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Abstract

The objective of this paper is to investigate the innovative performance of China’s NIS in
international comparison and the capacity of China’s NIS in creating indigenous innovation.
We provide insights drawing upon patent data and using patent families to determine the va-
lue of the underlying invention. For the timeframe we studied, China’s comparative advantage
exists in the creation of low value innovative performance, albeit increasingly in huge quanti-
ties. Constantly rising volumes of patent applications mirror both, the improved protection of
intellectual property rights and increasing capacity for inventiveness. Supplemented by the
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by more R&D-intense FDI. Foreign firms’ innovative performance associated with higher
economic value is particularly strong..
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The Innovative Performance of China’s National Innovation System

1 Introduction

Innovation is a crucial factor for economic growth (Sena 2004). The national innovation Sys-
tem (NIS), the system in which, first, knowledge is created and transferred and, second, in-
vention and innovation occurs is central to the economic growth of countries and regions
(Greenhalgh/Rogers 2010; Lundval et al. 2009). China’s government is highly concerned with
increasing the country’s innovativeness and transforming China into an innovative nation by
2020 and, furthermore, a world leader in science and technology by 2050 (Serger/Breidne
2007). Consequently, the current Medium- and Long-term National Plan for Science and
Technology Development 2006-2020 (STDP) identifies the creation of endogenous innovati-
on as imperative to advance China’s NIS and thus secure the country’s future economic
growth (STDP 2006). However, China’s NIS originates from an underdeveloped top-down,
centralized, and state-run system (Rowen 2008).

Our empirical work attempts to answer the following two main research questions: how is the
innovative performance of China’s NIS in an international comparison? Who contributes to
the innovative performance within China’s NIS? We seek to answer these questions by rely-
ing on patent data. We employ triadic patent families to capture economically important in-
ventions, to discriminate between mere numerous low-quality patents and fewer high-quality
patents (OECD 2009; OECD 2004). To the best of our knowledge, there is no study applying
this methodology in order to assess the innovative performance of China’s NIS although pa-
tent data allow for both a high objectivity and a high level of detail of our results and also
enhance the comparability with other studies.

The remainder of this paper is organized as follows: in the next section we survey the literatu-
re on NIS and provide a linkage to innovative performance measurable by patent data. Section
3 examines the origins of China’s NIS in the command economy and the later amendments
during the transformation economy. In Section 4, we describe the methodology and also pre-
sent our results. In particular, we analyze the innovative performance of China’s NIS in com-
parison to the technologically advanced countries Germany and the United States at the
country level. Further, we assess the contributions of different kinds of local and foreign key
organizations to the overall performance of China’s NIS. Finally, Section 5 contains the dis-
cussion of results and further sets out implications for both practitioners and researchers re-
garding the policy measures advocated in the STDP.
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2 Linking National Innovation Systems and Innovative Performance

Freeman is widely regarded as having established the foundations of the concept of national
innovation systems (NIS) (Lundvall 2010; Balzat 2006). Freeman and his early followers took
Friedrich List as a central point of reference and integrated contributions by Smith, Marx,
Marshall, Schumpeter, and Arrow (Lundvall 2010; Lundvall et al. 2002). Edquist (2005) criti-
cized the resulting concept for being a diffuse instead of a systematic framework, also lacking
theoretical foundation. In contrast, Lundvall et al. (2009) stress the theoretical elements of
evolutionary economics. Finally, the NIS concept has been adopted by researchers and increa-
singly integrated different strains of economics of growth, industrial organization, the theory
of the firm, and regional economics leading it to rapidly disseminate through the economics of
innovation literature and gaining an important position in modern economic theory of innova-
tion (Antonelli et al. 2006; Balzat 2006; Liu/White 2001).

More recently, the NIS concept has been applied to map characteristics and differences in the
structure of developing countries (Altenburg 2009; Joseph 2009; Padilla-Perez et al. 2009)
and encounters special application in the analysis of Asian economies (Liu/Lundin 2009; Liu
2009; Jakobson 2007; Chen/Shih, 2005). This can be linked to the idea that institutions are
more important in the changing economic environment of developing countries than in deve-
loped countries (Lundvall et al. 2002). Based on this approach, in an early but influential pa-
per Liu and White (2001) developed a generic framework for the analysis of China’s NIS.
More recently a number of quantitative studies have been added to the literature, using patent
data to measure different aspects of China’s NIS (Hu 2010; Hu/Jefferson 2009; Hu/Mathews
2008).

A current definition reflects on a NIS as “an open, evolving and complex system that encom-
passes relationships within and between organizations, institutions and socio-economic struc-
tures which determine the rate and direction of innovation and competence-building emana-
ting from processes of science-based and experience-based learning.” (Lundvall et al. 2009).
Consequently, the NIS framework allows for the analysis of innovation at the national level,
explores the contributions of various organizations embedded in the institutional and socio-
economic environment, and ultimately offers a concept for interpreting “innovative perfor-
mance” of the organizations as a result of the overall NIS’ capacity (Balzat 2006).

The term “innovative performance” is subsequently used synonymously with all activities that
contribute to measurable outputs of technological innovations within a NIS. This paper mea-
sures the innovative performance of China’s NIS by the patenting behavior of “key organiza-
tions”. The term encompasses all relevant entities within China’s NIS such as firms, universi-
ties, and research institutes (Liu/White 2001) that create innovative performance materializing
in patent statistics. The innovative performance of the key organizations mirrors the pre-
conditions for innovative output provided by the institutional and socio-economic structures
of the NIS at large (Lundvall 2009). Based on this concept, the overall innovation capacity of
the NIS is condensed into the innovative performance of the key organizations and subse-
quently measured by the volume and value of patent applications. This approach is similar to,
for example, a company having various business units in diverse areas where its performance
on the aggregated level can be measured in performance indicators such as revenue, profit, or
return on investment. Given such a methodology for a NIS, patent applications offer informa-
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tion about the innovation capacity of the NIS at any given point in time. Obviously, with pa-
tent applications the market success of the protected inventions is not measured. Nonetheless,
they constitute decisive preconditions for potential innovations, later product development,
and market diffusion and, thus, resemble a unique indicator for the full breadth of key organi-
zations in a NIS. In the following, we present the key organizations and the patent system as
the determining factors for translating the NIS capacity into measurable innovative perfor-
mance.

In the NIS of a market-driven economy, profit incentives determine the creation of new tech-
nologies by multiple, independent, and generally rivalrous organizations which rely on ex post
market demand to select the most promising inventions, spur diffusion, and finally cause in-
novation (Nelson 1988). In this setting, competition is not solely determined by prices, but by
quality or efficiency and enhanced by the diversity of new products or processes (Schumpeter
1993). Most key organizations, in particular firms, are engaged in a general process of
Schumpeterian competition. Altogether, five Schumpeterian strategies exist: pioneers, adapti-
onists, complementors, imitators and mixed strategies. Firms and other organizations face
difficulties in changing their strategies because of path-dependency and bounded rationality
(Lundvall et al. 2002). This translates into only slowly changing strategies in a population of
firms and consequently into a NIS exhibiting a rather high degree of inertia. Therefore, the
direction of change is determined by the original composition of the population. For example,
pioneers would perform strongly in a population of complementors, while they would per-
form badly in a population of many imitators, and worst in a population dominated by other
pioneers. What becomes obvious is the importance of a well-balanced population of firms in
which the strategies of firms correspond to each other in the context of the overarching sys-
tem.

While pioneers play a more important role in increasing the rate of innovation by radical in-
novations, the remaining strategies are more important for the diffusion and further exploitati-
on of knowledge. This is also an integral part of a NIS and, thus, linked to the “absorptive
capacity” of key organizations within the NIS. The term specifies the capacity of organizati-
ons to internalize new knowledge, generated inside or outside the system (Todorova/Durisin
2007; Zarah/George, 2002; Cohen/Levinthal 1990). Absorptive capacity is of high relevance
for the innovative performance of a nationally closed NIS, but is even more important in the
context of an open NIS in which new knowledge is channeled into the system by foreign or-
ganizations, for example MNCs.

MNCs, defined as firms with operations in more than one country and hereafter synonymous-
ly used with the term “foreign firms”, can contribute significantly to the infusion of knowled-
ge and other resources into the NIS of a host country (Marin/Arza 2009). Given the necessary
condition that the host country is open and receptive to knowledge and technologies created
abroad, the subsidiaries of foreign firms offer a potential mechanism of international invol-
vement that enables the host country’s NIS to get more direct access to existing technological
competences originated outside the system (Chesnais 1988). Further, the host country’s NIS
can become part of the international processes of knowledge creation and diffusion, with the
foreign firm as the intermediary between the NIS and a global knowledge network (Ma-
rin/Arza 2009).

By definition, MNCs are technologically superior to domestic firms of developing countries
because of their potential to develop, accumulate, and take advantage of a unique set of tech-
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nological and intellectual assets (Marin/Arza 2009). Consequently, in terms of the Schumpe-
terian strategies, we label foreign firms as “pioneers”. In terms of the NIS concept, the most
valuable resources for innovative performance are marked by scarcity in the endowment of
the host system. MNCs can substitute scarcity in one host system by tapping into other NIS
where the particular resource is more abound. Thus, foreign firms are capable of compiling a
superior mix of resources and are more likely to introduce radical innovations than domestic
firms of a developing country. Given an adequate level of absorptive capacity within the host
system, the technical superiority of foreign firms positively affects domestic ones and other
connected organizations by creating “spillover effects”. Spillover-effects occur when a firm
benefits from original knowledge generated by another firm, without incurring any costs
(Criscuolo/Narula 2008; Cohen/Levinthal 1990). Especially MNCs’ subsidiaries engaging in
R&D and training activities have a positive impact on both the productivity and the innovati-
vity of domestic firms (Lan 2009) and thus contribute to the innovative performance of the
host system.

