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THE INNOVATION POLICY DEBATE

Many scholars, policy analysts, and poli-
cymakers interested in innovation policy
assume that most innovations come from
the private sector acting alone and that
government’s role in supporting inno-
vation is limited. As a result, many of

these individuals limit their recommen-
dations to “innovation environment”
measures—for example, ensuring a good
business climate and expanding basic
science and the supply of scientific and
technical talent—that will let the private
sector continue to innovate on its own.




They believe that the vitality of the U.S. economy rests
almost exclusively on the dynamism of the private sec-
tor. Thus, a too-active government innovation and
technology policy, beyond support for basic research
and science, technology, engineering, and mathematics
education, is “industrial policy”’—a short hand pejora-
tive for inappropriate intervention into markets that
cither hinders private firms from developing innova-
tive technologies, and/or distorts the efficient matrket-
based allocation of resources.

Anopposingviewheld by other scholars, policy analysts,
and policymakers is that government funding beyond
support for basic research and procurement has played
a key role in the technological breakthroughs that have
sustained U.S. industry’s global predominance since
World War IT and that the government’s role in coor-
dinating collaborations between private industry and
publicly funded research in university and government
laboratories has spilled far beyond the defense sector
to include large parts of the civilian economy.”? Many
of these individuals believe that if networks involving
government research and development (R&D) pro-
grams and scientific and technical experts have been
at the heart of the innovation economy, then policies
that limit or even roll back government involvement
in innovation are counterproductive. Instead, effective
technology policies would require active government
support of targeted R&D programs and collaborative
mechanisms that support innovation.

These disagreements are typically fought out in the
realm of world views. Individuals who believe the pri-
vate sector does most innovation in the United States
(backed up by federal support for basic science) see
the government’s role as limited because private sec-
tor firms have sufficient incentives to invest in socially
desirable rates of innovation. Individuals who believe
that the U.S. innovation ecosystem is more complex
and that business innovates with the help of many
other institutions see a more involved role for the
government. They believe that technological progtress
depends on certain infrastructure investments and on
specific innovations that atre too tisky, too complex, or
too interdependent with other breakthroughs for pri-
vate firms to risk the substantial investments that are
needed.’

Given the importance of the questions of where inno-
vation comes from and what role, if any, government
has played in the development of innovations, it is pet-
haps surprising that relatively little empirical evidence
has been brought to bear on them. This report sheds
new light on the subject by exploring the sources of
key innovations in the U.S. economy over the past four
decades. Specifically, we analyze a sample of innova-
tions recognized by Re&>D Magazine as being among the
top 100 innovations of the year over the last 40 years
to determine where innovations come from and what
role, if any, the federal government has played in their
development. If the “business-only” account of the de-
velopment of innovations is valid, we would expect to
find that the governmental role is marginal in the in-
novations recognized in the R&D 100 Awards; if the
“partnership” account is accurate, we would expect to
see signs of a substantial government role in these in-
novations.

e
The U.S. innovation system today is much more collaborative
that it was several decades ago and the federal government is
Playing a much more supportive and important role in

mnovation.

In the discussion that follows, the report first presents
an overview of what is already known about how the
U.S. innovation system has changed in recent decades,
noting changes in the place of scientific knowledge
in the economy, the innovation strategies pursued by
large corporations, and government technology poli-
cies. Subsequently, the report analyzes data from a
sample of R&D 100 Awards over the last 40 years.

This analysis of these data reinforces the idea that
the U.S. innovation system has changed in significant
ways in recent decades. Whereas the lion’s share of
the R&D 100 Award-winning U.S. innovations in the
1970s came from corporations acting on their own,
most of the R&D 100 Award-winning U.S. innova-
tions in the last two decades have come from partner-
ships involving business and government, including
federal labs and federally funded university research.
Indeed, in the 1970s, approximately 80 percent of the
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award-winning U.S. innovations were from large firms
acting on their own. Today, approximately two-thirds
of the award-winning U.S. innovations involve some
kind of interorganizational collaboration—a situation
that reflects the more collaborative nature of the inno-
vation process and the greater role in private sector in-
novation by government agencies, federal laboratories,
and research universities.

In short, for better or worse, the U.S. innovation sys-
tem today is much more collaborative than it was sev-
eral decades ago and the federal government is playing
a much more supportive and important role in inno-
vation. Several factors explain this phenomenon: (1)
growing global competition is shrinking technology
life cycles; (2) the complexity of emerging technolo-
gies is beyond the internal R&D capabilities of even
the largest firms; (3) the expansion of R&D capabil-
ity in more industries is causing R&D investment to
spread vertically in high-tech supply chains, which in-
creases the potential for the loss of value added from a
single domestic economy; and (4) a growing number of
nations are responding to these trends by implement-
ing new mechanisms that increase the efficiency of
R&D.*

The old distinction between “basic science” and “applied science”

75 becoming obsolete, if it ever was relevant.

These findings have significant implications for U.S.
economic and innovation policy. To succeed in the
future, U.S. innovation policy must help support and
reinforce our natural national advantage in collabora-
tion.” Thus, funding for the U.S. government’s tech-
nology initiatives must be expanded and made more
secure, and the coordination of these technology ini-
tiatives across the federal government, particularly
those that support partnerships between firms, uni-
versities, federal laboratories, and state governments
must be improved.

OVERVIEW OF CHANGES IN THE U.S. INNOVATION
SYSTEM

In recent decades, there have been significant changes
in the place of scientific knowledge in the U.S. econ-

omy, the innovation strategies pursued by large U.S.
corporations, and the federal government’s technology
policies.

