
In Search of an Innovative State: The Development
of the Biopharmaceutical Industry in Taiwan,
South Korea and China

Jenn hwan Wang, Tsung-Yuan Chen and Ching-Jung Tsai

ABSTRACT

Recent developments in the biopharmaceutical industry in Taiwan, South
Korea and China bear witness to the transformation of these states in nurtur-
ing an innovation-based industry. This article argues that the segmentation
of the value chain of the biopharmaceutical industry has provided indus-
trializing countries with a window of opportunity. These East Asian states
have modified their former catching-up approaches by establishing a more
effective institutional platform that can attract knowledge-creation players to
the industry. Through case studies, the authors show that the Taiwan state’s
promotion of the biopharmaceutical industry has been based on an incre-
mental approach; existing state policies have been modified to cope with
the demands of the industry, which has resulted in the continuation of its
SME-based industrial structure. The methods of the Korean state have been
more radical, in that the policies that previously favoured the chaebols have
gradually been reoriented toward the promotion of smaller, science-based
firms that now co-exist alongside the chaebols. Finally, the Chinese state and
local governments have sought to promote this innovation-based industry
by building biotech parks. This approach has resulted in a boom in new
science firms, which have become increasingly isolated from the flourishing
domestic SOE-led market.

INTRODUCTION

As a representation of the knowledge-based economy, biotechnology has
become one of the priorities that both developed and developing countries
have been pursuing to advance their economic growth. Among the many
different sectors within biotechnology, the biopharmaceutical industry is
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arguably one of the most important in terms of the value that it can generate.1

For example, in 2005, the net profits earned by the ten biggest pharmaceutical
firms (hereafter ‘pharmas’) ranged from US$ 3.6 billion to as much as
US$ 10.4 billion. The most profitable pill, Lipitor, a cholesterol-lowering
product of Pfizer, generated US$ 12.1 billion in revenue in 2005 alone (DCB,
2006: 181). It is hardly surprising that many countries dream of entering this
arena in the hope of upgrading their economies.

In the past, the pharmaceutical companies used a vertically-integrated ap-
proach to developing new drugs that started with basic research and devel-
opment (R&D), moved through pre-clinical and clinical tests, and extended
to the marketing phase. Given that the whole process could take twelve to
fifteen years and cost as much as US$ 800 million (Marcia, 2004), very
few companies had the financial and technological capability to enter the
new drug exploration game. As a result, the world market was dominated
by a very small number of US and European firms. However, the molecular
biology revolution beginning in the late 1970s has dramatically changed the
process of developing new drugs (Comanor, 2007; Dosi and Mazzucato,
2006; Pisano, 2006).

The traditional method involved screening thousands of chemical com-
pounds for efficacy against a given disease, and was referred to as the random
drug design methodology. The molecular revolution in the 1970s changed
this methodology into one of ‘rational drug design’, i.e., the development
of more precise models to detect how the molecular structures of particular
cells cause specific diseases and how they interact within the body (Comanor,
2007; Pisano, 2006). Since the early 1980s, biotechnological research tech-
niques have been displacing traditional chemical methodologies, and large
global pharmas have now integrated biotech into their drug development
processes. In addition, as a result of institutional reforms that took place
in the USA in the 1980s, the vertically-integrated process for developing
new drugs has been broken up into different segments, allowing many parts
of the process, including the expensive R&D segment, to be outsourced.2

Approximately half of the 200 new drugs which were approved by the US
Food and Drug Administration (FDA) between 1988 and 2000 were a result
of this new type of collaborative process (Danzon et al., 2005). It is against

1. Biopharmaceuticals generally refer to medical drugs developed by biotechnological meth-
ods, such as the use of proteins or DNA for therapeutic or diagnostic usage. This article
defines the biopharmaceutical industry in relation to the value chain involving R&D pro-
cesses for new drugs, from upstream discovery to downstream clinical trials.

2. Many laws were passed in the USA in the 1980s to encourage scientists and universities
to collaborate more closely with private firms, including the Bayh-Dole Act (1980), the
Stevenson-Wydler Technology Innovation Act (1982), and the National Competitiveness
Technology Transfer Act (1989). As a consequence, many scientists have become scientist-
entrepreneurs and have established new firms which focused solely on R&D and sold their
research results to big pharmas prior to clinical tests (Dosi and Mazzucato, 2006; Pisano,
2006).
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this backdrop that a number of countries, including Taiwan, South Korea and
China, availed themselves of the opportunity to enter the biopharmaceutical
industry in the hope of upgrading their economies.

The purpose of this article is to examine the processes through which these
three countries have been developing their biopharmaceutical industries. In
the past, the success of economic development in East Asia was mainly
attributed by scholars to the efforts of developmental states to catch up
economically with the advanced countries (Amsden, 1989; Evans, 1995;
Wade, 1990; Weiss and Hobson, 1995; Woo-Cumings, 1999). This state-
guided development has, however, encountered enormous challenges in
seeking to establish new frontier and innovation-based industries. While it
was relatively easy for the state in the earlier stages of economic development
to learn from advanced countries, due to the availability of information, the
very concept of frontier and innovation-based industries implies that the
knowledge does not yet exist, and there is no clear model to learn from.
The state’s decision to develop such frontier technologies, especially those
related to the biopharmaceutical industry, is thus a gamble.

We will argue, following an institutionalist perspective (Campbell, 2004;
North, 1990), that because there is no clear blueprint to copy from, state bu-
reaucrats in East Asia tend to follow or modify existing routes to construct
their own development models. They digest, or even reconstruct, their past
failed experiences and assimilate them with the experiences of the advanced
countries. The state then adopts new strategies and builds new forms of in-
stitutions that are geared towards innovation-based industries, in which state
bureaucrats collaborate closely with the scientific and financial communities
to construct new infrastructure to support the new industries. That this form
of state functioning may follow different patterns in different countries as
a result of existing institutional arrangements is borne out by the fact that
Taiwan, South Korea and China exhibit varied patterns of state transforma-
tion in the development of their biopharmaceutical industries.

THE STATE, INNOVATION AND INSTITUTIONAL COUPLING

In recent decades, the fragmentation of production — through which the
branded global firms outsource most of their production functions to other
parts of the world in order to lower their production costs — has become a
dominant strategy in the business world. Firms rarely engage in the whole
process of the value chain. In recent years this outsourcing trend has in-
cluded R&D; branded firms avail themselves of the cheap workforces of
industrializing countries to reduce their R&D costs (Ernst, 2005; Gereffi,
1994, 1999; Gereffi et al., 2005). A further implication of the outsourcing of
R&D is that branded firms have been creating global innovation networks
alongside the global production networks that have been established in the
last few decades (Ernst, 2005; Ernst and Kim, 2002). In this way, firms in
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industrializing countries have the opportunity to specialize in a particular set
of activities and to upgrade their economies within the value chain (Ernst,
2005; Giuliani et al., 2005; Humphrey and Schmidt, 2002; Schmitz and
Nadvi, 1999).

In the past, states in developing countries were expected to adopt a strategy
of imitation and technology transfer from advanced countries to develop par-
ticular industries. The developmental state model has provided very strong
explanatory support for late-industrializing countries in East Asia pursuing
the process of economic catch-up (Amsden, 1989; Johnson, 1982). How-
ever, neither the Gershenkron top-down version nor the socially-embedded
version of the developmental state model can adequately account for the
transition of these economies towards building frontier innovation-based in-
dustries. This is because, as evidenced by Taiwan’s semiconductor industry
(Kim, 1997; Mathews and Cho, 2000) and Korea’s telecommunications in-
dustry (Lee and Lim, 2001), the state’s leading role was to set the goal and
to form ‘public–private collaborating networks’ through which the state-
sponsored R&D institutes were to transfer the knowledge learned to private
firms, leading to growth in the industry. The state was the big brother in
these public–private alliances.