Next to the R&D labs of firms, both universities and public research institutes are the two
most usual kinds of research organizations. In particular universities maintain, first, interacti-
ons with the business sector and, second, relations to the society in general. In this way, they
share functions with other key organizations involved in knowledge production but, more
important, they influence the extent of knowledge diffusion as they are unlike firms not sub-
ject to same degree of competition (Nelson 1988b; Brudenius 2008). However, the intensity
of interactions can differ between certain countries. While universities in the US played a
significant role for the development of several industries, their involvement in Japan were
rather marginal and partly substituted by inter-firm R&D collaborations (Nelson 1988a;
Freeman 1988).

Over the last years, the establishment of organizational links between research organizations
and the business sector became equally common since research organizations directed increa-
singly more resources in patenting for commercial purposes, at least partly for the purpose of
technology transfer. In a critical tone, Dasgupta and David (1994) point out that the shift of
resources towards commercial applications of scientific knowledge at universities and re-
search institutes may, at least in the long run, harm a nation’s capacity to benefit from sustai-
ned flows of innovations. Accordingly, a wide range of other studies stresses the socially
wasteful implications of excessive patenting and the relation between R&D and patenting
which becomes increasingly questionable (Sakakibara/Branstetter 2001; Hunt 2006).

A patent system is an institution within the NIS responsible for providing and processing pa-
tents. The purpose of patents is to stimulate invention both by granting a temporary monopoly
to the inventor and by enforcing early disclosure of the information necessary for the produc-
tion of the item or the operation of the new process (Griliches 1990). The disclosure of the
invention aims at reducing or even avoiding the duplication of work rendering this function of
the patent system beneficial for society as a whole. Research based on patent statistics was
first carried out in the 1950s by Scherer (1959) and Schmookler (1962). Patent statistics are a
formidable data source for the research on innovation due to their breadth, depth, and objecti-
vity allowing researchers to draw comprehensive pictures of technological activity (Griliches
1990; Pavitt 1988). “Patent statistics allow measuring the inventiveness of countries, regions,
firms, or individual inventors under the assumption that patents are a reflection of inventive
output and that more patents mean more inventions (OECD 2008).” Patent statistics are by
definition related to inventiveness and based on relatively objective and only slowly changing
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standards. Nonetheless, also volumes of patent applications and granted patents are subject to
fluctuation across countries and time. The setup of the patent system determines which share
of innovative performance ultimately translates into patent applications and, thus, can be cap-
tured by researchers as a measure of innovative performance.

It should be noted that the standardized design of the patent system does not come without
criticism. The debate on the monopoly on intellectual property, involving the relationship
between competition, market structure, and R&D, traces back to an argument advanced by
Schumpeter (Gilbert 2006). The conventional approach is to interpret IPR protection of the
patent system as socially legitimate since the temporary monopoly granted to the successful
inventor enables him or her to recover the costs incurred due to the inventive activity. This
incentivation eventually encourages greater investments of resources in invention and, hence,
fosters innovation, from which the society as a whole benefits in the long run. The counter
argument is concerned with the possibility that the monopoly is too broadly designed and in-
hibits further invention in fields in which technological change is cumulative (i.e., one inven-
tion builds upon another) or systemic (i.e., the innovation system from which inventions ori-
ginate is complex and highly interdependent) which is true, for example, with electronics,
semiconductors, and IT (Cantwell 2006).

In general, the literature assesses strong IPRs rather negatively. While some implications dif-
fer according to the goal pursued, weaker IPRs and corresponding shorter patent length are
generally recommended (Boldrin/Levine 2009). Stronger IPRs with a longer patent length
will only be favorable if the intention is to increase the frequency of innovation, the output, or
to support own technology standards. The corresponding negative effect in these cases is dec-
reasing social welfare if the growth rate exceeds the socially optimal rate. Another negative
effect is decreasing productivity and the decrease of indigenous innovation if the development
of own standards fails (Dasgupta/Stiglitz 1980; Horowitz/Lai 1996; Sakakibara/Branstetter
2001; Moser 2005, Hunt 2006).

3 The Development of China’s National Innovation System

Concerning the underlying evolutionary theory of the NIS concept, it is conductive to start the
investigation of China’s NIS from its origins in the command economy (Liu/White 2001).
The original composition of the key organizations’ population impacts the transformation of
the system from a command economy to a market-oriented NIS, since it is impossible for the
key organizations to change their strategies quickly due to of path dependency and bounded
rationality (Lundvall et al. 2002). In the case of China, these constraints explain the inert
change of and within the country’s NIS. In this section, we first frame the economical condi-
tions during the formation of China’s NIS. Then, we discuss the impact of the transformation
process on the population of key organizations and the NIS.

The first National Science and Technology Development Plan (STDP) defined the formation
of the NIS during the period 1956 through 1967. China imported 156 heavy industry facilities
from the Soviet Union and established 400 research institutes which mainly focused on rever-
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se engineering (Liu/White 2001). Prominent achievements were the development of atomic
and hydrogen bombs in 1964 and 1967, and the launch of satellites in 1970 (Jakobson 2007).
These scientific successes were based upon Soviet assistance which shaped a bureaucratically
and hierarchical R&D structure of China’s NIS, in which research was carried out by public
research institutes while state-owned enterprises (SOEs) focused on manufacturing (Ser-
ger/Breidne 2007). The ultimate goal of the Chinese government during this period was the
creation of national self-reliance (Liu/White 2001).

Apart from just a few prestige projects, the division of manufacturing and diffusion of new
inventions was not efficient. The public research institutes’ scientific focus did not match the
economy’s requirements at large, as revealed by the example of the Chinese Academy of
Science (CAS) which is China’s most prestigious research institute: “Its commercial inade-
quacy is captured in the observation that before reforms began in 1979, it had forty thousand
inventions but commercialized none (Rowen 2008).” With only four patents granted between
1950 and 1963, the importance of patent rights in China diminished until regulations ultimate-
ly permitted free use of all results of innovative performance (Ganea/Pattloch 2005). Due to
the lack of adequate technology developed domestically, SOEs continuously upgraded pro-
duction capabilities through technology imports. Until the late 1980s, the investment by SOEs
into technology imports dwarfed the investment into own R&D (Liu 2009). However, impor-
ted technology has seldom been enhanced afterwards. The Liberation Truck, for example,
imported from the Soviet Union in the 1950s, was without changes reproduced during the
subsequent 40 years of mass-production (Liu/White 2001).

In terms of institutional economic environment the predetermined ex ante equilibrium and
corresponding resource allocation left little motivation for the destruction of fixed equilibria
and the creation of efficient ex post equilibria. This is further represented in rigid hierarchical
vertically and horizontally interaction structures (Liu/White 2001), far away from ‘“an open,
evolving and complex system (Lundvall et al. 2009)” of a modern NIS. Science-based inven-
tions did not meet the necessities of production, while more “hands-on” experience-based
inventions could not diffuse from the grassroots level due to the strict top-down system. The
ultimate goal was not maximization of profits accomplished by creating new products and
processes in a competitive environment (Nelson 1988), but the fulfillment of production quo-
tas. Correspondingly, and in a general absence of prices, a stronger focus on quantity rather
than quality resulted in wasteful resource allocation, most severely during the Great Leap
Forward (1958-1961). Finally, due to closing down of nearly the whole education system,
China lost an entire generation of scientists and other academics during the Cultural Revoluti-
on (1966-1976), causing extremely detrimental conditions for the later transformation of the
country’s NIS (Cao et al., 2009).

The National Science Conference in 1978 declared science and technology as the key among
the four modernizations (Mu 2010). In line with the “Reform and Opening Up” policies
implemented after 1978, the doctrine of self-reliance was replaced by a strongly expanded
orientation towards foreign technology. The transformation of the NIS was constructed as part
of the overall transformation process from a planned to a market-driven economy. Firms were
deemed to become leaders in innovation, embedded in an increasingly competitive environ-
ment and motivated by profits induced by innovative performance (Nelson 1988; Schumpeter
1993). Consequently, hundreds of public research institutes were merged, abolished, or con-
verted into enterprises (Jakobson 2007). The remaining institutes were granted self-
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determination and independence, but also declined in importance within the emerging new
structure of the NIS (Sun/Liu 2010).

Table 1 displays the change in the population of key organizations from the period of the
command economy to the period of the transformation economy. Recalling the Schumpeteri-
an strategies, we differentiate between pioneers, adaptionists, imitators, complementors, and
mixed strategies (Lundvall et al. 2002). During the command economy, domestic imitators
show the highest presence within the population, while adaptionists and complementors are
characterized by marginal attendances. Pioneers are generally absent because public research
institutes failed to commercialize inventions and did not meet the demand of SOEs. Foreign
pioneers are not physically present within the population but still impacted the NIS through
imported technology and exploitation by local imitators.

