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1 Introduction
South Korea (hereinafter Korea) has experienced a profound economic and 
industrial transformation, which remains an important subject of academic 
inquiry. After riding successfully the wave o f East Asia's economic dynamism 
for more than three decades, Korea plunged into a recession in the wake o f the 
1997 Asian crisis. The crisis, which caused a systemic meltdown in the financial 
and corporate sectors across the economies of the region, revealed that the 
extended post-War era o f interventionist developmental state leadership in 
directing industrial development through vertical industrial policies (‘picking 
winners’) has finally drawn to a close. It also raised a fundamental question 
mark over the coordinative capacity o f the East Asian newly industrialised 
economies (NIEs) to cope with the new economic order shaping in the context 
of technological globalisation. A central aspect o f this order that developed in 
the aftermath o f the Cold War has been the emergence of technology-based 
innovation as the primary source o f industrial development and economic 
prosperity.

From whichever angle we look at Korea's successful entry to the global 
industrial scene, the most arresting feature has been a developmental state1 that 
proved highly effective in coordinating the process o f industrial catch-up in 
sectors where the rate o f technological change was low and factor accumulation 
was more important than scientific knowledge production. While the worldwide 
spread o f science-driven industrial technologies made endogenous knowledge 
generation imperative for industrial development strategies2, the building of 
catch-up competitiveness in Korea was largely based on behind the frontier 
innovation achieved by absorbing, assimilating and improving borrowed

1 In the literature, Korea is commonly described as a typical paragon of the post-War 
developmental state (Amsden, 1989; Chang, 1994; Wade, 1990; Evans, 1995, Rodrik et 
al., 1995; Kohli, 1999).

2 The lack of a knowledge-based technological dynamism has been identified as a major 
weakness of the East Asian model of economic development already long before the 
Asian crisis became full-blown in 1997. Krugman (1994), for example, attacked the 
idea of an East Asian economic miracle in his widely discussed Foreign Affairs article. 
He argued that East Asia's growth had historically been the result of high capital 
investment and increasing participation in the labour market, thus leading to 
productivity growth. However, total factor productivity had increased only marginally 
or not at all. Krugman argued that only increases in factor accumulation without growth 
in total factor productivity would not be conducive to long-term economic prosperity in 
East Asia. In other words, he maintained that economic growth in East Asia was based 
on perspiration (i.e. the use of more factor inputs) rather than on inspiration (i.e. 
technological change driven by innovation).
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technology. When a country is far from the technological frontier it is easier to 
catch up through imitating and licensing technology. The critical task here is to 
manage the flow o f resources to carry out the investments required for nurturing 
the process o f imitation. However, as latecomers move towards the technology 
frontier, they can only grow by innovating, which requires the management of 
the flow o f ideas that drive innovation processes. It has been argued that the 
need to adapt the Korean developmental state to the challenges o f the 
innovation-fuelled knowledge economy3 long predated the crisis moment o f the 
late 1990s. Korea's prospects to catch up with the more advanced industrial 
economies in science-based industries increasingly depend now on the adoption 
o f system-oriented policies and governance arrangements that facilitate new 
modes o f technological learning.

The arrival o f a new techno-economic paradigm has been widely associated 
with the emergence and spread o f new science-driven technologies as the key 
source o f national industrial competitiveness in the global technology race. 
Biotechnology is a generic technology reflecting a new science-based 
innovation regime (Coriat et al., 2003), which is characterised by its pervasive 
effects on the technological dynamics o f many branches. The emergence of 
modern biotechnology4 proved highly disruptive for patterns o f industrial 
production and technological innovation in chemicals, the agro-food sector and 
particularly the pharmaceutical sector. While the accelerated scientific progress 
o f modern biotechnology has been clearly linked to the globalisation o f research 
and development (R&D), there has also been a rising need to bring national 
institutions in line with the techno-scientific advances o f the emerging 
technology.