This aspect of the developmental state model is based on two assump-
tions: first, that state bureaucrats have sufficient knowledge to adopt certain
roadmaps that they have learned from advanced countries to transform the
economy; and second, that the state is able to build global and local networks,
construct infrastructure as well as induce private enterprises to invest in state-
determined technology directions. While the model is convincing in terms of
the state’s role in facilitating the information and communication technolo-
gies (ICT) industry to catch-up, it does not shed much light on emerging
issues such as how the state is able to nurture a frontier and innovation-
oriented industry like biopharmaceuticals. To date, only a very few studies
have dealt with this issue (e.g., Breznitz, 2007; Wong, 2004, 2005, 2011).3

Due to the higher levels of uncertainty in biotechnology R&D, and the
greater time lapse involved in turning ideas into products than in the case of
the ICT industry, Wong (2004, 2005) argues that the state’s role in devel-
oping the biotechnology industry has to be that of an enabler and supporter
rather than that of a top-down leader. He particularly stresses the dimension
of the state’s adaptation to the features required for this industry, princi-
pally streamlining policies among state bureaucracies in order to achieve
effective coordination; building R&D collaboration in fostering learning
through interaction; and enhancing competition in strengthening innovation
(Wong, 2004: 495). As Wong argues (2005: 187), the state has to be trans-
formed so that it can construct ‘a predictable and enforceable legal infras-
tructure more ideal for biotechnology innovation . . . The developmentally

3. The existing literature has mainly focused on labour-intensive industries such as shoes,
garments and the hardware arm of the IT industry.
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oriented state, by committing itself to providing supply-side inputs into the
biotechnology sector, has taken on the role of innovation enabler’.

Similarly, Breznitz (2007: 29) maintains that in developing innovation-
based industries, the state ‘should concentrate on creating more broadly
defined technological capabilities, and should focus on motivating private
agents to work in these areas and to collaborate with one another and with
the state’. Breznitz (ibid.) even argues that because of the fragmentation of
production, there are multiple entry points which the state can pursue to
form linkages with global networks. Therefore, the state can use its science
and technology (S&T) policy to pursue innovation activities in individual
segments of a particular industry, rather than for the industry as a whole.
The state can be viewed as consisting of multiple chunks of bureaucracy,
each with unique capabilities and embedded in society to pursue innovation
within those segments (ibid.: 24).

Leading on from these views on the adaptation of the developmental state,
this article further argues that as state bureaucrats do not have sufficient
knowledge to lead and plan the new frontier and innovation-based indus-
try, they will have to learn from their past experiences and from engaging in
dialogue with scientists and potential investors in the market in order to facil-
itate the formation of this new biotech industry. We thus argue that the state
should emphasize the creation of an innovation milieu through various S&T
policies; moreover, state agencies should change so that they act as flex-
ible facilitating agents, motivating potential private agents to participate,
developing broadly-defined and open-ended collaborations that facilitate
knowledge flows, and inducing the formation of multiplex networks from
amongst existing R&D, financial and production networks. In this sense, the
state can be described as an agent that facilitates innovation by establishing
a platform on which the scattered knowledge-creators, such as researchers
in universities and enterprises, can interact in order to generate new knowl-
edge and new industries. In the end, multiplex networks are formed among
domestic and international R&D, financial and production networks that are
motivated by the state, but are not under its guidance or control (Breznitz,
2007: 29–31).

This kind of state role in facilitating the emergence of an innovation-based
industry is similar to what Evans (1995) describes as the midwifery state
function of the developmental state, in that it still emphasizes the impor-
tance of the state in building infrastructure for a new industry to emerge,
and of the state’s social embeddedness within society. However, our ver-
sion of state adaptation in building and coordinating an innovation platform
has fewer ingredients of state leadership in public–private networking, and
places more emphasis on the importance of letting the market actors coor-
dinate themselves. Thus, the state is still developmental in that it sets the
development project as its policy priority and sets up a platform for in-
teraction, but it then becomes a facilitator rather than an industrial leader.
Key players coordinate their own activities via the platform, since state
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bureaucrats do not have the necessary frontier knowledge. The state is facil-
itating, but not guiding, the formation of the market; since each actor has au-
tonomy in determining whether or not to collaborate with others, the way that
the market develops is beyond the state’s control. Although the state func-
tion that we propose is similar to a neoliberal state policy in that it involves
a very small degree of administrative guidance, it differs in that it stresses
the state’s policy priority in building a favourable environment for frontier
innovation.

Last but not least, the transformation of the state’s role does not occur
in a vacuum, but always within country-specific contexts. In following the
institutionalist perspective, we maintain that the new state role is an evo-
lutionary product, whose institutional features have been embedded within
and have also evolved from existing institutional arrangements. Even if there
are some degrees of institutional change, many existing elements that have
been inherited from the past are recombined and reconfigured. Institutional
change, as Campbell (2004) argues, is a process of recombination, referred
to as ‘bricolage’, in which existing institutions provide a tool kit or repertoire
that actors are able to modify. In this sense, we can suggest that the state’s
transformation is not a process starting from scratch, but is rather one that
tailors existing elements to blend with other ingredients to produce a new
outcome.

The ability of a developmental state to adjust in order to facilitate the
development of an innovation-based industry, in this case the biopharma-
ceutical industry, is largely affected by the specific institutional arrange-
ments of that country. While each country will establish various types of
platform mechanisms through which firms, R&D institutes and financial
agencies can collaborate, the existing industrial structure in each case will
largely shape the ways in which the new innovative industry is developed
and the manner in which local firms are connected to the global value chain.
Therefore, in contrast to Wong’s (2011) argument on the convergence of
political re-orientation among East Asian states in establishing their biotech-
nology industries,4 we argue that, as a result of the divergent institutional
arrangements of Taiwan, South Korea and China, each country exhibits
different transformation paths and consequently diverse development out-
comes in the biopharmaceutical industry, as will be demonstrated by the case
studies.

4. Wong (2011) argues that, in their pursuit of biotechnology, the states of Taiwan, South
Korea and Singapore have converged. Wong highlights two strategies: (1) ‘Re-calibrate
and manage expectations’, in which the three countries all aim to re-set mid-term goals
or re-define the scope of the industry so as to maintain the people’s zeal for the newly-
emerging industry; (2) ‘Manufacture stars’, in which states produce stars (scientists) as a
showcase so as to sustain people’s zeal for the industry over a period of time.
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THREE COUNTRY CASE STUDIES

We have already seen that, while the segmentation of the biopharmaceutical
industry value chain provides industrializing countries with a window of
opportunity, the development of the industry in a specific country involves
state policy in facilitating knowledge creation and learning as well as the
institutional arrangements in which the firms are embedded. The following
case studies show how these factors determine the different ways in which
the biopharmaceutical industry has developed in Taiwan, Korea and China.

Taiwan: Incremental Adaptation of the State Function

The Successful ICT Route that Failed in Biotech

Taiwan’s economic development has been based on a small- and medium-
sized (SME) enterprise model (Fields, 1995; Wade, 1990; Weiss and Hobson,
1995). This is also evident in its pharmaceutical industry. In 2005, the
average revenue of Taiwan’s biopharmaceutical firms was only about NT$
290 million (about US$ 8.8 million) and 59 per cent of the firms had annual
revenue of less than NT$ 100 million (BISC, 2007: 76). The transformation
of the value chain in the global biopharmaceutical industry provides the
Taiwanese state with new leverage that can be used for economic upgrading.

