
Chapter 1

The Globalization of
Innovation

On St. Kitts island in the Caribbean, a lab operated by a Yale
University professor transplants human stem cells into live

monkeys. This is a practice that is restricted in some societies as an
inhumane and dangerous experiment. When the United States pro-
hibited some forms of cloning, scientists in Great Britain rushed to
produce Dolly as the world’s first cloned sheep. Chinese officials
were shocked recently when farmers in their country planted genet-
ically modified rice contrary to national laws. Techniques based on
in vitro fertilization have become common around the world,
regardless of the types of political or religious systems.

In areas from genetically modified foods and in vitro fertilization
to cloning, stem cell research, and chimeras, innovation increasingly
has moved beyond national boundaries. Technology transfers are
common and it is difficult for governments to regulate diffusion.
Contraband technology prohibited from sale somehow evades gov-
ernment rules on cross-border movement. Scientists engage in what
I call “country-shopping” to find locales with the most favorable
rules for research. New social networks consisting of academics,
members of nongovernmental organizations, and business repre-
sentatives push the envelope of innovation in ways not imagined in
past decades.

For observers of the political process, these kinds of technology
transfers raise the important question of whether the state is obso-
lete in the regulation of biotechnical innovations. Has the tradi-
tional role of the public sector been undermined by the rise of
technical experts, the emergence of country-shopping by scientists
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seeking freedom from regulation, the growth of nongovernmental
organizations, and the power of multinational pharmaceutical cor-
porations? Although states retain a significant role in funding and
regulating new technology, the ability of governments to oversee
innovation has been sharply circumscribed.

In this book, I argue that a “science-industrial complex” has
emerged in the biotechnology area that has dramatically weakened
the role of government. While this is not a uniform development in
every nation, an alliance of corporations, universities, and non-
governmental organizations in many places has gained power at the
expense of the public sector. This shift in the relative influence of
state and non-state actors has led to the virtual deregulation of
many biotechnologies and the liberation of innovation from geopo-
litical constraints. Using case studies of biotechnology areas, I show
that despite public and leadership concern about the dangers of
these innovations, many new initiatives operate beyond the control
of the public sphere.

The Science and Technology Revolution

There has been a dramatic increase in technological innovation
around the world. The number of patents filed over the last two
decades has risen significantly. In 1985, for example, around 75,000
patents were filed in the United States and 41,000 in Europe. By
2000, these numbers had jumped to 180,000 for the United States
(up 140 percent) and 110,000 in Europe (up 168 percent).1

Biotechnology and information technology are among the areas
showing the greatest growth. Advances in genomics and biology
have fueled the invention of new diagnostic tools. It now is possi-
ble to use genetic testing to check for health risks to particular ill-
nesses. The hope is that someday, doctors will be able to use DNA
science to target treatments more effectively. For example, if it is
known that people of a particular genetic makeup are likely to suf-
fer serious side effects from certain cancer therapies, doctors will
avoid those therapies, thereby sparing patients unnecessary treat-
ment complications.

The number of scientific publications worldwide has increased
from 1981 to 2003. According to Science Watch, a commercial newslet-
ter that monitors trends in basic research, there were around 440,000
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publications in 1981, but this number skyrocketed 82 percent to
800,000 in 2003. This reflects the premium many countries are plac-
ing on technical innovation and the need to communicate results
through professional networks.

There is variation from country to country in the number of
scientific publications. In looking at breakdowns of science-
oriented publications, the United States leads with just under 
40 percent of publications. Great Britain, Germany, and Japan each
have around 8 percent of the world’s publications, France and
China have 5 percent each, Canada and Italy have 4 percent each,
and the rest are scattered among other nations. However, China’s
percentage has risen dramatically over the past two decades, going
from near zero in 1981 to 5 percent in 2003.2

International collaboration on research has increased. Around 
45 percent of the world’s scientific publications have at least one
American researcher, up from previous years. In the same vein,
around 25 percent of U.S. publications include non-American
authors, a figure that is considerably higher than the 10 percent of
publications having an international collaborator in the late 1980s.3

Global innovation has risen because many countries around the
world see the burgeoning of technology as a boon to trade and
national development. Technology is a valuable export commodity
in many lands. Trade now constitutes nearly 30 percent of global
Gross Domestic Product (GDP). In 1970, it represented little more
than 10 percent of global GDP.4 Countries trade minerals, raw mate-
rials, information, and technical services.