3 In 2008, President Lee Myung Bak took office and merged the former Ministry of 
Commerce, Industry, and Energy (MOCIE) with elements of the Ministry of 
Information and Communications (MIC), the Ministry of Finance and Economy 
(MOFE) and the Ministry of Science and Technology (MOST) into the Ministry of 
Knowledge Economy (MKE). The establishment of this key body in the Korean 
governance system with the principal mission to provide the policy directions in trade, 
energy and industry reflects the government's mandate to invigorate the economy as 
Korea transforms into a knowledge-based economy.

4 The new technologies that are associated with the birth of modern biotechnology 
received their principal scientific impetus from the discovery of recombinant DNA 
technology in the early 1970s. The OECD defines modern biotechnology as “the 
application of science and technology to living organisms, as well as parts, products and 
models thereof, to alter living or non- living materials for the production of knowledge, 
goods and services.” (OECD, 2005: 9)
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As biotechnology evolved and achieved practical application in 
pharmaceuticals on an unprecedented scale in the 1990s5 -  with many 
genetically based drugs in clinical trials -  the new technology turned into a 
feasible alternative to conventional approaches for chemical synthesis, such as 
organic chemistry. In the 1990s, firms in pharmaceuticals and other 
biotechnology related industries therefore had to realise that their existing 
knowledge base has been increasingly supplemented - if  not supplanted - by a 
new technological paradigm, which radically transformed the cognitive and 
organisational nature o f industrial learning. While incumbent firms in the United 
States, in some European countries and in Japan fell under the spell o f the new 
paradigm and therefore already developed early capabilities to harness 
biotechnology for a range o f commercial applications, industrial laggards 
embarked on the biotechnology revolution at different paces and rates. 
Latecomers often face difficulties to accommodate biotechnology in their 
industrial systems because it requires the fusion o f several science-based 
disciplines as well as large outlays on basic and applied research. Since this 
aspect has become more salient in recent years latecomer firms involved in 
biotechnology related product development need to engage in R&D activities, 
either by building in-house capabilities or through extramural research 
arrangements. As the collaboration between science and industry becomes more 
important for the evolution o f a market environment for biotechnology, there is 
also a greater need to create institutions that facilitate and enhance the 
cooperation o f firms with a variety o f actors o f the science system.

Biotechnology, which is not an industry itself but a generic technology with 
potential applications across many different industries, has been described as a 
non-linear technological system built on a network structure (Achilladelis and 
Antonakis, 2001; Carlsson, 2002; Galambos and Sturchio, 1995; Galambos and 
Sewell, 1998; McKelvey et al., 2004; Orsenigo et al., 1998, 2001; Pyka and 
Saviotti, 2005; Staropoli, 1998) that presents a great deal o f uncertainty for 
processes of industrial learning. Its emergence in a context o f late- 
industrialisation requires the departure from past modes o f industrial 
organisation and governance that were based on low-risk strategies o f industrial 
catch-up and associated with a strong central government directing 
technological capability building. Unlike earlier strategies o f technological 
followership, which relied on the anticipation o f standard product life-cycles and

5 The surfacing of novel techniques derived from the field of molecular biology 
(including genomics, gene sequencing and proteomics) in conjunction with the 
introduction of combinatorial technologies revitalised the process of random screening 
as a paradigm for drug discovery and thus enabled researchers to break through many 
former constraints on rational drug design.
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the predictability o f learning curves, the design and implementation o f policies 
within this new industrial learning paradigm need to acknowledge the 
fundamental uncertainties surrounding the process o f innovation.

With the post-crisis rebound, Korea embarked on a comprehensive agenda 
o f policy and institutional reforms aimed at boosting the scale o f knowledge
intensive activities in science-driven sectors, such as biotechnology, 
nanotechnology and advanced information and communication technologies 
(ICT) (MOST, 2000). However, the industrial governance challenges associated 
with the rise o f modern biotechnology have put the Korean developmental state 
under significant strain. It is clear that the reconfiguration o f the institutional 
linkages and modes o f coordination on which the state-directed model of 
industrialisation was based has become unavoidable, although this does not 
imply the complete redundancy of the state's capacity for steering certain aspects 
o f industrial transformation processes. On the contrary, as Korea has evolved 
over different stages o f economic and industrial development and continuously 
approaches the innovation frontier with emerging science-based industrial 
technologies, the role o f the state needs to be revisited and based on a different 
type o f intervention. Instead o f directly controlling market parameters and 
orchestrating industrial development from the top down, the post-industrial 
developmental state (Wong, 2004b) is supposed to assist technological learning 
through the support for organisational adaptiveness and institutional innovation.