Influenced by the global promotion of biotechnology, the Taiwanese state
began to treat biotechnology as its pillar industry in the 1980s. In 1982,
biotechnology was identified by the Executive Yuan’s 1982 S&T Develop-
ment Plan as one of eight key technologies that were integral to Taiwan’s
high-technology development programme. A new state-sponsored public
R&D institute, the Development Centre for Biotechnology (DCB), was
formed in 1984 with the mission of creating and disseminating knowledge
to firms. One of the most significant activities undertaken by the state during
this period was to set up two semi-state-owned firms, which were created
by the DCB in collaboration with Sanofi Pasteur of France, with a view to
accumulating knowledge related to the production of a vaccine for Hepatitis
B and C. However, the project failed in the late 1980s when the two firms
were unable to produce state-of-the-art products and it was finally terminated
by the state in 1995.

The key reason for this failure was that state bureaucrats lacked the knowl-
edge necessary to promote this newly-emerging industry. In establishing the
DCB, the state aimed to copy the Industrial Technology Research Institute
(ITRI) model which had been very successful in transferring knowledge to
private firms in the IT industry, but no thought was given to the technolog-
ical and timeframe differences between the IT and the biopharmaceutical
sectors. Not only was it not easy to develop new drugs, but even when they
had been developed, they still needed to undergo a long period of pre-testing
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and clinical trials before they could be approved and commercialized. The
consequence of this lack of knowledge was that the DCB was transformed
into one of the R&D institutes engaging in basic scientific research,5 rather
than functioning as a mediating institute that could nurture and incubate new
firms. In short, the Taiwan state’s first foray into biopharmaceuticals tried to
emulate its IT model by establishing an R&D institute and diffusing knowl-
edge to private firms for production. As a result, very little was accomplished
during this stage.

Incremental Transformation of the State

By learning from its earlier failures as well as from the successful experi-
ences of the USA, the government modified its approach and once again
promoted the development of biotechnology in 1995 (Wong, 2005). Based
on the suggestions of domestic and overseas scientists,6 a task force was
formed which comprised government officials as well as academic and
research-based organizations, to streamline the work of the diverse units:
this was the Biotechnology and Pharmaceutical Industries Promotion Office
(BPIPO). It was only then that Taiwan’s biotechnological industry really
took off in terms of new policy initiatives, scientific research and technol-
ogy commercialization.

Since the implementation of the Biotech Action Plan in 1995, of which
the establishment of BPIPO was a part, the state has also channelled more
financial resources into the industry. The main strategies have been to sub-
sidize firms’ R&D expenses, provide tax incentives and low interest rates
for lending, and induce venture capital to support the biotech industry. The
level of state financial support increased from NT$ 6.7 billion in 1997 to
NT$ 21.5 billion (approximately US$ 660 million) in 2006, or roughly
a 3.2-fold increase (BPIPO, 2007: 117). Moreover, about NT$ 9 billion
has been invested by venture capital firms into about twenty different new
biotech firms (TVCA, 2007). In 2006, Taiwan’s emerging biotech sector

5. In Taiwan, most of the public research institutions, such as the National Health Institute,
ITRI, the DCB, and related university departments, receive funding mainly from the state
and face fierce competition for national resources. Because developing new drugs is a
time-consuming process, the DCB has to have academic research publications to show its
performance in the meantime. Over time, the publication of academic papers has replaced
the original raison d’etre of the DCB, which was to function as a mediating institute.

6. Including, for example, Dr Chi-Huey Wong who was an internationally prominent specialist
in bio-organic and synthetic chemistry; he taught at Texas A&M University before he
returned to Taiwan in 2000 and became President of Academia Sinica in 2006. Other
examples include Dr Yung-chi Cheng, a prominent professor of pharmacology at Yale
University; Daniel I.C. Wang, a pioneer in biochemical and biological engineering at MIT;
Dr Cheng Wen Wu, a renowned specialist on virus oncology. He was a professor of cancer
research at New York State University at Stony Brook before returning to Taiwan in 1988
to serve as the director of the Institute of Biomedical Science at Academica Sinica.
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had 253 companies, with a total revenue of US$ 1.21 billion, of which many
were created by overseas returnees from the US; and almost all of them
were small- and medium-sized companies. Many of these newly-emerging
biotech firms were established from the late 1990s onwards and were in the
biopharmaceutical field.

The Taiwanese state also adopted two major policy measures to promote
the industry. One was to provide a more comprehensive and appropriate
legal structure, while the other was to set up a new type of financial support.
Both have progressed at a slow and incremental pace. Firstly, with regard
to the legal system, Taiwan’s S&T Basic Law was introduced in 1999
to encourage technology transfer from R&D institutes and universities to
private firms; however, it did not provide enough incentives to scientists
to work with private firms or to create their own firms as compared to the
US’s Bayh-Dole Act (1980).7 Scientists and researchers in R&D institutes
or universities were only allowed to engage in profit-making businesses as
consultants alongside their academic activities. Again taking the advice of
domestic and overseas scientists,8 a new law was enacted in 2007 — the Act
for the Development of the Biotech and New Pharmaceuticals Industry. It
aimed to encourage more scientists to create their own businesses as founders
or shareholders, and to provide more financial incentives for them to transfer
technology to private firms, following the spirit of the Bayh-Dole Act in the
US (DCB, 2007).

Secondly, in order to channel more resources into the biotechnology sec-
tor, the state also changed the ways in which it provided financial sup-
port, from directly subsidizing the firms’ R&D activities to distributing
resources from the National Development Fund (NDF) to venture capital,
and letting the venture capitalists decide on the investment. For example,
under the 2009 Taiwan Biotech Take-off programme, the state has invested
40 per cent of the programme’s NT$ 10 billion in the biotechnology venture
capital industry, to be executed by a professional team. This suggests that
privately-owned venture capital accounts for the remaining 60 per cent of the
public–private joint stake (DCB, 2009). In short, the Taiwan state has begun
to experiment with a new approach in fostering venture capital to work with

7. The Bayh-Dole Act gives individuals the legal right to hold the patents and financial
income generated from state-sponsored research. Although Taiwan’s S&T Basic Law
(1999) imitated the spirit of the Bayh-Dole Act, it did not allow individuals to hold the
patents or the financial income generated by them: those belonged to the funding institutions.
The scientists did not have the incentive (nor were they legally allowed) to create their own
firms or to commercialize their R&D results to become commercialized patents. The Act
for the Development of the Biotech and New Pharmaceuticals Industry in 2007 has largely
eliminated these limitations.

8. This is further evidence that the Taiwanese state had little knowledge when it came to
coordinating the activities of various agencies and to promoting the development of the
biotech industry in an efficient way (Wong, 2005). It therefore turned to both domestic and
overseas scientists and relied on their expertise.
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R&D activities without controlling the decisions as to what should be done
with the investment. In this sense, the state is creating a platform to generate
possible collaboration for new knowledge.

Nurturing SMEs for Global Linkages

As noted above, the venture capital investment was concentrated in less than
twenty domestic firms, most of which were founded by returnees or local
scientists. For example, TaiGen Biotechnology was founded in 2001 by
returnees and dedicated to new drug development, while TaiMed Biologics
was also founded by returnees in 2007 and received a large amount of
investment from the government that was dedicated to developing new
drugs against AIDS (Chen, 2008). These newly-established science firms
can utilize the R&D funding subsidized by the state, as well as the funding
invested by venture capital firms, to engage in exploratory research that
targets specific diseases. Once they achieve the desired laboratory results,
either during or before the stage of the pre-clinical tests, they will sell the
findings to big global pharmas in exchange for royalty fees, since there is
no local firm in Taiwan that is big enough to conduct the clinical trials and
bring the product to the global market (Tseng, 2008).

