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Abstract

Based on panel data from 2000 to 2012, quantitative analysis was conducted on the relationship
between intellectual property protection and China’s high-technology industry innovation. Results
indicate that the intensity of intellectual property protection in China increases year by year and
has a positive effect on the industrial knowledge base of the high-tech industry in China. The in-
dustrial knowledge base of each sub-industry in the high-tech industry of China has positive ef-
fects on owning inventive patents (OIP) and sales revenue of new products (SRNP). However, but
stringent intellectual property protection has a certain inhibitory effect on OIP and SRNP for the
manufacture of medicines, manufacture of medical equipment and measuring instruments, and man-
ufacture of electronic and communication equipment. Moreover, stringent intellectual property
protection has negative effects on OIP of all five sub-industries of the high-tech industry in China.
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1. Introduction

Innovation in high-technology industry requires an intellectual property system that has a guarantee. Since the
promulgation of the patent law in 1982, the intellectual property system in China developed rapidly. China has
successfully established the intellectual property management system and operation mechanism that are consis-
tent with the international standards and the actual situation in China. Moreover, the agreement on Trade-related
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Aspects of Intellectual Property Right, which was promulgated by the World Trade Organization in 1994, inti-
mately linked intellectual property rights (IPR) to economics and trade. The agreement also enhanced the global
scope of intellectual property protection [1]. Intellectual property protection (IPP) is an important motivation
that promotes the development of national science and technology innovation [2].

Given the important role of IPR in promoting technological change and economic growth, improving the in-
tensity of IPP becomes imperative [3]. However, IPP is a “double-edged sword” for the technological innovation
of China in an open economy. Although IPP would promote the independent innovation of the industry, imitat-
ing the advanced technology in other countries to serve as the innovation subjects of China is suppressed.

High-tech industry innovation and development in China is crucial for economic development. How should
the relationship between intellectual property protection and high-tech industry innovation in China be correctly
understood? How does IPP affect the industrial knowledge base for high-tech industry innovation? If these
questions can be answered, then the intellectual property system in China could improve and enable the formu-
lation of an effective high-tech industry policy.

2. Literature Review
2.1. Intellectual Property Protection

Determining the intensity of IPP is a prerequisite in studying the influence of IPP on others. Ferrantino [4]
measured each protection index in the patent law by using dummy variables. Mansfield [5] and Sherwood [6]
rated the intensity of IPP based on self-evaluation questionnaires administered to professional managers and pa-
tent lawyers. Using intellectual property legislation text, Ginarte and Park [7] refined the evaluation criteria of
patent protection by classifying the indices of patent protection into coverage area of protection, including
membership in the international treaty, loss of protection, law enforcement measures, and length of protection.
Han and Li [8] modified the Ginarte-Park method and evaluated the level of IPP in China from 1984 to 2002.
Xu and Chen [9] constructed the index system of the intensity of IPP based on the indices of the intensities of
the legislation and law enforcement, such as judicial protection, administrative protection, economic develop-
ment, social public awareness, and international supervision. Shen and Liu [10] analyzed the actual strength of
IPP in China from the aspects of economic development, rule of law, and implementing law, and then proposed
a modified approach to measure IPP 1995 to 2007. Hong and Wu [11] pointed out that the match between the
present level of IPP and the reality in one industry (including development phase, technological level, market
structure, and characteristic of innovation) should be evaluated using the comparative appraisal method, and
then the basic model of the comparative appraisal method and process should be investigated.

2.2. Intellectual Property Protection and Innovation

IPP aims to encourage technology innovation and technology diffusion by protecting the interests of creators
using appropriate policies. Whether IPP has an important role in promoting technological innovation, some stu-
dies concluded that enhancing IPP can effectively improve innovation output [12]. According to Maskus [1], the
relationship between IPP and technological innovation is non-linear and technological innovation is not en-
hanced by improved IPP. Primo [13] suggested that a U-shaped nonlinear relationship exists between IPP and
regional innovation capability. By using the panel data, Schneider [14] suggested that IPP has a positive effect
on the domestic innovation in developed countries and might even negatively affect the innovation in develop-
ing countries. Chen and Puttitanun [15] concluded that innovation in a developing country increases with IPP,
and the optimal IPP of a country depends on its economic development level (or technological ability) in a
U-shaped way, first decreasing and then increasing. However, the relationship between IPP and innovation can
be an inverted U shape without considering the scale effect [16].

