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Abstract

This study explores the temporal and spatial distribution of technology trans-
fer in China by analyzing the licensing activities from the perspective of sup-
plier and demander of the technology transfer chain, using the data obtained
from the State Intellectual Property Office of China (SIPO). We find that the
overall number of licensed technologies has increased dramatically during 10
years and different types of technology show diverse trends. And the technol-
ogy age is declining year by year, among which the age of invention patents is
the oldest. As licensors, individuals and firms provide the vast majority of
outward technologies and most of their technologies are utility models. How-
ever, only firms take the vast majority as licensee. And most inward technolo-
gies come from foreign organizations before 2008, while domestic sources
provide the majority of inward technologies after 2008. We also provide sug-
gestions for policy-makers and firms.
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1. Introduction

Learning from external technology sources through an effective technology
market has been promoted as a primary means to overcome technological defi-
ciencies at a national level [1]. Technology transfer has been one of the most
important vehicles by which firms gain access to technological knowledge from
developed economies [2]. Technology licensing is one of the most important
means through which technology transfer is achieved. Many scholars have con-

firmed through empirical research that in-licensed technology from the outside
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can effectively improve their innovation performance [3] [4]. As a developing
country, China acquires and absorbs advanced knowledge from developed
countries, which is the key in filling its own technical gaps and catching up with
other countries [5] [6]. Among them, patent licensing is an important channel
for technology transfer.

The patent licensing activities represent the transfer of the right to use the pa-
tent from the licensor to the licensee, and it shows obvious directionality.
From the perspective of the licensor, especially for developing countries, the
in-licensed technology can provide strategic assets to make up for technological
gaps and gain competitive advantage in the international market [7]. Therefore,
patent licensing is widely considered one of the most important ways to transfer
technology.

In the previous researches, the dimensions of knowledge transfer are generally
drawn from temporal, spatial and geographical perspectives [8]. Liu and Ma ex-
plored the rules of knowledge creation activities at both temporal and spatial
scales through a bibliometric view [9]. Chen provided a detailed analysis on the
potentiality for alliances involving technology transfer between Chinese enter-
prises and Western companies, based on a questionnaire survey covering 200
sample companies and factories in mechanical industries in China [10].

However, most existing studies focused mainly on the supply of technology,
but several other aspects of these markets remain under-studied, including the
demand for technology and the dynamic interaction in the market for technolo-
gy. We believe that these questions are becoming increasingly vital due to the
stylized fact that the innovation paradigm has been shifting from closed innova-
tion to open innovation, in which an increasing number of firms from both de-
veloped and developing countries are adopting external technology as their main
innovation strategy [11] [12]. Thus, to address the aforementioned question, this
study intends to empirically analyze the data obtained from the State Intellectual
Property Office of China (SIPO) to explore the overall trends, the evolutions of
temporal and geographical distributions of technology transfer represented by
technology licensing activities from the perspectives of supplier and demander
of the technology transfer chain respectively.

This study makes a contribution that it analyzes the temporal and geographi-
cal distribution of technology transfer, not only from the perspective of licensee,
but also in terms of licensor, extending the existing literature on knowledge
transfer. In practice, these findings have strong implications for policy-makers
and firm managers about how to find, transfer and successfully commercialize
the existing technologies generated by various agents in different places.

However, there are still a few limitations of this study. Firstly, this study only
empirically analyzes the temporal and geographical distribution of technology
transfer. Secondly, this article only explores the flow of knowledge through the
patent licensing, while there are many other channels of technology transfer re-
maining to be investigated. Thirdly, it is difficult to update the data we use in
this study, so we can only investigate the rule of the evolutions from 2002 to
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2012. Future research is needed to provide better investigation about this topic.
The next section introduces the data sources and methods used in this study.

Section 3 presents the analysis results from the perspective of the licensor, while

Section 4 from the perspective of the licensee. At last, this paper ends with dis-

cussion and conclusions.

2. Technology Licensing Data and Methods

Patent licensing refers to the way in which a patented technology owner can au-
thorize another entity to use the technology in a certain way for a certain period
of time, and the licensee needs to pay a fee to the licensor. In practice, the tech-
nology holder is generally called the licensor, whereas the opposite knowledge
user is referred to as the licensee. Since 2001, SIPO has been authorized by legis-
lation to register technology licensing contracts within three months after them
being signed by the licensor and licensee. The data used in this paper is obtained
from the State Intellectual Property Office of China (SIPO). However, the avail-
able data is only published from 2002 to 2012 by SIPO, so there is a time limit of
our data.

