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From “Silicon Island” 
to “Biopolis of Asia”:
INNOVATION POLICY AND

SHIFTING COMPETITIVE STRATEGY

IN SINGAPORE

Govindan Parayil

B ecause of Singapore’s ability to create a thriving semiconductor and
electronics industrial cluster through leveraging multinational cor-
porations, noted industry and innovation analyst John Mathews
aptly described it as a “Silicon Island of the East.”1 For those inter-

ested in innovation policy and national strategy for transforming the industrial
landscapes of developmental states, Singapore’s unique mix of state planning
with capitalism has always been an interesting case to ponder. Although Singa-
pore has graduated into the ranks of “developed” industrial states, it now faces
new challenges and opportunities due to rapid technological change and eco-
nomic globalization. In retrospect, industrial planners in developmental states
such as Singapore believe that they had followed the “right” innovation policies
to spur economic growth, despite the fact that all policy prescriptions are subject
to uncertainty at the time of their implementation. It has long been recognized
that uncertainty pervades innovation; how firms and associated agents of tech-
nological change manage uncertainty shapes the competitiveness of nations.2

However, the innovation strategies being pursued in recent years by countries 
in Asia and elsewhere represent a fundamental shift in the way governments
approach economic stimulation.

This article analyzes the recent changes in Singapore’s innovation strate-
gies using the national innovation system (NIS) framework. NIS is a techno-
economic paradigm that has become an important analytical tool to study
national competitiveness, technological change, and innovation policies. A
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systemic approach captures the dynamic and evolutionary nature of innovation,
which in turn recognizes the contingent and emergent nature of technology
development.3

Singapore’s post-colonial industrialization and economic growth strate-
gies were consistent with Porter’s claim that states are still important actors in
enhancing innovation, technological learning, and national competitiveness. As
he puts it, “In a world of increasingly global competition, nations have become
more, not less, important.”4 The competitiveness of Singapore’s economy,
despite occasional cyclical downturns, was based on its ability to innovate and
learn production and process skills and to leverage MNCs in key industrial clus-
ters.5 In the changing international innovation milieu, states must delicately
balance national economic interests without compromising the needs of their
innovation partners to have more freedom and maneuverability to attain the
common goal of competitiveness and national comparative advantage.

A clear indication of such a radical strategy has been Singapore’s ambi-
tious and potentially risky mission to create a biotech industrial cluster. A new
mode of innovation has been evolving in the research-intensive biomedical
industries cluster, which emphasizes a special role for the academic sector in 
the innovation milieu. This evolving innovation structure resembles the “triple
helix” framework, which is a stylized variant of the NIS model, with the former
gaining salience with the progress of the knowledge-based economy.6 In the case
of Singapore, the NIS framework applies to the traditional three pillars of the
local industry—electronics, precision engineering, and chemicals—while the
triple helix is more amenable to the biomedical cluster. While the NIS stresses
the co-evolution of state and industry in a double helical mode with the state 
in control of industrial and innovation policies, in the triple helix framework,
industries and universities are given more space and say in the evolving innova-
tion policies and competition strategies. This is in line with the finding that the
rapid pace of globalization and the pervasiveness of information and communi-
cations technologies have signaled the evolution of a more interactive and net-
work mode of innovation.

Recent government actions show that in order to maintain competitive-
ness and economic growth, Singapore is moving away from an exclusive depen-
dence on investment-driven (mostly FDI) industrialization to more knowledge-
and research-intensive industrialization that
follows a horizontal and network mode of inno-
vation by nurturing start-ups and small- and
medium-size enterprises (SMEs) and also by
attracting biotech MNCs. The objective is to
boost public and private investment in higher
education and research to transform Singapore into an important hub of bio-
medical R&D, drug discovery, genetic medicine, pharmaceutical production, 
and health services.

The point of departure for the present analysis is the industrial and
technological development policies that Singapore had pursued up until 2000.7
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Path-dependency analysis is not always sufficient to delineate and predict inno-
vation trajectories; nor are innovation trajectories entirely random phenomena.8

Internal as well as external political and economic factors play critical roles in
shaping the modes of innovation and economic growth patterns of all countries.

Biotech investments at the moment face high risk due to the rather
amorphous and unclear market signals coming out of the industry. Therefore,
pursuing the most appropriate innovation policies and competition strategies is
crucial for Singapore to maintain its economic fortunes in a difficult region and 
a volatile global economic environment. It must adopt the policy changes
needed to create a “national innovative capacity”9 by embracing a horizontal
innovation mode to propel itself into the so-called “knowledge-based economy.”

Industrialization and Economic Development in Singapore

Since gaining self-rule in 1959 and full independence in 1965, Singapore
has made a remarkable transition from a Third World to a First World econ-
omy.10 This transition was attained by an average annual growth rate in real
GDP of about 8.7 percent from independence until 2000.11 Singapore’s per
capita income was US$20,700 in 2001, placing it on par with such OECD coun-
tries as France and Germany.12 Singapore’s rapid economic growth was achieved
through “continuous industrial restructuring and upgrading.”13 Singapore’s early
industrial success was attributed to its ability to be a low-cost and efficient man-
ufacturing base for U.S., European, and Japanese MNCs. Singapore’s economic
development was attributed to its single-minded concentration on labor-inten-
sive manufacturing in the first decade after independence and sustained excel-
lence in manufacturing attained during the subsequent two decades by
continuously upgrading its technological capabilities.14 Economic growth was
also fueled by the continuous expansion of the service sector—transportation,
logistics, telecom, and tourist services—through rapid technology uptake and
infrastructural development.15

Singapore’s technology-intensive industrial development was facilitated
and guided by a paternalistic developmental state.16 In fact, Singapore’s eco-
nomic growth through high value-added manufacturing exports is attributed to
its “unique cocktail of state planning and capitalism.”17 However, unlike Korea
and Taiwan, high-technology manufacturing industries were not indigenously
developed. Singapore’s rapid technological development—particularly in elec-
tronics, semiconductor, data-storage device, chemical, and precision engineer-
ing industrial sectors—was largely dependent on foreign direct investment by
MNCs.18 Singapore attracted MNCs by leveraging on its locational advantages as
a low-cost and high-volume manufacturing center of electronics goods.19 Singa-
pore, like other East Asian latecomer cohorts, adopted technology leveraging as
its industrial development strategy.20 By leveraging the technologies transferred
by MNCs during the earlier stages, and subsequently expanding R&D invest-
ments in high-technology industrial ventures, Singapore has considerably
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expanded its technological knowledge base. Having exhausted the potential
gains from technology upgrading and acquisition through export-led industrial
development strategy, Singapore now claims that it has embarked on a different
trajectory of technological innovation by recreating itself as a “learning nation”
that could become a leader rather than a follower.21 The emphasis has shifted
from value-adding services as the strategy for economic growth to nurturing
value-creating industries through high-tech innovation to enhancing national
competitiveness and economic growth.