At the same time, local pharmaceutical companies are still producing
low-priced generic drugs with little incentive or financial support from the
state to engage in frontier drug discovery activities. The state concentrates its
support on the newly-formed science firms, which have very little connection
with domestic pharmas. Thus, most of the existing firms continue to produce
generic drugs, while the few state-capitalized science firms have much closer
linkages with global pharmas, and seem indeed to have become R&D centres
for the global biopharmaceutical firms, with no local connections.9

South Korea: Radical Adaptation of the State Function

The Successful ICT Route that Failed in Biotech

The South Korean development model is well-known for its strong develop-
mental state and its strategy of promoting national champions in the pursuit
of economic growth. This model has been modified by the state following
the 1998 financial crisis, with greater promotion of science-based SMEs. It
is therefore interesting to investigate whether the Korean chaebol-dominated
model still prevails in the biopharmaceutical industry.

9. Interview with one of the Co-Chairmen of the Pharmaceutical Committee, European Cham-
ber of Commerce in Taipei, February 2008.
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Like Taiwan, the Korean state promoted the development of biotechnol-
ogy as early as the 1980s, following the emergence of the new biotechnology
sector in the advanced countries (Choi et al., 1999; Rhee, 2003; Seo, 2005).
In the early 1980s, the Ministry of Science and Technology (MOST) in-
cluded biotechnology as one of the state’s strategic industries; in 1983, the
Biotechnology Promotion Law was passed; in 1984, Seoul National Univer-
sity set up its Institute of Molecular Biology and Genetics with the ambitious
goal of becoming one of the world leaders in basic and applied life sciences.
In 1985, the Korea Research Institute of Bioscience and Biotechnology
(KRIBB) was founded to engage in fundamental and frontier research; the
hope was that the KRIBB, a public R&D institute, would follow the suc-
cessful example of R&D in the IT sector, diffusing knowledge to private
enterprises.10 In the meantime, the Bio-industry Association of Korea was
founded, partly supported by the government, to promote the development
of biotechnology. In spite of this, Korea’s biotechnology during this pe-
riod was not very successful, largely because the state devoted most of its
funding to the semi-conductor industry and because state bureaucrats lacked
the necessary knowledge. In other words, the reasons for the failure of the
top-down developmental state were similar to those in the Taiwanese case.

It was not until 1994 that the Korean state began to ambitiously promote its
biotechnology industry once again by backing up its grand vision of the future
with enormous financial input. This new promotion of the biotechnology
industry was accompanied by the reformulation of the developmental state in
the early 1990s as well as the collapse of the economy during the 1998 Asian
financial crisis. Each had a great impact on Korea’s development path. In
the early 1990s, the Korean state began to implement a liberalization policy
in order to support the chaebols’ globalization strategy (Kong, 2000; Wang,
2007; Weiss, 1998, 2000). When President Kim Young-Sam came to power
in 1993, he explicitly sought to end the government’s provision of guidance
which had been policy since the early 1960s. His abolition of the Economic
Planning Board in 1994 indicated the end of the top-down developmental
state approach in Korea.

Radical Transformation of the State

As the 1998 financial crisis broke in Korea, Kim Young-Sam’s liberalization
policy was blamed for its lack of structural and regulatory reforms (Kong,
2000; Wang, 2007). Therefore, when Kim Dae-Jung took control of the
Korean government in 1998, he set a number of new policies in motion: on
the one hand, he followed the direction provided by the IMF to restructure

10. This approach did not have the results that the government had expected: much like
Taiwan’s DCB, the KRIBB also became known for its academic output, and was not able
to develop new drugs and transfer knowledge to local firms (interview with senior scientist
at the Bio-Max Institute, Seoul National University, Korea, August 2009).
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the economy, and on the other hand he deliberately introduced new laws
to encourage and support the emergence of new science firms, as opposed
to the former chaebol-dominated model. As a result of this new strategy,
the function of the Korea Small and Medium Business Administration was
expanded to cultivate a business environment that encourages start-ups with
financial, technological, human capital and other assistance.

This transformation represented a diversification of the Korean devel-
opmental state’s economic policy. The transition can also be observed in
a number of legal measures. In the late 1990s, the Korean government
adopted the Bayh-Dole Act (1980) to encourage professors in universities
and researchers in R&D institutes to work closely with private firms. In
1998, it also passed the Law for Special Measures to Support Venture Busi-
ness, which was openly intended to encourage venture capital to support
SMEs engaging in newly-emerging innovation-based industries. Indeed, the
Korean government began to institutionalize the KOSDAQ (a Korean ver-
sion of NASDAQ) so as to enable small science firms to raise capital from the
venture capital market. It also encouraged foreign direct investment as well
as establishing R&D partnerships with foreign companies to gain resources
for Korea’s new science firms (Wong, 2004).

Along with these new financial tools and legal regulations, there were
some specific policies that targeted the promotion of biotechnology, in-
cluding the Biotech 2000 Programme in 1994, the 21st Century Frontier
Research Programme in 2000, and the 2nd Framework Plan for the Pro-
motion of Biotechnology (also referred to as Bio-Vision 2016) in 2006. To
support its ambitious visions, the Korean government also increased its fi-
nancial support for the development of biotechnology from US$ 53 million
in 1994 to US$ 708 million in 2005, reflecting a 30 per cent annual growth
rate in terms of R&D expenditure (KRIBB, 2008). This state funding has
provided a range of incentives for biotechnology firms, including tax holi-
days, direct R&D subsidies and tariff reductions for firms acquiring foreign-
produced equipment. The state funding has helped facilitate firms’ R&D
activities.

These transformations have led to the emergence of many new small
science firms. According to a report of the Bio-industry Association of
Korea, there were 605 biotech firms in 2006, of which 199 were focused
mainly on R&D. This new trend has brought R&D institutes and private
firms much closer together. Compared with its earlier attempts to promote
biotechnology through the establishment of the public R&D institute, the
KRIBB, which it was hoped would diffuse knowledge to private enterprises,
the Korean state has transformed itself into a platform builder. Its aims
are to create an innovation environment that facilitates links between R&D
institutes and the private sector, to develop a venture capital market to support
new scientific firms, and to radically reorient financial support mechanisms to
encourage the emergence of scientific SMEs. As Wong (2004: 513) observes,
‘faced with the challenges of generating first-order technology innovation,
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the developmental state of today bears increasingly little resemblance to the
dominant state model of years past’.

The Coexistence of SMEs and Chaebols

As the Korean top-down developmental state has been transformed into a
platform builder, it has greatly changed the biotechnological landscape, es-
pecially that of the biopharmaceutical industry. On the one hand, the state’s
new strategies have not only encouraged the emergence of new small science
firms as described above, but have also led many existing pharmaceutical
firms to join the new science game. Like their Taiwanese counterparts, the
pre-existing Korean pharmaceutical firms mainly produce generic drugs or
traditional herb drugs. There were 553 firms of this kind in 2003. However,
unlike their counterparts in Taiwan, the Korean pharmas were encouraged
to enter the new drug discovery game. Among the existing domestic phar-
mas, some sixty to seventy firms upgraded their operations to develop new
biopharmaceutical drugs, including Boryung, Dong-A, Green Gross, Chong
Kun Dang and Daewoong (KDRA, 2006; Seo, 2005).