Table 1 Population of key organizations during command- and transformation economy

Domestic Foreign
Imitators Adaptionists Complementors Pioneers Pioneers
Ponulation C Low/Middle*
opulation Com- Medium Low Low Low (*Technology
mand Economy Imports)
porlation Trame Middle*
opuration frans- High Low Low Low (*Technology
formation Economy Imports/FDI)

During the transformation period the constellation has slightly changed. The absence of do-
mestic pioneers within in the population of key organizations and the corresponding lack of
domestically created radical innovations demanded for substitution by foreign technology
(Dobson/Safarian 2008). Consequently, firms’ foreign direct investment (FDI), technology
transfer, and expertise have been a strategic propulsive power for improving the innovative
performance of China’s NIS after the “Reform and Opening-Up” policies (Jakobson 2007).
Besides the weak domestic capacity for radical innovations, also China’s absorptive capacity
was underdeveloped due to the command economy’s heritage evidenced by the presence of
complementors and adaptionists, although this capability is highly important for the diffusion
of knowledge (Lundvall 2009). Hence, domestic firms remained focused on simple imitation
without developing much potential for further modifications or improvements or even radical
innovations.

This trend was intensified by an increasingly dynamic business environment during the trans-
formation process that offered numerous opportunities to generate profits without conducting
R&D. Resulting from that, the population of China’s domestic key organizations was deter-
mined by a high presence of imitators, relatively few complementors and adaptionists, and
almost no pioneers. Recalling the origins of China’s NIS development path, this constellation
is hardly surprising. Organizations within China’s command economy had not been exposed
to fundamental drivers of a market-driven economy’s modern NIS: profit incentives, competi-
tion, and an increasingly selective market demanding for a diverse set of products and proces-
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ses (Nelson 1988; Schumpeter 1993). However, during the transformation period starting af-
ter 1978, these drivers did not directly trigger R&D intensity but allowed for business models
relying on cheap labor and arbitrage strategies in extremely unsaturated markets.

From an institutional point of view, the key organizations had to adapt to their new roles and
also the expanding opportunity set during the transitional economy. In the command econo-
my, the particular organization was embedded within a grid of other organizations, while the
mode of exchange was determined by the state’s plan. In the setup of the transformation eco-
nomy, organizations became increasingly free to choose their partners for research, producti-
on, distribution, and also the mode of cooperation. For example, the development of firm-
internal R&D units can be seen as a strictly new level of organization within the Chinese in-
dustry. These new opportunities translated into newly emerging networks where organizations
were free to enter and leave both networks and markets according to their particular opportu-
nities. The new degree of potential cooperation required not only new strategies to minimize
transaction cost but also a supportive institutional and legal environment for the development
and enforcement of contracts — previously unnecessary due to allocation by the plan.

The transformation process had been accompanied by the promulgation of several laws, most
essential the Trademark Law in 1982, the Patent Law in 1984, the Technology Contract Law
in 1987 and the Copyright Law in 1990 (Mu 2010). Because of the important implication for
the methodology developed in this paper, the development of the patent law is scrutinized in
more detail. Supported by WIPO and the German government, the first patent law was enac-
ted in 1984 (Ganea/Pattloch 2005). The Patent Act of 1984 contained all basic elements of a
modern patent system (Yang 2008). Based on the first-to-file principle, inventions are protec-
ted by so-called innovation patents, China’s patent type for protecting technological inventi-
ons. However, several relicts of the command economy remained within the first Act, for
example compulsory exploitation and a generally weaker protection standard.

During the three subsequent amendments, most of the relicts related to the planned economy
were altered. The amendment of 1992 introduced a general replacement of holdership by ow-
nership patents and an extension from 15 to 20 years of protection as well as a broadening of
the scope of patentable inventions. In 1994, China joined the Patent Cooperation Treaty
(PCT) and the Chinese patent office became qualified to receive and process international
patent application (McGregor 2010). The amendment of 2001 was required by China’s WTO
obligations. Important adjustments were the adoption of the TRIPS agreement and the harmo-
nization of China’s patent system with international standards. The new standards implemen-
ted by the TRIPS requirements included, first, standards to compute statutory damages and,
second, guarantee hat state and non-state enterprises enjoy equal treatment in obtaining patent
rights (Hu 2009). After an adjustment period China’s patent system is regarded as basically
consistent with the TRIPS requirements (Guo/Zuo 2007).

The literature is critical regarding the introduction of too strong patent laws in general and in
developing countries in particular (Cantwell 2006; Moser 2005). Harmonization as triggered
by TRIPS may slow down rather than accelerate economic growth if patent laws lead, due to
convergence, developing countries to compete more directly with innovations from developed
countries and consequently may reduce rather than increase variation of innovation among
developing and developed countries (Moser 2005). From this perspective, the monopoly gran-
ted by TRIPS could be too broadly designed and inhibits further innovation which is cumula-
tive or systemic (Cantwell 2006). Since China’s NIS strongly depends on infusion of foreign
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technology this could be the case. On the other hand, TRIPS is an incentive for foreign firms
to conduct R&D in China’s NIS and protect resulting inventions by patents since the protecti-
on and enforcement has ultimately been harmonized with international standards.

Generally, the adoption of the practice of patenting must not be underestimated. Due to the
comparatively young history and the fundamentally new rational, patenting was probably only
internalized gradually by domestic key organizations in China’s NIS. The increasingly high
relevance of the patent system due to improving institutions fosters the application of patents
as a mean of protection. Especially foreign firms in China might have used patents more acti-
vely since they are used to patenting and want to protect their technologies against the high
presence of imitators within the population of China’s NIS. Finally, the formerly poor enfor-
cement of [PR improved during recent years, leading to more reliable protection.

4 Methodology and Data

The objective of this chapter is to develop the methodology and to describe the data. We
measure the innovative performance of China’s NIS and the key organizations by patent ap-
plications. Further, we compare the aggregated innovative performance of China’s NIS on the
national level over the period 1990 through 2005 with Germany and the United States to pro-
vide a thorough benchmark. Finally, we present the results regarding the key organization’s
innovative performance within China’s NIS for the period 2003 through 2005.

Patent statistics are formidable data for the research on innovation since they allow drawing a
comprehensive picture of technological activity and inventiveness under the assumption that
patents are a reflection of innovative output (OECD 2008; Griliches 1990; Pavitt 2006).
Although patent statistics are based on relatively objective and only slowly changing stan-
dards, also patent data are subject to some fluctuation across countries and time. Since figures
of patents granted fluctuate more than the underlying patent applications, data of patent appli-
cations represents a more stable and comparable average (Griliches 1990). More important,
patent applications offer more current information than patent grants.

However, the literature also acknowledges other data for the measurement of innovation. A
range of variables such as the number of innovative products and manufacturing processes,
the percentage of current sales caused by innovative products, the overall expenditure for in-
novation, national R&D expenses normalized by GDP, the number of university graduates in
the field of science and technology, or the percentage of high-tech goods in total exports can
and have be used for cross-national analysis or comparisons over time. Regarding the measu-
rement of innovation, all variables face different advantages and constraints (Dodgson et al.
2008; Souitaris 2003). On the one hand, input variables like R&D expenses offer the benefit
of improved comparability between different actors, but do not provide information about the
eventual innovation output. On the other hand, output variables like new products and new
processes adopted during a specific time have the drawback that they are not directly compa-
rable across different industries, regions or countries. Furthermore, they cannot provide in-
formation about the economic significance of these innovations.
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In this paper we evaluate the innovative performance of the key organizations within China’s
NIS, represented by firms, universities, and research institutes, by patent applications. Patent
applications offer information regarding the inventions created by the key organizations, but
not the degree of diffusion within the NIS, or in other words the ultimate innovation. Howe-
ver, they indicate a decisive precondition for potential innovation and can thus be regarded as
a throughput between input factors like R&D dollars and output factors such as final products.
Data on patent applications is available for all applicants within a NIS and come with the na-
me of the applicant. Nonetheless, the use of patent data for the evaluation of innovative per-
formance does not come without caveats.

Griliches (1990) refers to three major problems existing in the use of patent statistics for eco-
nomic analysis: classification, capture, and intrinsic variability. While classification is a rather
technical issue, the degree of capture is determined by the patent law and alternative means of
protection in various industries of the NIS. Intrinsic variability of the patent’s value is the
most severe problem to address when patents are used as an indicator of innovative perfor-
mance. Our approaches to tackle these problems are introduced in the following section.

Classification refers to the question whether patents should be assigned to the firm or industry
that creates the invention or, alternatively, the firm or industry that exploits the patent. For
example in the case of licensing, these firms can differ. Within our methodology patent appli-
cations are the measured variable, and patent applications are naturally assigned to the appli-
cant of the invention. However, extensive diversification of firms and various mergers create
enormous problems for assigning a patent application to the right inventor. For example, the
applying organization can easily be a subsidiary or a separate division of a larger company.
Furthermore, a company may change its name, ownership structures, place of headquarter or
other variables that might be used to classify a company. Patent offices do not employ con-
sistent company codes, which leads to the risk that aggregation of patenting numbers can be
seriously incomplete (Griliches 1990). On the other hand, in statistics composed of single
listings, companies might appear more than once due to different name spellings which de-
mand successive manual checks and clustering of the raw data to customize what is publicly
available into a form that is more meaningful for the purpose of economic and social research
(Cantwell 2006).