The earlier stage of Singapore’s industrialization followed a version of 
the NIS mode applicable to small resource-poor developing nations. In such
cases, the emphasis was not on R&D-based innovation and new-to-the-market
product development, but on creatively leveraging the technology transferred 
to the state by foreign MNCs as the mechanism for enhancing industrial capa-
bility. Singapore’s government took the initiative through building appropriate
national institutions and policy instruments, the essential foundation of the
NIS,22 to guide and regulate the direction of innovation and industrialization as
part of a nation-building strategy. NIS is essentially a set of institutions that gen-
erate and mold economic growth in which technological innovation is the key
driving force.23 According to Freeman, NIS is the “network of institutions in the
public and private sectors whose activities and interactions initiate, import, mod-
ify and diffuse new technologies.”24

In this model of innovation, the government takes an active role in for-
mulating industrial and technology policies. The emphasis is on national-level
institutions, specifically the national government and its relevant ministries 
and departments along with firms, local as well as foreign. The term national is
meant in the sense that at least some deliberate policy strictures are proposed by
the governments at the national level to spur technological innovation.25

However, the third sector of the NIS—academia—does not play a signif-
icant role in inducing innovation. It plays only a subsidiary role as providing
basic discipline-based education and training for engineers, scientists, and man-
agers. Any R&D work is confined within industries to solve narrowly defined
problems to increase productivity and create process technologies.

A caveat is in order regarding the applicability of NIS to Singapore. As
Nelson and Freeman concede, there is no clear algorithm as to how the NIS
model could be applied to the case of individual countries as their historical
experiences differ and they stand at different stages of economic and industrial
development. Wong argues that the NIS framework could be applied to Singa-
pore if we adopt an “explicit dynamic system perspective” as opposed to the
static nature of the model conceived in a path-dependent manner.26 Wong’s
approach is, however, not different from the general NIS framework because he
also looks at the primary institutional actors—firms, public agencies responsible
for industrialization policy, and manpower development and training institu-
tions—as the key agents that work together with the government acting as the
leader.27
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The most important agency within the Singapore Government that
played a crucial role in Singapore’s economic growth through rapid industrial-
ization was the Economic Development Board (EDB), a pre-independence era
body that was set up in 1961.28 The EDB took over the crucial role of preparing
the groundwork for industrialization of the city-state, which until that period
had no meaningful technology-based manufacturing industry. The colonial
administration had used Singapore only for entrepôt services, for bringing West-
ern manufactured goods to sell to the region, and for exporting the produce
from the region to the West.29 With a large and restless workforce available at
comparatively low wages, the EDB tried to woo foreign MNCs looking for low
factor-cost locations to set up manufacturing plants in Singapore. The Jurong
Town Corporation (JTC) was formed to manage and provide land and industrial
space for the MNCs in the land-scarce city-state. Public Utilities Board and Hous-
ing Boards were also created for providing reliable and cheap electricity, water,
gas, and housing needed for the industrial estates. The Development Bank of
Singapore (DBS) was established to provide the financing for industrial devel-
opment. Legislation was also introduced to tame the militancy of the labor
unions.30

Within three decades, Singapore has transformed itself from being a poor
developing country devoid of virtually any technological capability to a modern
industrialized nation with strong technological capability in several key high-
tech industry clusters. However, recent structural changes in the regional and
global economies have exposed Singapore’s vulnerability as a predominantly
value-adding manufacturing base dependent on export-led development as its
passport to economic growth. Singapore’s industrial expansion and economic
growth was put to severe test after the 1997 financial crisis. As a result of the
contingencies thrown up by the financial crisis and in line with Singapore’s slow
emergence as a “post-industrial”31 economy in the late 1990s and at the turn of
the twenty-first century, one could notice the beginning of a new innovation
system emerging in Singapore with greater interactive dynamics between the
state, industry, and academia. The rudimentary stage of this triple helix mode 
of innovation could be linked to the “technopreneurial” development scheme 
as well as the “Industry 21” campaign initiated by the EDB in 1999. The Techno-
preneurship 21 (T21) program was put in place with the Technopreneur Invest-
ment Incentive (TII) Scheme as the cornerstone of nurturing innovation and
start-up activities “in spirit and style to the Silicon Valley model.”32 Through its
“Industry 21” campaign, EDB plans to make Singapore a globally competitive
“knowledge-based” economy. Singapore is now bent on entering the global
high-tech market as an important player that is not only good at adding value,
but also at creating the value chain itself by forging new industries in knowl-
edge-based innovation and technology development. The emerging innovation
system in the research- and knowledge-intensive sectors in Singapore needs an
epistemologically oriented framework (such as the triple helix of government-
industry-university interactive system) to understand its dynamics.
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Reconfiguration of University-Industry-Government Relations

The triple helix system, in the case of Singapore, is still very much a vari-
ant of the NIS mode, but the nature of the interaction between the three actors
has changed to reflect the new realities of globalization. The variation is reflected
in the dynamics of interaction between the core agents.33 The evolution of a
new trajectory of innovation systems in Singapore is in many respects a serious
response on the part of the government to address the consequences of the
Asian financial crisis of 1997-98 as well as the impact of globalization and the
bursting of the dot-com bubble. Singapore’s GDP shrank by 2.4 percent in 2001;
the worst recession the country had experienced since independence. As a
result, the Singapore Government has undertaken a serious revamping of its
industrial and economic policies. The government has implemented pro-active
policies to revive economic growth and wealth creation through Silicon-Valley-
style innovation and knowledge management practices and competition strate-
gies. The objective is to reinvent Singapore as a “learning nation” such that the
“spirit of innovation” would “permeate every level and sphere” of society.34