Changes in the Place of Scientific Knowledge in the U.S.
Economy

In the 1960s and 1970s, many obsetrvers came to see
that scientific knowledge was becoming ever more cen-
tral to economic activity.” Some regarded the growing
visibility of mainframe computers in the U.S. economy
as emblematic of the importance of technical expertise,
and they correctly predicted a further intensification of
the economy’s dependence on highly specialized forms
of scientific and technological training. A series of
breakthroughs in molecular biology in the 1960s and
1970s helped drive innovation in the pharmaceutical
and agricultural technologies industries. Subsequent
recent advances in material sciences—often relying
on the manipulation of compounds at the molecular
level—began reshaping how familiar products such
as airplanes, automobiles, construction materials, and
textiles are made. And the development of semicon-
ductors and a host of related information technologies
began driving what later become the information tech-
nology revolution of the 1990s and 2000s.

The important point is not simply the growing impor-
tance of scientific knowledge for the innovation pro-
cess in the U.S. economy in recent decades, however,
but that sophisticated technological advances have
increasingly required close cooperation within multi-
disciplinary teams that bring together different types
of expertise. The development of new software, for
example, often requires collaboration between those
who are expert in computer languages, those who are
knowledgeable about the human-computer interface,
and those with domain expertise in the area of the
software application. Similarly, cutting-edge projects
in nanotechnology, such as developing tiny cameras
that can float through the bloodstream, require teams
with expertise in biology, chemistry, and physics. Mul-
tidisciplinary teams also have to bridge the divide be-
tween abstract knowledge and concrete knowledge. If,
for example, one member of the team is able to con-
ceptualize a three-dimensional part that would solve a
particular problem, then other members of the team
have to figure out how that part can be made.
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In many ways, the old distinction between “basic sci-
ence” and “applied science” is becoming obsolete, if
it ever was relevant.” It is increasingly difficult to “in-
vent” something without first having developed the
scientific basis for the invention, and it is also difficult
to go from science to innovation without substantial
“proof of concept” and supporting “generic” or “plat-
form technologies.” In computer science, for example,
figuring out how to get more microcircuits on a chip
is both a basic and an applied problem. Moreover, in
fields such as molecular biology or nanotechnology,
progress in solving practical problems can have pro-
found theoretical implications for the understanding
of basic scientific questions.

There is, in short, a high degree of consensus that suc-
cessful technological innovation now requires the as-
sembly and management of multidisciplinary teams
that bring together different types of expertise. To be
sure, there are still occasional stories of sole practitio-
ners tinkering in their laboratories who suddenly expe-
rience a “Eureka moment.” But upon deeper probing,
some of these stories turn out to be relatively cynical
exercises in self promotion. Although “Eureka mo-
ments” certainly still come, they tend to be embedded
within teams where multiple participants make key
contributions. Moreover, even after those individual
epiphanies, it often takes months or years of joint ef-
fort to turn the breakthrough idea into a working real-

ity.

Changes in the U.S. Corporate Environment and Practices
In the first two decades after World War 11, many eco-
nomic sectors of the U.S. economy were dominated
by small numbers of large entrenched corporations.
AT&T enjoyed a monopoly over virtually the entire
telephone industry, and the “Big Three” auto compa-
nies were paralleled by the three broadcast networks
that accounted for the great bulk of television advertis-
ing dollars. In this era of “oligopoly capitalism,” com-
petition by foreign firms for the huge domestic U.S.
market was relatively insignificant because few of these
firms were able to operate on a scale similar to that of
U.S. big business.

Because price competition was far more limited in the
two decades after World War 1I than it is in today’s
market environment, innovations were a way that firms

could charge premium prices or even gain market share
from their competitors. With constrained competition
and consequent market control, firms were willing to
take on the higher levels of risk required to pursue
more radical but higher payoff technologies. As a re-
sult, many of the dominant firms in the United States
used the steady flow of profits to invest heavily in their
own research laboratories. They created factories for
inventions that brought large numbers of scientists and
engineers directly under the corporate umbrella. In the
1950s and 1960s, the central research laboratories of
firms such as AT&T, General Electric, IBM, RCA, and
Xerox were corporate jewels that attracted highly pro-
ductive researchers. In retrospect, we know that some
firms failed to exploit radical innovations developed
in their own labs, but the point is that they financed
the laboratories and often gave scientists and engineers
considerable latitude to consider projects with no im-
mediate commercial prospects.

This era of oligopoly capitalism came to an end during
the 1970s as many of these dominant U.S. firms faced
five challenges that would play out over the next sev-
eral decades. Although the impact of particular chal-
lenges varied across industries, the cumulative impact
of all the challenges produced dramatic shifts in cor-
porate behavior.

The first challenge for large U.S. firms during the 1970s
was mounting competition from foreign firms. This
was exemplified by the Japanese competition to the U.S.
automobile industry. The second challenge was shifts
in government regulatory policies that dismantled sig-
nificant barriers to competition for entrenched firms.
The paradigmatic case was the breakup of AT&T’s
telephone monopoly, but similar changes occurred
in air transportation, television, trucking, and finan-
cial institutions. The third challenge was the impact
of computerization that over time subjected increasing
numbers of firms to competition from unforeseen di-
rections. When IBM signed its first contract with Bill
Gates to develop an operating system for its first per-
sonal computer, its executives failed to understand that
Microsoft would become IBM’s most dangerous rival.

The fourth challenge for large U.S. firms was shifts in
consumer taste away from standardized products that
had the effect of dissolving mass markets into a series
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of niche markets and the concomitant rise of infor-
mation technologies that let firms produce efficiently
for smaller, niche markets. This transformation was
exemplified by the challenge to Sears and other retail-
ers who had long served a fairly undifferentiated mass
market. The fifth challenge for large U.S. firms was
shifts within the financial markets that placed increas-
ing pressure on large corporations to prioritize increas-
ing short-term returns to shareholders over growth or
other objectives.® Even some of the largest firms faced
the risk of a hostile takeover if they failed to respond
to the concerns of increasingly aggressive institutional
investors.