On the other hand, as the state encouraged its new biotechnology industry,
many large chaebols also began to devote resources to developing new drugs.
The LG Life Science group began its biotechnology venture as early as in
1981 when it set up a biotech research institute in the Daejeon science park.
Another major group, the SK Group, ventured into the biotech area in 1987.
Other chaebols such as Samsung, the CJ group, Daesan, Samyang and the
TS group also invested huge amounts of funding in the biopharmaceutical
industry. Samsung and the CJ Group committed around US$ 230 million per
year to biotech for 2003 and 2004 — almost half of the total public spending
for the development of biotechnology in Korea for 2004, which amounted to
US$ 520 million (Seo, 2005). Such figures would have been inconceivable
for counterpart firms in Taiwan and China. Due to the enormous financial
input by these chaebols, the Korean biopharmaceutical industry has achieved
some significant results in developing new drugs, and a few of them have
already gained USFDA approval (KDRA, 2006).

Thus, the Korean state policy of promoting the biotech industry has had
good results. The big firms have gradually become significant actors again
in developing new drugs. In most cases, they have licensed the candidate
drugs to US pharmas to apply for USFDA approval in order to penetrate
the US market. For example, LG Life Science has formed an alliance with
Genesoft, and SK has ties with Ortho-McNeil. The small science firms
bear many similarities to those in the Taiwanese case, in that they conduct
advanced R&D and then sell their products to the global pharmas, becoming
R&D centres in the global value chain of the biopharmaceutical industry.

In sum, in the current Korean model, science-based SMEs coexist with
chaebols. Despite the state’s policy transformation and the financial support
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to promote science-based SMEs, chaebols have gradually become significant
players in the development of new drugs due to their enormous financial
resources.

China: In Search of an Indigenous Innovation Model

The Chinese Development Model: The Local State’s Economic Activism

Unlike either Taiwan or South Korea, China is a huge country with a big
domestic market for the biopharmaceutical industry. The Chinese state es-
tablished biotechnology as its pillar industry in 1986, through the ‘863’
programme, hoping to rapidly catch up with the West (Webber, 2005). Over
the past two decades, China has gone from simply importing technology
and collaborating with multinational corporations, to now claiming to have
established its own industrial technology through its indigenous innovation
policy announced in 2006. As we will see, the biopharmaceutical industry is
currently characterized by bifurcation between the emerging small science
firms and the large state-owned pharmas.

The Chinese state is not a uniform entity, but is rather a collection of
central and local states. By 1951, the Chinese system had already become
multi-tiered and regionally-based, with much of the responsibility for plan-
ning, coordinating and industrial production devolved to local states. In
the reform process, the local states were granted even more privileges and
power in managing their local economic affairs. This resulted in the lo-
cal states’ economic activism, especially following the fiscal reforms in
the 1990s which unleashed the political and material incentives for local
officials to promote local economies (Oi, 1995; Segal, 2003; Shirk, 1993;
Zweig, 2002).

The development of China’s biotechnology industry is related to the re-
form of its S&T policy. The Chinese R&D system originated in the early
1950s, and was mainly transferred from the Soviet Union, in that it sepa-
rated the R&D and production functions (White and Liu, 2002). The reform
process has been trying to integrate these two areas. Among the S&T poli-
cies, the Torch Plan of 1988 has had long-term influence. After studying the
success of the development of California’s Silicon Valley, the Chinese gov-
ernment wanted to use the Torch Plan to promote high tech parks in China
in order to create environments conducive to the development of high-tech
industries by combining research with production activities. While the Torch
Plan did not have as much funding as some other state-initiated projects, the
Torch High-Technology Industry Development Centre of the Ministry of
Science and Technology acted like a fundraiser and broker that collaborated
with local states to provide the necessary infrastructure and preferential tax
and financial incentives to support the development of high-tech enterprises
(Segal, 2003).
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Many science parks have now imitated the Californian example, build-
ing local innovation systems that integrate universities, R&D institutes and
production units in order to generate synergy. Beijing’s Zhongguancun is
regarded as the Chinese version of Silicon Valley where elite universities,
R&D institutes and firms are located (Segal, 2003; Wang and Leng, 2011).
Other cities, such as Shanghai and Xi’an, have also adopted similar policy
measures to enhance synergy and have persuaded high ranking universities
to set up R&D centres in their science parks. Local states have also en-
couraged universities and R&D institutes to establish incubation centres to
nurture new firms so as to diffuse their R&D results to the market. The state
and local governments have promoted the use of venture capital to support
the incubation centres and the newly-emerging science firms. They have
also directly or indirectly subsidized enterprises’ R&D activities, and used
government procurement to support those enterprises that have indigenous
technologies. These measures demonstrate that the Chinese states, at both
central and local levels, have begun to adopt the strategy of platform building
to stimulate knowledge creation and diffusion.

The Biotech Parks as Incubators for Small Science Firms

The Chinese central state began to promote biotechnology in its ‘863’ pro-
gramme (launched in March 1986). Subsequently, biotechnology was also
included in various related programmes, such as the Torch Plan, and a se-
ries of five-year plans. Many so-called biotech parks or ‘Medicine Valleys’
were created in major cities such as Beijing, Shanghai and Tianjin. The
major funding for developing biotechnology in China came from various
state ministries, in which different agencies were responsible for their own
targets. The total funding, however, was very small. The state devoted only
RMB 179 million (about US$ 22 million ) to biotech during the 1996–2000
period, with the amount co-invested by local states and SOEs totalling RMB
600 million (Liu and Wang, 2007: 135). Thus, although the state strategi-
cally promoted the development of biotech, public expenditure on R&D was
very limited compared to Korea and Taiwan.

In order to speed up its technological upgrading, both the central and local
states have made enthusiastic efforts to attract big global pharmaceutical
companies to invest in their biotech parks. In recent years, they have seen
some success: Pfizer and Novo Nordisk have set up R&D centres in Beijing,
and Roche and Glaxo Smith Kline (GSK) have established laboratories in
Shanghai. The reasons for setting up R&D centres in China are obvious: to
take advantage of the low-waged scientists, and to prepare the way for a
prosperous future in the Chinese market (BBNDPC, 2008: 46). As a local
author observed, foreign firms rarely engage in advanced R&D in China, nor
do they establish network connections with local firms. Rather, they have
created only a low degree of knowledge diffusion, and have attracted the
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best talents at the expense of local firms, due to the higher salaries that they
can offer (Liu, 2008: 105).

On the other hand, new small science firms are growing rapidly, at a rate of
more than 20 per cent per annum (BMI, 2010: 31). There are over 1,000 new
science firms in China engaging in pre-clinical research, about 300 of them
in Beijing and Shanghai. They have been established either by local scien-
tists or by overseas returnees who had worked for foreign pharmas before
returning to China. These are emerging R&D firms that have successfully
integrated themselves into the value chain of the global biopharmaceutical
industry and have become a new model in the Chinese pharmaceutical sector.
For example, Pharmaron, Joinn Laboratories and particularly WuXi Phar-
maTech11 (BBNDPC, 2008: 31–35) have become successful R&D centres
for global pharmas such as Pfizer, Merck, Novartis and AstraZeneca Plc.
The availability of low-waged scientists and experienced experts resulted in
China being ranked the world’s second largest bio-processing hub in 2003,
after India (Finnegan and Pinto, 2006).

Besides the emerging science firms, there are many pharmaceutical firms
that mainly produce generic drugs or traditional Chinese herb drugs. In 1998,
the Chinese authorities implemented strict compulsory Good Manufacturing
Product (GMP) guidelines to regulate the chaotic medicine market, and
thousands of firms went out of business due to their inability to invest the
estimated US$ 3–4 million to improve their production facilities. In 2004,
the state again required that all drug manufacturers in China obtain GMP
certification; this time, fewer than 3,000 survived (BMI, 2010: 14). Among
these domestic pharmas, a few very large state-owned enterprises (SOEs)
dominated the domestic market, such as Yangtze River Pharmaceutical and
Shanghai Pharmaceutical. Some of these SOEs have become global active
pharmaceutical ingredient (API) manufacturers and exporters, such as the
Harbin Pharma Group and Northeast General Pharma. China has become
the largest producer of API with a 25 per cent share of the global market
(Wu, 2009). As Capie (2007: 104) observes, ‘China remains a 98 per cent
generic market with little new product development investment’.