The Asian financial crisis exposed Singapore’s economy to the dangers of
being dependent on the Southeast Asian region for its growth. To insulate Singa-
pore’s economy from such vulnerability, the government is looking outside than
the region to improve its economic fortunes. The government’s strategy is to
become a serious player in the global high-technology markets, particularly in
the biotech market. In order to reach this goal, Singapore firms needed to be
competitive in the international technology markets dominated by North Ameri-
can, Japanese, and EU firms. The strategy for Singapore and its firms is to follow
certain strategic technology sectors as innovation leaders rather than as follow-
ers (as was the case in the previous mode) to reap first-mover advantage. The
choice of biotechnology investments was undertaken in this context. It was also
important for Singapore to counter the strong competition coming from other
regional players who were moving fast to bridge the gap with Singapore in high-
technology industries such as semiconductors and electronics. The rising labor
costs resulted in rapid relocation of low value-added manufacturing jobs from
Singapore to neighboring countries. The rise of China as the “factory of the
world” also posed a serious threat to Singapore’s reliance on manufacturing
industries for sustaining economic growth. Therefore, Singapore’s continued
growth and development is dependent on becoming a knowledge-based econ-
omy that can be integrated with the global market such that its economy will
not become captive to sudden regional challenges in the future. In order to
advise the Singapore Government to “remake” Singapore to address these
challenges, an Economic Review Committee (ERC) was set up by the Singapore
Government in December 2001. The ERC Report submitted in February 2003
outlines three key recommendations to remake Singapore into:35

� a globalized economy, such that it will be a node in the global economic
network linked to all major economies of Asia (Japan, China, India) and
beyond (EU, North America);
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� an entrepreneurial and creative nation that is willing to take risks to
create new businesses and industries; and

� a diversified economy powered by the twin engines of manufacturing 
and services.

The Singapore Government’s strategy is to creatively map out the secrets
behind such globally acclaimed cluster-driven innovation leaders as Silicon Val-
ley, Bio Valley (Delaware-Philadelphia area), Research Triangle Park, and San
Diego in the United States along with Israel, Ireland, and Taiwan. The way to go
about creating such an environment for a high-tech innovation-spurred econ-
omy is to recreate the economy through molding entrepreneurial universities,
incubator facilities, industry-university spin-off firms, and joint institutional
efforts between universities, industries, and government.36 It would involve
plunging headlong into the unmarked frontiers of a knowledge-based economy.

Governmental Research System

The innovation system in Singapore appears to have made some head-
way towards the triple helix framework. The central concern of the government
is to create an innovation milieu of trilateral initiatives for knowledge-based
economic growth through facilitating strategic alliances among firms, national
research centers, statutory boards, academic research groups, and university
spin-off firms. These arrangements are encouraged and initiated by the govern-
ment through the implementation of “new rules of the game” (such as revamp-
ing intellectual property rights regime); through direct or indirect financial
assistance for R&D; and, most importantly, through creatively restructuring the
governmental statutory bodies that had done an excellent job in the previous
NIS mode. Such trends are a clear indication of the local innovation system
evolving. The restructuring of the EDB and the National Science and Technology
Board (renamed as A*STAR—Agency for Science, Technology and Research in
2002) seeks to accommodate the flexibility and changeability needed at the gov-
ernmental level to conform to the new entrepreneurial innovation milieu. The
EDB is reinventing itself to make Singapore a “compelling global hub for busi-
ness and investment.” A*STAR proclaims its mission as fostering “world class
scientific research and develop talent for a vibrant Knowledge-Based
Singapore.”37 Through its commercial arm “Exploit Technologies,” A*STAR
claims to make the scientific research undertaken by its research institutes
profitable.38

The government has embarked on a coordinated effort to encourage
innovation and entrepreneurship through improving the linkages between 
local universities and industries. Public research institutes and centers were
mandated to work closely with firms and to recover part of their R&D expen-
ditures from these industrial sources. A*STAR monitors the performance of
research institutes in patenting, licensing of technologies, and joint R&D ven-
tures with private firms. The government has initiated an ambitious mission to
expand the existing Science Parks to specialist parks (catering to specific indus-
tries such as pharmaceuticals, bio-medicals, new media, and IT) to encourage
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better university-industry interaction. A state-of-the-art “Biopolis” (a biomed-
ical-research-park-cum-residential-and-recreational-complex) was opened in
October 2003 in the Buena Vista Science Hub adjacent to the National Univer-
sity of Singapore/National University Hospital campus with much fanfare.
Spread over eight hectares with seven architecturally unique buildings, the
Biopolis is intended to be a research campus within an urban park for biomed-
ical researchers to “work, live, play, and learn.”39 The Singapore Government’s
ambition is to make this one of the most conducive and integrated innovation
centers in the world for developing the biomedical industry cluster.

Entrepreneurial Universities

The most plausible evidence of the emergence of a triple helix mode of
innovation can be gleaned from the recent expansion of the portfolios of the 
two local universities—National University of Singapore (NUS) and Nanyang
Technological University (NTU). These state universities are being given greater
autonomy to be competitive in the fast-emerging educational services sector of
Singapore.40 They are now adding—to their traditional roles of training scien-
tific, engineering, and managerial manpower—such new roles as forming and
incubating university spin-off firms and stimulating innovation and entrepre-
neurship among the university community. Universities are being asked to con-
tribute to the economy in real time. The Industry and Technology Relations
Office (INTRO) at the National University of Singapore (NUS) reports the forma-
tion of scores of spin-off firms since its inception in 1992, while the Innovation
and Technology Transfer Office (ITTO) at Nanyang Technological University
(NTU) is currently incubating numerous high-tech start-ups. In addition to col-
laborating with the twelve Research Institutes under the A*STAR, there are sev-
eral university-level research centers at NUS and NTU.