The responses of large U.S. firms to these five chal-
lenges that arose in the 1970s are familiar. Large firms
cut out many layers of middle managers in an effort
to become leaner and quicker in responding to market
changes. They got rid of units and divisions that were
not operating at high levels of effectiveness and they
moved to outsource functions that could be performed
more cheaply by other firms. They adopted tough new
metrics to ensure that new investments in plant and
equipment were likely to have a significant impact on
the firm’s profits.’

These corporate transformations produced three types
of adaptation in the realm of R&D. Some large U.S.
firms simply closed down laboratories or significantly
cut back the size of their in-house R&D operations.
But in those industries in which it is risky to func-
tion with diminished R&D capacity, many large firms
responded with initiatives designed to enhance the
productivity of R&D operations. Thus, some large
U.S. firms imposed a tighter reign on technologists
to keep them from spending time on “blue sky” proj-
ects whose fruits might lie in the distant future. Some
firms also focused more attention on the development
end of R&D, such as devising small improvements
designed to increase the marketability or profitability
of existing products. Finally, as the findings below re-
inforce, many large U.S. firms responded by greater
outsourcing of R&D operations to either domestic or
foreign laboratories, partnering with other organiza-
tions including universities and government laborato-
ries, or relying on acquisitions of small firms as the way
to maintain a pipeline of new products.”” Although
total industry R&D spending in the United States is

now twice as great as federal R&D spending, there is
cause for concern about the capacity of such spending
to generate significant innovations and about whether
such spending will continue to grow in the future as it
did in the past.

Changes in U.S. Government Policies and Practices

In the United States during the three decades immedi-
ately following World War II, the federal government
accounted for 2/3 of all R&D spending as contrasted
to 1/3 in recent decades.! However, the government
effort was heavily concentrated on military and space
imperatives. Familiar spinoffs such as mainframe com-
puters and jet airplanes had been largely unintended
consequence of federal government spending for the
military and the space program—spending in support
of research in these areas and for procurement of prod-
ucts using these technologies.'”

In the 1980s, however, the federal government’s poli-
cies changed in direct response to the heightened in-
ternational competitive pressures experienced by U.S.
corporations. In that decade, both Congress and the
executive branch launched a series of initiatives that
were intended to mobilize public resources to accel-
erate the development and commercial exploitation of
new technologies. These federal programs extended
well beyond the defense and space sectors that had
previously been the main areas of federal technology
policy.”

The federal initiatives launched in the 1980s can be
usefully grouped into four separate domains, in which
there is deliberate overlap. First was a series of efforts
to increase the commercial impact of research already
being funded by the federal government, particularly
in universities and government laboratories. Federal
incentives were created for scientists and institutions
to push their research discoveries into the commercial
sphere either by creating new startups, licensing tech-
nologies to private firms, or engaging in collaborative
projects with business firms. The Bayh-Dole Act en-
couraged universities to see their research enterprise as
a potential revenue source and concerted efforts were
made over 20 years to shift resources in the federal lab-
oratories away from weapons production and towards
commercial applications.

THE INFORMATION TECHNOLOGY & INNOVATION FOUNDATION

I JULY 2008

PAGE 5



Second, new federal programs were created in the
1980s to help finance precompetitive R&D costs
for individual firms, both startup and established
firms."* Most prominent among these programs is the
Small Business Innovation Research (SBIR) program
through which federal government agencies set aside
a small percentage of their R&D budgets for projects
proposed by small firms, many of which are newly cre-
ated spinoffs from university or federal laboratories.
The Advanced Technology Program at the National
Institute of Standards” and a series of initiatives at
the Department of Energy provided matching funds
to support particularly promising new technologies
among both new and more established firms.

Third was an expansion in the 1980s and early 1990s of
the federal government’s technical support to business
firms trying to surmount technological barriers. The
Manufacturing Extension Program, for example, has
helped thousands of small firms adapt to computetiza-
tion and the more demanding schedules of just-in-time
production. The National Nanotechnology Initiative
has made a series of federally funded, university-based
laboratories available to business firms that want to
avoid the costs of developing their own laboratory in-
frastructure. Similarly, efforts by federal laboratories
to form partnerships with firms provide them with
important technical support, through the formation of
cooperative R&D and Work For Others agreements.

Fourth were federal government initiatives to facili-
tate and support research consortia that bring together
multiple firms in the same industry to solve technolog-
ical problems. The paradigm for these was the substan-
tial federal investment in SEMATECH in the 1980s.'¢
With the federal government’s support, the U.S.-based
semiconductor industry modernized its own supplier
firms and carried out a sophisticated research agenda
that helped the industry stay ahead of foreign competi-
tors. A variety of government agencies, including the
Department of Energy, National Institute of Standards
and Technology through the Advanced Technology
Program, and various branches of the military have
followed this example to convene and support large-
scale industrial consortia to overcome technological
challenges. At the same time, the National Science
Foundation and the military have supported a more
decentralized system of university laboratories in the

United States that build more localized networks of
collaboration with groups of industrial partners. The
National Science Foundation’s Engineering Research
Centers, for example, are a group of 17 interdisciplin-
ary centers located at universities and operated in close
partnership with industry.

Some observers have argued that these federal initia-
tives launched in the 1980s coalesce into a system or
a triple helix of university-industry-government col-
laboration that has become central for innovation."”
Other observers are more skeptical. Some emphasize
the “pork barrel” side of the picture, arguing that Con-
gress is simply trying to expand the flow of federal
R&D funds into members’ districts with little atten-
tion to the efficacy of these efforts. Others decry the
extreme decentralization and lack of coordination that
create the danger of multiple, expensive, and indepen-
dent interventions to overcome a patticular techno-
logical barrier.

Given the longstanding problem of developing effec-
tive measures of the sources of U.S. innovation, these
disagreements have continued with little prospect for
resolution. One side mobilizes anecdotes about federal
outlays that were critical in launching firms that cham-
pioned significant new technologies, but these are eas-
ily countered with reports of “laboratories to nowhere”
set up by congressional earmarks to bring dollars and
jobs to colleges that might not otherwise receive fed-
eral support. By assembling and analyzing a unique set
of data on award-winning technologies that spans the
past four decades, this report sheds new light on these
debates.

