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INNOVATION IN THE UNITED STATES AND GERMANY

FOREWORD

As economic ties between the United States and Germany have grown steadily deeper and more intertwined,
economic performance in one country increasingly affects the transatlantic partnership as a whole. Positive
economic growth and strong economies have a number of underlying factors, one of which is a climate of
innovation, which itself is influenced to varying degrees by the quality of educational systems, a society’s toler-
ance for risk, and various political, cultural, social, historical, and institutional factors.

This publication is the first in a three-part series titled, “Advancing Innovation, Enhancing the Economy: A
German-American Project,” which will look closely at the importance of innovation for the global economic
competitiveness of the United States and Germany. The essays in this AICGS Policy Report explore the history
of innovation in the United States and Germany, identifying and assessing the impact of cultural, historical,
and institutional factors on the innovation process in these two countries. In their essays, Kent Hughes and
Axel Werwatz seek to identify and address the broad range of factors that affect competitiveness and adap-
tation to the global economy as it relates to innovation. These essays also provide a foundation for exploring
broader questions in relation to innovation, such as: How innovative are the U.S. and German economies—
at both the macro and micro (firm) levels, compared with their innate potentials and their developing country
counterparts? Is there a set of “best practices” against which the performance of these two partners can be
measured and evaluated vis-a-vis the other, and how can “best practices” be adapted to the unique institu-
tional, cultural, or historical context of each country while still remaining effective? How can the United States
and Germany learn from each other, and what steps should be taken by the two sides over the medium term
to help facilitate such learning?

For the United States and Germany, two pillars of the global economy, as well as for other EU members,
encouraging technological innovation may prove the key to ensuring continued gains in productivity. Absent
such an impulse, the U.S. economy could once again—as it did in the late 1960s and throughout the 1970s—
return to a low-growth path. Fostering healthy innovation is perhaps even more vital for Germany than for the
United States. Underlying dynamics of exploding social expenditures, spiraling deficits, and an aging popu-
lation, combined with a dramatic shift in the global terms of trade in favor of low-cost Asian producers, have
contributed to the virtual stagnation, if not outright decline, of the German economy. A more favorable envi-
ronment in support of innovation will not, in itself, rescue the German economy from its decade-long depres-
sion; its absence, however, will virtually guarantee another several decades of economic and social malaise.

This project is undertaken as part of the AICGS Economics Program, which seeks to generate insights into
the institutional, political, cultural, and historical factors that shape responses to deepening economic inte-
gration and the challenges of globalization. Through these three Policy Reports on innovation, AICGS seeks
to enhance understanding of the broader context in which the process of innovation unfolds, as well as the
role of policy and government regulation in promoting or hindering innovation. Previous AICGS reports have
focused on breaking down barriers to trade and investment. Likewise, a major focus of this project is to iden-
tify structural barriers to technological innovation and what steps might be taken to ameliorate, if not entirely
remove them, at the national and international levels.
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INNOVATION IN THE UNITED STATES:
THE INTERPLAY OF HISTORY, INSTITUTIONS,
AND AMERICAN CULTURE

KENT HUGHES

America’s innovation system was not the product of a single grand design. At
the turn of the twentieth century, there was no single national body that
planned the extensive network of federal laboratories, decided on the need for
large, research-oriented universities, or created a venture capital market.
Instead, in response to the pressure of a crisis or the power of a new vision, the
country took various steps that created a diversity of institutions that eventually
became a system supportive of innovation.

Despite the lack of an original comprehensive design,
American national laboratories, research universities,
and private companies have discovered and exploited
the potential synergies created by their interaction. A
more self-conscious effort to create new institutions
that would sustain basic scientific research was made
after World War Il. In the 1980s, when the public and
private sectors needed to respond to increasing
competition from Germany and Japan, Congress
adopted a series of policies designed to speed the
transfer of university and research-laboratory tech-
nologies to the market.

By virtually any measure, the second half of the twen-
tieth century marked an enviable period in the history
of American innovation. Whether measured by the
number of Nobel Prizes awarded, patents issued, or
scientific articles published in scholarly journals, the
United States stood out as a world leader in the inno-
vation field. Whether the United States can retain this
position in the globally competitive twenty-first
century environment remains to be seen.

What contributed to the pace of American innovation
in the late twentieth century? The following essay
attempts to answer that question by looking at the

history of innovation in the United States, the institu-
tions that have fueled scientific and technological
progress, and the underlying cultural traits that
support America's continuing search for the next fron-
tier.

The History of Innovation in America

The history of innovation in America can be traced
back to the earliest days of the Republic. Article |,
Section 8 of the U.S. Constitution gave Congress
the “Power to promote the Progress of Science and
useful Arts, by securing for limited Times to Authors
and Inventors the exclusive Right to their respective
Writings and Discoveries.” Article |, Section 8 gave
rise to the system of patents, copyrights, and trade-
marks presently protecting American innovations.
While today’s U.S. government promotes interna-
tional recognition of intellectual property rights, this
was not always the case. Many eighteenth and nine-
teenth century American industrialists copied the
trade secrets of British industry, which was the world
economic leader at the time. In fact, until 1836 most
foreigners could not receive a patent in the United
States;! copyright protection for foreign works was
not granted until 1891.2
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The steady westward expansion of the United States
during the first half of the nineteenth century created
new opportunities for innovation. Public support for
investment in infrastructure began with roads and
canals, which later contributed to the creation of a
continental economy, which in turn created an ample
market for new technologies. The innovations them-
selves were the product of individual inventors part-
nering with entrepreneurs. Foreign capital, particularly
from Britain, helped fuel the American economy and,
in that sense, helped to support American innovation.

In the nineteenth century, the United States also
became a global leader in the adoption of a universal
education system and philosophy. This emphasis on
education continued into the twentieth century, accel-
erating after World War Il through the adoption of the
Gl Bill, which supported education for returning
soldiers; the expansion of state universities; and the
imitation of the ‘California Model’ education system,
which included major research universities, state
colleges, and two-year community (in some cases
junior) colleges.

Opportunity and necessity were the twin forces
behind much pre-World War Il research done in the
United States. The opportunities for unprecedented
growth in the agricultural sector, coupled with a
limited labor force, helped focus research on labor-
saving, land-intensive innovations. In the midst of the
American Civil War (1861-1865), the United States
took a major step toward creating a systematic
approach to research: the 1862 Morrill Act3 created
a system of land-grant colleges to promote the “agri-
cultural and mechanical arts.” To this day, many major
public universities retain “A&M" (agricultural and
mechanical) as part of their name.

Subsequent legislation, such as the 1887 Hatch Act
and the 1907 Adams Act, established experimental
agriculture centers in individual states.4 The develop-
ment of an extension service to bring the latest agri-
cultural techniques to individual farmers was also
strongly emphasized. By the twentieth century, land
grant colleges did agricultural research, helped teach
farmers how to make use of the research, and
provided innovations that could be distributed

through the extensions system. Innovations in the
food-processing industry and in farm equipment
made U.S. agriculture even more productive. In a
sense, America’s first successful experience with
industrial policy was in agriculture. The adoption and
more aggressive prosecution of American anti-trust
laws in the late nineteenth and early twentieth century
acted as a spur to industrial research. Increasingly
limited in their ability to collude over price controls,
large companies were forced to seek horizontal
mergers and later turned to industrial research to
further their growth. Patents were publicly sanctioned
pathways to at least temporary monopoly power.5

Military spending and the imperatives of war also
spurred innovation throughout U.S. history. The
American Civil War gave rise to numerous innova-
tions, including the widespread adoption of inter-
changeable parts in machinery. After World War |,
the federal government took a more active role in
stimulating military innovation. Fearing that U.S. forces
had fallen behind their European counterparts in
terms of radio communications, the U.S. government
forced a pooling of relevant patents to help start what
became the Radio Corporation of America (RCA). In
its early phase, the U.S. Navy held a significant portion
of RCA shares, which demonstrated the willingness
of the U.S. government to intervene actively in indus-
trial markets when national security was at risk.

World War | also provided a major boost for U.S
chemical and pharmaceutical companies. In 1914,
Germany was a global leader in both industries.
Famous for the phrase “chemicals not colonies,”®
German industry had developed a dominant position
in Europe and already established a base in the
United States. However, after the outbreak of hostil-
ities between the United States and Germany, the
U.S. government seized patents held by German
chemical and pharmaceutical firms and transferred
them to American ownership.” Developments such as
these laid a basis for future progress in innovation, but
it was World Il and the Cold War that transformed a
largely company-based system supported by govern-
ment regulations into the major innovation enterprise
that characterizes the American economy in the early
days of the twenty-first century.



Institutions and Innovation

Since the end of World War Il, the American innova-
tion system has gone through three stages: the end
of the war into the early 1970s; the 1970s/1980s
response to German and Japanese competition; and
what some call the ‘roaring nineties.” Throughout
these stages, the American innovation system was
never simply a collection of talented scientists
huddled in a laboratory. It was and remains the
product of a combination of public and private insti-
tutions, large and small businesses, and a supporting
financial system that starts with so-called “angel
investors” and encompasses everything from public
pension funds to private equity funds. Innovation in
the United States is further supported by a large
educational enterprise that develops domestic talent
and has also attracted millions of future scientists and
engineers from around the world.