Technology is seen as key to national development and mass
communication. Nations that foster innovation in biotechnology,
nanotechnology, computers, and engineering experience more eco-
nomic growth.5 The expansion of broadband Internet access and cell
phone usage fosters improved communications, enhances economic
growth, and leads to better national and international integration.

In a high-tech era, there is a clear association between new tech-
nologies and national innovation. Developed countries put consid-
erable resources into research in hopes not only of strengthening
military capabilities, but also of seeing commercial spin-offs in the
private sector. New inventions have arisen from the space program,
satellite technology, weapons development, and military procure-
ment. The space program has sent people into outer space and has

THE GLOBALIZATION OF INNOVATION 3



fostered a wide range of technical applications for society as a whole.
Among other inventions, it has facilitated the creation of Teflon,
satellite communications, longer-lasting batteries, microwave tech-
nology, and wireless telephony.6

Through greater understanding of basic science, experts are
applying insights from a variety of fields to areas such as health care,
education, transportation, defense, and communications. The
Internet and e-mail speed dissemination of knowledge around the
globe, with the result fueling a science and technology revolution.
Innovation is globalized, and scientists are able to learn about the
inventions of one another.

The Rise of a Science-Industrial Complex

Technology has fueled the rise of a “science-industrial complex,”
similar to what used to be called the “military-industrial complex.”
Private companies, universities, and nonprofit organizations collab-
orate across national boundaries and export innovation from
country to country. As shown in chapter 2, there is close collabora-
tion between scientists and businesses. There is big money to be
made in technical spin-offs, so a variety of organizations have clear
incentives to produce new products.

The United States spends 2.8 percent of its GDP on research 
and development. This is less than the 4.3 percent spent by Sweden,
3.1 percent by Japan, and 3.0 percent by South Korea, but higher
than that of Germany (2.5 percent), France (2.2 percent), Canada
(1.9 percent), or Great Britain (1.9 percent). Europe as a whole
devotes 1.9 percent to research and development, while industrial-
ized nations spend around 2.3 percent.7

If one adds together all the science and technology workers in the
United States as a percentage of the workplace, 33 percent of
American employees have science or technology positions. This is
slightly less than the 34 percent figure for the Netherlands and
Germany, but higher than the 28 percent in France and Canada,
respectively.8

Technology is a big business in industrialized countries. The global
growth rate for high-tech products has increased by 6.5 percent in
recent years, far higher than the 2.4 percent growth for other kinds 
of manufactured items. High-tech products now constitute about 
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23 percent of manufacturing output in the U.S., 31 percent in South
Korea, and 18 percent in France and Great Britain, respectively.9

The productivity in this area has fueled considerable demand for
those with science and engineering expertise. Thirty-eight percent of
Korean students now earn degrees in science and engineering, com-
pared to 33 percent for Germany, 28 percent for France, 27 percent
for Great Britain, and 26 percent for Japan. The United States has
fallen behind in this area. Despite great demand for this kind of
training, only 16 percent of American graduates have backgrounds
in science and engineering.10

In America, the private sector surpassed the federal government
in 1980 in terms of the amount of money spent on research and
development. By 2003, commercial companies were providing 
68 percent of the $283 billion spent on research and development,
compared to 27 percent from the federal government and the rest
from other sources. Of this total, $113 billion comes from the fed-
eral government, while $170 billion comes from the private sector.
According to information from the National Science Board, the
percentage of research and development spending coming from 
the federal government has dropped from around 63 percent in the
early 1960s to 27 percent today, while that of the private sector
increased from 30 to 68 percent.11

A similar pattern is found in many industrialized nations. The
commercial sector in most countries provides a far higher share of
research and development funding than does the government. For
example, the private sector in Japan provides 72 percent of funding.
In Germany, commercial companies provide 66 percent, while in
France, private enterprise provides 52 percent of the research fund-
ing. In most of these places, relatively little investment comes from
the public sector.12

The extensive reliance by universities on commercial investment
has created considerable concern about the science-industrial com-
plex. For example, former Harvard University president Derek Bok
criticizes what he calls the “commercialization of higher education.”13

As universities have looked to the private sector for sources of new
revenue, scientists have lost their traditional independence. Rather
than searching for new knowledge, researchers are undertaking
projects at the behest of corporations and slanting their research
towards industry goals and priorities.
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In her book University, Inc.: The Corporate Corruption of Higher
Education, journalist Jennifer Washburn takes the argument one step
further. She argues that rather than merely commercializing higher
education, the close economic ties between science and industry
have corrupted universities and raised fundamental conflicts of
interest that taint the scientific enterprise.14 Increasingly, professors
are acting as outside consultants for private companies and engaging
in research designed to serve corporate interests. The result has been
the degradation of academic work and the undermining of higher
education into what she calls the “academic-industrial complex.”