UNDERSTANDING THE DATA ON INNOVATIONS

Each year since 1963, R&>D Magagine has recognized
the 100 best inventions that are incorporated into
commercial products.”® The R&D 100 Awards catry
considerable prestige within the community of R&D
professionals and are comparable to the Oscars for the
motion picture industry. Organizations nominate their
own innovations. All entries are initially evaluated by
outside juries that include representatives of business,
government, and universities. After considering the
outside juries’ votes, the editors of Re»D Magazine de-
cide on the final list of awards.
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With only 100 innovations to be recognized by the
R&D 100 Awards each year, juries are instructed to
recognize the full diversity of innovative activity, not
to focus solely on dynamic sectors such as electronics
or biotechnology. The diversity of innovative activity
is well represented every year of the R&D 100 Awards.
In 20006, for example, awards were given in 17 catego-
ries, including areas such as energy- and environment-
related technologies, computer software, analytical
instruments, and laser technologies. Award winners
included innovations pertaining to common consumer
goods (advances in lithium ion battery technologies
and automobile steering systems), as well as relatively
specialized laboratory equipment (spectrometry equip-
ment, or software used for “3-D modeling of charged
particle beam devices”); from a plethora of technolo-
gies related to fields that have recently gained wide-
spread media coverage—such as nanotechnology and
genomic sequencing—to advances in long-established
(but no less technically complex) fields such micros-
copy and semiconductors. Past winners of R&D 100
Awards include “Polacolor film (1963), the flashcube
(1965), the automated teller machine (1973), the halo-
gen lamp (1974), the fax machine (1975), the liquid crys-
tal display (1980), the printer (1986), the Kodak Photo
CD (1991), the Nicoderm antismoking patch (1992),
Taxol anticancer drug (1993), lab on a chip (1996), and
HDTYV (1998).”

The R&D 100 Award winners are only a small portion
of a much larger universe of nominated innovations,
and we think that a careful analysis of the winning
U.S. innovations is an excellent window into the U.S.
innovation system. To identify the types of organiza-
tions that were responsible for nurturing these award-
winning technologies, we coded all of the R&D 100
Award winning innovations for three randomly cho-
sen years in each of the last four decades: 1971, 1975,
1979, 1982, 1984, 1988, 1991, 1995, 1997, 2002, 2004,
and 2006.

The R&D 100 Awards sample is by no means a ran-
dom sample of innovations in any given year; rather it
is an opportunistic sample. Social scientists often take
advantage of opportunistic samples in situations like
this, where it is overwhelmingly difficult to identify
the full universe of innovations from which one would
want to draw a random sample.”” Before describing our

analysis of this data set, it is important to explore what
kinds of innovations the data set is more likely to rec-
ognize.

The process for identifying recipients of the R&D 100
Awards is inevitably tilted towards product innovations
rather than process innovations designed to raise the
efficiency of the production process for goods and set-
vices. Some process innovations, such as a new type of
machine tool or a more advanced computer program
for managing inventories, might be recognized, but
many important process innovations involve complex
combinations of new equipment and new organiza-
tional practices. The process for identifying recipients
of the R&D 100 Awards is also biased against military
innovations, because cutting-edge weapons are usu-
ally shrouded in secrecy and unavailable for purchase.
Given that the great bulk of federal R&D dollars in the
United States are directed towards weapons systems,
one has to assume that many government-funded in-
novations lie outside of this competition.

In addition, the R&D 100 Awards are biased in favor
of the kinds of “cool gizmos” that engineers love rath-
er than towards less fancy innovations that might have
a broader market. This bias is nothing new, however;
it has been a constant feature of these awards from the
beginning. R&D professionals can be expected to use
evaluative criteria different from those used by econo-
mists or the general public, and even with this bias,
the award winners are still a very useful opportunistic
sample.

Other biases might also enter the R&D 100 Awards
process. Questionable decisions and politics will always
be a factor as jury members seck to reward friends and
deny recognition to enemies. But for our purposes, it is
not necessary that these awards recognize the very best
innovations of any particular year. All that is neces-
sary is that the awardees represent a reasonable sample
of the strong innovations available for recognition and
that there is not a consistent bias that favors awardees
of a particular type. Moreover, by looking at averages
by decade, we have tried to adjust for year-to-year fluc-
tuations in the biases of the juries.

In looking at other studies of awards, the different
resources that organizations have to prepare their
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nomination materials are an obvious source of bias.
Big architectural firms, for example, can hire the best
photographers and devote considerable resources to a
nomination while the hard-pressed solo practitioner
might throw the application form together in a few
hours. There could be a similar bias in the R&D 100
Awards, with larger corporations having more exper-
tise at putting together persuasive nomination packets,
but the magnitude of this bias would be limited for
several reasons.

First, the universe of applicants for the R&D 100
Awards is limited to organizations that have actually
developed a commercial product, and since winning
the award is a powerful form of advertising, even the
tiniest firms have strong incentives to devote resources
to an effective application. Likewise, universities and
federal labs have an incentive to apply, if for no other
reason than to help improve their reputations and for
contributing to economic growth. Second, the quality
of “coolness” that engineers and technologists admite
in a product is substantially easier to convey in words
than the more abstract, aesthetic qualities that archi-
tectural or film juries might be rewarding. And over
the years, many firms have been one-time R&D 100
Awards winners—an observation that reinforces the
impression that it is the quality of the product and not
the quality of the nomination packet that wins awards.
Finally, it is difficult to imagine any reason that R&D
Magazine and the juries would prefer submissions that
originated in public labs over those from private labs,
or vice versa. The criterion that the product actually
is available for sale is a great equalizer; it means that
the awards are not recognizing abstract ideas but ac-
tual saleable products.”’ Thus, when the data show a
dramatic rise over time in the percentage of awardees
that originate in publicly financed laboratories, there
is little reason to disbelieve this finding as an artifact
of some methodological shortcomings in the awards
process.