A clear transformation of the university’s role can be observed in Singa-
pore because of the proliferation of academic linkages between local and foreign
educational institutions. Both local universities are forging academic and
research linkages with foreign counterparts in the Asia-Pacific, Europe, and
North America. In 1997, the EDB launched funding for a World Class University
(WCU) scheme to attract top foreign universities to set up significant presence in
the academic sector in Singapore. The selected universities are to represent the
best in their fields across a wide spectrum of disciplines, such as engineering,
applied sciences, and management. These institutions are expected to conduct
postgraduate courses, undertake research, and build-up strong linkages with
industry and local academics. In the area of graduate business education, the
University of Chicago Business School, INSEAD, and Macquarie University (JV
with Singapore Technologies) have opened campuses in Singapore. The EDB is
in discussion with prestigious foreign universities to open campuses in Singapore
to offer comprehensive undergraduate and graduate education in competition
with the local state universities.41 The government has decided to grant more
autonomy to the local state universities so that they can be “nimble-footed to
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respond to market changes and can hold their own against overseas
universities.”42

The Singapore-MIT Alliance (SMA), for instance, is a new program initi-
ated by NUS to impart engineering education and research collaboration among
faculty and students within the engineering faculties at MIT, NUS, and NTU.
SMA students participate in industrial projects through structured internships
with specific firms and enterprises as well as enroll in graduate degree programs.
MIT has recently decided to confer graduate degrees to SMA students, who will
also receive degrees from NUS or NTU. SMA students are expected to come up
with creative solutions to complex issues and apply them to resolving actual
industry-related problems. In general, SMA students are given the challenging
opportunity to work with industry partners, famous academics, and the
Research Institutes to solve complex real-world problems on the innovation
front.43

The motto of NUS is: “Towards a global knowledge enterprise.” One sign
of NUS’s attempt to re-brand and re-make itself as an entrepreneurial university
was the setting up of the “NUS Enterprise” by bringing together and consolidat-
ing several industry outreach, research support, and liaison offices within the
university. The proclaimed vision of the NUS Enterprise is “Creating value from
knowledge,” and its mission is “To promote and foster an enterprise culture in
the campus community by serving as a catalyst of innovation and entrepreneur-
ship, and to nurture talents with a global mindset.”44 Establishing NUS Overseas
Colleges in foreign locations where innovation and entrepreneurship thrive is a
high priority of NUS Enterprise. The NUS College in Silicon Valley was estab-
lished with this objective in July 2001. The main mission of this largely virtual
college, according to NUS Enterprise, is to “cultivate dynamic and resourceful
entrepreneurs by immersing a selected group of NUS students in the entrepre-
neurial and academic environment in Silicon Valley. Students will return with a
paradigm shift in mindset, motivated to promote the entrepreneurial spirit
among NUS students and create an entrepreneurial hub in Singapore.”45 NUS
students participating in the program spend a year as interns in selected technol-
ogy-based start-ups. They also attend entrepreneurship and discipline-based
courses at Stanford University. The second NUS Overseas College, NUS College
in Bio Valley (NCBV), was set up in July 2002 in Philadelphia. According to NUS
Enterprise, at NCBV, selected NUS “students will intern with biomedical and
biotech startups at Bio Valley which is located within central Philadelphia and
surrounded by the comprehensive scientific and industrial development of the
Delaware Valley.”46 Through NCBV, NUS students could take courses at the Uni-
versity of Pennsylvania and get trained at UPenn’s Technology and Entrepre-
neurship Immersion Program (TEIP). The newest NUS overseas college is NUS
College in Shanghai (NCS), established in July 2003. Designed to build on the
experiences of NCSV and NCBV, NCS is intended to allow NUS students spend 
a year in Shanghai as interns in technology companies and attend entrepreneur-
ship courses at Fudan University in Shanghai.47
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These overseas ventures are expected to form a node in the interactive
communication network of university-industry relations. The emerging role 
of Singapore academe in this network is also evidenced by the collaborative
arrangement between NUS and local high-tech firms such as Singapore Tech-
nologies Group (STG) to “promote entrepreneurial culture and technology spin-
offs.”48 All these developments show that Singapore universities are attempting
to become the “entrepreneurial universities.”49

Industrial Networks

The largest contributor of R&D expenditure in Singapore is the industrial
sector. As expected by the EDB, the private sector in the past few years has out-
spent the public sector in R&D expenditure by nearly four times.50 There is also
a clear trend in the rate of patent application by private firms in Singapore. Joint
R&D activities between foreign MNCs and local public research institutions have
flourished in recent years.51 Many foreign companies have indicated their inten-
tion of continuing to undertake R&D activities in Singapore despite many of
them moving their manufacturing base to lower-wage countries in the region.52

Governmental assistance for innovation was initially concentrated on
fostering electronics, precision engineering, and information technology (IT)
industries. However, because of the dot-com bust of 2000 and the inability to
create IT industries due to the lack of qualified manpower forced the govern-
ment to look at biotech applications in life sciences as the new innovation fron-
tier to conquer.

The Dynamics of Innovation in the 
Biomedical Sciences Cluster: 2000-Present

Biotechnology, pharmaceuticals, medical devices, health care services,
and bioinformatics are the five sub-clusters identified under the biomedical
sciences cluster by the policy-makers within the EDB.53 The Singapore Govern-
ment’s declared intention is to become a world-class R&D center in selected 
sub-clusters in this strategic research-intensive industry. It intends to create R&D
facilities for the study of diseases common to Asia; to become a regional center
to develop new drugs, genetic medicine, and gene therapy; and to provide an
array of services for the needs of the global biomedical sciences industry.