To tackle the issues discussed above we delete multiple listings of the applicant’s name in the
raw data, while summing up the number of total applications associated with the applicant
under a single position. Further, we delete listings of separate divisions of a larger company
and add the individual applications to the total of applications of the company group. In case
of MNC:s, it is difficult to determine the local origin of a particular invention, since internal
knowledge networks lead to the cooperation of several more or less dependent subsidiaries.
We tackle the problem by interpreting that the major part of the R&D process assumedly took
place in the country where the first filing of the potential patent takes place. The MNCs’ pro-
pensity to file an application is linked to the accessible knowledge of the company’s internal
network. Consequently, we consider the patent application’s underlying invention as assu-
medly developed in the host country, while the decisive preconditional knowledge has been
infused into the NIS from the MNCs global knowledge network. In order to reduce complexi-
ty, we link the source of the infused knowledge to the organization’s country of origin.
Although the knowledge might be developed by a global network of subsidiaries, we regard
the country of origin as an appropriate geographic proxy. For foreign firms with less extensive
global networks, the linkage to the country of origin is even more obvious.
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The next problem to address is capture, or in other words, the limited scope of innovative per-
formance reflected by patent statistics. Ideally, patent statistics could provide a measure of
technological change, hence, a direct reading on the rate at which the production possibilities
frontier is shifting outward (Griliches 1990). However, patents do not capture all inventions
made in the economy and most of the inventions patented represent a minimum quantum of
invention. Further, the propensity to patent is affected by differences in patent law among
different NIS, by differences among industries in the importance of patents compared to other
methods of protection, and ultimately differing rules and strategies in firms governing the
patenting of inventions that are not expected to have high returns (Pavitt 1988). This argu-
ment has further implications for China’s NIS, where the practice of patenting had to be inter-
nalized only gradually by the key organizations. Thus, we have to acknowledge that following
Griliches (1990, p. 1669) “not all inventions are patentable, not all inventions are patented,
and the inventions that are patented differ greatly in ’quality,” in the magnitude of inventive
output associated with them.”

The third problem stressed by Griliches is the intrinsic variability of the economic value of
patents. The value of patents is highly skewed. Many patents represent minor improvements
with little private economic value, but the tail of the distribution contains patents that are
extremely valuable (Gambardella et al. 2008; Schankerman/Pakes 1986). Most of the low and
medium value patent applications reflect incremental inventions of SMEs with the majority of
applications referring to a value area from 300,000 EUR to 10 million EUR (Frietsch et al.
2010). Patents with high values are primarily linked to radical inventions of very large en-
terprises or start-up enterprise (Frietsch et al. 2010). Various methods have been developed to
measure private economic gains from an individual patent and solve the problem of intrinsic
variability. These methods link value to patents due to different criteria such as whether the
patent is licensed or not (Giuri/Mariani 2007; Sampat 2004), licensing revenues (Sampat
2004), patent family size (OECD 2009), renewal history (Bessen 2008; Harhoff et.al.,1999;
Schankerman 1998; Schankermann/Pakes 1986), opposition and litigation history
(Harhoff/Reitzig 2004), and expected sales values of patents (Gambardella et.al. 2008;
Harhoff et al. 2003; Harhoff et al. 1999).

However, no standard measure has been developed for estimating the value of a patent since
all approaches suffer from different limitations. The complexity is increased further when
patent statistics are used for international comparisons, due to differences among countries
regarding the cost, time and rigor of the patent examination and enforcement (Pavitt 1988).
For the comparison of inventions across countries, the analysis of triadic patent families is
recommended (OECD 2009). A patent family is defined as “a set of patents (originating from
the priority filing) taken in various countries (i.e. patent offices) to protect the same invention
(OECD, 2004, 7).” With this method, the home advantage bias can be reduced or eliminated.
Counting patent families also avoids double counts and diminishes biases resulting from spe-
cial bilateral relationships.

As discussed above, when patent data comes from a single patent office, many patents with
little economic value are included while only a few patents within the data are of higher value.
Only a proportion of the total domestically filed patents are subsequently filed abroad because
extending protection to foreign countries increases the patenting cost for the inventor. The
inventor is only likely to accept additional cost if the expected future revenues outweigh to-
day’s patenting cost. The results of filings at patent offices in different countries are patent
families. Consequently, patent families capture the most economically important inventions
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and make the inventions included comparable to each other (OECD 2004). The triadic patent
family resembles a set of patent applications filed at three patent offices. A triad compiled of
the European Patent Office (EPO), the Japanese Patent Office (JPO), and the United States
Patent and Trademark Office (USPTO) is favorable since these patent offices represent the
most important patent authorities in the American, Asian, and European markets (OECD
2009). Further, they stand for the three most advanced global markets for technology and re-
present a high scrutinizing benchmark for foreign firms that aspire to compete in these mar-
kets. This makes the triadic patent family of EPO, JPO, and USPTO a very strong filter for
the measurement of inventions containing high value (OECD 2004).

We use the concept of patent family in our method to determine the value of the domestic
priority application in the individual NIS. By choosing triadic patents, the upper tail of the
distribution of patents is selected, increasing the information carried by these patent families
compared to national counts. The respective domestic patent office is SIPO for China,
USPTO for the United States, and Deutsches Patent und Markenamt (DPMA) for Germany.
In order to maximize the information extracted from triadic patent families the use of the ear-
liest priority date (first application worldwide) and fractional counts (if more than one paten-
tee is applying for the same patent, every patentee is associated with his or her fraction of the
patent) is applied in our method (OECD 2009).

To summarize, the methodology of this paper is developed as follows: due to the intrinsic
variability, the value of patents is highly skewed with many patents representing low econo-
mic value, while the tail of the distribution contains patents of high economic value (Gambar-
della et al. 2008; Harhoff et al. 1999; Griliches 1990; Schankerman/Pakes 1986). In case of
international comparisons, the complexity increases further due to differences among count-
ries regarding the cost, time, and rigor of the patent examination and enforcement (Pavitt
1988). To tackle these problems we employed the filter functions provided by patent families
because they capture most economically important inventions and make them comparable to
each other (OECD 2004). Triadic patent families are recommended for the comparison of
inventions across countries (OECD 2009). Due to our concerns whether the strong selection
of this filter is suitable for the development stage of China’s NIS, we therefore also introdu-
ced a more moderate filter which is determined by domestic priority filing and only one addi-
tional filing at a patent office of a country within the triad. Finally we compare both results
with the results of solely domestic filings. Resulting from this methodology, we derive the
three value classes “high”, “intermediate”, and “low”. It is necessary to recall that only the
results of the high value class, and the results of the intermediate value class to a lesser extent,
are suitable for international comparison. The domestic filings of the low value class can sole-
ly be employed for intertemporal analysis of a single country.

As a data source, the worldwide patent database PATSTAT (version of April 2009) was
employed to derive our dataset.! This database includes all worldwide patent applications and
patent publications. Determining the year a patent family is assigned to is not easy. That is
because by definition a patent family is a bundle of numerous patent applications with differ-
ent applications covering different geographical territories and having different patent filing
dates. Yet, a single point in time needs to be determined according to the date when the pro-
tected invention enters the patent system the first time. Hence, the filing date of the first prior-
ity application within each patent family needs to be determined. The earliest priority applica-

' The EPO Worldwide Patent Statistical Database (PATSTAT) is available under license from the OECD-EPO
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tion is the first time a patent application of the underlying invention appears in worldwide
patent registers. It might happen that an invention is first patented in the US and later passed
on to the Chinese Patent Office to gain protection in China. Here, the priority application is
the filing in the US while the Chinese filing is a “derived” one. The priority filing date of an
application has been used for two reasons. First, this date is the earliest recorded date of a
patented invention and, hence, closest to the date of invention. Second, this date is robust to
applicants’ strategies of delaying subsequent applications in other countries since it refers to
the earliest date when the patented invention took root in the patent register.

For the legislations we consider, we use all patent applications filed there. Based on the earli-
est priority application, we identify whether it is a domestic or a foreign invention. From a
Chinese standpoint, an invention is domestic if the earliest priority application has been filed
in China. Then, it is reasonable to argue that the inventive step which has led to the initiative
to file a patent application has been taken place in China. Conversely, an invention is foreign
from a Chinese perspective if the earliest priority application has been filed in another coun-
try. Then, the inventive step has been taken in that country and — later on — the applicant has
sought to also gain protection in China by filing a patent application there which claims prior-
ity to the earliest priority application in the other country.

For each legislation, we then rank the applicants according to the number of applications,
starting with the strongest applicant. The data for the cross-country comparison covers the 15
year period from 1990 to 2005. It is not reasonable to interpret later cohorts for the following
two reasons: first, it takes time for applicants to build their patent families (i.e., to decide
whether they file patent applications in other legislations the country in which the earliest
priority application has been filed). Put differently, it takes several years after the earliest pri-
ority application until the final geographical coverage of the protected invention (making up
the patent family) has been established. Second, patent applications underlie a secrecy period
of 18 months after they have been filed to a patent office. Thus, with the version of April
2009, the most recent applications that are included in the dataset have been filed in late 2007.