The R&D 100 Awards tell us little about the more dis-
tant ancestry of a particular innovation. The producers
of a winning product might be paying licensing fees
to the patent holders on 20 previous innovations on
which their product builds. Some of those predeces-
sors might be on the other side of the world and others

might be working in the office next door. Similarly,
they might have been university-based or industry-
based researchers. It is only through very detailed case
study analyses that it is possible to understand the larg-
er universe of antecedents or ancestors for any particu-
lar innovation.

A different metaphor might make it easier to under-
stand the implications of using this data set. The R&D
100 Awards for the 100 top innovations in a given year
recognize just the tip of the proverbial iceberg—that
is, the most recent steps in the innovation process. The
many earlier innovations on which the award winner
depends are submerged and out of sight. We are as-
suming that the tip provides the best possible case for
recognizing the private sector’s role in innovation since
it focuses on commercially available products. Studies
that trace out the genealogy of particular innovations
strongly suggest that the more foundational inventions
tend to occur in university laboratories.”!

Nevertheless, coding the R&D 100 Awards data does
present some challenges because the information re-
ported to R&D Magazine is inevitably incomplete.
The magazine follows what is in the nomination ma-
terials and credits the organization or organizations
that developed each particular innovation,” but it does
not concern itself with questions of funding. If, for
example, a major defense contractor is credited with
an innovation while fulfilling a military contract, the
Defense Department’s role will not be noted—even
if there was considerable guidance and support from
Pentagon scientists. Similarly, if a small startup devel-
oped its innovation with funding from the federally
funded Small Business Innovation Research (SBIR)
program, that information is also omitted. However,
we have adjusted for this latter problem by indepen-
dently determining which of the winners have been
supported by the SBIR program.

ANALYSIS OF ORGANIZATIONAL AUSPICES AND
FUNDING FOR TOP INNOVATIONS

The analysis of organizational auspices and funding
soutces for the 1,200 innovations in the 12 randomly
selected Re&>D Magazine competitions from 1971 to
2006 is described below. Ideally, we would have liked
to code both the organizational auspices and the fund-
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ing sources for every innovation awarded an R&D 100
Award in the 12 competitions that we analyze. Organi-
zational auspices for the innovations can be established
with a fairly high degree of accuracy with a reasonable
amount of research, so for each of the innovations in
our sample, we coded the organizational auspices as
completely as possible. This process required addition-
al research to classify the different types of business
firms that were credited with particular innovations.

Figuring out the funding source for all the innovations
awarded an R&D 100 Award in the sample is an almost
impossible task. The primary reason for the difficulty
is that tracking flows of federal support to businesses
is laborious and complicated.” In the last few yeats, a
watchdog group has established a database that makes
it possible to find out all of the different government
contracts and grants awarded to a particular corpo-
ration, but that service only covers the period from
2000 forward. Before that, tracking federal grants and
contracts requires proceeding agency by agency and,
even then the published soutces are incomplete.** Our
approach to figuring out the funding, therefore, repre-
sents a compromise.

Analysis of Data on Organizational Auspices of Innovations
in Our Sample

Our analysis showed that the innovations awarded
R&D 100 Awards in the 12 randomly selected Re>D
Magazine competitions from 1971 to 2006 originated
from three broad categories of organizational auspices:

e PRIVATE AUSPICES in the United States
1. Fortune 500 firms operating alone.?

2. Other firms operating on their own. This is a re-
sidual category that includes small and medium-
sized firms and firms that are difficult to clas-
sify.

3. Collaborations among two or more private firms
with no listed public sector or nonprofit partner.
Industrial consortia are included in this catego-
fy.26

e PUBLIC OR MIXED AUSPICES in the United
States

4. Supported spinoffs. These are recently estab-

lished (less than 10 years from founding) firms
started by technologists at universities or govern-
ment labs who have been supported by federal
research funds. Although there are a number of
firms which appear or reappear as award-winners
more than a decade after being spun off from a
government program or university, we set a 10-
year window to reasonably capture the fact over
the course of a decade, technology-based firms
must typically go well beyond their original inno-
vations and resource-supports to remain viable.
Spinoff firms that continued to win awards after
their first decade of operations were thus coded
as “other firms” or, in the case of Scientific Anal-
ysis International Corporation, as a Fortune 500
firm.

5. Federal laboratories—working by themselves or

in collaboration. Most of these innovations come
from the federal laboratories run by the Depart-
ment of Energy, but some come from the Na-
tional Institutes of Health, military laboratories,
and labs run by other agencies. If a university is
a partner in one of these collaborations with a
laboratory, it will be reported here and not under
university.

6. Universities—working by themselves or in col-

laboration with entities other than federal labs.

. Other public sector and nonprofit agencies—

working by themselves or in collaboration with
private firms.

FOREIGN AUSPICES

8. Foreign firms. Because we were focusing on the

U.S. innovation system, we generally excluded
innovations attributed to foreign firms from
our sample. The only exceptions occur when
the foreign firm collaborated with a U.S. part-
ner or the foreign firm owns a large, established
U.S. business, such as Daimler Benz” ownership
of Chrysler. In such cases, we code the firm as a
Fortune 500 firm.”’
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The overall trend in the number of R&D 100 Awards
for the three broad categories of organizational aus-
pices for the 12 years considered is shown in Figure
1. Since 1975, the number of R&D 100 Awards won
by foreign firms has remained relatively constant at 10
to 14 per year, with only minor fluctuations from year
to year. Among U.S. innovations that were R&D 100
Award winners, there has been a dramatic shiftin orga-
nizational auspices from 1971 to 2006—from private
auspices to public or mixed auspices. In 1971, 83 out of
97 (86 percent) U.S. innovations that received an R&D
100 Award were developed under completely private
auspices; in 20006, only 27 out of 88 (31 percent) were
developed under completely private auspices. The shift
occurs gradually, but from 1988 onward, public and
mixed auspices come to dominate the U.S. innovations
receiving R&D 100 Awards.