PHASE I: THE END OF WORLD WAR Il TO THE
COMPETITIVENESS CHALLENGE OF THE 1970s

In an early twenty-first century characterized by global
just-in-time inventory management, the Internet, and
deepening interdependence among states, it is easy
to forget how economically independent the United
States was six decades ago. At the end of World
War I, the United States produced roughly 50
percent of the world’'s gross domestic product and
held an estimated 80 percent of the world’s hard
currency reserves. Had President George W. Bush
been speaking in 1946 instead of 2006, he could
not have announced that “America is addicted to
oil"8—at the time, the United States was a net
exporter of oil.

Just a few decades ago, the American manufacturing
economy was dominated by a few prominent firms in
every industry. The competition among those few
could be fierce—older readers will remember the
battles between General Electric and Westinghouse
for control of the home appliance and electronics
markets. The automobile industry, which started out
as several smaller firms, underwent a gradual consol-
idation. General Motors was so dominant that by the
1950s, it feared garnering 50 percent of the
American auto market, a figure the company thought

INNOVATION IN THE UNITED STATES AND GERMANY

might result in an anti-trust action to break up the
corporation. In contrast, today’s American and inter-
national financial press openly speculate about
whether or not General Motors is headed for bank-
ruptcy.

The widely shared view that science had helped win
World War Il was an early source of support for
expanded federal funding of research. The onset of
the Cold War in the late 1940s sharply reversed the
initial decision following World War Il to demobilize
much of the American military and gave added
impetus to defense spending, including funds
targeted at both basic research and at developing
new technologies, in particular those focused on
national security. In 1950, the Cold War turned hot
with the start of the Korean War. Military spending
remained high even after the armistice in 1953
brought an end to open hostilities. When President
Kennedy was sworn into office in 1961, military
spending hovered around 10 percent of the country’s
gross domestic product (GDP). Even with the sharp
build-up under President George W. Bush, military
spending rose to only roughly 4 percent of GDP as
of the early 2000s.

Energy, Defense, and Health

The Manhattan Project, which created the world’s
first atomic bomb, spawned a number of national
energy labs dedicated to the development, produc-
tion, and safeguarding of what became an enormous
stockpile of nuclear weapons. The opportunity to
pursue path-breaking research and the added sense
of a national mission attracted many of the best scien-
tists to these labs. Periodic assessments of the labo-
ratories found that the knowledge and expertise of
their personnel matched that of the brightest minds at
the best universities in the United States, and that the
labs had superior equipment as well.

The atomic bomb was developed at Los Alamos
Laboratory in New Mexico, which was founded in
1943. Today, Los Alamos remains a major energy
laboratory. Los Alamos was joined in 1949 by the
Sandia Laboratory in New Mexico and, later, by the
Lawrence Livermore Laboratory in California. These
were followed by labs at Argonne (lllinois), Oak Ridge
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(Tennessee), and Ames (lowa), among others. The
labs’ initial focus on nuclear weapons supported
funding for extensive research on particle physics and
a number of other scientific disciplines. In response
to more recent national imperatives, these energy labs
have dramatically broadened their focus from nuclear
weapons, how conducting research on everything
from economic security to environmental manage-
ment. Today, the laboratories have some 30,000
employees and combined budgets worth billions.

Like the energy labs, the Department of Defense
(DoD) was also looking for new technologies for
better weapons following World War Il. That meant
significantly more research. While DoD research and
development budgets were heavily tilted toward the
testing of new weapons, there was significant funding
for basic and applied research, now referred to as the
6.1 and 6.2 accounts, respectively.

The impact of the Department of Defense extended
well beyond increased funding for basic research.
DoD often set demanding standards that hastened
the development of new technologies, some of which
would later have commercial applications. The DoD’s
practice of opening purchases to all companies under
a bidding system provided a significant boost to small
start-up companies.? In many cases, the DoD or one
of the military services not only funded the research,
but was also the critical first customer for a number
of key technologies in the electronics field, such as
the vacuum tube during World War |, the solid state
diode, the transistor, the integrated circuit, and the
computer.10

The National Institutes of Health was also transformed
as a result of World War Il and its aftermath. What
started in 1887 as a single one-person laboratory
inside the Marine Hospital Service gradually grew into
a research institution inside the Public Health Service
and, later, the National Institutes of Health. Legislative
action toward the end of World War |l created and
then expanded a grants program that became the
major vehicle for funding basic research in the life
sciences. Today, some 80 percent of the almost $28
billion 2006 budget is devoted to research grants.

10

The American University System

American universities played a critical role in the post-
World War Il innovation system. Even before the war,
these institutions began to improve their capacity for
basic research. For instance, American work in
physics was beginning to match the caliber of work
being done in Europe on the subject even before the
late 1930s flood of European refugees brought a
surge of academic talent to the United States.11 Like
most American institutions, the universities were
deeply involved in the war effort and affected by their
role in it. Shortly after Congress declared war in
1941, the Association of Land-Grant Colleges
offered the country “all of their facilities for...profes-
sional training and research.”12 Throughout the war,
universities were actively involved in research and
training with the military services.

The real transformation of the American university
came in the aftermath of the war. Returning veterans
flowed into universities on a tide of money provided
by the G.I. Bill. As industry shifted from military to
civilian production, universities worked to provide the
technical and engineering talent demanded by a
rapidly growing economy. Universities became home
to most of the basic research in the life and physical
sciences. Compared to universities in other parts of
the world, the American university did more to prepare
students for life outside the university. While there
was always a love of “art for art’s sake” within the insti-
tution, the American university never developed an
antipathy towards business. The sentiment was not,
however, “art for the sake of profit”; rather, the sense
prevailed that universities were contributing to
progress in a still-developing nation.

The wave of veterans was followed by the baby-boom
and an enormous expansion of opportunities for
higher education. While higher education was not
focused exclusively or even principally on science and
engineering, the expansion of state-based institutions
created a structure that could effectively utilize federal
dollars earmarked for funding research and grow
through the later expansion of federal support for
undergraduate and graduate education. Many states
eventually emulated the California system, combining
a number of top research universities with state



colleges and two-year community colleges. The
community colleges were initially seen as low cost,
easily accessible stepping stones to a four-year
degree.

In addition to universities, industry labs would also
prove to be major sources of innovation. The best
known is still Bell Labs. Popularly charged with being
a monopoly, the American Telephone and Telegraph
Company (AT&T) established Bell Labs to demon-
strate its commitment to continued innovation.
Shielded from most competition in the post-World
War Il era until partial divestiture in 1984, Bell Labs
became a font of discovery, producing six Nobel Prize
winners and trail-blazing innovations. '3

American Finance

The evolving American financial structure also played
an important role in fostering and sustaining innova-
tion and continues to do so. In American politics, it is
common to hear the phrase “money is the mother’s
milk of politics.” The phrase applies equally to many
aspects of the American economy, including innova-
tion.

The post-World War Il emergence of a venture capital
industry provided early investment funds for risk-
taking, innovative firms. While wealthy American fami-
lies had created pools of money that did fund some
important ventures, American Research and
Development (ARD) was the first independent fund
taking equity stakes in such still privately-held, high-
growth companies. ARD was founded in 1946 by the
president of MIT, a Harvard Business School
professor, and local business leaders—perfect
symbols for the kind of American collaboration that
has developed since the middle of the twentieth
century. ARD was constructed as a publicly traded
closed-end fund, a structural form that dominated
venture capital firms up through the 1970s. The first
venture capital firm established as a limited partner-
ship was started in 1958; this became the more
common structure in the 1980s.

Venture capital firms were not the only source of
funding for high-risk enterprises.'4 American entre-
preneurs often raised funds from family and friends.
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Wealthy individuals, often referred to as “angel
investors,” also provided some start-up funds. When
the U.S. Department of Labor changed its “prudent
man rule” to allow pension funds to invest a limited
portion of their capital in riskier ventures, they became
a significant source of venture capital. University
endowment funds eventually followed. During what
can be called the first American competitiveness
era—roughly the late 1970s through the 1990s—
large manufacturing firms developed their own in-
house venture capital funds.

The Space Race and the National Defense
Education Act

In 1957, the Soviet Union shocked America by
putting the first human-made satellite, named Sputnik,
into orbit around the Earth: America had lost the race
to space.?® The Soviet triumph was widely seen as a
threat to U.S. national security and was certainly taken
as an enormous blow to American pride. The event
triggered a national reaction ranging from President
Kennedy's commitment to put a man on the moon
before the end of the decade to local school boards’
determination to improve the teaching of mathe-
matics, science, and foreign languages.16

Determination to take back the lead in space explo-
ration further shaped and strengthened the American
innovation system. Since World War |, the United
States had pursued aeronautical research and
supported aviation through the National Advisory
Committee on Aeronautics (NACA). In the wake of
Sputnik, President Eisenhower established the
National Aeronautics and Space Administration
(NASA), which absorbed the NACA. NASA became
an additional source of research funds, principally in
the physical sciences, but it was not the only source
of such funds. Throughout the 1960s, a sharp
increase in federal funding for research-based
programs paralleled the growing importance of
research for the corporate world. The space program,
however, was much more than a reason to increase
research funding: the race to the moon caught the
fancy of an entire generation of young Americans.
Today, if a sixty-year-old scientist or engineer is asked
what drew them into a scientific career, the answer is
often the space-race.
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The Soviet leap into space also focused American
attention on Soviet success in producing scientists
and engineers. There was a widespread sense that
American education was not keeping pace with the
needs of a scientific age. One result of this concern
was the National Defense Education Fellowship,
which funded post-graduate study in a number of
sciences, including economics, and also supported
study of a foreign language deemed critical to the
future well-being of the United States, such as
Russian or Chinese, in conjunction with another disci-
pline.