The discussions throughout the analysis are premised on the idea that most 
o f the inherited industrial policy instruments used to manage industrial 
transformation in the past have outlived their usefulness. Since the dynamics of 
evolving innovation system are increasingly driven by complex reciprocal 
relationships between large and small firms as well as diffuse networks of 
innovation actors, the approach o f government intervention associated with the 
catch-up period appears as ever less practical or is even considered as intrusive. 
The bulk of studies on the coordinative capacity o f the state in the field of 
biotechnology have as yet examined the variety o f experiences o f the industrial 
leaders at the technological frontier (for example Dodgson, 1991; Giesecke, 
2000; Casper, 2000; McKelvey, 1996, 2000; Prevezer, 2001; Peter, 2002; Kaiser 
and Prange, 2004), while in-depth analyses o f the systemic aspects o f the 
coordination o f science-industry linkages in the biomedical field and the role of 
distinctive national R&D environments for the emergence and diffusion of 
modern biotechnology in a latecomer context remain scarce.6 This book intends

6 Notable exceptions are the studies of biotechnological capability building in developing 
countries by Gonsen (1998) and Acharya (1999a). More recent contributions include, 
among others, Chaturvedi (2005) and Krishna (2007).
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to make a contribution to filling this void. It contends that the emergence of 
biotechnology has significant implications for the configuration o f the 
relationship between government, science and industry, and thus for the 
transition from a developmental state to an innovation state in Korea.

The analysis makes extensive use o f concepts rooted in different strands of 
literature on institutional governance, firm strategy, development economics and 
innovation theory to explore the multifaceted transformative process Korea's 
innovation system is undergoing. Furthermore, the analysis takes an 
evolutionary perspective by placing particular emphasis on the co-evolution of 
technological, institutional and organisational change in this transformation.

1.1 Objective of the research
The innovation literature almost unanimously rejects the market failure 
approach as a basis for policy intervention (for example Malerba, 1992a; 
Metcalfe, 1997; Carlsson and Jacobsson, 1997) and considers the system 
approach to innovation as the more appropriate alternative. During the past 20 
years7, the innovation system as an analytical construct has increasingly gained 
acceptance among the growing number of scholars dealing with the dynamics of 
innovation. However, the innovation system literature, because o f its conceptual 
heterogeneity, describes and interprets innovation systems, their structure, 
modes o f operation, dynamics and performance in a variety o f different ways. In 
general terms, the picture emerging is that innovation systems, although 
predominantly defined as national in scope8, are influenced significantly by 
technology-specific sectoral factors. A number o f different conceptual 
frameworks have been proposed to analyse the structure and dynamics of 
systems o f innovation at different levels, including national systems of 
innovation (Lundvall, 1992; Nelson, 1993; Freeman, 1995), regional systems of 
innovation (Cooke et al., 1997), sectoral innovation systems (Breschi and 
Malerba, 1997; Breschi et al., 2000; Malerba, 2002), and technological systems 
(Carlsson, 1994; Carlsson and Stankiewicz, 1991; Carlsson et al., 2002). All

7 Lundvall (1992), Nelson (1993) and Edquist (1997) are landmark publications that 
deserve particular mention for having consolidated the character of innovation systems 
research as an ‘epistemic community’.