The big Chinese pharmas are still playing an important role in supplying
generic drugs for the domestic Medicare system, which has enabled them to
take advantage of the booming market in producing generic drugs.12 Thus,

11. WuXi PharmaTech is already one of the biggest contract research organizations (CROs) in
the world with a revenue of US$ 340 million in 2009. WuXi PharmaTech was created by
a returnee from the US, Dr Li Ge. Before returning to China, Dr Li had already created a
bio-firm in 1993, which was listed on the NASDAQ in 1998. In 2000, Dr Li returned to
China to form a joint venture with a Chinese local firm to create WuXi PharmaTech. Since
then, Wuxi PharmaTech has achieved significant success in the market and in 2010 was
almost acquired by Charles River Lab at the price of US$ 1.6 billion.

12. According to IMS Health (DCB, 2010), the Chinese medicine market is going to become
the third largest in the world, after the US and Japan. In 2009, its market value reached
about US$ 30 billion. It was estimated that the Chinese medicine market had grown at a
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these SOEs are more interested in becoming the branch agents of global
pharmas or even becoming partners of these foreign firms. For example,
the Harbin Pharma Group received investments from Warburg Pincus and
CITIC Capital Markets amounting to US$ 200 million or a 22.5 per cent
stake in 2004 (Capie, 2007: 101). The R&D expenditure of these big SOEs
is on average less than 5 per cent of their revenue, which is far below the
average of around 30–40 per cent for large international pharmas (Liu and
Wang, 2007: 285).

A Dualistic Market

The economic activism of local states has resulted in a boom in new science
firms in China. Nevertheless, the approach to funding of China’s socialist
institutional logic meant that resources were mainly channelled into public
R&D institutes and universities (Liu, 2008). What the science firms gained
in terms of financial support was mainly based on the provision of financial
incentives and venture capital investment to attract them to locate in the
biotech parks. They have gained little by way of R&D financial support
from either central or local government.13

As a result, most of the new technology and knowledge in relation to
biotechnology in China has been created by R&D institutes, universities and
returnees from abroad (Liu, 2008). They have had little incentive to work
with large domestic pharmas (Zhang et al., 2011), just as the latter have not
been interested in investing in the new science firms, and have therefore
become closely connected with foreign pharmas. At the same time, large
domestic SOEs have little incentive to collaborate with the new science firms.
Consequently, the Chinese biopharmaceutical market is characterized by a
dualist phenomenon resulting from the different markets being targeted, with
domestic-oriented, large-scale SOEs on the one side and foreign-oriented,
high-R&D capacity, but small-scale science firms on the other.

The bifurcation of the Chinese pharmaceutical industry has been ob-
served by the state, and has become the target of the ‘indigenous innovation’
strategy propagated by the central state in 2006. It has been announced
that more than US$ 600 million will be spent on biotechnology R&D,
and that by 2015 the state’s support for local R&D is expected to top
US$ 14 billion (BMI, 2010: 31). This strategy is an attempt to improve
the current dualistic situation, but it will take some time for the state to
understand and to resolve the institutional barriers that have created the
bifurcation.

rate of 17.6 per cent annually during 2000–2007 and that the growth rate would reach as
much as 21 per cent annually in the period 2008–2013.

13. Interview with senior industry researcher in Shanghai, China, August 2009.
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DISCUSSION AND CONCLUSION

This article has shown that Taiwan, South Korea and China have taken
advantage of the transformation of the global biopharmaceutical industry to
develop their respective industries. We argue that the states in these countries
have adopted new policy measures to promote this sector, in which the states
have become platform builders to advocate collaboration among universities,
R&D institutes, venture capitalists and firms. We have shown that each of
these countries has progressed very differently due to their institutional
arrangements.

For Taiwan, the state’s promotion of the biopharmaceutical industry has
progressed very slowly and has resulted in the emergence of small science
firms that have become more closely linked to the global pharmas than to
the domestic firms. In South Korea, state policy has been transformed to
encourage and support small science firms. Nevertheless, the majority of
new drugs are still developed by a few chaebols, and are licensed to US
pharmas in order to apply for FDA approval in the US. The Korean model
has thus adopted a more diversified approach in which chaebols coexist with
science-based SMEs. In China, the central state and local governments’
promotion of biotechnology has focused on the building of biotech science
parks which has led to the creation of many small science firms that are
linked directly to global pharmas and isolated from domestic SOEs. The
central state’s recent indigenous innovation strategy is an attempt to rectify
this bifurcation of the sector, but whether it will succeed remains to be seen.
A comparison of these countries’ chosen routes can be summarized as shown
in Table 1.

The development of the biopharmaceutical industry in each of the three
countries indicates that they are all pursuing industrial upgrading with a view
to engaging in frontier innovation. All three states have developed ambitious
policies and have transformed themselves into platform builders. Neverthe-
less, domestic institutional arrangements have constrained the capacity of the
states, so that the three countries have exhibited different development paths
and innovation patterns in developing their biopharmaceutical industries.
Our case studies are of theoretical significance in at least three ways.

First, the state still plays a very important role in enabling an innovation-
based industry to emerge in the advanced developing countries such as
Taiwan and South Korea.14 This new type of state function is different from

14. The same is true of some small Nordic states. For example, Finland is a small country
with a weak biotechnology sector. The enormous success of Nokia led policy makers to
think about establishing a new growth pillar alongside the IT industry (OCED, 2006).
In the mid-1980s they chose biotechnology, especially biopharmaceuticals (Schienstock
and Tulkki, 2003). The measures adopted by the Finnish state are very similar to those
described here in the East Asian cases. First, the state has established many Centres of
Expertise intended to offer business services to local companies, and to forge links between
regional enterprises and local universities. Second, the state has started to invest heavily in
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Table 1. Comparison of the Approaches of Taiwan, Korea and China

Taiwan Korea China

Pattern of state
adaptation

Incrementalism Radicalism Local states’ activism

Legal system Basic S&T law (1999);
new biotech
promotion law
(2007)

Law for Special
Measures to Support
Venture Business
(1998)

Based on Torch Plan
(1988) and other
S&T projects

Financial support State support for R&D,
National
Development Fund,
venture capital

State support for R&D,
establishing
KOSDAQ, venture
capital

State support for R&D,
but local states
offering financial
incentives to biotech
Parks is important

National projects Biotech Action Plan
(1995); Taiwan
Bioindustry
Take-off Action
Plan (2009)

Biotech 2000 (1994);
21st Century
Frontier Research
Programme (2000);
2nd Framework Plan
for the Promotion of
Biotechnology
(2006)

863 Programme
(1986); the Torch
Plan (1988); series
of Five-year Plans

Major promotion target Small science firms Both small science
firms and chaebols

Small science firms

The transformation of
the state’s role

From network leader to
platform builder

From picker of winners
to platform builder

Local states as
platform builders

Outcomes Globally linked, but
locally disconnected

Global linkage;
chaebol may lead
the industry

Globally linked, but
locally disconnected

the networking or embedded state in which the state still exercises a lead-
ership role. Now the state mainly creates an infrastructure and platform to
induce firms, R&D institutes and the financial sector to work together. On
occasion, the state invites giant global firms to invest in advanced R&D fa-
cilities in the local region in order to promote innovation. All these functions
differ from the features of the former developmental state model where im-
itation and technological diffusion were the main mechanisms of economic
catch-up.