Sputnik also led to a lasting change in the structure
of research in the Department of Defense. With the
intent of coordinating the military’s efforts in space-
related research, President Eisenhower agreed to the
creation of the Advanced Research Projects Agency
(ARPA).17 The agency was to operate independently
of the individual military services, with guidance from
the Office of the Secretary of Defense. Although
space-related research was the initial impetus for the
agency'’s creation, in its founding language, ARPA
was also charged with research and development
pertaining to “weapons systems and military require-
ments.”18 ARPA, now renamed the Defense
Advanced Research Projects Agency (DARPA),
continues to fund risky projects with potential military
applications.

While not intended to create a system, the American
focus on space, research, and education in the 1960s
had a synergistic effect. President Kennedy's
emphasis on the space-race made effective use of
the bully pulpit to draw young Americans into scien-
tific careers. National need and national funding
matched the growing interest in science and engi-
neering. The federal government essentially helped to
create a future supply of scientists, while at the same
time creating the research demand needed to turn
popular interest in science into promising careers in
the aeronautics and defense fields.

Defense, Universities, Entrepreneurs, and
Clusters of Innovation

Defense spending on research, the growth of the
research university, the development of leading
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American firms in the electronics field, and the entre-
preneurial streak in the American character interacted
in a way that led to regional concentrations or clus-
ters of innovation. In the 1960s, Route 128 around
Boston and Silicon Valley south of San Francisco
emerged as hot beds of innovation. These areas had
some notable characteristics in common. Both
regions had attracted DoD research money and both
developed major electronics firms. Both were built
around major research universities—MIT and Harvard
for Route 128, and Stanford and University of
California, Berkeley, in Silicon Valley. MIT and
Stanford were oriented toward working with industry
and facilitating the flow of talent and ideas from the
academic to the industrial world. The universities were
not only a constant font of new ideas, but also
provided their respective regions with a steady flow
of the best scientific talent.

Silicon Valley was characterized by an abundance of
start-up companies, which were often founded by
scientists and engineers previously affiliated with
larger companies. Fairchild Semiconductor, one of
Silicon Valley's first start-ups, has been referred to as
the father of Silicon Valley: “Between 1959 and
1979...Fairchild...spawned 50 new high tech
companies in Silicon Valley."'® As Silicon Valley
developed, large companies would often acquire
smaller firms with a history of successful innovative
ideas. In the 1980s and 1990s, leading firms took the
additional step of developing their own venture capital
funds to support start-ups that could in turn support
the larger firm's core mission or commercialize tech-
nologies developed in their laboratories that fell
outside the strengths of the parent firm.

Route 128, however, took a different path. Rather
than developing a network of start-ups, the firms on
Route 128 tended to look at internally generated
growth. Unlike the fluid, constantly changing networks
of Silicon Valley, Route 128 firms emphasized
secrecy, loyalty, and a more traditional hierarchy in the
firm. The Route 128 approach worked well in stable
conditions, but they proved less able to respond to
shifting technologies and the reduction in military
spending in the early 1990s. Eventually, Route 128
ceded its prominence in computer technologies to
Silicon Valley.20



PHASE Il: RESPONDING TO STAGFLATION AND THE
CHALLENGE FROM JAPAN

Like World War Il and the shock of Sputnik, the twin
challenges of 1970s stagflation and rising interna-
tional competition had a significant impact on the
American innovation system. The transformation of
American innovation at this time started with a search
for new economic ideas to stimulate productivity
growth, control inflation, and match the price, quality,
and pace of innovation challenging America from
overseas. Again, virtually every actor in the system—
the federal government, the private sector, universi-
ties, and state governments—would be affected. The
government adopted policies to speed the commer-
cialization of new technologies and create an envi-
ronment favorable to innovation, key elements in what
came to be called a national competitiveness strategy.
The private sector worked on a parallel path by
shifting research from corporate labs to business
units and emphasizing rapid development and
deployment of new technologies. Universities worked
more effectively with the private sector by, for
example, establishing incubators—facilities that could
house start-up businesses attempting to commer-
cialize university-generated innovations—to help turn
academic research into a competitive business.

Federal Action: The Search for New Ideas

Starting in the late 1970s, both Houses of Congress
considered a variety of new policies ranging from
caucuses focused on the importance of boosting
exports, to industrial policies targeted at both old and
emerging industries, to adopting the supply-side
school of economics’ emphasis on the incentive
power of reductions in marginal tax rates.

A much more direct and powerful impact on innova-
tion, however, was the result of yet another approach.
Emphasizing the importance of long-term productivity
growth, the competitiveness school of thought
responded to both the problem of stagnating produc-
tivity growth and to the need to meet the challenge of
international competition, particularly from Japan. By
the mid-1980s, the Japanese appeared to be
successfully advancing to a level of industrial domi-
nance capable of challenging not only the American
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economy, but also the American system of doing
business. In place of open markets, Japan practiced
a complicated form of trade protectionism. The
government intervened in markets and worked closely
with businesses instead of acting only as a rule-
setting referee.

In the 1980s, Congress and three presidents took a
series of steps to make the American innovation
system more responsive to international competition.
The first step was taken in 1980 under the Stevenson
Wydler Technology Innovation Act, which allowed
federal laboratories to transfer federally owned tech-
nologies to state and local governments and the
private sector.2! The same year saw the adoption of
the Bayh-Dole University and Small Business Patent
Act, designed to facilitate the transfer of federally-
funded university research to the private sector. The
Small Business Innovation Development Act of 1982
directed agencies with significant research budgets
to set aside a percentage of those budgets for the
support of small high-tech companies with commer-
cial potential. Operating as the Small Business
Innovation and Research Program (SBIR), the
program has grown in size and increased its
emphasis on commercial potential in addition to tech-
nical merit.

Additional steps in the 1980s facilitated business-to-
business collaboration by reducing the extent of anti-
trust penalties,22 allowing Cooperative Research and
Development Agreements between business and
federal laboratories, 23 and allowing business collab-
oration with national laboratories operated by indi-
vidual contractors.24

The Omnibus Trade and Competitiveness Act of
1988 took two different approaches to strengthening
the innovation system. First, it created the Advanced
Technology Program (ATP) to fund the development
of high-risk, high-payoff technologies, generally on a
matching basis with private industry. ATP, however,
has proven to be controversial with the George W.
Bush administration, which has attempted to termi-
nate the program. Congress, however, has insisted on
maintaining at least some level of funding.2%
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In addition to the ATP, the Omnibus Act of 1988
created the Manufacturing Extension Partnership
program (MEP), designed to bring technologies and
improved business practices to small- and medium-
sized manufacturers. Strongly supported by the
Clinton Administration, the MEP has grown into a
program with nearly 350 locations partnering with
industry and state and local governments.

In an era marked by tax incentives, research was not
neglected. Starting in 1981, Congress adopted a
Research and Experimentation Tax Credit to stimulate
additional research in the private sector. The R&E Tax
Credit has been periodically modified upon its
renewal but has never been made permanent. The
credit lapsed at the end of 2005, but in his 2006
State of the Union Address, President Bush again
called for the credit to be made permanent.26

Certain themes ran through the federal government'’s
support for a more active technology policy in the
1980s. First, there was an attempt to enable the
formation of links among business, national laborato-
ries, and universities—all with an eye to building on
existing strengths while also responding to the
Japanese pace of bringing innovations to market.
Second, there was a strong emphasis on small busi-
ness that not only fit the American celebration of the
entrepreneur, but also recognized the role small start-
ups played in the overall innovation system. Finally,
with initiatives such as Cooperative Research and
Development Agreements, the SBIR program, the
ATP, and the MEP, the federal government took steps
to become a pragmatic partner of the private sector
in developing new technologies.

In the late 1980s, there was widespread concern that
the United States could lose its standing as a leader
in the manufacture of semiconductors; the industry
was viewed as critical for national defense and for the
country’s economic future, but was being battered by
Japanese competition. At the time, semiconductors
were often described as the crude oil of the late twen-
tieth century. In 1987, the leading U.S. manufacturers
of semiconductors formed SEMATECH, a consor-
tium designed to strength the U.S. semiconductor
industry. Congress provided funds for the consortium
and the Department of Defense under the Reagan
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administration contributed half of the annual $500
million budget. The establishment of SEMATECH was
another example of how pragmatism and institutional
flexibility overcame a market-biased ideology that
eschewed industrial policy. The formation of
SEMATECH was preceded in 1986 by the imposition
of dumping duties (i.e. additional tariffs) on Japanese
semiconductor exports to the United States and a
Japanese commitment to open at least a portion of its
semiconductor market to non-Japanese semicon-
ductor imports, which were expected to come mostly
from the United States.

The federal role was also important for industries
facing more competition from Europe than Japan. For
instance, federal funding for medical research
provided significant support for the U.S. pharmaceu-
tical industry. And like the electronics industry and
software firms, pharmaceutical companies drew on
the prowess of small start-up companies, particularly
as bio-technology became an important factor in
medical innovation. The pharmaceutical industry also
benefited from the policy innovations of the 1980s,
including their use of the Research and
Experimentation Tax Credit and the SBIR program.