Singapore’s plunge into the biomedical industry is a natural step given its
determination to become a knowledge-based economy. The Singapore Govern-
ment’s declared plan is to erect a “fourth pillar” to support and sustain the man-
ufacturing sector by nurturing biomedical sciences.54 Being a land-scarce
country, agricultural biotechnology—a well-trodden area in Europe and North
America—was not an area that Singapore could hope to exploit.55

Biomedical sciences may well suit to Singapore’s existing position as a
nation with good medical institutions and universities. Because of the potential
of growth and development, it appears that biomedical sciences became a nat-
ural entry point for nurturing a new industrial cluster where no other country
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in the region has achieved absolute monopoly or first-mover advantage. What 
IT and semiconductors did for Silicon Valley, biomedical sciences are expected 
to deliver for Singapore. However, it is a high risk/reward venture compared to
what Singapore and its firms have experienced hitherto.

Biomedical Knowledge Network and the Birth of Biopolis

In June 2000, the Singapore Government formed a high-level Ministe-
rial Committee chaired by Deputy Prime Minister Dr. Tony Tan to oversee the
development of biomedical sciences in Singapore. The Ministerial Committee
included the Minister of Education, the Minister of Trade and Industry, and the
Minister of Health. The mandate of the committee was to oversee the various
aspects of education, R&D, and industry development. The Ministerial Commit-
tee was supported at a working level by the EDB, A*STAR, JTC, NUS, NTU, and
senior bureaucrats from a few other ministries and statutory boards and agen-
cies. An International Advisory Council (IAC) chaired by Richard Sykes, Rector
of Imperial College and former Chairman of the Board of GlaxoSmithKline 
Plc., was also established to advise the Ministerial Committee and the working
groups. The members of the IAC are distinguished scientists and heads of major
well-known Western research institutes. Their expertise spans a wide spectrum
of biological fields such as molecular and cell biology, biomedicine, biochemistry,
and biophysics. The IAC include Nobel laureates David Baltimore, Stanley
Cohen, and Sydney Brenner (co-chair of IAC), among other luminaries of -
modern biological sciences.56

At the level of actually formulating and implementing programs and
imparting funds, EDB acts as the nodal agency. EDB has set up a Biomedical
Sciences Group (BMSG) to organize a range of biomedical sciences funding
activities and provides infrastructural support to these activities. Investment in
biomedical industries is directed through the Biomedical Sciences Investment
Fund (BMSIF). Funding and start-up capital are provided through its Biomedical
Sciences Innovate ‘N Create Scheme (BMS INC). It also provides tax incentives
and venture capital for the set up of startup firms and institutions.57

A*STAR acts as the main R&D bridge and interlocutor between the
government, industry, and university. A Biomedical Research Council (BMRC)
formed in October 2000 within A*STAR supervises and supports biomedical
R&D work in Singapore. A*STAR provides local and global linkages for Singa-
pore-based firms and research institutes through its signed MOUs with the
objective of developing research cooperation and collaboration with world-class
universities and research organizations.58 EDB/BMS Group and BMRC/A*STAR
work together to create the intellectual, industrial, and human capital in the bio-
medical sector to nurture and sustain industrial enterprises. Enhancing core cap-
abilities in biomedical sciences is entrusted to the five A*STAR research institutes
under BMRC—Institute of Molecular and Cell Biology (IMCB),59 Bioprocessing
Technology Institute (BTI), Bioinformatics Institute (BII), Genome Institute of
Singapore (GIS), and the recently founded Institute of Bioengineering and
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Nanotechnology (IBN). Table 1 provides statistical details and descriptions of the
core competencies of these five key research institutes.

The EDB was able to lure Edison Liu, who was director of clinical science
at the National Cancer Institute in the United States, to head the Genome Insti-
tute of Singapore.60 Attracted by the resources and fewer restrictions on con-
troversial research fields such as stem cell biology, several highly qualified
biomedical scientists have moved to Singapore in recent years. One such recent
arrival is stem cell researcher Phillipe Taupin from the renowned Salk Institute
for Biological Studies in California.61 Another famous foreign talent to arrive in
Singapore recently is the noted British cancer researcher, David Lane, who has
taken over the helms of IMCB as its executive director.62 In addition to bringing
talent from overseas, the human capital needed for the biomedical sciences
industry is to be attained by enhancing the core biological and biochemical
educational capabilities of NUS and NTU. For example, NTU recently opened 
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TABLE 1. Biomedical Research Capacity in the Public Research Institutes of Singapore

IMCB

BTI

GIS

BII

IBN

1987

1990

2000

2001

2002

380

126

112

40

53

987

67

4

0

2

206

3

3

0

9

Cell cycling, signaling, death, motility;
protein trafficking; apoptosis;
developmental biology; genomics;
infectious diseases

Bioprocess R&D for bio-pharmaceutical
industry; cell line engineering; animal cell
technology; microbial fermentation;
downstream processing; product quality 
& stabilization; proteomics

Integration of genomic technology &
biology; stem cell biology; biological
investigations for individualized medicine;
proteomics

Distributed computing in biomedicine;
systems biology; structural & functional
genomics; computational genomics; medical
informatics; theoretical biology;
mathematical biology

Tissue & stem cell engineering; biomaterials 
& scaffold; medical devices & delivery 
systems; nano-technology; combining nano-
electronics & biology

Core Competency

* as of December 2002.
Source: A*STAR Singapore and Yeo [note 89].



a School of Biological Sciences with state-of-the-art facilities for research and
training. Since 2001, NSTB (A*STAR since 20002) has launched the National
Science Scholarships (NSS) scheme to provide scholarships to Singaporeans to
pursue higher studies, research and training abroad in biomedical science disci-
plines.63 The popularity of biomedical sciences as an attractive career option 
for Singapore students is highlighted by the high demand for a new industry-
specific undergraduate program in life sciences at the newly opened School of
Biological Sciences at NTU.64

The JTC Corporation is building a state-of-the-art biomedical park (the
appropriately christened Biopolis) in the heart of Singapore Science Park hub
next to the National University. Phase I, costing S$500 million, of this biomed-
ical research park was opened in October 2003. The facilities of the Biopolis
include research institutes, incubator centers for start-ups, medical facilities, and
space for private firms. Unlike the existing Science Parks I and II with low-lying
buildings and lush tropical feeling surrounded by trees and manicured lawns,
Biopolis is designed to have a city feel with tall buildings and condominium liv-
ing and facilities for entertainment and nightlife.65 Manufacturing activities
related to pharmaceutical and biotech products are located at the Tuas Biomed-
ical Park, formerly known as Tuas View Pharma Park.