A second, and paradoxical, finding of this study is that although Taiwan,
Korea and China have developed their new biopharmaceutical industries, the
firms that have emerged have nevertheless been incorporated into the value

biotech research projects as well as in education and research infrastructure to nurture the
necessary human capital. Third, there has been massive state capital investment since the
1990s in biotechnology. Public financing plays an important role in Finnish venture capital
markets in which very little investment comes from the private sector. Finally, most of the
newly emerging science firms in the biotechnology industry are very small; they tend to
engage in the R&D segment of the value chain and sell the products to the global pharmas
(Brännback and Renko, 2002; Schienstock and Tulkki, 2003). All these features are very
similar to those observed in the East Asian cases in which the state facilitates rather than
guides the formation of the market.
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chain controlled by big global pharmas. Indeed, while the state in each case
has created a new science-based industry in its territory, this industry has not
benefited the economy in terms of employment creation and the generation
of profits for the society as a whole. Of the three case studies, only China
seems to have the potential to escape from the control of global pharmas
due to the massive scale of its market. In this way, it provides an interesting
contrast with the cases of Taiwan and Korea, although this is an issue that
will need further observation.

Finally, our comparative study shows that the development of a new
science-based industry is co-determined by the state and the existing insti-
tutions. Although some authors have studied the role played by the state
in facilitating innovation-based industries (e.g., Breznitz, Wong), they have
paid little attention to the role played by society. Our comparative study has
shown that the institutional arrangements within each country also influence
the ways in which the biopharmaceutical industry develops. The state has
created the platform, but the institutions shape the rules of the game. The
states in East Asia are trying to reorient their economic miracle, but their
success is not solely determined by themselves. History and institutions still
matter!

REFERENCES

Amsden, A. (1989) Asia’s Next Giant: South Korea and Late Industrialization. New York:
Oxford University Press.

BBNDPC (Beijing Bio-technology and New Drugs Promotion Center) (2008) Qihang: Beijing
Shengwu Gongcheng He Xinyiyao Chanye Fazhan Baogao [Take-off: Beijing Bio-engineering
and New Drugs Industry Yearbook]. Beijing: Science Publishing.

BISC (Biotechnology Industry Study Centre) (2007) ‘Taiwan Shengji Xiangguan Chanye Chang-
shang Diaocha Tongji’[‘2007 Survey and Statistics of Taiwanese Biotechnology Firms,
Taiwan Institute of Economic Research (TIER)’], Agricultural Biotechnology Industry
Quarterly 12: 75–79.

BMI (Business Monitor International) (2010) ‘China: Pharmaceuticals and Healthcare Report,
Q12010’. London: BMI.

BPIPO (Biotechnology and Pharmaceutical Industries Promotion Office) (2007) ‘Shengji
Chanye Baipishu’ [‘Biotechnology Industry White Paper’]. Taipei: Ministry of Economic
Affairs (MOEA).

Brännback, M. and M. Renko (2002) ‘Technological and Strategic Change in the Finnish Phar-
maceutical industry: The Emergence of a Cluster’, Pharmaceuticals Policy and Law 5:
27–40.

Breznitz, D. (2007) Innovation and the State: Political Choice and Strategies for Growth in
Israel, Taiwan, and Ireland. New Haven, CT: Yale University Press.

Campbell, J. (2004) Institutional Change and Globalization. Princeton, NJ: Princeton University
Press.

Capie, S. (2007) ‘China’s Pharmaceutical Revolution and Emerging Contenders’, Journal of
Generic Medicines 4(2): 98–105.

Chen, S.C. (2008) ‘Cong Chuangtou Guandian Kan Taiwan Shengjixinyao Chanye’ [‘Taiwan’s
Biotechnology Pharmaceutical Industry: View from Venture Capital’], Chemical Engineer-
ing 55(4): 28–37.



The Biopharmaceutical Industry in Taiwan, South Korea and China 501

Choi, K.Y., K.S. Hahm, S.K. Rhee and M.H. Han (1999) ‘An Overview of Biotechnology in
Korea’, Trends in Biotechnology 17(3): 95–101.

Comanor, W.S. (2007) ‘The Economics of Research and Development in the Pharmaceutical
Industry’, in F. Sloan and C.Y. Hsieh (eds) Pharmaceutical Innovation: Incentives, Com-
petition, and Cost-benefit Analysis in International Perspective, pp. 91–106. New York:
Cambridge University Press.

Danzon P., S. Nicholson and P.N. Sousa (2005) ‘Productivity in Pharmaceutical-Biotechnology
R&D: The Role of Experience and Alliances’, Journal of Health Economics 24: 317–39.

DCB (Development Center for Biotechnology) (2006–2010) Shengwujishu Chanye Nianjian
[Yearbook of Biotechnology Industry]. Taipei: DCB.

Dosi, G. and M. Mazzucato (2006) ‘Introduction’, in G. Dosi and M. Mazzucato (eds) Knowledge
Accumulation and Industry Evolution: The Case of Pharma-Biotech, pp. 1–18. Cambridge:
Cambridge University Press.

Ernst, D. (2005) ‘Pathways to Innovation in Asia’s Leading Electronics-exporting Countries:
A Framework for Exploring Drivers and Policy Implications’, International Journal of
Technology Management 29(1–2): 6–20.

Ernst, D. and L. Kim (2002) ‘Global Production Networks, Knowledge Diffusion, and Local
Capability Formation’, Research Policy 31(8–9): 1417–29.

Evans, P. (1995) Embedded Autonomy: State and Industrial Transformation. Princeton, NJ:
Princeton University Press.

Fields, K. (1995) Enterprise and the State in Korea and Taiwan. Ithaca, NY: Cornell University
Press.

Finnegan, S. and K. Pinto (2006) ‘Offshoring: The Globalization of Outsourced Bioprocessing’,
BioProcess International 4(8): 56–62.

Gereffi, G. (1994) ‘The Organization of Buyer-Driven Global Commodity Chains: How US
Retailers Shape Overseas Production Networks’, in G. Gereffi and M. Korzeniewicz (eds)
Commodity Chains and Global Capitalism, pp. 95–122. London: Praeger Press.

Gereffi, G. (1999) ‘International Trade and Industrial Upgrading in the Apparel Commodity
Chain’, Journal of International Economics 48: 37–70.

Gereffi, G., J. Humphrey and T.J. Sturgeon (2005) ‘The Governance of Global Value Chains’,
Review of International Political Economy 12(1): 78–104.

Giuliani, E., C. Pietrobelli and R. Rabellotti (2005) ‘Upgrading in Global Value Chains: Lessons
from Latin American Clusters’, World Development 33(4): 549–73.

Humphrey, J. and H. Schmitz (2002) ‘How Does Insertion in Global Value Chains Affect
Upgrading Industrial Clusters?’, Regional Studies 36: 1017–27.

Johnson, C. (1982) MITI and the Japanese Miracles: The Growth of Industrial Policy, 1925–1975.
Stanford, CA: Stanford University Press.

KDRA (Korea Drug Research Association) (2006) ‘Korea Pharmaceutical Industry Profile’.
https://www.kdra.or.kr (accessed 23 December 2009).

Kim, L.S. (1997) Imitation to Innovation: The Dynamics of Korea’s Technology Learning.
Boston, MA: Harvard Business School Press.

Kong, T.Y (2000) The Politics of Economic Reform in South Korea: A Fragile Miracle. London:
Routledge.