He and Yu [17] studied the relationship between IPP policy and technological innovation from the perspective
of technical structure variables, and considered distinguishing the different structure of each industry, which in-
cludes the technological gap from developed countries and technological deviation within the industry, will be-
come the basis for IPP policy making. The studies on the effects of IPP on the innovation of high-tech industries
in China have some differences. One study found a strong relationship between innovation and IPP [18], and
another found that IPP significantly promoted the technological innovation inputs and outputs of the high-tech
industry in the country [19]. Gu and Zhai [20] indicated the inverse U-shaped relationship between IPP and in-
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novation rate, and observed that enhancing IPP increased the innovation rate when IPP was liberal. However, a
further increase in stringent IPP can be harmful for the innovation rate. Dong and Sun [21] emphasized that the
correlation between IPP and industrial innovation is unnecessary, depending on the level of industrial develop-
ment and technology. Some studies also investigated the effect of IPP on the competitiveness of the high-tech
industry in China [22] and on the import trade of high-tech products in China [23] [24].

2.3. Regional Innovation, Industrial Knowledge Base, and Innovation

Cooke [25] proposed the regional innovation system (RIS) and considered it as a system composed of enterpris-
es, research institutions, educational institutions, and other private or public innovation subjects to support the
innovation. Smith [26] first proposed the concept of distributed knowledge bases and explained the relationship
between the knowledge base and innovation. The effects of firm knowledge base [27], industrial knowledge
base [26], and economic knowledge base [28] on innovation have been explored. Research on regional innova-
tion system has extended to the industry and knowledge levels. Industrial knowledge base is most closely asso-
ciated with innovation at the industrial level, and different industrial developments and innovations require dif-
ferent knowledge bases [29]. However, compensating for the lack of basic research on the measurement of in-
dustry knowledge base is also necessary [30]. Wang, Song, and Song [31] pointed out the close connection be-
tween several metrics of industry knowledge base and innovation output in the high-tech industry.

In summary, prior studies discussed the concept or implication of IPP and innovation. They also developed
the method to measure the levels of IPP and high-tech industry innovation, and conducted beneficial exploration
to study the influence of IPP on high-tech industry innovation.

This paper studies the influence of IPP on high-tech industry innovation from the perspective of industry level,
and an index system to estimate the level of IPP based on the theory of industrial knowledge base is developed.
Then, quantification analysis of the relationship between IPP and high-tech industry innovation in China is con-
ducted. The results showed that the intensity of IPP in China increased year by year, promoting the industry
knowledge base of its high-tech industry innovation. Although stringent IPP had a restraining effect on owning
invention patent (OIP) and sales revenue of new products (SRNP) of the high-tech industry in China, most of the
indices of industrial knowledge base for the high-tech industry innovation increased and promoted the invest-
ment of expenditure on new product development, intramural expenditure on R&D, and expenditure for assimi-
lation of technology in the high-tech industry.

According to the classification of China Statistics Yearbook, the high-tech industry in China has five typical
sub-industries, namely, manufacture of medicines (MM); manufacture of aircraft, spacecraft, and related equip-
ment (MASRE); manufacture of electronic and communication equipment (MECE); manufacture of computers
and office equipment (MCOE); and manufacture of medical equipment and measuring instruments (MMEMI).
In general, the industrial knowledge base of all five high-tech sub-industries has a positive effect on OIP and
SRNP. However, a significant difference exists between the sub-industries. Enhanced IPP has an inhibitory ef-
fect on OIP and SRNP for MM, MMEMI, and MECE. Moreover, enhanced IPP has a negative effect on all five
sub-industries. By contrast, enhanced IPP stimulates SRNP for MCOE and MASRE. Therefore, further analyz-
ing the reason why IPP has varying effects on the industrial knowledge base of each sub-industry is necessary.

3. Model and Variable Design

IPP affects both innovation input and output. The innovation input index is related to the process of technologi-
cal development, whereas the innovation index is related to the process of transforming technological achieve-
ment. In general, technological innovation output has two aspects, namely, patent and non-patent. To gain a
comprehensive understanding of the influence of the industrial knowledge base on high-tech industry innovation
in China, this study measured the innovation from two aspects, namely, OIP and SRNP.

In general, R&D production function can be expressed as [32] [33]

I, =A, xSE, xa, xSP,, Q)
where subscripts i and t denote industry and time period, respectively; I, SE, and SP represent the innovation
output, R&D capital, and human capital of domestic enterprises; and A represents other factors that may affect

the innovation output. Innovation has two stages, and the corresponding innovation outputs are OIP and SRNP.
According to the preceding and other related research [34], A can be further defined as
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A, = 2ef (X)+e&,. @

where f(x) = ayIn IPP it.