Part of the close ties between industry and higher education
arose from university needs for new revenue sources. The cost of
new biotech labs and global science has led a number of schools to
seek financing from the private sector. Federal legislation has
encouraged universities to move in this direction. In 1980, Congress
passed the Bayh-Dole Act, which gave university professors funded
by federal grants the right to seek patents for their scientific prod-
ucts.15 Although the idea was to make sure that scientific knowledge
was widely disseminated, the legislation provided financial incen-
tives for universities to commercialize basic knowledge. Over the
following 25 years, this legislation succeeded beyond its wildest
hopes. From a sparse 95 patents to universities in 1965, the number
rose to 3,200 university patents in 2000.16

In his book Science in the Private Interest, ethics professor
Sheldon Krimsky describes the “gold rush mentality” that devel-
oped in the late twentieth century in higher education.17 Universities
created intellectual property offices, patented new products, and
encouraged faculty start-ups that would bring in large amounts of
money. Rather than encourage knowledge for its own sake, scien-
tists saw virtues in commercializing their expertise. Not only did
they make a lot of money, they gained new clout for revenue gener-
ation within universities themselves.

By 2004, American universities had collected over $1 billion
resulting from licenses, patents, and private start-up companies. In
that year alone, 425 commercial firms were established, up from 348
in 2003, 364 in 2002, and 402 in 2001. In addition, these institutions
of higher education filed 8,185 patent applications in 2004.18

This commercialization of scientific inventions is not limited to
the United States. Increasingly, European and Asian universities are
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creating commercial spin-offs and filing patents on their new
applications. Similar to the U.S. Bayh-Dole legislation enacted in
1980, many non-American countries have changed their patent
laws to give ownership rights over new creations to universities and
academics. Professors can share in ownership and profits, but gen-
erally this is in conjunction with the institute where the research
takes place. Of European nations, only Italy and Sweden have retained
the so-called professor’s privilege of sole ownership on patents and
inventions. The European Union now provides $4 billion to com-
mercialize academic research. Individual nations such as Great
Britain, France, Germany, and the Netherlands also provide finan-
cial support of transfer technology to the private sector.19

Is the State Obsolete in Biotechnology Policy?

The decline in financial support that many national governments
provide for research and development and the close collaboration
between science and industry raise the question of whether the
state has become obsolete in managing biotech policy. Of the major
policy areas, such as health, education, and welfare, biotechnology
is the subject where the state exercises its weakest control. The very
nature of technology itself makes it difficult for the government to
control. Much of research and development is decentralized and
funded outside of government. Inventions are made by small teams
of researchers, often collaborating across national boundaries.
Transfer of knowledge is difficult to regulate because scientific
exchanges take place through informal networks, such as personal
conversation, e-mails, or scientific meetings.

The technical nature of the subject means that experts, policy
communities, and social networks dominate communications and
innovation. Much as the state finds it difficult to regulate artistic
expression or cultural flows, it is nearly impossible to control tech-
nical experts. They meet informally, exchange ideas, and publish
innovative ideas. A considerable amount of work in this area is
abstract knowledge or technical applications. These qualities make
it very difficult for states to restrict information flows.

For these reasons, biotechnology represents an area that has been
liberated from geography. Transaction and communications costs
are low, and innovation is quickly transferable between individuals
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or organizations. Since knowledge can be diffused through scientific
publications, face-to-face conversations, or electronic communica-
tions, it is difficult for governments to control the pace, diffusion,
or dissemination of innovation. Nonstate actors such as universi-
ties, corporations, and nonprofit organizations have risen in 
power in terms of knowledge creation and dissemination, which
further challenges the ability of the state to restrict access across
countries.

This argument notwithstanding, some researchers have sug-
gested that the state remains potent. For example, political scientist
Daniel Drezner has written that the state remains a significant force
for institutional control in the area of technology. Using a case study
of global governance of the Internet, he argues that state power
operates through a variety of mechanisms, such as coercion, induce-
ments, delegation, third-party organizations, and outside groups.
States do not have to control a policy venue directly for government
influence to be felt, he says.20 They can use subtle and indirect
mechanisms to exercise power.