KRIBB (Korea Research Institute of Bioscience and Biotechnology) (2008) ‘Public-sector R&D
Expenditure on Bio-technology’. https://www.kribb.re.kr/eng/index.asp (accessed 9 May
2008).

Lee, K. and C. Lim (2001) ‘Technological Regime, Catching-up, and Leapfrogging: Finding
from the Korean Industries’, Research Policy 30: 459–83.

Liu, X.L. (2008) ‘Zhongguo Shengwu Zhiyao Chanye De Zhuigan Yu Chuangxin’ [‘The Catch-
up and Innovation of China’s Bio-pharmaceutical Industry’], in X.L. Liu and P. Cao (eds)
Globalization Catch-up and Innovation, pp. 91–109. Beijing: Science Press.

Liu, Y.H and H.C. Wang (eds) (2007) Fazhan Yiyao Keji Jianzao Yiyao Qiangguo: Zhong-
guo Yiyao Keji Yu Chanye Jingzhengli Guoji Bijiao [Developing Pharmaceutical/Drugs



502 Jenn hwan Wang, Tsung-Yuan Chen and Ching-Jung Tsai

Technology and Building a Strong Country: China Pharmaceutical/Drugs Technology and
Industry Competitiveness]. Beijing: China Pharmaceutical/Drugs Publishing.

Marcia, A. (2004) The Truth About the Drug Companies: How They Deceive Us and What To
Do About It. New York: Random House.

Mathews, J.A. and D.S. Cho (2000) Tiger Technology: The Creation of a Semiconductor Industry
in East Asia. Cambridge: Cambridge University Press.

North, D. (1990) Institutions, Institutional Change and Economic Performance. Cambridge:
Cambridge University Press.

OECD (Organization for Economic Co-operation and Development) (2006) Innovation in Phar-
maceutical Biotechnology: Comparing National Innovation Systems at the Sectoral Level.
Paris: OECD.

Oi, J. (1995) ‘The Role of the Local State in China’s Transitional Economy’, China Quarterly
45(1): 99–126.

Pisano, G. (2006) Science Business: The Promise, the Reality, and the Future of Biotech. Boston,
MA: Harvard Business School Press.

Rhee, S.K. (2003) ‘Challenges and Opportunities for Biotechnology Development: The Korean
Experiences’, Asian Biotechnology and Development Review 5(3): 58–65.

Schienstock, G. and P. Tulkki (2003) ‘The Fourth Pillar? An Assessment of the Situation of
Finnish Biotechnology’, in G. Fuchs (ed.) Biotechnology in Comparative Perspective, pp.
191–216. London: Routledge.

Schmitz, H. and K. Nadvi (1999) ‘Clustering and Industrialization: Introduction’, World Devel-
opment 27(9): 1503–14.

Segal, A. (2003) Digital Dragon: High-Technology Enterprises in China. Ithaca, NY: Cornell
University Press.

Seo, J.H. (2005) ‘Current Status of Biotech Industry in Korea: Strengths and Challenges’. Paper
presented at the EU–Korea Biotech Seminar, The European Commission’s Delegation to the
Republic of Korea, Seoul (1 December).

Shirk, S.L. (1993) The Political Logic of Economic Reform in China. Berkeley, CA: University
of California Press.

Tseng, N.K. (2008) Taiwan Xinyao Kaifa Zhi Qushi [Trend of New Drug Discovery in Taiwan:
Cases of Two Firms]. Taipei: ITIS IEK.

TVCA (Taiwan Venture Capital Associates) (2007) Taiwan Chuangyetouzi Nianjian [TVCA
Yearbook]. Taiwan: TVCA.

Wade, R. (1990) Governing the Market: Economic Theory and the Role of Government in East
Asia. Princeton, NJ: Princeton University Press.

Wang, J.H. (2007) ‘Divergent Routes from Catching up Toward Innovation: South Korea and
Taiwan Compared’, Journal of Development Studies 43: 1084–1104.

Wang, J.H. and T.K. Leng (2011) ‘Production of Space and Space of Production: High Tech
Industrial Parks in Beijing and Shanghai’, Cross Currents: East Asian History and Culture
Review (E-Journal) 1: 1 (December). http://cross-currents.berkeley.edu/sites/default/files/e-
journal/articles/leng and wang 0.pdf (accessed 15 March 2012).

Webber, D. (2005) ‘China’s Approach to Innovative Pharmaceutical R&D: A Review’, in
G. Festel, A. Kreimeyer, U. Oels and M. von Zedtwitz (eds) The Chemical and Pharma-
ceutical Industry in China: Opportunities and Threats for Foreign Companies, pp. 121–32.
Berlin and New York: Springer.

Weiss, L. (1998) The Myth of the Powerless State: Governing the Economy in a Global Era.
London: Polity.

Weiss, L. (2000) ‘Developmental States in Transition: Adapting, Dismantling, Innovating, not
“Normalizing”’, The Pacific Review 13(1): 21–56.

Weiss, L. and M. Hobson (1995) States and Economic Development: A Comparative Historical
Analysis. Cambridge, MA: Polity Press.

White, S. and X. Liu (2002) ‘Networks and Incentives in Transition: A Multi-level Anal-
ysis of China’s Pharmaceutical Industry’. INSEAD R&D Working Paper 2002/48/ABA.
Fontainebleau: The European Institute of Business Administration.



The Biopharmaceutical Industry in Taiwan, South Korea and China 503

Wong, J. (2004) ‘From Learning to Creating: Biotechnology and the Postindustrial Develop-
mental State in Korea’, Journal of East Asian Studies 4: 491–517.

Wong, J. (2005) ‘Re-Making the Developmental State in Taiwan: The Challenges of Biotech-
nology’, International Political Science Review 26(2):169–91.

Wong, J. (2011) ‘The Political Economy of Failure: Biotechnology in East Asia’. Paper presented
at the International Studies Association 52nd Annual Convention, Montreal (16–19 March).

Woo-Cumings, M. (ed.) (1999) The Developmental State. Ithaca, NY: Cornell University Press.
Wu, W.L. (2009) ‘Yuanliaoyao Ji Fuxingji Chanye Fazhan Qiji’ [‘Industry Opportunity in API

and Excipient Industry’]. Taipei: DCB.
Zhang, F., P. Cooke and F. Wu (2011) ‘State-sponsored Research and Development: A Case

Study of China’s Biotechnology’, Regional Studies 45(5): 575–95.
Zweig, D. (2002) Internationalizing China: Domestic Interests and Global Linkages. Ithaca,

NY: Cornell University Press.

Jenn-Hwan Wang is Chair Professor at the Graduate Institute of Develop-
ment Studies, Director of the Center for China Studies and Joint Research
Fellow of the Institute of International Relations at National Chengchi Uni-
versity, Taiwan. Professor Wang has published broadly on a variety of
topics, including economic development, technological innovation and ur-
ban development in Taiwan, South Korea and China. He can be contacted
at: wangjh@nccu.edu.tw

Tsung-Yuan Chen is a Doctoral Candidate at the Graduate Insti-
tute of Development Studies in National Chengchi University, Taiwan
(e-mail: kurtchen1979@yahoo.com.tw). His research interests include de-
velopment issues in East and Southeast Asia, economic sociology, business
history, and Chinese capitalism.

Ching-Jung Tsai is a Doctoral Candidate at the Graduate Institute
of Development Studies in National Chengchi University. Her research
interests centre on political economy of industrial and regional de-
velopment, China and South Korea. She can be reached at e-mail:
97261501@nccu.edu.tw



Copyright of Development & Change is the property of Wiley-Blackwell and its content may not be copied or

emailed to multiple sites or posted to a listserv without the copyright holder's express written permission.

However, users may print, download, or email articles for individual use.