The Private Sector

Responding to the pressure of Japanese competi-
tion, many companies closed their central labs and or
dispersed them to operating units. Shifting the
emphasis from the research to the development side
and from central laboratories to operating units did
speed the introduction of new, competitive products.
There was, however, a significant loss in terms of the
overall innovation system. Starting with the court-
mandated breakup of AT&T in 1984, Bell Labs has
come under ever greater pressure to move from basic
research to research designed to deliver more imme-
diate, more tangible benefits to its current owner,
Lucent Technologies.2? Students and makers of U.S.
technology policy are aware of this shift in the nature
of corporate R&D. Many describe the resulting gulf
between basic university-style research and the now
more limited approach to business research as a
“valley of death” threatening the process of trans-
lating breakthrough work into commercial, growth-
stimulating, job-creating products.



The States

The states in the U.S. federal system have long played
an important role in providing many of the conditions
necessary for an innovative economy.28 Most of the
spending on K-12 education is done at the state or
local level. State support of institutions of higher
learning remains important, with some large state
universities ranking among the top research universi-
ties in the world. In recent years, states have also
shifted their efforts away from courting low-skill, low-
wage industries towards attracting innovative firms
that produce higher value-added, high-technology
goods that produce better-paying jobs.29 Tax rates
and subsidies can be still be important in attracting
firms, but states also compete through the quality of
local schools and the availability of a university system
that allows engineers to maintain and improve their
skills.

Universities

By giving universities or their professors ownership of
the results of federally supported research—the
purpose of legislation such as the Bayh-Dole Act—
the government encouraged universities to create
offices to facilitate the transfer of technologies to the
private sector. Universities also created incubators
for start-up businesses attempting to commercialize
university-generated innovations.

PHASE lll: A RESURGENT AMERICA

In the 1990s, the George H.W. Bush and Clinton
administrations applied the competitiveness strategy
with extremely good results. They worked to create a
macroeconomic environment that encouraged new
investments, which often incorporated process inno-
vations. Active export promotion was wedded to an
ongoing effort to open markets around the world. The
expected emphasis on education and training
became a policy favoring life-long learning aimed at
keeping pace with advances in technology and the
development of new industries.

The latter effort included not only persistent use of the
bully pulpit—President Clinton frequently reminded
Americans that they lived in a world where they will
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hold several jobs over the course of their working
lives—but added a number of programs that facili-
tated training of the incumbent workforce. President
Clinton stressed in particular the importance of an
active technology policy that included everything from
reducing restrictions on exports of high technology
items to active support for technology programs
ranging from manufacturing extension centers to a
focus on reducing pollution and energy use through
the Partnership for a New Generation of Vehicles.

Several other elements complemented the adoption
of a competitiveness strategy. In order to compete
more effectively with efficient Japanese companies,
much of American industry had adapted Toyota's lean
production technique—production lines focused on
quality, as-needed inventory, minimal middle-manage-
ment, and integrated plans for design and manufac-
turability—to their own industries and circumstances.
Just as American industry was poised to invest in new
capacity, the Internet and information technology in
general were offering tremendous possibilities. The
Internet was also a vivid example of the unexpected
benefits of investments in research and development.
What started as a link among DoD laboratories grad-
ually grew to encompass a wider and wider network
of computers until the Internet emerged as one of the
most significant and transformative technologies both
in the United States and around the world.

The overall economic climate in the 1990s remained
supportive of innovation. Domestic competition,
markets largely open to global economic forces, and
a strong dollar all combined to keep inflation and
interest rates low. The positive economic climate and
the competitiveness strategy itself were both
reminders of how an innovation system is embedded
in a broader economic system.

Going and Growing Global

At the end of the twentieth century, the United States
felt confident in its innovative prowess. Considerably
greater R&D spending by the private sector comple-
mented substantial federal funding for research.
Venture capital, angel investors, and federal programs
focused on small businesses gave America an edge
in funding start-up firms. The United States continued
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to produce entrepreneurs who were eager to pursue
the challenges and risks of turning new science and
new technologies to practical and profitable use.

But beneath the continued vibrancy of the national
system, major changes were turning the American
innovation system in a decidedly global direction.
Large scale projects, particularly in the scientific
fields, that demanded multinational financing or coop-
eration, the development of truly global corporations,
and the emerging competition among nations to
improve their respective innovation systems have all
globalized the American innovation system.

GLOBAL SCIENCE

The sheer physical magnitude of some research facil-
ities and the recognition of problems that are global
in scope has turned science into a global enterprise.
In the 1980s, the United States promoted the
construction of a giant superconducting super
collider as the state-of-the art infrastructure needed
for making the next major discoveries in particle
physics. From its inception, U.S. leaders saw this as
a global project that would depend on funding from
around the world. The actual decision-making,
however, had a decidedly American cast. The contest
over the site location was fierce but limited to several
U.S. states. Only after Texas was selected did the
U.S. seek global financial support. However, the
industrial world did not respond and the U.S.
Congress eventually voted to stop funding the
project.

The fate of fusion research has taken a very different
path. Seven powers—China, the European Union,
India, Japan, South Korea, Russia, and the United
States—committed to funding the International
Thermonuclear Experimental Reactor (ITER).
Competition for the ITER site was conducted at an
international level, unlike that for the superconducting
super collider, with the ultimate choice of location
eventually going to France in 2005. Fusion may or
may not be the future of energy, but securing inter-
national agreement on the project and opening the
site competition to all participants has laid the
groundwork for future funding of mega-research facil-
ities for programs with global relevance.
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Energy is not the only challenge for global scientific
cooperation. The reality that new diseases are
capable of spreading quickly around the globe also
presents an urgent and challenging problem, partic-
ularly as the pace of globalization has increased. The
rapid spread of diseases around the globe has a long
history: one need only look back to the panic that
spread throughout medieval Europe during the
bubonic and pneumonic plagues; the devastating
impact of Old World diseases such as smallpox on
New World populations; or the worldwide impact of
the 1918 flu epidemic for examples of how disease
can spread from one part of the globe to another. In
the late twentieth and early twenty-first centuries,
human exploration of previously isolated areas
brought humanity into contact with a range of new
diseases, such as HIV/AIDS, even as old sicknesses
once rendered almost obsolete, such as tuberculosis,
have become both more virulent and increasingly
resistant to currently available medicines. A number of
other diseases, such as avian influenza, have crossed
the man/animal species barrier.

There are three differences between the twenty-first
century and previous centuries when it comes to
global health issues. First, the number of new
diseases has multiplied. Second, modern transporta-
tion has dramatically increased the potential for
spreading disease; all countries are now just a plane
ride away from exposure to any given disease. In
some instances, diseases are carried from place to
place by migrating animals, as is the case with the
latest version of avian flu, where wild birds provide the
disease with wings. However, it is the third difference
that will affect the course of innovation in the United
States and around the world. The emergence of a
multi-country response to the Severe Acute
Respiratory Syndrome (SARS) outbreak in Asia in the
early 2000s highlighted the extent to which medical
research has become internationalized. The global
impact of diseases will increasingly demand not only
a system of global disease monitoring, but also multi-
national searches for cures. These global efforts
demand that both the costs and the benefits of
research be shared internationally.

The absence of cures for many tropical diseases and
the high cost of drugs currently available to fight



HIV/AIDS and other truly global diseases has led the
policy world to search for alternatives to the current
reliance on patents as the principal incentive for
commercial research in the pharmaceutical field.
Governments, foundations, and private businesses
are now turning to publicly funded laboratories, guar-
anteed purchase agreements, or the use of financial
prizes to stimulate commercial pharmaceutical
research.

THE GLOBAL CORPORATION

Over the last decade, corporations with an interna-
tional presence have undergone a significant transi-
tion, committing more resources to global production
and shifting to business strategies that are increas-
ingly global in scope. American corporations are
responding to changes in the global economy marked
by a massive shift from centrally planned, largely
autarkic economies to significantly greater reliance
on domestic and international markets.30

The collapse of the Soviet Union, the Deng Xiao Ping
reforms in China, and the 1991 currency crisis in
India added nearly three billion new individuals to the
global economy. Each new competitor state had a
tradition of emphasizing education and a surplus of
well-trained and underutilized scientists and engi-
neers. Led by China, these new actors in the interna-
tional economy are investing in attracting, retaining,
and educating scientific talent.

In the 1980s, domestic competition, international
rivals, and the promise of overseas markets led to the
transfer of significant portions of U.S. manufacturing
overseas. The opening of China's economy sharply
accelerated that trend. The spread of broadband
capacity and the emergence of a digital economy
created additional challenges and new opportunities:
anything that could be put into digital form could be
analyzed anywhere in the world, given the right mix of
modern infrastructure and human resources.

Several countries had the human talent needed to
take advantage of this new situation, with India having
the added advantage of widespread use of the
English language. What started with a movement of
customer service call-centers overseas has expanded
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to encompass legal research, radiology, and, more
recently, cutting-edge computer chip design.

The shift in the loci of manufacturing, the development
of the digital economy, and the increasing availability
of a low-cost but well-educated workforce overseas
have led global companies to build more of their R&D
facilities in China and India, whose markets are devel-
oping rapidly. Companies are drawn to these coun-
tries by the need to be close to key manufacturers, the
desire to be closer to newly prosperous customers,
and the advantages offered by a growing pool of
world-class and relatively inexpensive human
resources.