In his book Governing the Market, political economist Robert
Wade argues that states hold considerable influence over economic
development. Relying on analysis of East Asian countries, he finds
that newly industrialized countries require strong states and that
they need sympathetic political institutions to maximize their
growth potential.21 In a related vein, scholar Atul Kohli writes that
state-level development (the so-called developmental state) is an
effective strategy for promoting economic growth.22

But other researchers dispute these interpretations. Political
scientist Peter Haas argues that it is difficult for governments to
regulate technical fields because experts form policy communities
and thereby exercise independent power. These “epistemic commu-
nities” represent a source of coordination, communication, and deci-
sion making. When experts agree on a matter, governments tend 
to follow their viewpoint. This suggests that it is not government
that is dictating public policy, but private networks of technical
experts.23

Planner AnnaLee Saxenian makes a related point about social
networking in regard to computer innovation. Looking at the emer-
gence of Silicon Valley and Route 128 around Boston, she argues
that the social networking of universities, computer entrepreneurs,
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and military contractors was the key factor in fostering a culture of
innovation on microcomputers. Entrepreneurs had regular contact
with university professors, and this created a culture sympathetic to
new computer products.24

Another force for the liberation of civil society from government
is the growth of nongovernmental organizations. Professor Paul
Wapner looks at environmental activism around the world and
demonstrates that environmentalists have altered state decision
making and become a major political force through their activism.
The title of his article, “Politics Beyond the State,” summarizes his
major theme, that there now exists a global civil society that tran-
scends national boundaries.25

Still others have claimed that the power of the state has been eroded
by the power of multinational corporations. For example, scholar
Virginia Hauffler examines the “public role” of private corporations
and finds companies have become adept at employing economic clout
to extend their influence over government.26 Using case studies of
high-tech enterprises in four Chinese communities, political observer
Adam Segal argues that nongovernmental firms were the key ingredi-
ents in China’s technical leap forward.27 Scholar Richard Doner looks
at statism in five Asian countries and concludes that state strength in
these nations is much more limited than commonly thought.28 And,
in an analysis of developed countries, political economist John
Zysman argues that “financial markets are one element that delimits
the ways in which business and the state interact.” Because they decide
“who gets what,”he says markets are a form of political and social con-
trol independent of the government.29

Those who defend the significance of the role of the state have
developed concepts that blend state power with social context. For
example, sociologist Peter Evans discusses the notion of “embedded
autonomy” as a way of summarizing his argument that the state
matters. He notes that state power is most effective when it is
embedded in informal social structures that provide organization
and coherence.30 In a related vein, analyst Jon Pevehouse suggests
that governments use nongovernmental organizations (NGOs) to
influence the policies proposed and implemented by outside
groups. Rather than being autonomous institutions, NGOs link
into state authority, making it difficult to separate the public sector
from civil society.31

THE GLOBALIZATION OF INNOVATION 9



Similarly, policy analyst Sheila Jasanoff demonstrates that the
combination of political, institutional, and cultural forces leads
some countries, especially in Europe, to regulate biotechnology
quite effectively. Using a comparative study of the United States,
Great Britain, and Germany as well as the European Union, she
shows that on many biotech topics, Germany has regulated innova-
tion more strictly than has the United States or Great Britain.
Germany’s history and political culture places a greater premium
on regulating uncertain risks than is true for the other places. Its
historical and cultural background gives it moral authority to regu-
late domains that other countries are not able to control.32

These blended approaches offer the advantage of conceptual
subtlety in attempting to capture the complex ways in which public,
private, and nonprofit sectors interact. Their strong point is the
ability to document subtle and indirect forms of power (sometimes
hidden from public view) and show how the government exercises
power behind the scenes. For example, Jasanoff demonstrates that
cultural forces can affect institutional design, and thereby perpetuate
this power in the policymaking process.

But this approach suffers because it lumps sectors together in 
a way that makes it virtually impossible to disentangle them. If
the public sector is embedded within social structures, political cul-
ture, the private sector, and nongovernmental organizations, it is
difficult to answer questions about the relative power of each sector.
Embedded autonomy draws attention to sector mutualism, but
does not resolve the fundamental question of who shapes various
policy areas. This limits analysts’ ability to answer basic questions
about political power.