In this study, we are interested in the innovative performance on the aggregated national level.
Accordingly, we calculate the total volume of patent applications for China, Germany, and the
United States. The comparison of the value-adjusted results allows for an evaluation of the
innovative performances of the three countries’ NIS. By using the innovative performance of
the NIS of the technologically advanced countries Germany and the United States as a
benchmark, we want to show how the innovative performance of China’s NIS changed over
the observed period. However, in particular for the case of China, we are aware that changes
in volume do not only represent increasing innovative performance but also amendments in
patent law and the gradually adaptation of patenting.

The data for the more specific analysis of the innovative performance of the key organizations
within China’s NIS covers the 3 year period from 2003 to 2005. Here, we are interested in the
applicants with the highest numbers of patent applications. According to our method, high
numbers of applications translate into a substantial contribution of the key organization to the
overall NIS’ innovative performance. Because we are interested in the peer group of these key
organizations, we cover the 100 strongest applicants per value class. After clearing and clus-
tering of the raw data we classify the key organizations according to the type and the country
of origin. The results are generally comparable within the value classes but not among each
other, due to the lack of a uniform conversion rate.
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5 Results

Table 2 displays the total volume of patent families of China, Germany, and the United States
for the three value classes. The comparatively low total volumes of high value patent family
applications represent the strong filter function of the triadic patent family. China starts with 5
patent applications in 1990 and reaches 25 patent applications in 2005. In comparison, we can
observe 2,139 patent applications in 1990 and 606 in 2005 for Germany. The corresponding
volumes for the United States are 5,784 in 1990 and 1,722 in 2005. Considering the growth
rate, applications in China increase by 400 percent in 2005 in comparison to the base year
1990. In the intermediate value class the indexed figures exhibit strong growth which de-
couples from the two other countries in the late 1990s and continuously gains in momentum
afterwards although the absolute figures are much lower. For 1990, we observe 51 patent ap-
plications in China, compared to 10,101 in Germany and 40,232 in the United States. Thus,
China starts with 0.5 percent of the German and around 0.1 percent of the United State’s vo-
lume. In 2005 we observe 2,528 patent applications in China, an increase of roughly 5,000
percent in yearly application compared to the base year 1990. Despite the impressive growth
rate, China reaches only 14 percent of German applications and 5 percent of the patent appli-
cations of the United States in 2005. China’s total patent applications in the entire period sum
up to 6,500. This figure presents a fraction of around 3 percent of the German and around
0.75 percent of the United States’ volume. Considering the low value class, volumes in Ger-
many and the United States rises moderately but volatile over the period, whereas China rea-
ches a strong growth rate in the late 1990s and increases continuously until 2005. For China,
we observe 27,343 patent applications in 1990 and 187,067 patents applications in 2005 — an
increase in yearly applications by approximately 500 percent. In total, China accumulated
around 1.2 million patent applications in the entire period.

Table 2 Patent family applications by value and country absolute volume

High Value Intermediate Value Low Value
Year CN DE us CN DE us CN DE us
1990 5 2,139 5,784 51 10,101 40,232 27,343 32,021 40,232
1991 5 1,781 4,747 37 10,445 39,887 33,158 35,216 39,887
1992 7 1,727 4,696 59 10,614 42,843 43,215 38,082 42,843
1993 4 1,868 4,314 47 11,014 48,298 44,879 40,573 48,298
1994 5 2,056 4,200 69 11,766 55,841 42,237 42,400 55,841
1995 3 2,107 3,888 64 12,073 62,261 41,296 43,300 62,261
1996 4 2,100 3,980 74 14,003 61,888 46,287 47,106 61,888
1997 8 1,851 3,977 97 15,218 68,525 48,099 49,319 68,525
1998 6 1,836 3,799 121 16,349 65,965 50,476 51,057 65,965
1999 5 1,543 3,743 160 17,167 66,363 59,659 52,417 66,363
2000 2 1,421 3,312 269 16,807 65,797 74,843 51,879 65,797
2001 10 980 2,564 333 16,143 62,624 87,826 49,961 62,624
2002 15 644 2,361 461 14,896 59,977 109,524 46,721 59,977
2003 13 556 2,027 759 15,603 50,830 133,444 47,140 50,830
2004 27 629 2,142 1,347 17,345 49,273 147,734 50,054 49,273
2005 25 606 1,722 2,528 18,321 50,098 187,067 47,245 50,098
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Now, we turn to the discussion of the results regarding the analysis of the key organizations’
innovative performance within China’s NIS over the period from 2003 to 2005. Table 3 dis-
plays the contributions of key organizations within the high value class. The table is structu-
red according to patent applications and applicants differentiated by type, such as firms, uni-
versity, institute, and eventually person, and by country of origin, here differentiated into do-
mestic or foreign origin. The numbers of applicants and patent applications are marginal.
Firms are the most significant contributors among all types of key organizations. Foreign
firms are the major patent applicants. In general, they contribute around 80 and more percent
of the total applications within the sample. Due to the strong filter, the observations in the
sample are equal to the observations in the original population.

Table 3 Applicants and patent applications in the high value class

Year 2003 Year 2004 Year 2005

Type APL PF Share Q APL PF Share Q APL PF Share Q
Firms 9 11 84.62 8 25 92.45 12 23 93.88
Domestic 3 2 15.38 2 2 7.55 3 4 14.29
Forein 6 9 69.23 6 23 84.91 9 20 79.59
Universities 1 0 0.00 0 0 0.00 1 2 6.12
Domestic 0 0 0.00 0 0 0.00 1 2 6.12
Foreign 1 0 0.00 0 0 0.00 0 0 0.00
PRI 2 2 15.38 1 1 3.77 0 0 0.00
Domestic 1 1 7.69 1 1 3.77 0 0 0.00
Foreign 1 1 7.69 0 0 0.00 0 0 0.00
Person 0 0 0.00 1 1 3.77 0 0 0.00
Domestic 0 0 0.00 1 1 3.77 0 0 0.00
Foreign 0 0 0.00 0 0 0.00 0 0 0.00
Sum 12 13 100.00 10 27 100.00 13 25 100.00
Note: APL: applicants; PF: patent family applications; Share Q: share within population

Table 4 Applicants and patent applications in the intermediate value class

Year 2003 Year 2004 Year 2005

Type APL PF  Share Q* APL PF  Share Q* APL PF Share Q*
Firms 52 353 88 52 830 93 52 1,642 95
Domestic 25 121 30 21 221 25 24 449 26
Forein 27 231 58 31 609 68 28 1,194 69
Universities 4 22 6 2 54 6 1 69 4
Domestic 3 21 5 2 54 6 1 69 4
Foreign 1 1 0 0 0 0 0 0
PRI 3 7 2 1 2 0 0 0
Domestic 2 1 1 2 0 0 0
Foreign 1 2 0 0 0 0 0 0
Person 11 19 5 4 8 1 5 21 1
Domestic 11 19 5 3 6 1 5 21 1
Foreign 0 0 0 1 2 0 0 0 0
Sum 70 401 100 59 894 100 58 1,732 100

Note: APL: applicants; PF: patent family applications; Share Q*: share within sample
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Table 4 represents the composition of the intermediate value class regarding applicants and
corresponding patent applications. This class shows strong growth, with total patent applicati-
ons more than quadrupling over the three year period. Firms are the largest group of paten-
tees, contributing around 90 percent of applications. However, foreign firms file considerably
higher volumes than domestic firms, both in total and per applicant, and contribute close to 70
percent of all applications between 2004 and 2005. With around 5 percent of applications, the
contribution of universities declines in comparison to the low value class. Besides the firm
group, the contribution of foreign applicants is only marginal.

Table SApplicants and patent applications in low value class

Year 2003 Year 2004 Year 2005
Type APL PT  Share Q* APL PT  Share Q* APL PT  Share Q*
Firms 27 7,107 52.80 26 8,884 56.27 31 11,373 55.89
Domestic 16 3,769 28.00 19 4,677 29.62 20 7,492 36.82
Forein 11 3,338 24.80 7 4,207 26.65 11 3,881 19.07
Universities 25 4,216 31.32 24 5,331 33.84 23 6,406 31.48
Domestic 25 4,216 31.32 24 5,331 33.84 23 6,406 31.48
Foreign 0 0 0.00 0 0 0.00 0 0 0.00
PRI 4 248 1.84 2 154 0.98 2 164 0.81
Domestic 3 145 1.08 1 68 0.43 2 164 0.81
Foreign 1 103 0.77 1 86 0.54 0 0 0.00
Person 9 1,891 14.05 8 1,418 10.53 11 2,175 10.69
Domestic 9 1,891 14.05 8 1,418 10.53 11 2,175 10.69
Foreign 0 0 0.00 0 0 0.00 0 0 0.00
Sum 65 13,462 100.00 60 15,786 101.62 67 20,118 98.86

Note: APL: applicants; PT: patent applications; Share Q*: share within sample

Table 5 presents the composition of the low value class. Drawing on the three year average,
around 66 applicants filed 16,500 patent applications per year, albeit this number grows
around 80 percent annually. In the year 2005, the total applications by the key organizations
within the sample clearly surpass the 20,000 benchmark. However, the number of applicants
stays relatively stable while the patent applications per patentee on average increase from 200
in 2003 to 300 in 2005. Regarding the constellation of key organizations, firms and universi-
ties are leading and are almost on par regarding the number of applicants but firms clearly file
more applications. Firms contribute more than 50 percent of applications within the sample,
whereas universities contribute over 30 percent. However, when we compare the patent appli-
cations of domestic firms and universities in the three year average, we find that the total vo-
lume of patent applications by universities outweighs the contributions by domestic firms
before 2005. Except for firms, foreign applicants do not reach significant levels of concentra-
tion within the sample. Surprisingly, we find a presence of individual patentees. Although
only around 10 persons are represented annually, these file between 15 and 10 percent of the
total volume and dwarf the volume filed by public research institutes.