8 It is clear that in an era of transnational enterprises and multinational research 
collaborations science-derived technological systems, such as biotechnology, transcend 
national borders. Nevertheless, the nation-state has still an important role to play in 
shaping the sectoral dynamics of innovation systems.
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these approaches define the boundaries, structural components and functional 
dynamics o f innovation systems in various ways. In addition, there are also 
concepts o f socio-technical systems (Hughes, 1987; Pinch and Bijker, 1987; 
Geels, 2004a, 2004b; Geels and Kemp, 2007) with a focus on the co-evolution 
o f technical, economic, institutional, cognitive and behavioural transformations 
o f innovation systems driven by the diffusion o f new technologies.

The innovation system concept is not a coherent theory. Primarily it is an 
analytical tool to explore the functional dynamics and describe the performance 
o f systems. Particularly when we consider the sectoral factors driving the 
transformation o f innovation systems, this implies that the system under study 
does not have to exist as a fully fledged system in reality (Bergek et al., 2008). 
Instead, the concept with its various analytical elements enables describing 
systemic interaction between evolving structural components (i.e. actors, 
institutions, networks) o f developing innovation systems or systems undergoing 
a transformation.

The subject of this research is the role o f the sectoral dynamics of 
biotechnology in reconfiguring the Korean national system o f innovation. The 
national and sectoral perspectives are brought together for the analysis o f the 
fundamental relationships underpinning the transition o f Korea's latecomer 
innovation system from state-directed industrial development to a new mode of 
innovation-led growth. Particular attention will be paid to the networks between 
science and industry, which are evolving in a less orchestrated fashion than 
during Korea's late industrial development and have now begun to determine the 
functional dynamics o f the Korean innovation system. These networks will be 
studied under the aspect o f the sectoral transformative capacity (Dolata, 2009) of 
emerging biotechnology in a latecomer context.

The primary focus o f this research is on the institutional-organisational co
evolution o f that part o f biotechnology that supports the development of the 
pharmaceutical industry and contributes to the evolution o f a specific pattern of 
innovation in the biomedical field. We examine institutional arrangements and 
policy processes shaping the governance framework for biotechnology 
innovation, as well as effective ways o f commercialising it in a latecomer 
context. Furthermore, we attempt to understand the interaction of technological, 
institutional and organisational determinants in reconfiguring innovation 
systems, as well as the need to build on the interaction o f these determinants for 
the design o f appropriate system-oriented policies.
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In detail, the research addresses the following questions:

i. Is the institutional composition o f Korea's latecomer innovation system 
geared towards effectively governing the interaction of all relevant 
players, in terms o f research actors and networks that are engaged in 
pharmaceutical biotechnology innovation?

ii. To what extent does the Korean biopharmaceutical sector require 
research and innovation policies that should be customised according to 
the specific evolutionary dynamics o f the sectoral innovation system in 
pharmaceutical biotechnology?

iii. To what extent does the sectoral technological imperative in the field of 
biomedical drug development matter as a driver o f a new institutional 
and organisational pattern o f science-driven post catch-up innovation in 
Korea?

For some years, most o f the literature on technological learning and 
innovation in a latecomer context has emerged from a focus on the development 
of dynamic capabilities at the firm level (for example Figueiredo, 2001; Hobday, 
1995a, 1995b; Kim, 1997; Teece, 2000), defining technological learning as 
(latecomer) firms' ability to learn and innovate through absorbing, assimilating 
and improving available technological knowledge. This literature has largely 
focused on the analysis o f learning processes involved in the gradual 
accumulation o f a minimum technological knowledge base needed for carrying 
out innovative activities. However, this strand has paid only limited attention to 
the dynamics o f science-driven sectors and their role in the transition process 
from technological capability development to technological leadership in a 
latecomer context. From a sectoral perspective, only little academic effort has 
gone yet into unravelling the role o f the co-evolving scientific and institutional 
environment for inducing technological innovations.

This research draws from a variety o f theoretical frameworks and empirical 
contributions that have emerged in the field of innovation research over the past 
decade. It makes systematic use o f institutional and organisational concepts 
underpinning the evolving understanding o f the sectoral dynamics of innovation 
systems. It is aimed at developing a coherent framework for redefining the 
coordinative capacity o f the state as a facilitator o f technological learning in a 
changing socio-technical environment for post catch-up.