In this study, R&D expenditure (SE) includes two aspects of absolute input (intramural expenditure on R&D)
and relative input (expenditure on new product development and expenditure for acquisition of foreign technol-
ogy). Considering the convenience of data acquisition, this study introduced six indices of industry knowledge
base, such as expenditure on new product development, and then applied the following models:

InOIP, = a, +In(IPP). +a,In(ENDP). +a,In(RDPF) +a,In(ERDI), +aIn(CRDN), 5
Jrocsln(DAF)it +oc7ln(ITF)it ©
INSRNP, = ¢, +ozlln(|PP)it +ozzln(ENDP)it +oc3ln(RDPF)it +054In(ERDI)it +055In(CRDN)it .
+a,In (DAF), +a,In(ITF), @

Generally, the ratio of scientists and engineers (RSE) was used to measure the level of human capital on en-
terprise innovation investment. Considering the convenience of data acquisition, this study used full-time equiv-
alent of R&D personnel (RDPF) instead of RSE to measure the human capital investment within the regional
high-tech industry. CRDN is the number of R&D institutions in companies, and they are the innovation subjects
in RIS to improve the independent innovation ability, develop cooperation, and provide technical support to up-
grade the enterprise products and large-scale production. ERDI represents intramural expenditure on R&D, and
measures the size of the material capital investment on industry knowledge creation. ENDP represents the ex-
penditure on new product development because it is the key content of firm R&D, as well as one of the strate-
gies that determine the development and survival of enterprises. The size of ENDP of the overall high-tech in-
dustry reflects the input and capability the entire industry in new product development. The size of the expendi-
ture for assimilation of technology (DAF) and expenditure for acquisition of foreign technology (ITF) reflect the
ability to learn and absorb the industry knowledge base.

Most current empirical studies on IPP adopted Rapp, Rozek 2, and G-P methods to measure the level of IPP.
Given that different countries have different judicial systems, which would affect the law enforcement level of
IPP, the IPP level calculated using the aforementioned methods may not be consistent with the actual IPP level.
To accurately measure the IPP level of China in the transformation period, Han and Li (2005) proposed a mod-
ified method based on the G-P method. However, Shen and Yao (2010) modified the method of Han and Li
(2005) by introducing three indices at the level of economic development, rule of law, and law enforcement of
intellectual property, and then measured the actual intensity of IPP in China from 1995 to 2007. This study
adopted the method of Shen and Yao (2010) to measure the actual intensity of IPP in China from 2008 to 2012.
The results showed that the intensity of IPP in China increased year by year.

This study adopted the panel data because of the brevity of the official statistical data on the high-tech indus-
try of China and to ensure the quality of the samples given that this method could increase the amount of data
estimation and degree of freedom while the multi-colinearity of the explanatory variables is reduced. We col-
lected the data from China Statistical Yearbook on Science and Technology, China Statistics Yearbook on High
Technology Industry, and China Statistical Yearbook, and used EVIEWS6.0 software to analyze them.

4. Empirical Analysis
4.1. Stationary Test, Fixed Effect Model Test, and Random Effect Model Test

This paper adopted Dickey-Fuller’s ADF method to conduct a stationary test on the data series. After the statio-
nary test on the indices of LNOIP, INSRNP, LNIPR2, LNENDP, and their first-order differences, the time series
of LNOIP, INSRNP, LNIPR2, and LNENDP were non-stationary because their ADF values were all larger than
the critical value of 1. However, the ADF values of their first-order differences were lower than the critical val-
ue of 1. Thus, the hypothesis was accepted and all were integrated to 1. In general, fixed effect and random ef-
fect models were mainly considered to conduct panel data analysis. We used Hausman test to determine whether
the model is a fixed effect model or a random effect model, and the result indicated that it was the former. Fol-
lowing the five sub-industry models, adjusted R-squared and F-statistics values were supported, and all model

variables explained the dependent variable.
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4.2. Results and Analysis

4.2.1. Results of Industry Analysis

Table 1 shows a reverse relationship between IPP and OIP because their coefficient of elasticity was negative
(the value was —1.639977) from 2000 to 2012. However, the intensity of IPP in China increased year by year;
indicating that enhanced IPP has a certain inhibitory effect on OIP in the high-tech industry. However, all coef-
ficients of elasticity between each index of industrial knowledge base and IPP were positive except for CRDN,
indicating that an enhanced IPP has a positive effect on the industrial knowledge base in the high-tech industry
of China, particularly for the indices of ERDI and ENDP from the perspective of OIP.