To summarize, we find that volumes of patent applications rise in all three value classes over
the period 2003 through 2005. In particular, the maximum values per class indicate strong
growth rates of leading key organizations. Especially in the low and intermediate value class,
the standard deviation increases annually, indicating that certain key organizations gain im-
portance in comparison to the group. This is further stressed by the increasing 0.9 quartile and
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harmonic mean values. We find that firms and universities play the most important roles in
terms of innovative performance. However, the dominance of universities declines in the in-
termediate and high value classes and the activities of foreign universities are negligible.
Therefore, we are more interested in firms and focus on the constellation of domestic and for-
eign firms within the three value classes.

Table 6 shows the most active applicants within the three value classes. Due to the strong fil-
ter criterion of the high value class, only 8 to 12 firms are represented annually. Chinese firms
contribute around 15 to 8 percent annually, while the majority of patent applications are filed
by foreign firms. Regarding the total patent applications of the three year period, firms origi-
nating from Japan contribute around 40 percent, France 24 percent, United States 9 percent,
Hongkong 7 percent, Taiwan 5 percent, and Germany 3 percent. Within the intermediate
value class, foreign firms contribute 65 percent while domestic firms contribute below 30
percent in the three year average. Foxconn and Huawei remain on rank one and two through-
out the period. Foxconn’s share of patent applications within the population of the intermedi-
ate value class is above 30 percent for the years 2004 and 2005. Differentiated by countries of
origin, 78 percent of the period’s total patent applications come from Taiwanese firms. The
remaining 22 percent are contributed by firms originating from the United States and Japan
with contributions between 5 and 10 percent, the Netherlands, Germany, France, and Italy
with contributions between 5 and 1 percent, and Sweden, Finland, Singapore, Denmark, Ko-
rea, and Hong Kong with contributions below one percent. Within the low value class LG
ranks first in 2003 and 2004, second in 2005, and contributes between 1 and 2 percent of all
patent applications in China. Huawei ranks second in 2003 and 2004, and overtakes LG in
2005. Foxconn ranks third in 2003 and 2004 but declines afterwards. ZTE and BYD increase
their shares considerably over the period.

Table 6 Patent applications of top five firms in the three value classes

High Value Intermediate Value Low Value
Year Rank Firm PF ShareQ CO Firm PF ShareQ CO Firm PT ShareQ CO
2003 1 FUJITSU 4 30.77 JP FOXCONN 81 10.68 TW LG 1,504 1.13 KR
2 MITSUBISHI 1 7.69 JP  HUAWEI 41 54 CN HUAWEI 1,328 0.99 CN
3 CARDIO 1 7.69 US PHILIPS 30 3.95 NL FOXCONN 763 0.57 TW
4 HERAEUS 1 7.69 DE MOTOROLA 21 2.77 US ZTE 412 0.31 CN
5 HITACHI 1 7.69 JP  MOLEX 19 2.5 US CNPC 381 0.29 CN
2004 1 ALCATEL 9 33.96 FR FOXCONN 448 33.25 TW LG 2,756 1.87 KR
2 MITSUBISHI 8 28.30 JP  HUAWEI 125 9.24 CN HUAWEI 1,788 1.21 CN
3 MATSUSHITA 3 11.32 JP  IBM 25 1.86 US FOXCONN 831 0.56 TW
4 NITRIDE 1 3.77 P ZTE 20 1.48 CN ZTE 546 0.37 CN
5 OMRON 1 3.77 JP  PHILIPS 18 1.37 NL CNPC 452 0.31 CN
2005 1 ALCATEL 5 20.41 FR FOXCONN 831 32.87 TW HUAWEI 2,638 1.41 CN
2 JOHNSON 3 12.24 HK HUAWEI 221 8.74 CN LG 1,896 1.01 KR
3 MASHI 3 12.24 US FUZHUN 80 3.16 TW ZTE 1,050 0.56 CN
4 MATSUSHITA 3 10.20 JP  FUTAIHONG 67 2.65 TW BYD 632 0.34 CN
5 FOXCONN 2 8.16 TW QUNKANG 53 2.1 CN FOXCONN 541 0.29 TW

Note: PF: patent family applications; PT: patent applications; Share Q: share in population; CO: country of
origin
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6 Discussion and Implications

In a nutshell, the strict filter of triadic patent families in comparison to the mass of patent ap-
plications unveils the overall low innovative performance of key organizations and China’s
NIS at large. The results reflect the poor preconditions for high value innovative output pro-
vided by the institutional and socio-economic structures and put China rather in the corner of
an underdeveloped top-down, centralized, and state-run NIS instead of being open and evol-
ving (Lundvall 2009; Rowen 2008). In perspective, more than 99 percent of China’s patent
applications originate from the low value class, less than one percent originates from the in-
termediate value class, and only 0.01 percent from the high value class. In comparison to the
more balanced composition of value classes in Germany and the United States, this reveals
the different competencies of China’s NIS. The results suggest in particular that for the con-
sidered period of time, China’s comparative advantage exists in the creation of low value in-
novative performance, albeit increasingly in huge quantities.

The massive quantitative surge in the low value class, observable especially after the late
1990s, can be linked to both, the increased adaptation and utilization of the patent system on
the one hand and the increasing innovative performance of the key organizations on the other.
We could think of three sub-trends related to the emerging patent system having affected this
growth simultaneously. Firstly, the general awareness of patents as means of protection and
the consequential usage increased over time (Moser 2005). Secondly, amendments and inter-
national harmonization of the patent law improved the protection of IPRs granted by patents
and incentivized their utilization (Guo/Zuo 2007). Thirdly, there might have been a stock of
earlier inventions which became patented with delay and inflated the measure of innovative
performance afterwards.

However, the first sub-trend was probably more relevant for patenting behavior during the
earlier years and thus does not explain later growth. The second trend might have boosted
patent applications, especially after the adaption of TRIPS, but only moved the underlying
legal framework on somewhat comparable levels to Germany and the United States. The third
trend is likely to have had, if at all, only a marginal influence. The stock of Chinese inventi-
ons was assumedly very small and would not have boosted application-volumes, if patented at
all (Dobson/Safarian 2008; Jakobson 2007). This suggests that the increasing volumes of pa-
tent applications during the later years are fostered by the adaption of TRIPS but eventually
caused by the improving low-value innovative performance of the key organizations. Thus,
increased protection and enforceability of IPR and the increasingly innovative performance of
China’s NIS on a large scale mirror both, the improved protection and capacity for inventive-
ness.

In the low value class, firms and universities are the dominant key organizations. However,
when we control for the origin of firms, domestic firms underperform universities before
2005. Over three-forth of Chinese large and medium enterprises (LMEs) still do not operate
R&D departments at all but, instead, focus on the exploitation of existing knowledge (Jakob-
son 2007). Underinvestment in R&D is partly caused by thin margins that do not allow capi-
tal-intensive R&D projects and a dynamic business environment that offers various opportu-
nities to generate profits without taking the risk caused by long-term capital lockup in R&D
(Jakobson 2007). Further, high abundance and low cost of labor encourage a substitution of

21

Frankfurt School of Finance & Management
Working Paper No. 158




The Innovative Performance of China’s National Innovation System

investments into technologies by investments in cheap and flexible workers (Song/Zhang
2010).

A new trend is led by relatively young firms in high-tech industries. The individual contribu-
tion of these companies to the innovative performance of China’s NIS is significantly higher
than of average LMEs (OECD 2007). Firms corresponding to that group within our results are
Huawei, ZTE, and BYD. Huawei and ZTE operate in the telecommunications industry and
were both founded in the late 1980s. BYD operates in the automotive and high-tech battery
industry. Compared to SOEs or privatized public research institutes, those firms are less ex-
posed to the burden of transformation since they originate from an economic environment
already more supportive for the creation of innovative performance compared to firms
established during the period of the command economy (Liu et al. 2009; Lundvall et al.
2002).

Huawei is one of the relatively few Chinese MNCs that developed R&D capacity abroad and
engages in knowledge exploiting activities in other NIS (Rowen 2008). In comparison to
other Chinese firms in the low and intermediate value class, the firm’s innovative performan-
ce is by far superior and renders the company as one of the domestic key organizations con-
tributing the strongest innovative performance to China’s NIS. Thus, in contrast to our initial
assumption, not only foreign MNCs have the ability to substitute scarce resources of China’s
NIS by tapping into other NIS (Marin/Arza 2009; Chesnais 1988). As a result, it becomes
increasingly likely that Chinese MNCs can introduce radical innovations in the future. Accor-
dingly, the development stage demands careful reconsideration because of diverse characte-
ristics and cannot simply be classified as a plain developing country’s NIS (Liu/Lundin 2009;
Liu 2009; Jakobson 2007; Chen/Shih 2005).