The biomedical sciences industry cluster showed marked increase in man-
ufacturing output in 2002 despite the global recession. Biomedical industry clus-
ter manufacturing output in 2002 was S$9,700 million, a 47 percent increase
from the output level of 2001. The value-added from this cluster stood at 18
percent of total manufacturing value-added, although it accounted for only 7
percent of total manufacturing output in 2002. The manufacturing output was
S$11,300 million in 2003 and it is expected to be over S$12,000 million in 2004.
Table 2 shows the biomedical industry performance statistics for the past seven
years.

Leading biomedical industry players in the pharmaceutical sector include
AstraZeneca, Aventis, Eli Lilly, GlaxoSmithKline, Kaneka, Merck & Co., Novar-
tis, Novo Nordisk, Pfizer, Pharmacia, Sanofi-Synthelabo, Schering-Plough and
Wyeth; biotech sector include Agenica, ES Cell International, KOOPrime, Pro-
ligo, MerLion Pharmaceuticals, PharmaLogicals Research, pSiOncology, Qugen,
S*BIO and Viacell; and the medical technology sector include Applied Biosys-
tems, Baxter, BD (Becton Dickinson), Boston Scientific, JMS (Japan Medical
Supply), Johnson & Johnson Medical, Siemens Medical Instruments and Tyco
Healthcare.66 Two large pharmaceutical MNCs established R&D centers in Singa-
pore—Eli Lilly set up a Systems Biology lab and Novartis set up an Institute for
Tropical Diseases—and commenced operation in 2002.67

Singapore’s strategy is to nurture and develop SMEs in the biotech indus-
trial cluster, a strategy distinct from the earlier approach of building-up large
state-linked firms in the electronics industry.68 The biomedical sciences cluster
saw a significant increase in the formation of several local startups in phar-
maceutical, medical technology, health care services, and biotechnology sub-
clusters. Startups such as ES Cell International, S*Bio, Genset and Oculex are

Innovation Policy and Shifting Competitive Strategy in Singapore

CALIFORNIA MANAGEMENT REVIEW VOL. 47, NO.2 WINTER 200562



engaged in a wide range of activities such as basic R&D, product and process
development, clinical trials, and production of diagnostic devices.

A startup founded in 2000, ES Cell International (Singapore) conducts
research on human embryonic cells and develops and commercializes stem cell
technologies. Its core business focus is understanding human embryonic stem
cell regulation, differentiating cell populations, and stem cell therapies. This pio-
neering start-up is based at the National University Hospital and has collabora-
tive arrangements with Hadassah University in Israel and Monash University in
Australia. ES Cell could make Singapore the leader in stem cell research in the
world and also a significant supplier of stem cells.69 ES Cell International
recently made news by luring British cloning expert, Dr. Alan Colman, to
become its chief scientific officer.70 Dr. Colman’s research focus is expected 
to be on finding stem cell-based cure for diabetes. His research program is to
transform embryonic stem cells into cells that could secrete insulin so that dia-
betics need not have to rely on insulin injections.71 If successful, such an inno-
vation could become a windfall for ES Cell as well as Singapore for the simple
fact that Asia has the largest number of diabetics in the world.

Also founded in 2000, S*Bio was Singapore’s first fully integrated
genomic and small molecule-based drug discovery company. This venture was
formed through an alliance between PharmBio Growth Fund Pte Ltd. (a dedi-
cated life sciences fund managed by the EDB), Chiron Corporation, and Blue
Dot Capital Pte Ltd. (a subsidiary of Singapore Technologies). The mission of
S*Bio is to discover and develop new drugs, vaccines, and therapeutic and diag-
nostic products.72

The emerging innovation system in the biomedical industrial cluster
shows the evolution of a rudimentary triple helix of state-university-industry
interaction, albeit one that is strongly state-directed. The five biotechnology-
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TABLE 2. Biomedical Sciences Industry Statistics

Manufacturing
Output Percentage Value-Added Percentage 

Year (S$ million) Increase (S$ million) Increase

1997 2,600 — 1,900 —

1998 4,000 53.8 2,700 42.1

1999 6,300 57.5 2,500 –7.4

2000  6,400 1.6 3,800 52.0

2001 6,800 6.3 3,700 –2.6

2002 9,700 42.6 5,800 56.8

2003 11,300 16.5 6,900 18.9

2004 12,180 (projected) 7.8 N.A. —

Source: EDB Annual Report 2002/03, Singapore, <http://sedb.com/edbcorp/sg>. 2003 numbers are nominal and 2004 
numbers are projected. A*STAR and EDB Joint Media Release, February 19, 2004 at <www.nstb.gov.sg/astar/about/action/
about_pressrelease_details.do?id=0f9ff8fb01FQ>; The Economist,August 14, 2004.



related Research Institutes under the A*STAR overlap the three key players. 
The boundaries of the three institutional players are not rigid as before and the
reflexive nature of the interaction is likely to transform the structure and agency
of the innovation partners. Despite the fact that the state acts as the nodal
agency, the relationship between the state and the other two agents is complex
and non-deterministic. The proof for the formation of a dynamic triple helix
framework would be visible only when we can see signs of self-organization 
and synergy. Despite the rather promising prognostication on the health of these
new biotech ventures, it is difficult to predict the longer-term viability of biotech
investments. This is because of the lack of a clear industrial strategy evident in
the declared objectives of the EDB based on its published pronouncements. Ulti-
mately, the real test of the emergence of such model of innovation would be the
market test, to be expected in the next several years.

