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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 which promote industry development and economic growth by
technology-driven and the important position of international economic and technological competition[1]. Therefore,
developing high-tech industry has an irreplaceable role on facilitating industrial upgrading, promoting economic
restructuring, accelerating economic growth and improving labor productivity and economic efficiency. In China,
the high-tech industry is an emerging, rapidly growing industry. In the 1995 to 2006, China's high-tech industry
added value increased from 108.1 billion Yuan to 1.0056 trillion Yuan, accounting for GDP from 1.78 percent rose to
8%. In support of the local science and technology investment, High-tech companies is now becoming the subject of
basic research, an important force of applied research of high-tech cutting-edge exploration, and an important source
of technological innovation.
The level of technological development in a country or region largely determines the region's economic
development potential and overall competitiveness, and the investment scale, patterns and investment management
of government investment in science and technology plays a key role on the development of local science and
technology[2]. Science and technology investment, including local financial direct investment, local investment in R
& D institutions and enterprises as well as technology investment of local colleges and universities, science and
technology investment is not only material and funds support to the development of high-tech industry, it is also the
reflect of full emphasis on high-tech industry[3]. However, the financial S&T investment, including many aspects,
which will play a more proactive role in promoting high-tech industries development, which will have a weak
impact on the development of high-tech industry, this is new problems our each levels government need to be
addressed in the new situation. Therefore, using scientific quantitative analysis methods to study the impact of
science and technology investment on the development of high-tech industry have important theoretical significance
and practical value in government decision-making and the development of high-tech industry.
A PLS model is established in this paper to investigate the relationship of S&T investment and the development of
high-tech industry. In addition, the SIMAC-P software is used to deeply analyze the impaction of China’s S&T
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investment on high-tech industry development. The research shows that the facilitation of China’s S&T investment
to high-tech industry development is rather significant and with the strengthening of the capacity of S&T investment,
which has a continuing stimulus in high-tech industry development.
Literature Review
In the impaction study of S&T investment on high-tech industry development, Kortum S., Lerner J（2000),
Hagedoorn J., Cloodt M（2003）, Ernst H, Witt P, Brachtendorf G（2005） show that S&T investment has a huge
range of effects on industrial innovation and industrial development. Dushnitsky G., Lenox M.J（2006）
和 MacMillan
I., Roberts E., Livada V., Wang A（2008）investigate the role of venture capital on innovation and high-tech
enterprise development, venture capital can be drawn as an important factor to promote industrial innovation and
industrial development. Sahaym A., Steensma H.K., Barden J.Q（2009）using econometric models combined with
time-series and cross-sectional data, from the industrial level discuss that the R&D investment is the main reason of
impacting innovation output of high-tech industries. China scholar Gu Huisan(2004) according to the 1995 - 2001
China's economic statistics, analyze China's high-tech industry science and technology input and high-tech industry
development situation and use gray system theory to do association studies of science and technology investment
and industrial development. Lu Yongming(2008) using the DEA model to evaluate China's 17 high-tech industry
science and technology input-output efficiency from 2002 to 2006 and analyze the industries scale returns situation.
Zhao Xiuyu, Guo Chunli, Huang Shichuan (2010) using provincial panel data empirical analyzes the impact of
human capital, science and technology investment on the development of high-tech industries. Xu Li, Cui Xuling,
Zhao Jianqiang(2011) examine local government's expenses and local industry's expenses in science and technology,
as well as the data of high-tech production value. The research verifies this theoretical assumption. At present,
government investment in science and technology plays a dominant role in the growth of local high-tech industry.
Feng Feng, Zhang Leiyong, Gao Mou, Ma Lei(2011) construct two-stage S&T input-output chain model and studies
data of 29 provinces in method of series network DEA, finds that there are differences between provinces or regions,
divides all provinces into four categories, draws efficiency map of the two-stage S&T input-output chain, reveals
that increase the efficiency of 'Target Stage' can increase efficiency of the S&T input-output chain[3,4,5].
Based on the above overview, we can see that China's current research on the influence of S&T investment and
high-tech industries still has a large space, especially the quantitative analysis of related impact. In this paper, on the
basis of existing research, the impact relationship between S&T investment and high-tech industry is analyzed
quantitatively. The question that what is the key point of S&T investment and if the impact difference is existence of
S&T investment on output are also discussed.
EXPERIMENTAL SECTION
A Currently, multiple linear regression models has been widely used in many areas of research, which depend on the
variation tendency of multiple variables to explain the variables which are interested. This model method has
become a more mature theory. However, despite the multiple linear regression analysis is an effective method, but
its application must satisfy certain constraints, such as the independent variables in the set cannot exist the multiple
correlation between each other, the sample point size cannot be too small, otherwise it will lead to the model error
expansion and regression coefficient estimates changes in the sample data is very sensitive, leading to the regression
model unstable. As in the economic and social sciences, variables are often related phenomenon with each other in
varying degrees, and because of the conditional limitations, there may be the problem of sample points size
insufficient. Therefore, this article uses a new type of multivariate statistical analysis--partial least squares regression
(Partial Least Squares Regression)[7,8]. PLS method is an effective method in eliminate the multiple correlation of
independent variables. In a complex multi-variable system, the PLS method do not judge the variable accept or
reject one by one, but use the idea of information decomposition to make the information recombination of the
independent variable systems, to effectively extract the comprehensive variables which have the most explanation of
the system, excluding the information interference of overlapping information or non-interpretation meaningful
information to solve the negative effects produced by multi-variable correlation in modeling the system, so to get a
more reliable analysis results[9]. The biggest advantage of Partial Least Squares Regression model is that it solves
the variable multi-correlation in multiple regression analysis and the explanatory variables is more than sample
points and other issues.
The original theory model of partial least squares regression is as follows[10]:
There are k dependent variables y, which constitute the dependent variable set Y = [y1, ..., yk] and p independent
variables x constituting the independent variables set X = [x1, ..., xp], in order to study the statistical relationships
between dependent variable and independent variables, we observed n sample points and get the n×(p+k)
observation matrix resultant constituted by the dependent variable and the independent variables together.
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Original regression model is: Y = Xβ+ε
Where β is the p × 1 regression coefficient vector, X = [x1, ...,xp]n × p is the sample observed matrix, ε is n × 1
random error vector, Y is the n × k dependent variable matrix.
The sample data processing in this paper all use the special processing software--SIMCA-P for partial least squares
regression to complete. This software can automatically handle the main components and run the cross-validation
method internally to export a reasonable main component finally to interpret the whole model system.
Variables and data selection
In selecting the measure index, this paper chooses 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
independent variables to measure the S&T investment. In the selection of the dependent variable for the high-tech
industries, the authors use high-tech industry Number of Enterprises, Gross Industrial Output Value at Current Prices,
Revenue from Principal Business, Profits and Taxes and Profits as the dependent variable indicators. All the
variables data are selected the annual cross-sectional data of all provinces in 2008, (original data root in "Statistical
Yearbook 2009, China Science and Technology"). In order to study conveniently, considering that take the logarithm
of the sample data will not affect the variables relationship in the future, and the obtained data is easy to get
stationary series, we process the each variables data by taken logarithm.
In table 1, the first columns 1-31 sample point are obtained by using the logarithmic transformation transforming
of Chinese provinces and municipalities data, the variable y1 in the first line is the logarithm of high-tech industry
Number of Enterprises, y2 means the logarithm of high-tech industry Gross Industrial Output Value at Current Prices,
y3 accepted that the logarithm of Revenue from Principal Business, y4 means the logarithm of high-tech industry
Profits, y4 said the logarithm of Taxes and Profits; while x1, x2, x3, x4, x5respectively mean, the logarithm of the Total
S&T Personnel, Total Funding
Tab.1 Logarithmic transformation table