An even more dramatic transformation—the declin-
ing weight of the Fortune 500 firms among U.S. in-
novations receiving R&D 100 Awards—is depicted in
Figure 2. This figure shows both awards attributed to
Fortune 500 firms operating alone or in collaboration
with partners, both public and private. At the begin-
ning of the period, Fortune 500 corporations were the

dominant force in the U.S. competition, but recently,
they have become relatively minor participants. In
20006, only two awards could be attributed to the solo
efforts of Fortune 500 companies.

Figure 3 shows the number of U.S. innovations receiv-
ing R&D 100 Awards disaggregated by the different
elements of the broad category public and mixed aus-
pices—supported spinoffs, government laboratories,
universities, and other public sector and nonprofit
agencies. In the last 20 years, federal laboratories have
become the dominant organizational locus for wining
R&D 100 Awards (although as noted eatlier, in most
cases federal labs are working with either firms and
universities, or both). Federal laboratories now have
about the same weight in the R&D 100 Awards won by
U.S. firms as the Fortune 500 firms did in the 1970s—
averaging about 35 awards per year. This finding is
surprising because many observers hold the federal
laboratories in low esteem and doubt their capacity to
contribute to innovation.

Most of the innovations from federal laboratories orig-
inate in the Department of Energy laboratories that
were initially created to develop atomic weapons in the

Figure 1: Innovation Awards for U.S. Private, U.S. Public and Mixed, Foreign Organizations
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early years of the Cold War. In 2000, for example, the
Lawrence Livermore National Laboratory won seven
R&D 100 Awards. Two of its award-winning innova-
tions were developed entirely by the lab itself; a soft-
ware program called Babel that seamlessly translates
from one computer language to another and another
program for data mining. A third award-winning in-
novation, developed in collaboration with a University
of California at Berkeley scientist, dramatically cuts
the cost of using existing telescopes to search the uni-
verse for undiscovered planets. The other four award-
winning innovations were developed in collaboration
with small and medium-sized firms. One of the four
innovations is a wavelength converter for lasers. The
other three innovations are all relevant to diminishing
the threat of terrorism; they include small instruments
to detect explosives or nuclear materials and an auto-
mated surveillance system.

In some cases, Re»D Magazine attributes an innovation
entirely to a federal laboratory. This means that the
laboratory has licensed the product to a commercial
firm that is not credited for the innovation, presum-
ably because they entered the picture after all the tech-
nical problems were solved. In other cases, the maga-

zine credits both a federal laboratory and one or more
partners, who might be university researchers, private
firms, or a combination of the two. A 2006 R&D 100
Award given to the Oak Ridge Lab for a metal infusion
surface treatment, for instance, had no fewer than 14
institutional partners including small and large firms
and scientists from the University of Tennessee. The
historical trend, with some year-to-year fluctuation,
has been for an increasing share of R&D 100 Awards
for U.S. innovations involving federal laboratories to
be in recognition of collaborative projects with private
firms, universities, and/or spinoff firms that market
technologies developed in the labs or with the coop-
eration of lab scientists rather than solo projects devel-
oped entirely by a federal laboratory.

After federal laboratories, the dominant organiza-
tional locus for wining R&D 100 Awards in the pub-
lic or mixed auspices category in the United States is
supported spinoffs. Supported spinoffs, on their own,
averaged close to eight awards per year in the current
decade; they also won some additional awards in part-
nership with government laboratories or universities.
In our analysis, we counted a firm as a spinoff only if
it won a R&D 100 Award for an innovation within 10

Figure 2: Solo Fortune 500 vs. Total Fortune 500
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Figure 3: Federal Labs vs. Spinoffs vs. Other Public
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years of its founding. Thus, our count understates the
number of firms with award-winning innovations that
received substantial initial support from public agen-
cies or resources. The typical pattern for a spinoff firm
is that a professor or a scientist at a university or federal
laboratory makes an important discovery and consults
with university or lab officials as to how best to protect
the resulting intellectual property. The usual path is
that the organization encourages the innovator to start
his or her own firm to develop and ultimately market
the new product. The more entrepreneurial universities
and laboratories function almost as venture capitalists
helping the individual find investors and experienced
managers who could guide the firm.?

The final category in Figure 3 encompasses the num-
ber of R&D 100 Awards won for innovations by uni-
versities and other public sector agencies and nonprofit
firms. Surprisingly, the direct weight of universities
among award winners is relatively modest. There are
several reasons for this situation. One is that many
university-produced innovations are coded under the
supported spinoffs category. Another reason is that
university-based researchers are increasingly part of
collaborations with federal laboratories, and our cod-
ing system attributes those innovations to the labs.

In Figure 4, we correct for this situation by showing
the number of R&D 100 Award-winning innovations
in the United States in whose development universi-
ties participated. The numbers of award-winning in-
novations involving universities as participants are cer-
tainly not insignificant, but they are much lower than
the number of award-winning innovations involving
federal laboratories. Even though scientific discoveries
at universities have become ever more central to the
innovation process, most of the transition into com-
mercial products is mediated through spinoffs and the
activities at federal laboratories. When a university
researcher decides to move beyond generic technical
knowledge to develop a prototype of a new product, he
or she usually does this through a collaboration with a
business firm.

The increasing number of R&D 100 Award-winning
innovations awarded to interorganizational collabora-
tions seen in Figure 5 is even more dramatic than the
shift from the private sector to the public sector shift
revealed in Figure 1. The number of innovations at-
tributed to a single private sector firm operating alone
averaged 67 in the 1970s, but it dropped to an average
of only 27 in this decade. (We have coded all of the
award-winning public sector innovations as interorga-
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nizational because they all ultimately involve working
with a commercial partner to develop and market the
product.) The growing importance of interorganiza-
tional collaborations shown in Figure 5 provides pow-
erful support for those scholars who have emphasized
the centrality of networks to contemporary innovation
processes.”’