The records of patent license contract include information such as contract
filing number, patent number, patent name, license type, etc. The licensors could
be individuals or firms, either domesticor abroad, but all the licensees are do-
mestic. We search the names of the licensor and the licensee on the website of
the Trade and Industry Bureau and the search engine to check the provinces
where the patent licensor and the licensee are located. After excluding invalid
data, there are 86,662 valid records, covering 41,691 license contracts, with a to-
tal of 76,289 patents, 19,976 licensors and 22,080 licensees (see Table 1). The li-
censors come from 31 provinces and territories in mainland China, Taiwan,
Hong Kong, and foreign countries, but the licensees are all from 31 provinces in
China.

Some prior studies have shown that mature technologies and state-of-the-art
technologies have very different advantages and disadvantages for further inno-
vation [13]. So we will study the evolutions of technology flow by analyzing the
distribution of technology age of the licensed technology from the temporal
perspective [14]. Technology age equals the interval between a patent being
granted and being licensed. For example, if a technology has been granted in
2000 and licensed in 2005, then its technology age is 5 years. The older the pa-
tent is, the more mature the technology is, which means the technology is fully
tested by the market. If the technology age is smaller, it represents a more ad-
vanced technology.

Figure 1 shows the total amount of in-licensed patents in China from 2002 to
2012. The amount of patents has increased from 265 in 2002 to 15,898 in 2012,

Table 1. Total number of valid data published by SIPO.

Valid record Contract Patent Licensor Licensee
Number 86,662 41,691 76,289 19,976 22,080
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Figure 1. Annual number of technologies recorded in the SIPO, 2002-2012.

almost an increase of 60 times. And there are three stages of the evolutions of the
distribution. In the first stage, only less than 500 patents are licensed out each
year from 2002 to 2004. While according to the China Statistical Yearbook, the
number of patents granted exceeded 100,000 each year from 2002 to 2004. This
reflects the fact that the transfer of patented technology has not been paid
enough attention. And technology licensing is not common as a channel for
technology transfer then. In the second stage, the number of licensed technology
increased rapidly but unsteadily from 2005 to 2008. This is mainly due to the rise
of optical disc technology and the vacancy in the domestic optical disc technol-
ogy market, which requires the import of advanced technologies in large quanti-
ties to make up for domestic technological gaps. In the third stage, the number
of licensed technology increased rapidly and steadily after 2008, which indicates
that patent licensing has received widespread attention as a technology transfer

channel.

3. Licensor

Most existing studies focus mainly on the supply side of technology transfer in
which case regions in China are the licensees, but seldom on the demand side.
Thus, we intend to empirically explore the overall trend, the evolutions of tem-
poral and geographical distribution of technology transfer from the perspectives

of licensor.

3.1. Types of Licensor

According to Wang’s classification method, licensors are classified as four types,
including individuals, firms, research institutes and universities [8]. We find that
most of the technologies licensed before 2008 come from firms, and after 2008,
individuals are the main supplier of patented technology (see Figure 2). In 2011,
as many as 11,912 patents are exported by individuals. Research institutions and
universities tend to publish papers and apply for patents to improve innovation
performance. They are less involved in the commercial use of their own tech-

nologies.
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Figure 2. The distribution of outward technologies by licensor type (in absolute value),
2002-2012.

Figure 3 shows the respective percentage of different types of licensor based
on the total number of licensed patents. We find that individuals and firms are
the main exporters of patented technologies. It’s usually difficult for individuals
to commercialize the technology they hold, so they tend to license the technolo-
gy out, rather than holding it for long periods of time. While firms are for-profit
organizations, and they often quickly put their patented technology on the mar-

ket and realize their maximized commercial benefits.

3.2. Types of Technology

There are three types of patent in China, including invention, utility model and
design. And different types of technology contain different levels of innovation,
of which inventions have the highest degree of innovation and design the lowest
degree [15]. Figure 4 shows the distribution of various types of outward tech-
nology in terms of absolute value from 2002 to 2012. We find that the amount
and growth rate of the three types of technology exported by regions within
China is very small before 2008, and the amount of the three types of outward
technology increases rapidly after 2008, especially utility models.

We further analyze the types of patents output by different types of licensors
and the result is presented in Figure 5. It indicates that although universities and
research institutions do not have an advantage in the number of outward tech-
nologies; most of the technologies provided are highly innovative inventions.
Besides, the type of technologies that are mainly exported by enterprises and in-
dividuals are utility models, which are not so innovative, but can be quickly put
into the market to generate economic benefits and realize the commercial use of

technology. This is consistent with our previous analysis results.