In some contrast to the term “low value class”, we do not argue that these inventions are
worthless. Considering the size of the Chinese market, a filing at SIPO covers a market with
access of customers two to three times a filing at EPO. Recalling the limited capture of pat-
ents, many inventions that focus on adjustments for the Chinese market but do not represent
absolute novelty are not acknowledged in the results (Griliches 1990). An example is given
by Chinese shanzhai products. These products are low priced and locally adjusted versions of
standardized global brand products which give Chinese customers another choice — albeit at
the expense of the violation of IPRs. Firms starting as shanzhai producers can transform into
companies that file high volumes of patent applications later, as illustrated by BYD (Boeing
2009). In other words, “experienced-based learning” can turn into “science-based learning”
but is initially not covered by the capture of patent statistics (Lundvall et al. 2009; Griliches
1990).

The central role of universities within China’s NIS is linked to a wide set of complementary
activities (Rowen 2008; OECD 2007). In many cases, the results of these activities are grow-
ing patent portfolios, fostered by own research or R&D carried out by spin-off companies.
The group of leading universities covered in the sample file more than 30 percent of total pat-
ent applications within the low value class. In most cases, patents are used for later commer-
cial use such as licensing or sales. From this perspective, the strong collaborations with the
business sector could result in a division of labor between universities and firms, where the
first focus on R&D and sell the resulting patents to the latter for production or other commer-
cial use of patents (Nelson 1988). However, the shift of too plentiful resources towards the
commercial applications of scientific knowledge at universities can harm a nation’s capacity
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to create innovations in the long run (Dasgupta/David, 1994). Thus, the universities’ new fo-
cus to withdraw partly from too abundant complementary activities and to re-focus on scienti-
fic research instead is viewed positively (OECD 2007).

Our results suggest that public research institutes apparently only play a minor role, also
caused by further restructuring and re-focusing on basic, strategic, and public good research
(Rowen 2008). In contrast to the relatively strong cooperation between universities and com-
panies, the low volumes of patent applications by institutes imply a mainly scientific focus or
the lacking intention for commercialization. For example, these institutes could carry out na-
tional research priorities associated with security issues and, therefore, seek other means of
protection than patents since patenting implies disclosure to the (worldwide) public.

Gradually improving the conditions of the institutional and legal framework, an increasing
stock of knowledge and steady support of new employees graduating from universities have
generated an increasingly supportive environment to carry out R&D over the last decade. This
development, supplemented by the continuous growth of the Chinese economy, is reflected
and reinforced by more R&D-intense FDI but also by complementary functions to existing
manufacturing and sourcing activities and, also, by the search for talent (Rowen 2008). Both,
knowledge exploring and exploiting activities by MNCs are observable in China (Rowen,
2008, 19). R&D labs of foreign firms increasingly use China’s talent pools and technologies
to shift the focus from adaption and support to full-scale R&D operations (Rowen 2008).
With more than 60 percent of all MNCs operating in China being engaged in R&D activities,
foreign R&D operations accounted for around 30 percent in 2004 (OECD 2007). In total, 750
foreign R&D centers had been established by 2004; among them, the world’s top R&D spen-
ding companies (Rowen 2008).

Accordingly, the results of the intermediate value class suggest the increase of foreign R&D
in China. In the intermediate value class, the innovative performance of foreign firms is par-
ticularly strong with around two thirds of the sample’s volume and with a clear upwards
trend. The main share of 78 percent of total patent applications in the period originates from
Taiwanese firms like Foxconn. This MNC has access to a global R&D and production net-
work with major facilities in Europe, North-America and Asia. Foxconn manufactures prod-
ucts for companies like Apple, HP, Nintendo, Sony, Motorola, Dell, and others. In 2004 and
2005, Foxconn alone contributed more than one-third of all patent applications within the
population of the intermediate value class in China. This stresses the exceptionally authorita-
tive position Foxconn has achieved by the combination of knowledge exploring and exploit-
ing activities in China’s NIS (Rowen 2008).

Another foreign firm performing in an extraordinary way is LG. The Korean electronics
conglomerate alone contributed between one and two percent of all patent applications within
the population in the low value class — but does not appear in the other value classes. The re-
sults are in line with the long-term strategy, namely, shifting the firm’s main R&D activities
from Seoul to Beijing. In early 2000, the firm established its largest non-Korean R&D center
in Beijing and employed around 1,600 entirely Chinese researchers until 2005 (Chen/Shih
2005). Assumedly, LG is mostly engaged in knowledge-exploring activities in the low value
class in which China has developed a comparative advantage (Rowen 2008). Alternatively,
LG could seek for experience within the low value class before engaging in the R&D of high
value patents.
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However, the overall results indeed show the dominance of foreign firms but also reveal the
rather weak innovative performance of these firms as a group. Considering the strong en-
gagement of MNCs in R&D activities and the high proportion of foreign R&D operations, the
actual R&D output is rather moderate (Rowen 2008; OECD 2007). Except for a few, foreign
firms are setting up capacities but still struggle to carry out R&D associated with high value
inventions. In particular, higher trust in the protection of IPRs within China’s patent system is
decisive to make China a favourable location for conducting ground-breaking research (Ja-
kobson 2007; OECD 2007).

Based on our results, the upper row “pre plan® of Table 7 displays the configuration of the
population according to the five Schumpeterian strategies (Lundvall et al. 2002). A high share
of imitators is active in the plain imitation of technologies but does not contribute to innovati-
ve performance. Various constraints or the lack of incentives detain many firms from invest-
ments into R&D. Adaptionists and complementors are represented to a medium degree within
the population. The increase of these types within the population is constrained by either or
both, a low degree of absorptive capacity or the lack of resources for further advancement of
imitations (Lundvall 2009). These types of key organizations normally generate incremental
innovations based on radical innovations created by pioneers, and contribute to the diffusion
of knowledge within the population. Due to a relatively small set of domestic pioneers, the
majority of significant radical innovations are induced by foreign pioneers. However, given
the low absorption capacity and weak ties between foreign and domestic companies but also
domestic key organizations in general, spillovers have difficulties to prevail and expand (Lan
2009; Marin/Arza 2009).

Consequently, the constellation represents the worst case for the emergence and development
of domestic pioneers, since these have to compete with established foreign pioneers but also
face competition from domestic imitators (Lundvall 2002). A recent empirical study in fact
finds evidence for high degrees of competition between foreign and domestic firms but also
solely among foreign firms in China’ NIS (Hu 2008). Despite the competition of domestic
imitators, foreign pioneers stay in the market because incentives overweigh obstacles. Howe-
ver, domestic firms’ potential to gain from the presence of foreign pioneers is limited because
of low absorption and application capacities. Furthermore, the presence of foreign pioneers
prevents the emergence and development of domestic pioneers on a large scale due to fierce
competition..

In a stable but detrimental constellation governmental intervention can be considered to opti-
mize the population of different types of key organizations (Lundvall 2002). Generally, given
a stable strategy mix with a too high proportion of imitators and a too low proportion of radi-
cal innovators, the position of imitators could be weakened and the position of innovators
strengthened correspondingly. However, the Chinese case presents a more complex scenario
considering the existence of relatively competitive foreign pioneers and the importance of
these companies for the innovative performance of China’s NIS, as revealed by the results.
The foreign pioneers cause two effects in China’s NIS. One the one hand, they contribute es-
pecially to intermediate- and high-value innovative performance. On the other hand, their
presence provides a major constraint for the development of domestic pioneers. Consequently,
the appropriate treatment of the population depends largely on the aspired development route
and the development stage of China’s NIS. However, a clear-cut classification of the devel-
opment stage is difficult, since China’s NIS is more developed and diverse than a plain devel-
oping county’s NIS but also has not yet reached the benchmark set by developed countries
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like Germany and the United States (Liu/Lundin 2009; Liu 2009; Jakobson 2007; Chen/Shih
2005).

China could take advantage of its comparative advantage in creating low value innovative
performance on a large scale. To fully exploit the potential, the access of domestic key or-
ganizations to knowledge disclosed by foreign firms could be facilitated by reducing the pat-
ent lengths and scope. This eases the more direct competition with developed countries and
consequently may increase variation of innovation (Moser 2005). From this perspective,
TRIPS could be too broadly designed for China’s developing stage and inhibits further inno-
vation which is cumulative or systemic (Cantwell 2006). In contrast to 20 years protection
granted by TRIPS, the welfare-optimizing length of patents is around 10 years or shorter, de-
pending on the extension of the market and expansion of trade (Boldrin/Levine 2009). Given
China’s vast market and huge global trade flows, an optimum patent length is presumably
even shorter. Considering that the majority of Chinese firms are still imitators, technology
induced by foreign firms and a few Chinese MNCs could be appropriated faster and on a cost-
efficient level within the NIS (Hunt 2006; Moser 2005; Sakakibara/Branstetter 2001). Given
this development route, the population within China’s NIS could increase their innovative
performance gradually.

Nonetheless, the Chinese government opted for a different development route. Covering the
period 2006 through 2020, the STDP introduces China’s ambition to become an innovative
nation by 2020 and a world leader in science and technology by 2050 (Serger/Breidne 2007;
STDP 2006). China’s government is highly concerned with increasing the country’s inventi-
veness and overcoming domestic economic, social, and environmental problems by means of
technology. Thus, the development of endogenous innovation is the pre-eminent guiding the-
me all policies are aligned with. Next to domestic development goals, the government imple-
ments systematical growth targets which are derived from inter-country comparisons and
competition. Consequently, the STDP acknowledges the basic role of the market, but stresses
the paramount role of the government regarding the development of China’s NIS (STDP
2006).