Assessment of Innovation & Competition Strategy 
in the Biotech Sector

While electronics was the pre-eminent leading-edge technology of the
twentieth century, biotechnology appears to be the dominant technology of the
twenty-first century. However, being a nascent field, the innovation trajectories
and new product and process development in the biotech domain are still
unclear and uncertain. Based on existing trends, the uncertainty associated with
biotech innovations is comparatively high vis-à-vis such established clusters as
electronics and chemicals. Most importantly, biomedical investments assume
high risk because of the lack of clear market demand signals. While the benefits
could be immense (because of increasing returns, the lock-in nature of biomed-
ical products, and first-mover advantages for established firms),73 there is also
the potential risk of putting all the investment eggs in one basket. Singapore’s
ongoing biomedical industrial strategy is to create clusters in pharmaceuticals,
biotechnology, medical technology, and health care services. The biomedicine
sector is expected to generate US$7 billion in revenue in 2004.74 Much of this
increase in output is attributed to multinational pharmaceutical companies that
have established production plants in Singapore. For example, U.S. pharmaceu-
tical multinational Schering-Plough alone has invested nearly a billion U.S.
dollars in Singapore for several bulk manufacturing facilities.75 Another U.S.
pharmaceutical multinational, Pfizer, recently opened a S$600 million plant 
in the Tuas Biomedical Park to manufacture active pharmaceutical ingredients
(APIs).76 Singapore’s stated objective for its huge investments in biomedical
industrial sector is to turn it into a “Biopolis of Asia.” The goal is to reap benefits
through huge investments in pharmaceutical and medical devices manufactur-
ing, drug discovery, R&D services, clinical development, and headquarters activi-
ties. The Singapore Government’s objective is to generate US$12 billion from
this sector by 2010.77

The longer-term objective of entering the huge and lucrative American
and European markets may not be a smooth ride due to the prohibitively
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expensive drug regulatory regime in these countries. Fledgling Singapore bio-
medical firms may not be in a position to confront, head on, the regulatory hur-
dles of the U.S. FDA. Because of the rather long drug discovery to patenting time
of over ten years, it would be beyond the capacity of most startups and SMEs in
the industry to survive such long and expensive regulatory scrutiny of their new
inventions. Of course, they may get government support for R&D or venture
capital funds for meeting some operating expenses, but these outside interven-
tions in themselves may not be sufficient. For a thriving biomedical industrial
cluster to emerge, Singapore must have the determinants of national competi-
tive advantage to mold this industrial cluster. 

Singapore’s best niche strategy may be to channel biotech investments
first for developing biomaterials that could bypass a frontal regulatory confron-
tation with the FDA. The regulatory process may be much shorter and less
expensive for biomaterials than drugs. In order to chart the strategy for this new
venture, EDB may want to revisit the path Singapore adopted in the mid-1960s
to develop its marine industry. Without following the leaders Japan and Korea
into shipbuilding, Singapore made a strong presence in ship repair without actu-
ally building massive shipyards. Investments in four major docks and several
smaller ones paid off handsomely, as did huge complementary investments in
ports, container terminals, and chemical complexes. Singapore eventually
became the world’s largest ship repair hub. By 1981, Singapore’s marine indus-
try (including ship repair, shipbuilding and other marine services) had a total
revenue of S$2.4 billion.78

The corresponding niche strategy for biomedical investments may be 
to first build extensive R&D, product development, testing, and manufacturing
facilities for various biomaterials, with an objective to derive indirect benefits by
leveraging the expertise gained from biomaterials for ventures in drug discovery,
bio-pharmaceuticals, and genetic medicine. The demand conditions for biomate-
rials are much clearer than for genetic medicine. Even a twin-track strategy of
even-handedness in investing in both sectors could work in Singapore’s favor.

There are more practical challenges the government must address to
revamp and reconfigure the innovation environment for the biomedical industry
in Singapore. While both the NIS and triple helix models do not provide con-
crete evaluative guidelines to study and measure competitiveness, relevant
aspects of Porter’s and Furman et al.’s79 determinants can be used to evaluate
Singapore’s competitive advantage and innovative capacity.80

The most important determinant of national competitiveness is the pres-
ence of a strong knowledge base in biomedical sciences, which, in turn, requires
a huge supply of highly skilled research scientists and technicians. The knowl-
edge base can be constructed only if a large amount of money is earmarked for
R&D activities and building world-class research centers and universities. Com-
pared to other industrialized nations, Singapore’s R&D expenditure has been
relatively low until a few years ago. In 2000, the Gross Expenditure on R&D
(GERD) was only 1.88 percent of the GDP. The GERD had improved to 2.11
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percent in 2001, although this target was set for 1995.81 According to govern-
ment statistics, total R&D expenditure for 2002 was S$3,405 million, which was
2.19 percent of GDP.82 These latest numbers are impressive, but still low com-
pared to many industrialized nations. This situation is changing, as the govern-
ment is promising to spend huge amount of R&D money for biomedical sciences.

Singapore might have the resources to construct the R&D infrastructure,
but what about the human capital needed to build up the knowledge capacity?
There is a tremendous shortage of qualified Singaporeans in the biomedical sci-
ences. Can Singapore depend on foreign talent to follow the money trail? Singa-
pore’s biomedical industry analyst Ai-Lien Chang puts Singapore’s challenge in
retaining the foreign talent rather vividly, “The challenge is to resist the tempta-
tion to pull back, especially with grants, when breakthroughs are slow in com-
ing, or when the country’s economic fortunes are hit hard.”83 Human capital is
the most important element for all research-intensive industries, including bio-
medical sciences. Therefore, how to train, consolidate, and retain the immense
human capital required for the creation of a viable biomedical sciences industry
is going to be a tremendous challenge.

Another important factor is intellectual property protection and its adju-
dication. Since numerous foreign MNCs, universities, research institutes, and
individuals own patents on gene segments, sequencing, and decoding processes,
obtaining the knowledge that is owned by others will be a daunting legal and
financial problem. Singapore is addressing these complex intellectual property
issues through the setting up of an Intellectual Property Academy.