The coefficient of elasticity between IPP and SRNP was also negative from 2000 to 2012, indicating that en-
hanced IPP has a certain inhibitory effect on SRNP of the high-tech industry in China during the same period.
Meanwhile, RDPF, CRDN, and ITF also had an inhibitory effect on SRNP because their coefficients of elastici-
ty were all negative. However, the other three indices of industrial knowledge base, namely, ENDP, ERDI, and
DAF, had positive effects on SRNP because their coefficients of elasticity were all positive. The results indi-
cated that, from the SRNP perspective, an enhanced IPP not only had stimulative but also inhibitory effects on
the industrial knowledge base of the innovation in the high-tech industry in China.

From the perspective of the single index of industrial knowledge base, an enhanced IPP would promote
ENDP, ERDI, and DAF of the high-tech industry in China, but had an obvious inhibitory effect on CRDN. En-
hanced IPP also had a different effect on ITF and RDPF. The result revealed that the improvement in the indus-
trial knowledge base of the innovation in the high-tech industry of China mainly depended on the input of all
aspects of funds, with a slight change on the enhancement of aspects of CRDN, ITF, and RDFF.

4.2.2. Results of Sub-Industry Analysis

Table 2 shows that enhanced IPP has a certain inhibitory effect on OIP and SRNP of MM, MMEMI, and MECE
because all their coefficients of elasticity were negative. A certain difference was observed among these three
sub-industries from the perspective of each index of industrial knowledge base. For MM, the coefficients of
elasticity of RDFF and CRDN were negative, indicating that enhanced IPP had a considerably negative effect on
MM. However, the coefficients of elasticity of ENDP and ITF were positive, indicating that an enhanced IPP
improved the input of knowledge base of MM. Simultaneously, the coefficients of elasticity of expenditure for
ITF and ERDI were also positive from the SRNP perspective.

For MECE, the coefficients of elasticity between IPP and all indices of industrial knowledge base (except for
ENDP and ITF) were positive, indicating that enhanced IPP promoted the industrial knowledge base for the in-
novation of MECE. In other words, enhanced IPP had a positive effect on the industrial knowledge base for the
innovation of MECE.

For MMEMI, the coefficients of elasticity between IPP and all indices of industrial knowledge base (except

Table 1. Relationship among OIP, SRNP, and industrial knowledge base of the high-tech industry.

Dependent variable LNOIP LNSRNP
Variable Coefficient t-statistic Coefficient t-statistic
LNIPR -1.639977 —1.452955 —0.726608 —1.831429
LNENDP 0.290758 0.396687 0.454869 1.765541
LNRDPF 0.307398 0.388767 —0.455254 -1.638013
LNERDI 1.490222 1.919882 0.943615 3.458546
LNCRDN —0.070365 —0.244747 —0.153275 —1.516724
LNDAF 0.020308 0.052284 0.149423 1.094444
LNITF 0.036694 0.179483 -0.03183 —0.442937
C —19.99737 -3.13873 2.749924 1.227939

Adjusted R-squared 0.98618 0.993257

F-statistic 123.3293 253.5035
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RDFF) were posited from the SRNP perspective, and the coefficients of elasticity between PP and all indices of
industrial knowledge base (except ENDP and ITF) were positive from the OIP perspective. The result indicated
that enhanced IPP had a positive effect on the industrial knowledge base for the innovation in MMEMI.

For MASRE and MCOE, enhanced IPP had a certain inhibitory effect on OIP, but considerably stimulated
SRNP. From the perspective of each index of the industrial knowledge base, the coefficients of elasticity of
ENDP for MASRE were positive, indicating that IPP improved ENDP in MASRE. The coefficients of elasticity
of other indices were both positive and negative, but from an overall perspective, enhanced IPP had a positive
effect on the industrial knowledge base for the technical innovation of MASRE. For MCOE, the coefficients of
elasticity of most of the indices related to the industrial knowledge base, such as ENDP, were positive, indicat-
ing that enhanced IPP improved the industrial knowledge base for the technical innovation of MCOE. In other
words, enhanced IPP had a positive effect on the industrial knowledge base for the technical innovation of
MCOE.

In summary, enhanced IPP had different effects on different sub-industries. For MASRE and MCOE, IPP had
a role in promoting SRNP, as well as a positive effect on each index of the industrial knowledge base (shows by
Table 3). Although IPP has a certain inhibitory effect on SRNP for MMEMI and MECE, enhanced IPP

Table 2. Relationship between OIP and industrial knowledge base for each sub-industry in the high-tech industry of China.