Tab.2 Correlation coefficients

for S&T Activities, Total Intramural Expenditures, Full-time Equivalent of R&D Personnel Total and the Total R&D
Expenditure. In other words, there are total five dependent variables (y1, y2, y3, y4, y5) and five independent variables
(x1, x2, x3, x4, x5) in the partial least squares regression original model.
First, according to the above raw data logarithmic transformation table, a correlativity matrix between all variables
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is obtained, as shown in Table 2. It can be seen from the correlativity matrix that the correlation coefficients between
variables are all very high; there is a strong correlation among the variables. To more intuitively observe the explain
role of each independent variables on the dependent variable, the regression coefficient vector β of four independent
variables will be plotted as the regression coefficient histogram (see Figure 1).

In the regression coefficients Histogram, the variable x1 as the Total S&T Personnel and x4 as Full-time
Equivalent of R&D Personnel Total have the greatest impact on the dependent variable. Followed by x2 (Total
Funding for S&T Activities) and x5 (Total R&D Expenditure), which impact on the dependent variable is also
very obvious. In other word, the impaction of R&D Personnel investment in S&T investment on high-tech
industry innovative output can not be ignored. Further analyzing the Figure 1, we can find that x2(Total
Funding for S&T Activities) has the most negative impact on high-tech industry, indicating that not all
investment need to shift material inputs

