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a b s t r a c t

Developing countries are increasingly seen as competitors in knowledge intensive activities. However,
their rapidly growing innovation potential suggests that they will become important producers of
technology demanded by other countries, and at the same time, they will increase their demand for
technology produced elsewhere. To study the evolution, composition and drivers of international
technology sourcing between a developing country and the rest of the world, we look at the case of
China. To quantify these technology flows we use patent-based measures of cross-border ownership of
inventions and a patent database providing worldwide coverage of patents. We show that although
China has a large deficit in international technology sourcing, the flow of technology from abroad to
China and vice versa is intensifying. In both directions of technology sourcing, we observe strong
concentration in terms of partners and technological fields. While geographic distance hinders the
technology flow from China to other countries, it does not impede Chinese entities from acquiring
property rights over inventions developed by inventors from distant countries. China maintains
intensive linkages with a number of relatively small and developing countries. This way it accelerates
the process of South–South interactions in international technology sourcing.
& 2014 The Authors. Published by Elsevier Ltd. This is an open access article under the CC BY license

(http://creativecommons.org/licenses/by/3.0/).

1. Introduction

The impressive growth in inventive output of some of the
developing countries, e.g. China, has attracted the attention of
scholars, policy makers and company executives (De Prato et al.,
2013; Petti, 2012; Sun and Du, 2010). To a large extent, this
attention is driven by the rising power of developing countries
as newly-emerging competitors in knowledge intensive activities.
In contrast, hardly any interest is paid to the issue of international
technology sourcing from and to developing countries (Ramamurti
and Singh, 2010). However, it seems to be a natural step that
developing countries will become important producers of tech-
nology demanded by other countries, and that, at the same time,
they will increase their demand for technology developed abroad
to complement their own technological resources. It can already
be said that, of the developing countries, China is one of the largest
foreign investors (UNCTAD, 2012). Indian and Chinese firms
abroad are not only expanding their sales and manufacturing
activities, but they are also enhancing their technological capabil-
ities. Similarly, foreign investments in developing countries are

increasingly focusing on knowledge-intensive activities, including
R&D and technology sourcing.

Considering the above, this paper will provide evidence on the
process of international technology sourcing between developing
countries and the rest of the world. We have chosen China as our
focus because its inventive capacity has grown significantly. We
address the following questions: First, what is the magnitude of
technology sourcing and what is the net balance of technology
exchange between China and the rest of the world? Second, how is
this process evolving over time? Third, which countries are China's
key technological collaboration partners? Fourth, what are the
main technological fields in which this collaboration takes place?
Finally, what factors facilitate technology sourcing between China
and the rest of the world?

One of the reasons why there is no complete picture of the
position and dynamics of China in the process of international
technology sourcing is the lack of information. We solve this issue
by using measures and data with comprehensive coverage of the
technological linkages between China and the rest of the world.
Our empirical analysis uses patent-based indicators of interna-
tional technology sourcing. In particular, we use measures of
technology internationalisation that capture the issue of cross-
border ownership of inventors as defined by Guellec and Van
Pottelsberghe de la Potterie (2001), i.e. where an applicant holding
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property rights over an invention resides in a different country
than the inventor who developed this invention. These measures
allow us to capture the phenomenon of technology sourcing,
which is defined as either a transaction or a long-term collabora-
tion between two parties, in which the acquirer and supplier of
technology are involved (Bennett, 2002). We use PATSTAT as a data
source, because it is the most comprehensive patent dataset
available, provided by the European Patent Office (EPO) containing
a worldwide coverage of patent applications submitted to more
than 90 patent offices in the world. Querying the entire database
allows us to map and quantify the intensity of technology sourcing
between China and the rest of the world. In order to explain the
drivers behind the international technology sourcing to and from
China, we use the gravity model. We include the most relevant
findings from previous research on international technology sour-
cing identified as the key drivers of this process.

We chose to analyse China because it belongs to the group of
economies that are expanding most at present. In addition, it is
also a destination for R&D-related Foreign Direct Investment (FDI)
(Chen and Reger, 2006; Nepelski and De Prato, 2012). Despite the
current interest in China (Abraham and Moitra, 2001; Ernst, 2005;
Liu and White, 2001; Simon, 2011; Yang, 2012), little attention is
devoted to China's outward internationalization. Notable excep-
tions include studies of recent corporate evolution in China. These
studies focus on the increased internationalization of Chinese
firms in the form of outward foreign direct investment flows and
overseas mergers and acquisitions (Athreye and Kapur, 2009).
To our knowledge, there has been no comprehensive attempt to
assess China's strength as a producer of technology sourced to
other countries and as a procurer of technology developed else-
where. Some of the studies focusing on China and international
technology include Zhang et al. (2007) and De La Tour et al. (2011).
The former study concentrates on a limited number of companies,
and the latter addresses only one narrowly defined technological
field. Thus, due to its scope, i.e. the whole world, our study
complements the existing evidence and extends our understand-
ing of the role of China in the process of international technology
sourcing in a global context.