Variable Coefficient t-statistic Coefficient t-statistic Coefficient  t-statistic ~ Coefficient t-statistic Coefficient t-statistic
LNIPR -0.436668 —0.531385 —1.402959 -1.012146 -0.596016 -0.488667 —5.469836 -2.110678 —5.469836 —0.488667
LNENDP 2.425418 1.651028 0.451385 0.455703 -1.304739 —1.955068 4.346661 2.129666 4.346661 —1.955068
LNRDPF -0.757711 —-1.160224 0.554234 0.700987 2.132319 2.301485 0.165736  0.206103 0.165736 2.301485
LNERDI -0.309055 —0.285986 0.780284 0.737328 1.378107 1.894607 —2.021787 —1.708908 —2.021787 1.894607
LNCRDN -0.119987 —0.318852 —0.101296 -0.068590 0.277573  0.795790  0.411778 0.800362 0.411778 0.795790
LNDAF 0.150194 0.468372 —0.253116 -0.697919 -0.414867 —1.173188 0.107653 0.393186 0.107653 -1.173188

LNITF —0.467863 —0.794236 0.042432 0.236226 0.218117 1.328461 0.085024 0.571982 0.085024 1.328461

C  -8199777 -3.008241 -11.48383 -1.393315 -15.08642 —2.539917 -—23.90648 -2.753639 —23.90648 —2.539917
Adjusted 0.984115 0.889620 0.984968 0.948320 0.959855
R-squared
F-statistic 107.2060 14.81648 113.3283 32.45678 32.45678

Table 3. Relationship between SRNP and industrial knowledge base for each sub-industry in the high-tech industry in China.

Variable  Coefficient t-statistic Coefficient t-statistic Coefficient t-statistic Coefficient t-statistic Coefficient t-statistic

LNIPR —0.663490 —1.518931 1.326115 1.895149 —0.727092 -1.071142 0.625243 0.447652 —0.394386 -0.701595
LNENDP  0.131091 0.167875 1.408985 2.817763 —0.152430 —0.410404 0.161492 0.146809 0.002419 0.007627
LNRDPF  —0.282060 —0.812502 -0.096032 —0.240601 0.274288 0.531944 0.136270 0.314421 -0.129045 —0.235786
LNERDI 1.124981 1.958385 -0.818261 —1.531665 0.790500 1.952724 0.468967 0.735476 0.937215 2.165197
LNCRDN -0.119613 -0.597967 0.478971 0.642451 0.099690 0.513540 -0.102371 -0.369184 0.022252 0.092684
LNDAF 0.207147 1.215236 0.172818 0.943924 0.255867 1.300095 —0.145996 —0.989360 0.029374 0.539623

LNITF 0.136873 0.437113 —0.228792 —2.523141 0.009816 0.107420 0.142726 1.781508 0.072296 0.831573

c ~0.078832 —0.054407 4.423892 1.063239 1722970 0521211 7.297804 1559649 3.919196 2.477139
Adjusted 0.991511 0.926592 0.974955 0.926623 0.992191
R-squared
F-statistic 201.2204 22.63846 67.73264 22.64857 218.816

()
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improved most of the index of the industrial knowledge base for industry innovation. However, IPP has rela-
tively slight promotion for MM.

5. Conclusions and Suggestions

As IPP in China increased year by year, most of the indices of the industrial knowledge base for high-tech in-
dustry innovation were promoted. Enhanced IPP boosted the growth in ENDP, ERDI, and DAF in the high-tech
industry, although it restrained the growth of OIP and SRNP.

The industrial knowledge base has a positive effect on OIP and SRNP in each sub-industry of the high-tech
industry because most of their coefficients of elasticity were positive. Therefore, an enhanced IPP would im-
prove the level of industrial knowledge base and be propitious to the high-tech industry innovation.

From the perspective of sub-industry, enhanced IPP has a certain inhibitory effect on OIP and SRNP for MM,
MMEMI, and MECE, but stimulated SRNP for MCOE and MASRE. However, enhanced IPP has a negative ef-
fect on OIP for all five sub-industries. Further analyzing the reason why IPP has a different effect on the indus-
trial knowledge base of each sub-industry is necessary.

Therefore, protecting IPR should be consistent with the characteristics and current situation of the develop-
ment of the high-tech industry in China. The direction for IPP strategy should have a clear focus that considers
the characteristics and current situation of the high-tech industry in China. To improve the ability for indepen-
dent innovation in the high-tech industry, R&D talents, as well as intellectual property talents should be en-
hanced and cultivated. More R&D institutions within enterprises should be developed to guide the enterprises to
innovate. Finally, the investment in DAF or cross-border acquisitions should be increased.
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