Fig.1 Regression coefficient histogram

Fig.2 PLS Calculations results

into Intramural Expenditures input. For many high-tech enterprises, more Personnel investment than capital input is
more meaningful and have more evident role in improving the innovation output.
The sample data analyses are used SIMPA-P software, which is data analysis software operating in the Windows and
developed in 1987 by S. wold and his following team. By a simple operation, you can get the entire PLS analysis
process and results, which is easy to use. Figures 2 are PLS calculations results. It can be seen from Figure 2,
extracted a PLS components whose cross-validity of total impact on the high-tech industry is 0.640875, and the
second component is -0.0928522, so the system only extract one components. The explain ability of the model to the
high-tech industry development is 0.640875, reaching a high accuracy.
In addition to the calculation of partial least-squares, SIMCA-P software also provides abundant auxiliary analysis
techniques to mine sample data information more comprehensively and more deeply. So next, we will analyze the
impaction of S&T investment on high-tech industry in various angles. The first is the correlation analysis between
the independent variables set X = [x1... x5] and the dependent variable set Y = [y1... y5], which illustrate the
rationality of linear regression model. Here, we give the t1/u1planar graph (see Figure 4). In the partial least squares
regression analysis, the composition of independent variables t1 and the composition of dependent variable u1 have
the characteristics of the typical ingredients significantly, so we can use t1/u1 planar graph to give each sample point
location [t1(i), u1(i)], if the linear relationship
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Fig.3 t1/u1Planar graph

Fig.4 VIP histogram

Fig.5 W1*C1/W2*C2 figure

between t1 and u1 can be clearly observed in the figure, which means that X and Y have a significant correlation
relationship. We can see in Figure 3, there is a strong correlation relationship between the independent variables and
the dependent variable, in the same time, SIMCA-P software give the correlation coefficient is 0.943482, which
indicate that this linear regression model is reasonable, the selected set of independent variables and dependent
variable have a significant linear relationship, this conclusion establish the theoretical foundation for the following
further analysis.
Followed we analyze the role of single independent variable in explaining the set of dependent variable, that is,
whether each S&T investment variables can effectively explain the high-tech industry development. When test the
interpretation ability of single independent variables on the set of dependent variable, SIMCA-P software commonly
used the indicator VIP(Variable Importance in Projection) to measure. The formula is:

VIPj =

2
p
Rd (Y ; t1 ) whj2
∑
Rd (Y ; t1 , t2 ) h =1

(1)

Where VIPj means the projection importance index of the jth independent variables xj, p is the number of
independent variables; whj is the jth component of wh, which is used to measure the marginal contribution of xj to
structure the th component. The explain principle of the variable projection importance Indicators is: For p
independent variables, if their role of explaining Y are same, all of the VIP values are equal to 1; otherwise, the
independent variable whose VIP value is greater than 1 have larger effect in explain the dependent variable. Figure 4
shows the sample VIP histogram.
As shown in Figure 4, in addition to the variable x1 (the Total S&T Personnel) whose variable projection importance
index is more than 1, the other is less than or equal to 1, but not big differences between each other, which indicate
that variable x1 has larger role in explaining the dependent variable in the model. This conclusion further validate
the results of the previous regression coefficient graph, which shows that the contribution of Total S&T Personnel to
high-tech industry Number of Enterprises, high-tech industry Gross Industrial Output Value at Current Prices, the
Revenue from Principal Business, Profits and the Taxes and Profits is greatest.
At last, we investigate the structural analysis of correlation between the groups that is the effect role of a single
independent variable on a single dependent variable. The previous VIP indicator only shows the impact degree of a
single independent variable on the set of dependent variable, the following method can be visually observed the
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correlation structure of the independent variable Xi for each dependent variable Yk. In order to research this
correlation, SIMPA-P software provides a special method, which is W1*C1/W2*C2 planar graph, shown in Figure
5.
Generally speaking, the closer the position of the independent and dependent variables, the stronger their correlation,
although this method is not mathematically rigorous, but it is an effective judging method. In the Figure6, x2 (Total
Funding for S&T Activities) and x3 (Total Intramural Expenditures) is farthest away from the other variables, that
the Total Funding for S&T Activities and Total Intramural Expenditures have not serious affect on the high-tech
industry, more funding input will not promote the rapid development of high-tech industry. There is an important
finding in W1*C1/W2*C2 planar graph, which is the independent variable x4 (Full-time Equivalent of R&D
Personnel Total) has a strong correlation with each dependent variable. This index is rarely mentioned in the
previous studies, the study results in this paper show that this indicator variable can measure the impact of S&T
investment on the development of high-tech industry commendably, the more the S&T Personnel input, the more
abundant of our high-tech industry development, the greater the likelihood of produced revenue, so this variable
indicator should be taken seriously.
CONCLUSION
According to quantitative analysis results of the relationship between S&T investment and high-tech industrial
development, it show that: the facilitation role of China's S&T investment on high-tech industry is more significant,
and with the S&T investment capability strengthening, it has a strong pull function to the development of high
technology industry, and this strong pull function has a longer sustained effect.
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