Leading private research universities are beginning to
follow the trend set by global corporations. lvy League
presidents are articulating a vision of their universities
as global rather than American institutions. They
intend to attract the best talent, educate future
leaders from around the world, and prepare their
graduates to be leaders in the global economy. Public
universities, influenced by their private university
peers, will feel similar pressures as they compete for
students and are encouraged to support state and
national economies that are increasingly linked to
global commerce.

COMPETITORS SEEK TO ADOPT THE U.S.
INNOVATION SYSTEM

The U.S. innovation system will also be transformed
by the determination of both its old and newly
emerging rivals to capture some of what they see as
the American innovation magic. European and
Japanese universities and firms are now competing
for the scientific and engineering talent that has long
flowed to the United States. Universities, national
laboratories, and companies in the United States will
need to respond. Venture capital firms that were once
focused on supporting American companies are now
invited to fund projects everywhere in the world.
According to press reports and comments by venture
capitalists, one question routinely asked of prospec-
tive U.S. start-ups is how the fledgling companies will
take advantage of high-quality, low-cost opportunities
in China and India.
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Innovation: The Importance of American
Culture, Values, and Enduring Goals

The U.S. innovation system is defined and sustained
by an American culture that values risk, celebrates
achievement, and emphasizes equality of opportunity.
From Alexis de Tocqueville3! to Seymour Martin
Lipsit,32 leading observers have remarked on the set
of American characteristics encompassed by the
phrase “American exceptionalism.” America was
created with an emphasis on individual rights, a suspi-
cion of a strong state authority, and without a hered-
itary class system.33

A CULTURE OF SELF-RELIANCE

The American emphasis on the individual and on indi-
vidual responsibility is evident in the country's
response to economic hard times. In the 1930s, the
Great Depression rippled around the world with a
devastating effect, leading the Soviet Union to
emphasize full economic autarky, driving Europeans
to embrace fascism or communism, and causing
other parts of the world to accept dictatorship in order
to avoid what seemed to be inevitable economic
anarchy.34 There were also strong but largely
peaceful currents of political discontent in the United
States. For instance, the Townsend Clubs of the
1930s advocated the implementation of federal
grants that had to be spent month-by-month, and
Huey Long's Share the Wealth philosophy developed
a national reach. However, Americans did not adopt
a radical ideology or stage a military coup. Instead,
they created the social security system. Even in the
midst of an economic calamity that modern scholar-
ship attributes to disastrous policy errors and major
systemic flaws, Americans generally held themselves
responsible for the economic crisis and searched for
solutions both in cooperation with and independently
of the government.

This same sense of self-reliance was again demon-
strated in 1981-82, when the United States experi-
enced its worst economic downturn since the Great
Depression. In some industrial states, unemployment
reached 14 percent or higher, but there was no explo-
sion of murder in the streets, no bankers were
hanged, and no politicians were shot. Instead, people
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from the industrial heartland got in their cars and
drove south to Texas to look for work in a healthier
part of the economy.

MOBILITY AND THE FRONTIER IN
AMERICAN THOUGHT

Although historian Frederick Jackson Turner argued
that the American frontier closed by the late 1800s as
an expanding American population occupied the last
open lands, the frontier remains a powerful symbol of
new opportunities for Americans today. President
John F. Kennedy (1961-63) described his new
administration as the New Frontier. Vannevar Bush,
President Truman’s science advisor, titled his report
on the need for a post-World War Il emphasis on
research, “Science: The Endless Frontier.”

Like the frontier, the cowboy, a nineteenth century
American icon, remains a powerful symbol of
Americans’ individual reliance, their willingness to take
risks, and their desire to conquer new frontiers. Like
the cowboys, when life did not work out in one place,
Americans ‘saddled-up’ and tried to make it in the
next town. Americans driven to the highways in search
of employment far away from their homes by
economic hard times were as often as not also on the
move to seek education, opportunities, or a fresh
start.

The ready mobility of Americans made the country's
economy more flexible and resilient, and allowed inno-
vative talent to flow from the four corners of the
country to research universities or to areas with
emerging industries in need of “cowboys” looking for
opportunity and willing to take risks. American entre-
preneurs believe that real failure is giving up on their
dream and not trying again. It is not unusual to hear
that a Silicon Valley inventor-entrepreneur only
became a millionaire on the seventh try, not the first.

THE PURSUIT OF HAPPINESS

The founding documents of the American Republic
emphasize the right to life, liberty, and the pursuit of
happiness. For many Americans, these promises are
fulfilled during their individual quest for new inventions
and new enterprises. The pursuit of happiness is



entangled with the drive for achievement and mixed
with aspirations for a better life. De Tocqueville, on his
celebrated tour of America, saw a prosperous nation
that was nevertheless filled with a restive discontent
that more had not yet been achieved. While the drive
for achievement can also fuel avarice, as corporate
scandals such as the Enron case illustrate, it also
fuels the imagination of a Thomas Edison or the
Apollo team that sent a handful of Americans to the
moon and brought them safely home again.

NEITHER LORDS NOR LADIES

America was created without a hereditary class struc-
ture and still celebrates the rise of the successful
from humble circumstances. Even today, politicians
find it an advantage to trace their roots to the same
kind of log-cabin upbringing experienced by fabled
President Abraham Lincoln. When Senator Sam Ervin
of North Carolina presided over the Watergate hear-
ings that led to the resignation of President Nixon in
the early 1970s, he downplayed his Harvard educa-
tion and stressed his identity as a ‘country lawyer.’ At
a senate hearing during President George W. Bush's
first term, former senate majority leader Robert C.
Byrd and then-Treasury Secretary Paul O'Neil sparred
openly not over who had the most distinguished
background, but over who had risen from the
humblest circumstances. The half-truth, half-myth that
anyone can do anything in America has fueled great-
ness in a host of fields, as well as myriad innovations
in science and technology.

THE LEMONADE STAND

Driving through American neighborhoods in the late
spring or early summer, one frequently encounters
young children standing behind a makeshift stand
selling cups of lemonade for a small sum. Parents
(who probably made the lemonade) look on with pride
and neighbors come by to purchase a cup and to
praise the youngsters’ budding entrepreneurial skills.

America is rare among the industrial powers in that it
weaves business lessons into early childhood.
Parents are not alone in encouraging business sense
in their young children. Junior Achievement, a non-
profit organization, developed a business curriculum

INNOVATION IN THE UNITED STATES AND GERMANY

that volunteers bring into elementary school class-
rooms. The Kansas City-based Kauffman Foundation
encourages early childhood business experience by
supporting education in math, science, and tech-
nology. The Kaufmann Foundation is working to
create a model for the preparation of “the next gener-
ation of entrepreneurs and workers needed in
America's global knowledge economy.”35

The independent cast of mind encouraged by an
emphasis on entrepreneurship may even provide a
creative spark to the future scientist. Entrepreneurial
instincts certainly contribute to the link in the
American innovation chain that looks to inventors to
turn ideas into commercial products. This “make-it-a-
business” urge was an important part of the 1980s
and 1990s Silicon Valley model: large companies
nurtured innovative scientific and engineering talents,
who frequently left to start a small business of their
own, only to find that a successful venture required
the active involvement of a larger company with
greater manufacturing and marketing skills.

GIVE ME YOUR EDUCATED ENGINEERS, YEARNING
FOR OPPORTUNITY

This phrase is, of course, a take-off of the famous
words carved into the Statue of Liberty and into every
American’s mind: “Give me your poor, your huddled
masses yearning to breathe free.” This rephrasing
highlights the contributions made by immigrants and
immigration to the American innovation system. The
list of American Nobel Prize winners is full of scien-
tists who immigrated to the United States. Today, as
much as a third of the scientific and engineering work-
force in the United States is foreign-born, and studies
of Silicon Valley have found that, over the past twenty
years, roughly a third of new technology businesses
were started by Chinese or Indian immigrants.

What accounts for America’s success in attracting so
many talented immigrants®? Factors include the push
of political turmoil and war in Europe in the mid-twen-
tieth century, as well as limited opportunities for
research and scientific careers. The pull of America’s
prosperity and investment opportunities and the
country’s strong commitment to research are also
contributing factors, as is the unique element that
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scholars often refer to as America’s “civic religion.’
This “religion” is itself a mix of national ideals—
freedom of speech and religion, equality of opportu-
nity, self reliance, care for the community, and a
commitment to hard work and democracy. This
American creed is coupled with an evolving culture
that emphasizes fair play and civic decency.

As a consequence of its immigration tradition,
America does not define itself in primarily ethnic
terms. The reigning ideals remain equality of oppor-
tunity and being judged as an individual. America is
still evolving toward the high standards of its civic
religion—discrimination based on ethnicity, gender,
and race still occurs, but it is gradually giving way as
the result of decades of struggles for equality and
recognition inspired by the country’s founding
creed.36

INNOVATION AND THE AMERICAN DREAM

For the majority of twenty-first century Americans, the
pressure to achieve individual success has been a
powerful element in their drive to discover and create.
The American Dream is built around individual
success—owning one's own home, sending the chil-
dren to college, going beyond what one'’s parents
were able to achieve. The drive to move ever-upward
is multidimensional and includes a process of
discovery, innovation, and, often, starting one's own
business, where individual ideas can be turned into
competitive products and services.