3.3. Temporal Distribution

Licensors have a choice to license out whether mature technologies or
state-of-the-art technologies. In the case of entities within China as licensors, we

find the technology age of outward technologies exported by domestic individuals
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Figure 3. The distribution of outward technologies by licensor type (in percentage),
2002-2012.
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Figure 4. The distribution of outward technologies by patent type, 2002-2012.
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Figure 5. The distribution of different types of outward technologies in terms of licensor
type in 2012.

and organizations has gradually declined, from the highest of 4.4 to 2.6 (see Fig-
ure 6). While in 2004, the technology age suddenly dropped. This is due to the
relatively low percentage of invention exported in 2004, which only makes up
43%, and most of the outputs are utility model patents and design patents with

shorter technology life cycles.
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Figure 6. Average age of outward technologies, 2002-2012.

Furthermore, we use the data of 2012 to analyze the distribution of technology
age of outward technologies exported by different types of licensors. The result
shows that whether it is individual or organizations, they will hold most of their
technologies no more than 3 years (see Figure 7). Moreover, there are some dif-
ferent trends when it comes to different types of licensor. For example, indi-
viduals tend to license out most of their technologies within first year, while
firms prefer 2 years. As for research institute and university, the duration is 3
years.

The reason is consistent with the analysis above. Individuals have difficulty in
obtaining the commercial value from their technologies, and they have to bear
the annual fee for the patent that increases as time goes by. Therefore, they will
choose to license their technologies out as soon as possible. While firms will
balance the expected return on technology and the maintenance cost to decide
whether to hold the technology, and firms also have the ability to put technology
into production, so it will retain its own technology for a longer time. As for re-
search institute and university, they will choose to hold their own technology for

a much longer period of time for the purpose of research and innovation.

3.4. Spatial Distribution

From the perspective of the licensors, it is interesting to know where the domes-
tic technologies go. Figure 8 shows the total distribution of outward licensing
(in terms of percentage) based on the location of the licensees. We find that
within-province technology licensing takes the main role and there is almost no
technology being licensed abroad. This finding indicates that technology transfer

in China is very localized.

4. Licensee

It is also important to know how the distribution evolves when it comes to the
perspective of the demand side of the technology transfer transaction. So this
study will analyze the overall trends, the temporal and geographical distribution

of technology transfer from the perspective of licensee.
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Figure 7. The distribution of technology age by licensor type, 2002-2012.
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Figure 8. The geographical distribution of outward technologies, 2002-2012.

4.1. Types of Licensee

We analyze the distribution of different types of licensee by the total number of
in-licensed technologies. The result is shown in Figure 9 (in terms of percen-
tage).

Unlike licensors, 97% of licensed technologies flow into firms. This finding
suggests that enterprise is an effective channel for patented technology to enter

the market to achieve commercial benefits.

4.2. Types of Technology

This study also investigates the distribution of different types of in-licensed
technologies from the perspective of licensee. The result shows that the growth
of the three types of technologies is very slow from 2002 to 2004 (see Figure 10).
And there is an unsteady increase of invention patents from 2005 to 2007. How-
ever, during the last four years, utility models are the primary licensing type,

almost three times the number of designs.

4.3. Temporal Distribution

Chinese licensees have a choice to import old or new technologies. We analyze
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Figure 9. The distribution of inward technologies by licensee type, 2002-2012.
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Figure 10. The distribution of inward technologies by patent type, 2002-2012.

the evolution of the average technology age of inward patents in China from
2002 to 2012 to find the preference of licensees. The result shows that Chinese
licensees have gradually shifted their focus on newer technologies (see Figure
11). The average age of inward technologies during the period of 2005-2007 has
shown a significant upward trend, due to a large number of mature foreign in-
vention patents imported at that time. While after 2008, the average technology
age is drastically reduced, approaching 3 years. This shows that one hand it is
easier to acquire novel technologies in the technology market. On the other
hand, now firms have enough technological capabilities to absorb and utilize
innovative technologies to improve their own innovation capabilities.

Figure 12 shows the distribution of in-licensed technologies at every age in
terms of absolute number. We find that most of the technologies are licensed
within the first 3 years and starting from the third year, there is a rapid decline
in the licensing of patents as time goes by.

Regarding the accumulated distribution of technology age, we find that 60 %
of patents are licensed out within the first 3 years after being granted by SIPO
(see Figure 13) and 90% of patents are licensed out within 8 years. On one hand,

the maintenance costs of patents will increase with time, on the other hand, the
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Figure 11. Average age of inward technologies, 2002-2012.
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Figure 12. The distribution of age of inward technologies, 2002-2012.
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Figure 13. Accumulated percentage of technology age of inward patents, 2002-2012.

market value of technologies will gradually decline as time goes by. So the tech-
nology owners will not hold their technologies for too long.