The development approach advocated in the STDP is rather at odds with our results. Indeed,
the plan acknowledges numerous weaknesses, for example that the mere import of technolo-
gy, without absorption and innovation, weakens the innovative performance of China’s NIS.
However, the solution presented differs from our approach and has also been heavily disputed
between economists and the technical community during the drafting of the STDP. Econo-
mists pointed out that at the current level of development and comparative advantage, China
should sustain its role as the world’s leading manufacturer base while focusing on the upgrade
of technological capabilities via spillovers created by MNCs on a cost-efficient level. The
technical community, however, argued that China could not longer expect to receive core
technologies from international sources and that overall technological spillovers showed a
disappointing performance. Instead, China should pursue the development of endogenous
innovation (Serger/Breidne 2007).

Our results suggest a larger potential within China’s NIS for the strategy proposed by the
economists. However, the final STDP explicitly propagandizes the latter development strate-
gy. In the STDP, a wide range of policies that ultimately aim to modify the population of key
organizations is advocated. In particular, these policies contribute to the development of do-
mestic pioneers. Thus, the policy mix includes measures to limit the competitiveness of fo-
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reign pioneers and domestic imitators, while improving the potential innovative performance
by domestic pioneers.

Table 7 summarizes the implications of selected key policies on the population. The policy
mix includes tax policies, amendments in the procurement and IPRs law, and technological
standard setting. Taxation policies comprise governmental support for establishing R&D faci-
lities in China and, even more important, abroad. Considering 150 percent pre-tax deduction,
this policy represents strong incentives and de facto subsidies for the development of R&D
capacities abroad. Following the example of Huawei, Chinese MNCs are rewarded for deve-
loping R&D capacities abroad and engaging in knowledge exploiting activities in other count-
ries (Datamonitor 2010; Marin/Arza 2009; Rowen 2008; Chesnais 1988). Consequently, firms
engaging in R&D are granted tax privileges and the dependence on foreign firms as sources of
knowledge and technology is reduced.

Table 7 Population of key organizations with respect to the plan implementation (pre plan vs. post plan)

Domestic Foreign
Imitators Adaptionists Complementors Pioneers Pioneers
High*
Pre Plan High Medium Medium Low *(Technology
Imports/FDI/R&D)
Post Plan Low High High High Qﬁgﬁﬁ‘;‘;
Tax Policies - + + +
Procurement Law - + + + _
IPR - + + + +/-
Standard Setting +/- -

Note:  (+) indicates positive effect; (-) indicates negative effect.

In line with the amendments of the procurement law, the import and duplication of technology
is restricted. Further, the government practices a first-buy policy for domestically made high-
tech products. These policies incentivize domestic pioneers to create high-tech products due
to de facto guarantees of substantial market demand. Domestic adopters and complementors
can also benefit from these policies with delay. Foreign pioneers and domestic imitators, ho-
wever, clearly face disadvantages because they are kept away from substantial segments of
the Chinese market. Concerning the patent system, a strengthening of IPRs including enhan-
ced protection and enforcement are advocated. Generally, these policies support all firms ex-
cept domestic imitators. Nonetheless, the authors of the plan stress the intention to avoid the
abuse of IPRs for unfairly restricted market competition or the obstruction of diffusion and
application of patented knowledge. Another issue concluded is that TRIPS and technology
standards may not serve China’s interest, but serve the established leaders in innovation
(STDP 2006; Moser 2005).
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However, this situation seems to present a dilemma, since IPR policies that support domestic
pioneers equally support foreign ones. A hint how China seeks to solve this problem is provi-
ded in the 2009 patent law amendment. According to this regulation, all inventions completed
in China must be reported to SIPO for confidentiality examination — regardless if the inventor
plans to apply for a patent in China or in another country. This regulation will motivate most
firms seeking patenting in third countries to apply for a PCT filing with SIPO as the receiving
office. Furthermore, SIPO’s scope of action has been enlarged by the 2009 amendments since
compulsory licensing can be granted if the patentee fails to sufficiently practice the patent
three years after it is granted or in case patents applicants and licensees do not meet domestic
demand. Due to the fairly vague conditions, SIPO could undermine the detrimental effects of
strong IPRs with compulsory licensing of foreign patents to Chinese companies (Clark et al.
2010).

Finally, the authors of the plan encourage the development of Chinese technology standards.
This policy can have a dual impact. The firms affected by standard setting are the ones which
come up with new technologies, hence domestic and foreign pioneers. If the Chinese govern-
ment prefers or even makes China-specific standards obligatory, foreign companies are crow-
ded-out from these markets unless they adapt their standards or introduce dual standards. The
domestic pioneers benefit largely from this regulation as long as they solely focus on the do-
mestic market. If these domestic pioneers aspire to become MNCs themselves, they will be
confronted with the same problem foreign MNCs face in the Chinese market. Therefore, the
development of China-specific standards is a short-term policy to encourage domestic pio-
neers and to constrain foreign ones. In the long-run, however, this policy could constrain the
global competitiveness of Chinese companies.

Table 7 summarizes the final result of a successful implementation and re-adjustment. The
share of imitators is considerably reduced, adaptionists and complementors achieve a higher
presence to support and adapt the spillover contributed by a high presence of domestic pio-
neers. The share of domestic pioneers has been reduced to a medium level — the potential
competition for domestic pioneers has been limited accordingly. In contrast to the welfare-
maximizing approach proposed by us, the overall goals of the STDP are consensual with an
increase of the frequency of innovation, the output, and support of own technology standards.
Therefore, stronger IPRs and a corresponding development of China’s patent system can help
to reach these goals. However, the possible negative effects of these policies can be decrea-
sing social welfare, decreasing productivity, and decreasing endogenous innovation if the de-
velopment of own standards fails (Dasgupta/Stiglitz 1980; Horowitz/Lai 1996; Sakakiba-
ra/Branstetter 2001; Moser 2005; Hunt 2006; Denicolo/Zanchetti 2010).

7 Conclusion

The objective of this paper is to answer the following two main questions: what is the innova-
tive performance of China’s NIS in international comparison? Who contributes to the innova-
tive performance? We derive our results by drawing upon patent data allowing us to achieve a
high degree of objectivity and also a high level of detail for our findings. To do so, we pro-
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vide insights by patent applications into different value classes (i.e., low, intermediate, and
high). This allows us to discriminate between the contributions of different kinds of local and
foreign key organizations to the overall performance of China’s NIS. To the best of our
knowledge, there is no study also applying such a methodology in order to assess the innova-
tive performance of China’s NIS.

In a nutshell, our results unveil the overall weak innovative performance of China’s NIS. In
contrast to Germany and the United States, less than one percent of China’s patent applica-
tions are of intermediate or high value. This figure suggests that China’s comparative advan-
tage exists in the creation of low-value innovations albeit increasingly in huge quantities. We
do not argue that low value inventions are worthless per se. Yet, it depends how they are ap-
plied to the local market. A new trend is led by relatively young firms in high-tech industries.
In comparison to other Chinese firms, the contribution of rather young companies such as
Huawei, ZTE, and BYD to the innovative performance of China’s NIS is significantly higher.
Huawei is by far the domestic key organizations contributing the strongest innovative per-
formance. While public research institutes apparently play a minor role, the universities’
strong collaborations with the business sector result in high volumes of patent applications
and emphasize the central role of universities within China’s NIS.

Constantly rising volumes of patent applications mirror both, the improved protection of IPR
and the increasing capacity for inventiveness. Supplemented by the continuous growth of the
Chinese economy, improving conditions are reflected and reinforced by more R&D-intense
FDI. Foreign firms’ innovative performance is proven by patents of intermediate and high
value. For example, the Taiwanese company Foxconn contributes more than one-third of all
patent applications within the intermediate value class. In sum, foreign firms are setting up
capacities but still struggle to carry out R&D associated with high value inventions.

Due to a relatively small set of domestic pioneers, the majority of radical innovations are in-
duced by foreign pioneers. The current constellation of the population presents a worst case,
because domestic imitators and foreign pioneers hinder the emergence of domestic pioneers —
albeit a necessary condition for the creation of endogenous innovation. To improve China’s
capacity of creating unique knowledge and producing high value inventions, the policy mix
advocated by the STDP involves tax policies, amendments in the procurement and IPR law,
and technological standard setting. In contrast to a welfare-maximizing approach, the overall
goals of the STDP are consensual with an increase of the frequency of innovation, the output,
and the support of own technology standards. Stronger IPRs can help to reach these goals.
However, the possible negative effects of the advocated policies can be decreasing social wel-
fare, decreasing productivity, and decreasing endogenous innovation if the development of
own standards fails.

Finally, it is questionable if a policy mix focusing on the creation of endogenous innovation
and national prestige technology is advisable considering China’s current development-stage.
The comparative advantage of China’s NIS lies in the creation of innovation of lower value. If
the improving conditions within China’s NIS, including absorptive capacity and linkages be-
tween sectors and organizations, are upgraded further, the country can expect a mass of inven-
tions of increasingly high value in the years to come. This scenario is more sustainable com-
pared to a situation in which a limited number of national champions create technology for
state-controlled projects with low welfare-gains for the overall economy, simply to prove to
the outside world that China is capable of creating world-class technology.
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