In addition to the American Dream so often linked to
individual achievement, dreams for America as a
nation and for America’s special place in the world
have also pushed the country forward. In describing
America as a “City on a Hill,” President Ronald
Reagan was invoking an image penned by John
Winthrop in the early seventeenth century as he
crossed the sea from England to the colonies that
would become America. Like Winthrop, Reagan
believed that America has a special mission to be an
inspiration to the world through the force of its
example. Early in the twentieth century, President
Woodrow Wilson led America into World War | and
a more active engagement with world affairs—not for
territory or resources but to spread the gospel and
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practice of democracy. Both of these visions for
America’s place in the world influence present day
national policy.

How do the individual American Dream and the
dreams for America as a nation link to innovation? The
individual dream drives the engineer, the scientist,
and the entrepreneur. The expectation of American
leadership in the world, including in innovation, influ-
ences policy makers and the public at large. The
ability to innovate provides an important underpin-
ning for both the individual American Dream and the
dreams for America—producing growth, better health,
and an improved environment at home, and
contributing to the national strength needed for effec-
tive engagement around the world.

Innovation—Growing Through History,
Building Institutions, Sustained by
American Values

The United States can no longer take its leadership
in innovation for granted. Temporarily blinded by its
post-Soviet status as the sole military superpower,
the United States is only now focusing on the deter-
mination of both old and new competitors to develop
their own innovative capacities. Gradually awakening
to this challenge, the United States must refocus its
entire innovation system, from its schools, to the
funding of research and development, to the mainte-
nance of a diversified manufacturing base.

The American innovation system has many strengths,
including world-class universities, an extensive
network of national laboratories, and significant public
and private spending on research and development,
which can help it stay competitive in the twenty-first
century. In the future, as in the past, the United States
can build on flexible institutions, a mobile population,
and a culture that supports exploration and risk-
taking. The world's best and brightest can still find
ample opportunity in a United States that generally
makes immigrants feel quickly at home.

But the system has long-standing weaknesses as
well. Despite periodic cries for reform, the United
States’ K-12 education system continues to lag



behind the best systems in Europe and Asia. Although
the rise of Japan in the 1980s forced many public and
private leaders to think of U.S. innovation in terms of
a system, that focus faded in the bright glow of the
prosperity of the 1990s. In some fields, the United
States remains dependent on defense spending and
a handful of other national missions to drive innova-
tion. Despite a long history of public sector involve-
ment, an almost ideological aversion to a public (i.e.
government) role in the economy can slow and limit
the national response to emerging challenges.

In the coming decades, the United States and its
innovation system face a series of new challenges,
both domestically and globally. China, India, and other
emerging-market countries are luring more of their
immigrant talent back home and are attracting the
R&D facilities of leading American companies. Much
of the world has diagnosed the strengths of the
American innovation system and is attempting to
emulate them, in part by competing for the human
resources that flowed so effortlessly to American
shores in earlier decades. The U.S. manufacturing
base that supported so much private sector research
is being significantly eroded as U.S. firms respond to
the pressures of an overvalued dollar and the lure of
high-quality, low-cost labor overseas. Major domestic
concerns, among them insufficient healthcare and
social welfare programs, seriously threaten to over-
whelm government funding for innovation and R&D.

However, the growth of research capacity around the
world creates enormous opportunities for U.S.-based
researchers and research institutions. Basic scientific
discoveries in overseas laboratories will enrich the
possibilities for innovation everywhere. The same is
true of new technologies. The American-invented
Internet is an example of a transformative technology
that is boosting productivity around the world.

As the flow of international talent to the United States
slows, America must concentrate on improving the
pool of domestic talent by providing the education
necessary to compete in scientific and engineering
disciplines. A larger potential supply of talent must be
matched with the research funds and life-long oppor-
tunities that make scientific or engineering careers
both possible and attractive. American laboratories
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and American companies need to become both more
adept at looking around the world for innovations and
at putting them to use in the creation of new products,
more efficient processes, and better jobs in the
United States.

With regard to America’s future as a leader in inno-
vation, students of the American innovation system
might paraphrase the advice that Shakespeare wrote
for Brutus some five hundred years ago: “your fate,
dear America, lies not in the stars but in yourself.”
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INNOVATION IN GERMANY

AXEL WERWATZ

In the 1980s, Americans considered Germany a threat to the United States'’
leadership in technology and innovation. In a recent benchmarking of national
innovative capacity, however, Germany only achieved a middle ranking among
leading industrial countries, with the United States coming out on top. Why did
Germany lose ground in recent decades? Is the “German way of innovation,” if
there is one, on the decline, unable to adjust to a rapidly changing global envi-

ronment?

This essay uses the aforementioned benchmarking
study, prepared by the German Institute for Economic
Research in Berlin, as its point of departure for
answering these questions. The study provides a
comprehensive picture of the current condition of the
German innovation system, pointing to its specific
features, its particular strengths, and its greatest
weaknesses. It also provides the proper point of refer-
ence for a broad look at the historical path leading to
today’s German innovation system, which in turn
provides greater understanding of the current condi-
tion of innovation in Germany.

Germany’s Current Innovative Capacity

When Germany, as well as most of its highly devel-
oped European neighbors, looks for sources of future
growth and prosperity, innovation takes center stage.
Innovation is supposed to be the driving force that will
turn the European Union into “the most competitive
and dynamic knowledge-driven economy in the
world"38 by 2010. After several years of sluggish
growth and the emergence of new competitors in
Europe and Asia, innovation has become a particularly
urgent matter in Germany. As a result, the current
government is seeking to combine all its strategic
measures for strengthening innovation into

a single action plan, the “High Tech Strategy
Germany.”

Reflecting the growing interest of policy makers and
the general public in innovation, in 2005, for the first
time, the Berlin based German Institute for Economic
Research (DIW Berlin)3° prepared a composite indi-
cator of national innovative capacity for Germany and
twelve other leading industrial countries. As Figure 1
shows, the foundation of the composite “Innovation
Indicator for Germany” is a multitude of individual indi-
cators for various elements that contribute to innova-
tion. The composite indicator is developed
incrementally from one stage to the next, from the
basics upward via several intermediate levels. The
top level represents the overall score of national inno-
vative capacity.

In this bottom-up structure, the final two levels are
particularly important. In the next-to-last level, the
system indicator and actors indicator are formed from
underlying composite indicators. In the top level, the
overall composite indicator is formed by combining
the composite indicators for the innovation system
and the innovation actors. The innovation system indi-
cator is comprised of indicators for seven compo-
nent areas: education, research and development,
financing of innovations, networking among innova-
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tion actors, implementation of newly developed inno-
vations, regulations promoting innovation and compe-
tition, and innovation-friendly demand. Together,
these seven indicators constitute the framework
conditions that form the national innovation system.
The system is molded and animated by the key inno-
vation actors: companies, the state, and citizens. The
capacity of these actors to promote innovation is
measured by the three corresponding composite indi-
cators feeding into the innovation actors branch of
Figure 1.

Using this multi-level construction, the contributions
that individual areas of the innovation system make
towards the total result and the role key actors play in
the total result can be identified. In this manner, not
only can an overall score of national innovative
capacity be computed (Figure 2), but an “innovation
profile” for Germany (Figure 3) can be derived that
lays out the country’s strengths and weaknesses rela-
tive to those of the twelve other countries to which it
is compared.

Out of a group of thirteen leading industrial countries
(Figure 2), Germany's innovative capacity was given
an average ranking that placed it in the middle of the
field. The United States was ranked first, followed by
three Scandinavian countries and Japan. In and of
itself, a sixth place innovation indicator is not yet

Innovation
system

Innovation
Indicator for Germany

cause for concern. However, in comparison to the
scores for innovative capacity obtained by the United
States (7, on a scale of 1-7), Finland (6.01), and
Sweden (5.83), Germany's relatively low score of
4.66 indicates that the country suffers from consid-
erable disadvantages in innovative capacity.

Germany's ‘innovation profile'—its particular advan-
tages and disadvantages in the area of innovation—
is illustrated in the tiers of ten sub-indicators given in
Figure 3. The first conclusion to be drawn from this
profile is that Germany does not truly stand out in any
particular area, either positively or negatively. The
overall impression of an average position thus largely
carries over to the separate components of the inno-
vation system and the key innovative actors.

Yet, several strengths and weaknesses can be iden-
tified from Figure 3. Particular advantages exist on the
systems-side in networking and the implementation of
innovations, in the sense of companies enjoying
success with research and development intensive
products on international markets. Serious disadvan-
tages were identified in the education sector and with
respect to the financing of innovative projects.
Surprisingly, Germany's worst ranking was on the
actors side, in the innovation-relevant behavioral
patterns and attitudes of the population. The current
state of Germany’s innovation system can be char-

Innovation
actors

R&D

Education b
Implementationb

Competition h Demand b

Financing b Networkingb

Companies b State b Citizens b

: Further levels : : : h

Individual indicators b

Figure One: Structure of the Innovation Indicator for Germany
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acterized through a closer look at these areas of
particular strength and weakness.

Germany’s Strengths
IMPLEMENTATION

Germany's particular strength in the implementation
of innovations may be surprising to some. A popular
(mis)conception is that while Germany is strong in
basic research, the findings resulting from such
research are “rotting in the closet,” i.e. they are not
implemented and brought to the market place.

The tree diagram in Figure 4 shows how the
composite indicator for the ‘implementation of inno-
vations’ was constructed and helps to explain
Germany's strong position in this area, which rests on
two pillars: the necessary infrastructure in terms of
both physical and information and communication
technologies, and actual productive activity. The indi-
cator for the latter is itself composed of several
branches: medium- and high-tech manufacturing,
knowledge-intensive services, knowledge-intensive
production, and high-tech start-up activity.