In order to investigate the licensees’ tendency to the newness of different types
of patents, this paper further analyzes the age of technologies of different types.

The results are shown in Figure 14. The technology age of foreign patents is
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Figure 14. The average age of inward technology by patent type, 2002-2012.

generally higher than that of inventions and utility models, and the technology
age of inventions is generally higher than that of utility models, except for 2007.
This analysis also further validates that different types of technologies have dif-

ferent life cycles and different rate of technology obsolescence.

4.4. Spatial Distribution

Licensees may import technologies from different regions. Since China has been
promoting an “indigenous innovation” policy since 2006, it will be interesting to
see whether the source of technology licensing changed. Figure 15 and Figure
16 show the distribution of different regions of licensors (in absolute value and
percentage, respectively). It indicates that before 2008 foreign technology market
is the main supplier of technology, while after 2008, the inward technologies be-
come much more localized, especially within province. This may be due to the
development of the domestic technology market and the guiding role of indi-
genous innovation policy, resulting in technology search much more localized.
We find that from 2005 to 2007, foreign technologies account for more than
95% of the total amount (see Figure 16), indicating that domestic technology
market has a strong dependence on foreign technology. However, the trend
changes after 2008, with over 70% of inward technologies coming from within
provinces, showing that domestic technology market is capable to meet the

needs of demand side of technology transfer trade.

5. Conclusions

This paper empirically analyzes the evolution of distribution of technology
transfer in China, using the data of patent licensing contracts published by the
State Intellectual Property Office of China (SIPO) from 2002 to 2012. We study
the rules of technology licensing activities from the perspectives of licensor and

licensee respectively. The results of the analysis are as follows.
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Figure 15. The distribution of inward technology by geographical sources (in absolute
value), 2002-2012.
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Figure 16. The distribution of inward technology by geographical sources (in percen-
tage), 2002-2012.

On the overall trends, the total amount of technologies received in China has
increased by nearly 60 times from 2002 to 2012. There are three stages of the
whole evolution. From 2002 to 2004, no more than 500 patents are received
every year, while from 2005 to 2007, the number of patents has increased a lot,
by more than 10 times, with great fluctuations. Then, after 2008, the number of
patents shows a steady and rapid growth trend. On one hand, our results reflect
that the system of technology trade market has gradually improved, and tech-
nology information has become more transparent and open. On the other hand,
patent licensing has gradually received wide attention as an important technol-
ogy transfer channel. Moreover, different types of patents also show different
trends, reflecting the change in demand for technology in the Chinese technolo-
gy market, and utility model patents that can be rapidly put into production to
obtain commercial benefits are valued by the market gradually.

From the perspective of licensor, firm is the main licensor type before 2007,

while individuals become the main technology supplier after 2008. In the total
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number of patents, individuals and firms provide almost half of the total respec-
tively. As for the type of technology, most of the outward technologies provided
by individuals and firms are utility model patents, while most of the technologies
provided by universities and research institutes are highly innovative invention
patents.

Unlike the situation of licensor, 97% of licensees are firms, indicating that the
main intention of technology transfer is to put technology into the market, gen-
erate benefits and realize commercial value.

As for the temporal distribution, technology age shows an overall downward
trend from 2002 to 2012. About 60% of the technologies are licensed within the
first three years, and the chance of technology being licensed decreases over
time. It shows that the speed of technology upgrading is accelerating, and the
market value of technology is declining with time. Therefore, when funds are li-
mited, the licensees should choose to import newer technologies.

This study also reveals that most of the inward technologies come from for-
eign countries before 2007, while domestic suppliers take the leading role after
2008. This phenomenon of the evolution in the geographical distribution indi-
cates that the technologies held by the domestic technology market now are able
to meet its own needs and China’s indigenous innovation policy makes technol-
ogy search more localized.

In summary, this study analyzes the temporal and geographical distribution of
technology transfer, not only from the perspective of licensee, but also in terms
of licensor, extending the existing literature on knowledge transfer.

In practice, these findings have strong implications for policy-making and
firm managers. First, they help policy-makers to address the specific external
technology needs of the different regions and types of organizations. Second,
this study not only helps the supplier of the technology, but also the demand
side of technology transfer to make choices about the technology trade.

Although we emphasize our contribution to visualizing knowledge space of
the knowledge value chain, there are still several limitations that deserve to be
addressed in future studies. Firstly, this study only empirically analyzes the
temporal and geographical distribution of technology transfer, while there are
still technical and cognitive dimensions to be discussed. Secondly, this article
only explores the flow of knowledge through the patent licensing, while there are
many other channels of technology transfer, such as FDI and business alliances,

remaining to be investigated.
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