The number of award-winning innovations from public sector

entities increased dramatically from 14 in 1975 to 61 in 2006.

There are several reasons for this kind of systematic
interorganizational cooperation. The most obvious is
that assembling all of the relevant forms of expertise
under a single organizational roof is impractical and
expensive. But this reason cannot explain everything,
because organizations could also bring in people with
the expertise that they need on a temporary basis as
consultants or contract workers. Those kinds of tem-
porary arrangements would not show up in this data as
actual interorganizational cooperation in which the in-
novation is credited to several distinct organizations.

A second reason has been suggested in the litera-
ture—namely, the idea that the connections between
the knowledge embodied in one organization and the
knowledge embodied in one or more other organiza-
tion are most critical for the innovation process. It is
the sparks generated when these different approaches
are combined that facilitate effective new approach-

65.30

One eclement here is the relationship between orga-
nizational hierarchy and innovation. Effective inno-
vation almost always requires thinking outside the
box, and it can be difficult to persuade supervisors
to provide the needed resources of employee time
and money that are involved in pursuing a path that
is inevitably uncertain. Obviously, the more collegial
structures of universities and government laboratories
are designed to minimize this hierarchical constraint
by giving researchers more freedom to pursue ideas
that are outside the box.

Research efforts that involve cooperation between
two or more different organizations similarly weaken
this hierarchical constraint on thinking outside the
box. Technologists from a private sector firm have to
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Figure 5: Innovation Awards to Interorganizational Collaborations
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get permission from their supervisors to work in col-
laboration with researchers at a university or a public
sector lab. But once that permission has been granted,
they tend to gain—at least temporarily—some of the
greater autonomy of their new colleagues. In a sense,
they gain some academic freedom by virtue of work-
ing in collaboration with academics. Moreover, private
sector managers cannot subject the whole collabora-
tive effort to the kind of careful monitoring that they
employ for in-house projects. And some of this same
diminished managerial attention can be expected even
when the collaboration is between two private sector
firms.

Recently, Lester and Piore have suggested that “col-
laborative public spaces” are critical to the innovation
process because they facilitate the freewheeling discus-
sion and exchange of ideas that make breakthroughs
possible.”’ Almost by definition, such “public” spaces
are rare inside corporations, but they have been suc-
cessfully created in private sector collaborations. The
more successful industry consortia that have followed
the model first established by SEMATECH have been
able to bring together researchers from different firms
to argue and collaborate on solutions to shared prob-
lems with some significant degree of independence
from hierarchical control.

Something similar happens in the model of university-
industrial collaboration that has been pushed by the
National Science Foundation through its Industry Uni-
versity Research Centers and Engineering Research
Centers. The National Science Foundation provides
entreprencurial academics with startup funds to cre-
ate a research center that will advance a technology
that could prove useful to business. The scientist or
engineer who runs the center then has the responsi-
bility to recruit business sponsors for the center who
will be willing to support the center by paying regular
dues. Business executives are given a voice in the cen-
tet’s research agenda and are encouraged to send their
people to work with the university-based staff on spe-
cific problems. In effect, the center itself becomes the
collaborative public space for university and industry
scientists and engineers.

Analysis of Data on Funding of Innovations

The growing weight of public institutions as the source
of U.S. innovations that win R&D 100 Awards and
the growing role of interorganizational collaboration
in U.S. innovations are suggestive that public fund-
ing has become steadily more important to the U.S.
innovation process in recent years. Nevertheless, it is
necessary to probe a bit further, because the U.S. firms
coded as “private” are sometimes recipients of federal
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funding—sometimes for the precise R&D activity
that wins the award.

Back in the 1970s, for example, some of the laboratories
of the Fortune 500 firms that were frequent R&D 100
Award winners received substantial amounts of direct
federal funding.”” And in the more recent period, there
has been a proliferation of programs through which
government agencies support private sector R&D.*
An example of the latter is the growing importance
of Small Business Innovation Research (SBIR) firms
among the award winners.

The SBIR program, established in the 1980s, is one
of the most important mechanisms through which the
federal government supports smaller innovative firms,
including the firms that we have labeled as supported
spinoffs. The SBIR program is a set-aside program; all
government agencies that finance a large amount of
R&D must set aside 2.5 percent of their R&D budgets
for projects that originate with small businesses. The
program awards up to $750,000 in no strings support
for projects in Phase I and up to $1.5 million for Phase
IT projects that have shown significant progress in
meeting the initial objectives. Some of the SBIR firms
have now been in existence for 20 or more years, and
at least one has grown to become a Fortune 500 firm.

Figure 6 shows the total number of past and present
SBIR winners among winners of R&D 100 Awards.

The results show that these SBIR-nurtured firms con-
sistently account for a quarter of all U.S. R&D 100
Award winners—a powerful indication that the SBIR
program has become a key force in the innovation
economy of the United States.

Figure 7 shows a more comprehensive measure of the
role of federal financing of R&D 100 Award winners
in the United States in 1975 and in 2006. The bottom
part of the bar graph for each year shows the number
of award-winning innovations from public sector en-
tities in the United States that rely heavily on federal
funding. As indicated earlier, the number of award-
winning innovations from public sector entities in-
creased dramatically from 14 in 1975 to 61 in 20006.

In 2006, only 11 of the U.S. entities that produced award-win-

ning innovations were not beneficiaries of federal funding.

The top part of the bar graph for each year in Fig-
ure 7 shows the number of Fortune 500 and “other”
U.S. firms that received at least 1 percent of their rev-
enues from the federal government.” The 1 petrcent
screen picks up both large defense contractors and
firms that have received substantial federal grants to
support their R&D efforts. In 1975, 23 innovations
that won R&D 100 Awards were developed by private
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firms in the United States that received at least 1 pet-
cent of their revenues from federal support. Promi-
nent among these firms was General Electric, which
developed nine of the award-winning innovations that
year.”