Deconstructing Germany's relatively high score on
implementation into its constituent components
reveals that this score is based on excellent infra-
structure and the extraordinary market success
enjoyed by Germany's medium-tech4? manufacturing
industries as the result of innovative products and
processes. Germany's strength in R&D intensive
industries such as machinery, automobiles, and
chemicals makes the country the ‘world champion of
exports.’ Nevertheless, this behind-the-scenes glance
at the Implementation sub-indicator also shows that
Germany's record is rather poor in future-oriented,
cutting-edge4! technologies with very high R&D
intensity, such as information and communication
technologies (ICT), including microcomputers, semi-
conductors, telecommunications, biotechnology, and
aerospace. Indeed, Germany has failed to achieve
technological leadership in any of the high-tech
industries that emerged after World War Il. This is
also reflected in Germany's low score for support of
start-up business ventures. Germany scores high in
implementation on the strength of its infrastructure
and medium-tech industries, which overcompensate
for its weakness in high-tech industries and the estab-
lishment of new innovative companies.

Implementation

Productive Activity

Knowledge-

intensive High-tech

Production Start-ups

Knowledge-
Medium-tech el High-tech
Manufacturing Services Manufacturing

Infrastructure

Information &
Communication
Technologies

Physical

Infrastructure

Figure Four: Composition of the Implementation Indicator
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NETWORKING

According to Figure 3, another strong point of the
German innovation system is networking, particularly
among enterprises. The composite indicator of
networking—a difficult to qualify but nevertheless
important indicator—encompasses survey-based
measures on the condition and extent of cluster
development and collaboration, the intensity of univer-
sity-industry research collaborations, and the quantity
and quality of local suppliers. Germany receives espe-
cially high marks regarding the latter. Larger German
enterprises successfully operating in world markets
for medium-tech goods can tap into a local knowl-
edge base, composed primarily of their Zulieferer
(local suppliers).

Germany’s Weaknesses

Once a front-runner in education and a role model in
this area for other countries, the German
Bildungssystem (education system) has suffered in
recent years from underlying deficiencies that
became fully apparent in 2001 with the so-called
“PISA-Shock.” German students’ poor showing in the
Program on International Student Assessment
(PISA)42 study of 15-year olds’ academic achieve-
ment propelled the condition of the German educa-
tion system into the national spotlight. This shock,
which still reverberates throughout Germany in 20086,
has led to an almost unanimous consensus that
education is a major problem and has also resulted in
a variety of opinions on how to resolve the issue.

While receiving less attention from the media and the
general public than elementary and secondary
schools, German colleges and universities fail to
produce the number of tertiary graduates seen in
countries such as the United States. Part of the
problem is Germany's rigid secondary school system,
which provides an insufficient supply of entrants in the
first place. However, the country’s universities, most
of which are publicly funded, have neither the
autonomy nor the incentives43 required to illicit a posi-
tive response to increased demand for university-
trained labor.44 At the same time, there does not
appear to be a strong focus on excellence, as
German universities fail to score high in emerging

INNOVATION IN THE UNITED STATES AND GERMANY

international rankings on university research perform-
ance. The research university, once an admired insti-
tutional innovation of the German system, must
therefore now be considered part of its problems. In
short, many factors, such as input (students) and the
quantity and quality of output (graduates, research,
etc.), indicate that the German educational system is
severely flawed and fails to provide the innovation
process with its most important resource: a sufficient
supply of highly qualified human capital.

The supply of human capital, however, is not the only
clearly visible weakness of the German innovation
system; it also suffers from a serious shortage of risk
capital, particularly for high-tech start-up companies.
A well-functioning private equity industry, necessary
to provide the venture capital needed for vibrant start-
up activity, has not emerged in Germany.

A puzzling weak point of Germany's innovative
capacity can be found on the actor side. While
companies rank fifth on the German Innovation Profile
(Figure 3), the evaluation of behavior promoting inno-
vations and the attitude of the population (classified
as ‘“citizens” in Figure 3) is clearly less favorable,
falling in tenth place. This finding is caused by various
factors: compared internationally, the German popu-
lation is relatively risk-averse, the participation of
women in innovation processes is low, and scientific
knowledge and the interest exhibited in science and
technology are below average.

The History of Innovation in Germany

A look at the history of the German innovation system
is instructive for understanding Germany's current
capacity for innovation and for further characterizing
the German approach to innovation. Even in this
perceived stronghold of orderliness—stereotypically,
Germans are thought of as punctual, efficient, and
disciplined—the German innovation system did not
take its current shape as the result of a careful plan-
ning process. Quite to the contrary, it developed in a
hurry, particularly during the second half of the nine-
teenth century. The rapid rise of the German economy
occurred after years of stagnation following the Thirty
Years War (1618-1648), which had wiped out a third
of Germany's population at the time and left behind a
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deeply fragmented country. The consequence of this
fragmentation was not fruitful, dynamic competition
between the many independent territories that occu-
pied what was to become the Deutsches Reich.
Rather, compared to its European neighbors,
Germany was a late bloomer economically and indus-
trially.

THE RISE OF THE GERMAN UNIVERSITY

Some of the seeds responsible for finally making
Germany bloom economically were planted at univer-
sities such as those in Géttingen (founded in 1742,
in what was then the Kingdom of Hannover) and in
Berlin (founded in 1809 in what was then Prussia).
These were among the first instances of universities
being transformed from mere institutions of higher
learning to centers of cutting-edge research. Faculty
for these institutions was selected from a pool of
scholars who had built their reputations through their
publications. This focus on publication served to
create research universities that eventually also
attracted many students; attendance numbers
increased from 14,000 in 1870 to almost 60,000 in
1914. German universities became places of world-
class scholarship and research, particularly in the
natural sciences.

However, laboratory research and engineering were
not initially part of the university system, as they were
not held in high esteem by a culture shaped by the
idealist views of Wilhelm von Humboldt, the founder
of what is now Humboldt University in Berlin (originally
named Berliner Universitdt), and his peers.
Polytechnical schools for training engineers and tech-
nicians were first established in Prussia in 1820.
These schools, which were soon established in many
other parts of Germany, rose in standing along with
the engineering profession and eventually, in 1870,
were given the status of Technische Hochschulen,
which was equivalent to the status held by universi-
ties. Today, several of these institutions, such as the
Reinisch-Westfélische Technische Hochschule
Aachen (RWTH), the Technische Universitit
Darmstadt, and the Technische Universitédt Miinchen,
are among the highest ranked universities in Germany
and also enjoy good standing internationally.
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The rise of German universities and institutions of
higher learning was complemented by a high rate of
primary school enrollment and the successful adap-
tation of the apprenticeship system from a crafts-
based economy to the needs of an industry-based
economy. In the second half of the nineteenth century,
Germany's skill base was impressive for both its
breadth and its excellence.4®

THE RISE OF GERMAN INDUSTRY

Success in science-based industry followed on the
heels of Germany's achievements in higher education.
Building on the strength of the country’s university
research, German pharmaceutical and chemical firms
began to gain technical and commercial leadership in
world markets in the second half of the nineteenth
century. During the 1860s, future industrial giants like
Bayer, BASF, and Hoechst were founded. These
companies were among the first to establish corpo-
rate research departments.

The electrotechnology industry, which featured such
heavyweights as AEG and Siemens, also had great
success in the late nineteenth century, inspiring a
response in academe; the first professorial chair for
electrical engineering was established in 1882 at the
Darmstadt University of Technology. Capitalizing on
the new opportunities brought about by electric
power, the German machinery construction industry
began its eventual rise to the top of the world ranks.

While the German automobile industry did not really
blossom before World War ll—despite a series of
early technical inventions associated with names such
as Otto, Diesel, and Daimler—it was nevertheless
possible for Otto Keck to conclude in a 1993 article
about industry in early twentieth century Germany
that “in most industries that today are net exporters
Germany performed well on the world market in
1913."46 The period of rapid growth in industrial
output and industrial exports from the middle of the
nineteenth century to 1913 brought Germany's per
capita income almost equal to that of Great Britain.

During this period, several institutions were created to
facilitate the flow of research findings to industry and
the flow of industry money to research funds.



Specialized research institutes in applied areas were
founded to complement the more academic research
carried out at universities, Technische Hochschulen,
and the academies of science. Some of these
specialized research institutes were funded with
industry donations collected by the Kaiser Wilhelm
Society, founded in 1913, which became the Max
Planck Society after World War L.

Today, the Max Planck Society for the Advancement
of Science is an independent German non-profit
research organization funded by the federal and state
governments. It operates eighty institutes in Germany,
each tasked with conducting basic research in the
natural sciences, the social sciences, and the human-
ities.

CREATIVITY IN THE MIDST OF POLITICAL DISASTER

The breathtaking pace of development in German
science, technology, and industry was not comple-
mented by political progress. Democratic forces had
lobbied for political union of Germany's numerous
individual provinces since the early nineteenth
century. However, it was the principles of power and
Prussian military strength that led Germany to unity,
not the principles of freedom and democracy. Some
have speculated that this lack of a spirit of democracy
eventually resulted in the catastrophes of two World
Wars.

