lamural Expenditures have not serious affect onhigh-tech
industry, more funding input will not promote thapid development of high-tech industry. There isiraportant
finding in W1*C1/W2*C2 planar graph, which is thadependent variable x4 (Full-time Equivalent of R&D
Personnel Total) has a strong correlation with edependent variable. This index is rarely mentiomedhe
previous studies, the study results in this papersthat this indicator variable can measure thpaich of S&T
investment on the development of high-tech industtpnmendably, the more the S&T Personnel input,ntioee
abundant of our high-tech industry development, dteater the likelihood of produced revenue, se thariable
indicator should be taken seriously.

CONCLUSION

According to quantitative analysis results of tidationship between S&T investment and high-teafustrial
development, it show that: the facilitation roleGifina's S&T investment on high-tech industry isensignificant,
and with the S&T investment capability strengtheniit has a strong pull function to the developmehtigh
technology industry, and this strong pull functhas a longer sustained effect.
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