This inability is particularly problematic in the case of biotech-
nology policy because the growth of nongovernmental organizations,
the power of multinationals, the rise of expert policy communities,
and country-shopping by scientists looking for lax rules and
enforcement suggests that the globalization of innovation has
undermined state control.33 The large amount of research and
development provided by companies and universities weakens the
power of government. Similarly, the emergence of powerful non-
state actors cedes significant public authority to private individuals
and organizations.34
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New versus Old Globalization

The new globalization that has emerged is very different from the old
variety about which many researchers wrote. Much of the early liter-
ature on globalization focused on financial and economic issues.
Questions such as the transparency of financial transactions and
liberalization of cross-border flows were dominant themes. By easing
the constraints of national boundaries, the hope was that a variety of
interests would benefit and different countries would gain from free
trade.35

As production shifted across national boundaries, economic
efficiency would be improved. If a particular country had national
advantages due to location, wage structure, or natural resources, it
would find a niche for particular products or services that would be
valuable for the international community. Jobs would be created
locally, and people around the world would be able to import those
products or services at a cheaper cost. Countries would segment
into importers or exporters, or service providers or manufacturers,
and the entire arrangement would maximize efficiency in the global
marketplace.36

To some observers, economic globalization is an unmitigated
good. Economists sold the idea to policymakers on the basis of
market efficiency and economy of scale. Developing nations were
promised markets for their products. Industrialized nations looked
forward to cheaper consumer products that also would provide jobs
for low-skilled workers in poor countries. In short, globalization
would be helpful for global trade and a growth engine for the entire
world.

But not everyone is enamored with the supposed virtues of
globalization.37 Critics predicted a “race to the bottom” that would
harm union workers in industrialized nations, create loopholes in
environmental and safety regulation, and perpetuate poverty in
developing countries. Rather than boosting efficiency and produc-
tivity, globalization would fuel inequality and injustice around the
world.38 Political scientist Philip Cerny complained that globaliza-
tion would create a democratic deficit. The power of international
governance bodies threatens the autonomy of individual nations
and undermines democratic control by ordinary citizens.39

THE GLOBALIZATION OF INNOVATION 11



Although evidence does not support all the predictions of this
race to the bottom, there is little doubt that inequality has increased
and the gap between north and south has widened. Globalization
has allowed businesses to play countries off against one another.
Places that offer low wages or weak environmental and safety
enforcement are seeing job growth, generally at the expense of high-
wage areas. Countries such as China and India are experiencing
tremendous growth rates due to their inexpensive sources of labor.40

In debates over globalization, though, much of the focus has
remained on its economic or political ramifications. Old globaliza-
tion evokes many reactions, but conflict centers on matters such as
job creation, wage growth, trade patterns, and income inequality.
Most of the arguments rest on economic reasoning about how
global trade is affecting the material fortunes of particular nations,
industries, or segments of the labor force.

These consequences are important, but a new globalization is
emerging that involves moral reasoning, and emotional debates over
the effects of boundary lowering on the sanctity of life, privacy, and
security. Controversies over stem cell research, cloning, chimeras,
genetically modified food, and in vitro fertilization, for example,
focus on whether technical advances in these areas have gone too far
and are endangering fundamental human values.41 Similarly, the
emergence of supercomputers, the Internet, and a networked society
raises doubts about privacy and confidentiality in a wired world. In
the post-September 11, 2001, world of international terrorism, there
is renewed concern regarding whether reducing border barriers cre-
ates security problems that endanger national security.42

Each of these debates is fundamentally different from arguments
about old-fashioned economic liberalization. Rather than raising
questions regarding efficiency, economy, income generation, and
market segmentation, the new globalization must deal with issues
involving moral and ethical undertones that are quite difficult to
compromise. Biotech globalization involves a wide range of actors
outside of government. The rise of fundamentalist religious forces
in many parts of the world adds a dimension to conflict that is emo-
tional and intense. The state in secular countries is not powerless in
these arguments, but civil, religious, and nongovernmental organi-
zations have significant ability to block action and fight for ethical
perspectives on genetic engineering.
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All this makes the future of globalization much more conflicted,
emotional, and tenuous than would appear to be the case under the
old globalization. Instead of negotiating free trade rules, countries
now worry that cross-border trade and traffic will spread illnesses
such as Severe Acute Respiratory Syndrome (SARS) or Acquired
Immunodeficiency Syndrome (AIDS), subject computer users to
viruses and spam, or import values that are abhorrent to particular
segments of the world. As political scientist Samuel Huntington
aptly put it, a “clash of civilizations” in the new globalization pits
competing values and world orientations at center-court in discus-
sions of international commerce.43 The intensity associated with
different worldviews complicates the development of biotechnol-
ogy and helps to explain why various countries have adopted such
different approaches to handling these kinds of issues.
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