The crises that followed World War |—among them
hyperinflation in 1923 and the stock market crash in
1929—not only aided the rise of the Nazis, but led
also to the creation of new institutions that have left
their mark on today’s German innovation system. The
German Science Foundation (Deutsche
Forschungsgemeinschaff) grew out of the
Emergency Association of German Science
(Notgemeinschaft der Deutschen Wissenschaft),
founded in 1920 to relieve the negative effects of
inflation and unemployment by providing research
grants to individual scientists. The associated Donors’
Union (Stifterverband der Notgemeinschaff), estab-
lished to collect donations from industry, is the pred-
ecessor of today’s Donor's Union for German
Science (Stifterverband fiir die Deutsche
Wissenschaft).
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The economic turbulence of the 1920s sparked
“extraordinary creativity and readiness to experi-
ment"47 and, despite many difficulties, supported
increases in some of the key measures of innovative
capacity, including public R&D spending and the
distribution of patents.#8 Even exports rebounded
from the negative effects of World War |. These
successes were, however, short-lived due to the
political turmoil caused by the collapse of the Weimar
Republic in 1933 and the rise to power of the
National Socialist Party.

The many disasters inflicted by Nazi Germany
included severe damage to Germany's research
universities and higher education system. Enroliment
in higher education was drastically reduced under the
Nazi regime and some of Germany's best scholars
were removed from their positions and forced to
emigrate. The effects of Nazi rule on industry,
however, may have been less severe. According to
Keck, the planning machinery of the Nazis “did not
radically change the innovation system” as it “was put
on top of existing industrial structures.”49

MIRACULOUS RECOVERY

How big a role the Hitler government's relatively minor
interference with the German industrial structure
played in the “miraculous” recovery of the (West)
German economy after World War Il is difficult to
determine. At any rate, it contributed to the continuity
that characterized the innovation system’s transition
into the post-war period. As Keck notes: “In all these
changes, the basic components of the innovation
system were reconstructed: the firms and their labo-
ratories, the schools, the universities and Technische
Hochschulen, the Kaiser Wilhelm Society, the
Deutsche Forschungsgemeinschaft, government
research institutes, and business and technical asso-
ciations.”®0 Public expenditure on science and tech-
nology, as a share of the total public budget, was
increased dramatically after World War 1151 and was
shifted towards R&D rather than university education.

The federal government gradually assumed an
increasing role in the process of stepping up govern-
ment support for science and technology, although
the individual German states had initially provided the
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lions’ share of funding.52 A visible sign of the federal
government'’s increasing role was the establishment
of the Federal Ministry of Scientific Research in
1962,53 which was renamed the Federal Ministry of
Education and Science in 1969 after the education
and research responsibilities of the federal govern-
ment were increased. A greater emphasis on R&D led
to the creation of the Federal Ministry of Research
and Technology in 1972. These two ministries were
merged in 1994 under the title “Federal Ministry of
Education and Research.” In 2005, significant
portions of this ministry were shifted to the Federal
Ministry of Economics, which, fittingly, added
“Technology” to its name.

These frequent changes in the name and organiza-
tional makeup of the ministry responsible for science
and technology policy point to the numerous tensions
and questions surrounding the respective roles of the
federal and state governments in science and tech-
nology and education policies, which were further
demonstrated by fights over just this issue during
debates in 2006 on the reform of Germany's federal
system. Neither the federal government nor any of
the German states assumed the responsibility for
actively managing the national innovation system. Not
even Bavaria or Baden-Wirttemberg, Germany's
leading industrial states, assumed a leadership role in
championing a “competitive federalism” policy for
Germany.

The postwar period also saw an ever-increasing share
of total R&D expenditure being provided by private
business. This contributed to an intensity of R&D in
Germany, relative to GDP, which even exceeded that
of the United States, at least during the 1980s, and
raised fears across the Atlantic about German (in
addition to Japanese) technological dominance. How
much of the expansion in business R&D was brought
about by increased government efforts to boost tech-
nology transfer and networking is controversial.

There is, however, a consensus that the expansion of
the Institutes of the Fraunhofer Society, established in
1949, marked an important post-war institutional
innovation. The Society's core funding—provided by
the government—amounts to about one-third of its
annual budget and is contingent upon the Institutes’
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ability to win research contracts. The Fraunhofer
Society Institutes thus have a strong incentive for
doing contract work and for serving their clients in
industry and government. The Frauenhofer Society
also has a strong incentive to establish (or close)
Institutes on the basis of perceived demand for
contract research, or a lack thereof. The Society,
which has grown substantially and maintains close
ties with neighboring universities, is therefore seen as
a key link between universities and industry.

“WHAT BELONGS TOGETHER...": INNOVATION IN
REUNIFIED GERMANY

The end of the Cold War and the reunification of
Germany understandably led to new German
economic priorities. The task of achieving economic
unity by rebuilding the East German economy took
center stage on the national agenda and continues to
command a considerable amount of the country’s
resources.

The division of Germany into East and West during
the Cold War not only resulted in a big gap in the
standard of living, but also in the level of and stan-
dards for science and technology. Reunification,
however, revealed that similarities between East and
West nevertheless existed. Analyzing publication data
from both East and West Germany, Grupp et al. found
a great deal of similarity in terms of specialization.
Publications by researchers from both the East and
the West showed a disproportionately high degree of
specialization in areas such as energy and nuclear
technology, chemistry, solid-state physics, and micro-
biology. A similar analysis of patent portfolios also
showed a close correlation between East and West
Germany. Grupp et al. concluded that obviously, forty
years of division were not sufficient for a differentiated
development of the specialization patterns of research
in both parts of Germany. To a great extent, and in the
sense of path dependency, research is still based on
the (common) preferences which existed prior to the
division.54

Does former Chancellor Willy Brandt's famous reuni-
fication quote, “what belongs together is now growing
together,” then also apply to the field of science and
technology? Grupp et al. give an affirmative answer



by interpreting the results of their comparative
analyses of Eastern and Western publications and
patents as indications of a uniquely German approach
to science and technology, a “sustainable cultural
imprint,” that prevailed despite dramatic political and
economic changes in the post-war era.

This apparent path dependence is not confined to the
realm of science and research. German industrial
specialization also shows a great deal of continuity
between East and West. Continuing success with
the production of R&D intensive drugs, chemicals,
cars, and machinery is proof of the ability of German
industry to produce a continuous stream of innova-
tions, albeit in a very stable set of areas. It is,
according to Grupp, another aspect of a specific
German Innovationskultur (innovation culture), a
“specific German understanding of the opening and
prosecution of technology trajectories”® shaped by
the self-conception of German researchers, firms,
and consumers.

The Road Ahead
IN THE RIGHT BUSINESS?

The continuities described above have been inter-
preted in very different ways. One view interprets this
evidence as a clear indication of a rigid innovation
system unable to adjust to new technological and
economic opportunities and operating mainly in stag-
nating markets bound to be dominated in the twenty-
first century by newly industrializing countries like
China and India. An alternative view, recently
expressed by Beatrice Weder Di-Mauro of the
German Council of Economic Experts, is much more
positive in the European context. She argues that, at
first glance, markets for high-tech products appeared
to be more desirable than those for medium-tech
markets, offering more potential for spillovers and
more potential for growth than the latter. However,
from her analysis of Europe's (and Germany’s) strong
export performance,®® she concludes that “so far
Europe has specialized in the right markets and prod-
ucts,”®7 as medium-tech products incorporate many
high-tech discoveries and experience a growth of
worldwide demand that has expanded at the same
rate as overall trade.
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MARKET FORCES

While the merits of Germany's industrial specializa-
tion may be subject to debate, there is little doubt
about the decline of Germany’s education system
and its research universities from strong pillars of the
innovation system to serious weak points in the struc-
ture. There also appears to be a consensus that
increasing competition in these subsystems of the
larger innovation system would be highly desirable.
This could be accomplished by granting more
autonomy and responsibility to educational institu-
tions, particularly to universities.

Underlying this recommendation to rely more heavily
on market forces and competition is the commonly
held view that the United States, by championing
market forces, has achieved superior innovative and
growth performance in recent years.58 This view is
particularly convincing in light of Germany's relatively
weak record of fostering high-tech start-ups, an area
in which the United States is strong. Highly flexible
entrepreneurial start-ups are a necessary ingredient
for success and leadership in the development of
rapidly changing high-tech markets, but they require
investors, managers, and scientists willing to bear the
high risk of potential failure associated with such
enterprises. At present, Germany seems to lack the
right market environment necessary for supplying the
incentives and rewards for making these risky
ventures an attractive option.

Recommendations for greater reliance on market
forces, however, may not be easily reconciled with the
mixture of preferences and institutions that shape the
German Innovationskultur. Indeed, altering only parts
of this system may prove counterproductive, running
the risk of failing to deliver new opportunities and
rewards while impairing those aspects of the system
that had operated with a modicum of success in the
past. Despite their shortcomings, the interplay of the
current system's components has created an
endogenous comparative advantage that has served
the German economy well. This comparative advan-
tage is composed of relationship-financing, rather
than market-based equity financing; less flexible labor
market rules, rather than easy employee dismissal
procedures; and public institutions for knowledge
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transfer, rather than market transactions. These
elements may all add up to a German variety of capi-
talism that has limited opportunities for radical inno-
vations in new technologies, but that simultaneously
fostered the absorption and transformation of radical
innovations into a constant stream of product and
process innovations, allowing German firms to enjoy
continued success on world markets.
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