22 Introduction

1.2 Methodology
A diversity o f factors accounts for the development of sectoral systems of 
innovation along different pathways. This research presents a systematic study 
o f the structure, dynamics and performance o f a latecomer innovation system at 
the sectoral level. The general aim is to explore the specific characteristics o f the 
Korean biotechnology and biomedical innovation system, in particular the 
structure and dynamics o f innovation networks as well as the influence o f the 
socio-technical context on the Korean path of biotechnology development.

Given that there is a considerable blurring o f the boundaries between the 
disciplines that provide a workable perspective on the structure and functional 
dynamics o f innovation systems, the research combines elements from 
sociology, innovation theory, development economics and organisational theory. 
This multifarious theoretical approach is necessary to answer the key research 
questions and to provide an appropriate assessment o f the coordinative capacity 
o f the Korean policies and institutions to make the innovation system more 
responsive to the socio-technical dynamics and requirements o f advanced 
science-driven industrial development.

The research rests on the use o f a mix o f the following quantitative and 
qualitative methods:

i. A descriptive analysis o f  the Korean innovation system, including the 
structural components (actors, organisations, networks, and institutions) 
and framework conditions that affect the dynamics o f innovation in 
biotechnology and the biomedical system. For this purpose, the research 
relies on the analysis o f secondary data and materials that primarily have 
been collected from the websites o f research institutes, governmental and 
non-governmental organisations, industrial associations, and companies.

ii. A patent-based analysis o f  innovative activities in biotechnology. Because 
the biotechnology / biomedical innovation system in Korea is still in the 
formative phase, statistical resources are very scarce and existing research 
on Korean biotechnology tends to be very descriptive. Since there are 
only few secondary data sources available on the economic performance 
and innovative activity o f new Korean biotechnology firms, a large 
database on domestic biotechnology patent applications has been created 
from the online database o f patent abstracts of the Korean Intellectual 
Property Office (KIPO).
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iii. An analysis o f  R&D activities in the biopharmaceutical and biomedical 
sector. Due to the lack o f a uniform quantitative data source on the 
biomedical sector in Korea, the research draws on a number o f different 
sources, including data from Pharma Koreana, which is a monthly 
journal published in English in Korea that provides a range o f information 
on the Korean pharmaceutical industry as well as specific information on 
the profile of actors in the Korean health sector in general.9

iv. Interviews and a field  survey have been carried out to complement the 
secondary data analysis. During a three-month pilot research stay in 
Korea in 2004 information on programmes, institutions and actors in 
Korean biotechnology was collected. During two short-term field trips in 
2006 and a short-term stay in October 2009 semi-structured in-depth 
expert interviews were conducted with policymakers, R&D managers and 
individual scientists at public research institutions, bioventure firms, 
industry associations, technology transfer institutions and venture 
capitalists. The interviewed research institutions were primarily identified 
through the patent-based analysis. Furthermore, a number o f interviewees 
were identified during the field research through interview partners that 
pointed to additional relevant interviewees.

While the analysis o f secondary sources o f information allowed for a 
description o f the principal components o f the operating structure o f the system 
of public funding and biotechnology promotion in Korea, the patent-based 
analysis enabled a view on the evolving sectoral pattern o f biotechnology use in 
manufacturing and applied R&D by private companies. For the purpose o f this 
analysis, biotechnology patent applications as defined by the OECD definition 
of IPC codes (see Annex 1) have been filtered from the patent online database of 
the Korean Intellectual Property Office (KIPO) for the years between 1986 and 
2001. The identified Korean companies that filed biotechnology patent 
applications during this period have been grouped into five categories by their 
principal sectoral activity (see Table 5.18) with the help of several online 
databases, such as the website o f the Korean Chamber of Commerce and 
Industry (KCCI).

9 For the purpose of this research journal issues between 1992 and 2004 have been used. 
Hardcopies of the journal issues were accessed through the medical library of the 
Yonsei University, Seoul.