Another important determinant of competitiveness is demand conditions.
Creating a dynamic innovation environment requires an examination of the role
the public plays in the demand for and the diffusion of innovation—a problem
that the NIS, triple helix, and Porter’s diamond fail to address adequately and
one that has special salience to Singapore. Furman et al. have shown the impor-
tance of public support for basic research and legal protection of intellectual
property for creating “innovative capacity.”84 In the concept of the three stake-
holders of innovation—government, industry, and academe—there is a key
stakeholder left out—namely, civil society, made up of consumers and non-gov-
ernmental organizations (NGOs).85 As in the case of agricultural biotechnology,
specifically with regard to genetically modified food, the innovation trajectory is
highly influenced by consumers, farmers, and NGOs.86

Biomedical sciences will not be any different from agricultural biotechnol-
ogy where civil society played a key role in molding its technological trajectory
and demand conditions, especially in Europe.87 In fact, the moral and ethical
questions will be even more daunting in the biomedical field, and its innovation
trajectory will be affected by how both the local and transnational civil societies
mediate and resolve these issues. The weakness of civil society in Singapore
could be a critical factor given the ease with which stem cell research was able to
flourish in Singapore in the absence of public scrutiny of this contested research
area. This probably explains why Singapore became one of the world’s foremost



stem cell research centers. A recently arrived noted stem cell researcher from 
the United States, Phillipe Taupin, attests to this fact. Taupin came to Singapore
because “there are fewer ethical and political minefields than in the West, and
Singapore has pledged a strong commitment to stem cell biology.”88 This may be
true, but since the lion’s share of demand for the products and cures coming out
of stem cell research must be found outside of Singapore because of the small
domestic market, any lingering ethical concerns will then be left to the interna-
tional market place and concerned civil society organizations to scrutinize.
Anticipating the ethical and moral issues stemming from biomedical research,
the Singapore Government did set up a Bio-ethics Advisory Committee (BAC) in
December 2000. Nonetheless, the BAC is made up entirely of legal, governmen-
tal, scientific, and health care professionals. Representatives from civil society
and religious organizations are not found on the BAC, and furthermore it was
restricted to dialogue sessions and discussion forums.89

Since civil society is severely curtailed by the state in Singapore, and there
seems to be no movement on the part of the government to facilitate an unhin-
dered civil society, the social and cultural acceptability test of biomedical prod-
ucts may not take place in Singapore. Also, due to the limited extent of the local
market, any social acceptability tests of biomedical products and services con-
ducted locally may also be insufficient to satisfy the international consumers.
Initiating public consultations, nevertheless, would augur well for Singapore’s
credibility as an open society with good ethical standards, which, in turn, could
sway public perception and opinion in the international community. Since it
expects to play in the global technology markets in Europe and North America,
the Government must pay attention to these demand conditions outside of
Singapore.

A clear lesson from Singapore that has relevance to other states is that to
become global players, states should not only give more space and influence to
markets, firms, and universities, but they should also involve the larger public 
to expand the “innovative capacity” of nations. States must also realize that civil
society will flourish only under full democratization of all facets of society. Infor-
mal networks and alliances are key ingredients of innovation and the creative
economy. The success of such innovation habitats as Silicon Valley90 have been
based on bottom-up initiatives and interaction, whereby power was distributed
and reciprocity nurtured by voluntary adherence to norms. Networks and alli-
ances were built upon mutual trust and cooperation in an environment that
allowed information and resource sharing. Whereas previously the state built
strong ties with the corporate sector, it must now extend those ties to a broader
range of stakeholder groups to forge industrial policies in high-technology indus-
tries.91 Rather than assuming, as many former and present developmental states
continue to do, that winners can be picked—as they had done in the earlier
phase of their industrialization—they must now spread their investment deci-
sions more widely to enable more possibilities to emerge.
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Conclusion

Singapore’s remarkable industrial development and economic growth
since independence was attributed to its single-minded effort to transfer, adopt,
and adapt foreign technologies based on policies formulated and implemented
by a paternalistic developmental state. While other developing countries were
following import substitution industrialization during the 1960s and 1970s, Sin-
gapore (like its “tiger” cohorts South Korea, Taiwan, and Hong Kong) took the
track of export promotion industrialization as its key to prosperity by inviting
foreign MNCs who had the technology and knowledge that the fledgling state
needed. As Singapore’s first Prime Minister Lee Kuan Yew candidly admits, “The
story of Singapore’s progress is a reflection of the advances of the industrialized
societies—their inventions, technology, enterprise, and drive.”92 The innovation
system that emerged, early on, was clearly systemic in orientation. Industrial
transformation policy was guided and regulated by the state as part of a con-
certed nation-building project. The NIS that emerged in Singapore had a clear
objective of promoting technological capability through enhancing process inno-
vation during the early stages to product innovation. As Mathews and Cho have
shown, technology and resource leveraging was the core principle of state indus-
trial policy to create the manufacturing industrial sector.93 Local firms developed
learning capability and the links between the actors of innovation were hierar-
chical. Government took up the responsibility to facilitate funds for R&D, educa-
tion, and infrastructural development.

Recently, the mode of innovation, especially in the biomedical industry 
in Singapore, has shown signs of transition from a vertically oriented system to 
a horizontal mode involving the state, industry, and academe. A key facet of this
transition was the role attributed to the university sector to foster innovation,
enterprise, and entrepreneurship. While the state still dominates the evolving
innovation matrix in the biotech sector of Singapore, the academic sector will
find it much easier to encourage enterprise and entrepreneurship as it gains
more autonomy from the state. In the case of Singapore, however, the state 
still exerts too much control over innovation policy. It will be interesting to see 
if the government can really play the role expected of it within the context of
the triple helix system, although the government claims it is committed to
implementing reforms by loosening its control over almost all aspects of social,
political, and economic space in the republic. Interestingly, some positive devel-
opments are taking place on the cultural front.94 How to get people think for
themselves when the state used to do the thinking for them is a crucial issue to
be dealt with. It is possible to construct a knowledge society, a “learning” and
“thinking” nation, when conformity is the norm for social action?

Biotech investments at the moment appear to bear high risks due to the
speculative nature of the emerging innovations and the rather amorphous and
unclear market signals coming out of the biotech industry. On the other hand, as
technologies become more speculative, governments should spread their invest-
ment bets more widely to maintain economic fortunes in a volatile economic
environment. The more general lesson that states could learn from Singapore 
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is that there is no “right” innovation policy that government planners can fol-
low, rather they must be nimble enough to cope with uncertainties related to
industrial planning in a world driven by innovation and change.
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