The rest of this paper proceeds as follows: Section 2 reviews
the available literature on international technology sourcing.
Section 3 formulates the gravity model used to explain the
patterns of international technology sourcing between China and
the rest of the world. Section 4 introduces the data and measures
used in the study. Section 5 presents and discusses the empirical
findings. Section 6 offers conclusions and formulates some theo-
retical and practical implications. Section 8 includes a technical
Appendix.

2. Literature review

Over the last few decades, an intensive process of redistribution
of production across the world has taken place (Meyers et al.,
2008; UNESCO, 2010; Van der Zee, 2006). As part of the spatial
division of economic activity, a number of large corporations have
begun to seek new knowledge opportunities worldwide (Bartlett
and Ghoshal, 1990; Dunning, 1994; Teece, 1977). Increasingly,
companies are making R&D-related investments abroad and tap-
ping into R&D sources outside their home countries, or accessing
knowledge and technology assets abroad. Thus they are building a
new kind of competitive advantage by discovering, accessing,
mobilising, and leveraging knowledge from a number of locations
across the globe (Doz et al., 2001). An implication of the process of
international technology sourcing is the emergence of a global
network of technology development (De Prato and Nepelski,
2014). The dynamics and structure of the network are constantly

changing as new linkages between the existing players are created
and as new actors enter the markets. In this context, two of the
most important questions in the evolution of the global economy
are what effects FDI has on the economies of host and domestic
countries and what determines FDI related to technology sourcing
(Driffield and Love, 2007).

Regarding the effects of international technology sourcing, a
relevant question is how it affects the competitiveness of both
domestic and host countries. The importance of this issue is
related to the fact that, mainly in developed countries, there is a
concern that following the offshoring of production activities,
large multinationals will relocate R&D activities. The increasing
technological capacities of developing countries, particularly in
Asia, are seen as competition for R&D resources, which may
negatively affect R&D investments and employment in the devel-
oped countries and, in the long term, the domestic knowledge
base. This is amplified by the fact that R&D-related FDI takes place
primarily in knowledge intensive industries, such as the ICT,
chemical or pharmaceutical sectors, i.e. industries seen as essential
to advanced economies. It is perceived that the potential loss of
local inventive capacity in these industries could harm the
competitiveness of the knowledge-based economy and undermine
its development.

One of the first attempts to address the question of how
internationalisation of technology sourcing affects both domestic
and host countries finds a connection between the internationa-
lisation of R&D activities and economic performance (Coe and
Helpman, 1995). Coe and Helpman (1995) extended the theories of
economic growth that treat commercially-oriented innovation as a
major engine of technological progress. They argue that technolo-
gical progress depends not only on domestic R&D capital but also
on foreign R&D capital. They conclude that foreign R&D has
beneficial effects on domestic productivity. These effects are
stronger the more open an economy is to foreign trade. However,
in a later study, van Pottelsberghe de la Potterie and Lichtenberg
(2001) show that FDI transfers technology, but only in one
direction. A country's productivity is increased only if it invests
in R&D-intensive foreign countries and there is no positive effect
on its productivity if foreign R&D-intensive countries invest in it.
While the former result is confirmed by studies of individual
countries, e.g. Germany (Herzer, 2011), the latter is challenged by a
study of China. Zhang (2013) finds that the role of FDI increases
with FDI inflows over the period, and changes in FDI affect
changes in industrial performance.

This paper places the drivers of international technology
sourcing in the context of the globalization of economic and
inventive activity. The most important drivers are seen as non-
transferable and location-specific resources (Boutellier et al., 2008;
Dunning, 1988, 1994; Kuemmerle, 1999; Narula, 2003). These
resources include inputs to R&D activity, e.g. scientists and
universities, or knowledge about customers and markets
(Dunning, 1988, 1994). Another reason for engaging in interna-
tional technology sourcing is to access a particular market. Hence,
the potential size of the economy should be also taken as a
predictor of link formation between countries.

Empirical research on the motives behind international tech-
nology sourcing has two dimensions. The first is the unit of
observation, i.e. firm versus country. The second is the geographic
scope. For example, at the firm level, Belderbos et al. (2014)
examine the drivers of international technology sourcing strate-
gies of Flemish firms. They show that technology sourcing is
practiced by firms that face resource limitations. Also Song and
Shin (2008) and Penner-Hahn and Shaver (2005) have carried out
studies at the firm level and find that, for transfers to be effective,
firms must have sufficient ‘absorptive capacity’ to utilise foreign
know-how and R&D results. Similarly, Grevesen and Damanpour
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