There is evidence that in 2006 the federal government
directly funded three of the five private collaborations
in the United States that produced innovations that
received R&D 100 Awards. Of the 20 “other firms”
that won awards in 2006, 13 had federal support above
the 1 percent threshold and we were able to link the
federal money directly to the specific innovation that
received the award. Hence, 16 of these “private” in-
novations count as federally funded. The overall result
in Figure 7 is that the number of federally funded in-
novations rises from 41 in 1975 to 77 in 20006.

In 20006, only 11 of the U.S. entities that produced
award-winning innovations were not beneficiaries of
federal funding. And even among this group of 11,
there were some ambiguous cases. Dow Automotive
won an R&D 100 Award for its work in developing
an adhesive used with composite auto parts that was
installed in Volkswagen cars. But a few years earlier,
Dow had been a beneficiary of a substantial grant from
the Advanced Technology Program in the Depart-
ment of Commerce that was designed to accelerate the
use of composites in automobiles. Two other winning
firms—DBrion Tech and MMR Technologies—were re-
cent spinoffs from Stanford University, but since the
firms had not received federal support, they were not

Figure 7: Trends in Federal Funding of Innovation
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coded as “supported spinoffs”; however, it is likely that
the professors behind the companies received federal
research grants while at Stanford. Finally, we were un-
able to ascertain whether any of those remaining firms
received research support from federal laboratories.

If one is looking for a golden age in which the private sector did
most of the innovating on its own without federal help, one has to

80 back 1o the era before World War I1.

In short, Figure 7 probably understates the magnitude
of the expansion in federal funding for innovations in
the United States that won R&D 100 Awards between
1975 and 2006. After all, in 1975, we counted innova-
tions as federally funded even if support was not going
to the specific unit of the firm that was working on a
particular innovation. For 2006, however, a demon-
stration of federal support required showing that the
federal funds were going to the same unit that was
responsible for the particular technology that won the
award.

The fundamental point is that even in the period that
Fortune 500 corporations dominated the U.S. inno-
vation process, they drew heavily on federal funding
support. If one is looking for a golden age in which
the private sector did most of the innovating on its
own without federal help, one has to go back to the
era before World War II. Nevertheless, over the last
40 years, the R&D 100 Awards indicate a dramatic in-
crease in the federal government’s centrality to the in-
novation economy in the United States. In the earlier
period, U.S. technology policies were almost entirely
monopolized by the military and space programs.
More recently, a wide range of federal agencies that are
not part of the Department of Defense are involved
in supporting private sector R&D initiatives. Key
agencies now include the Department of Commerce,
Department of Energy, National Institutes of Health,
Department of Agriculture, National Science Founda-
tion, and Department of Homeland Security. In ad-
dition, over the last 20 years, state governments have
become much more involved in technology policy,
with many, if not all states funding technology-based
economic development activities.”® To the extent that
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state programs help small firms or university and fed-
eral lab innovations, their role would not be picked up
in this analysis.

DISCUSSION

Back in 1887, Thomas Edison built an invention facto-
ry that has long been seen as the inspiration for the rise
of the corporate research labs established by large U.S.
firms during the 20th century. Our analysis suggests
that although large corporations in the United States
emulated Edison’s model for decades, this pattern be-
came much weaker after the corporate reorganizations
of the 1970s and 1980s. Thus, the “era of Edison” did
not last the full century.

It is not clear why the relative role of Fortune 500
companies in the U.S. innovation system has declined.
We can hypothesize three factors. First, it seems likely
that big corporations facing relentless pressures from
the financial markets have been forced to cut back on
expenditures that do not immediately strengthen the
bottom line. In some cases, corporate cutbacks have
meant eliminating laboratories altogether; in other cas-
es, such cutbacks have meant reducing expenditures
on eatly stage technology development that is often
both expensive and risky and is more likely to lead to
the kind of radical breakthroughs that win awards like
the ones analyzed here

A second factor that may be involved in the decline in
Fortune 500 companies in the U.S. innovation system
is that several factors, including the rise of computers
and the Internet, have made it much easier for small
firms to enter markets previously dominated by large
firms. Many technologies today require less capital-
intensive production processes (e.g., software), making
it possible for small firms to innovate the technologies
for which they received R&D 100 Awards. In other
industries (e.g., biopharmaceuticals), small, innova-
tive companies can contract out manufacturing (e.g.,
of new drugs). Because small and mid-sized firms can
now better compete in product markets, they have
dramatically increased their R&D investments. In fact,
while the ratio of R&D investments to U.S. gross do-
mestic product more than doubled between 1980 and
2000, almost all of that increase was due to increased
R&D investments by small and mid-sized firms with
fewer than 5,000 employees.” Moreover, large firm

R&D may now be more focused on improving exist-
ing product lines, as opposed to generating radically
new innovations.

The third factor that may have contributed to the de-
cline of Fortune 500 companies dynamic is a change
in the employment preferences of scientists and en-
gineers. As the employment landscape has shifted, it
seems quite possible that many talented scientists and
engineers have voted with their feet and have left work
in corporate labs in favor of work at government labs,
university labs, or smaller firms. More research is nec-
essary to tease out the causes.

But returning to the history of the Edison lab sug-
gests a longer term and more structural explanation
for the recent shifts in the U.S. innovation system that
we have uncovered. Revisionist scholars have discov-
ered that Edison’s laboratory actually operated differ-
ently from the corporate labs of the 20th century.’®
It is true that Edison assembled a team of scientists
and engineers that had built up considerable expertise
in working with electrical devices—Dbut Edison’s team
divided its time between internal projects and external
projects. The Edison laboratory did extensive contract
work for other firms, helping them develop solutions
to particular problems that their industry faced. Edi-
son’s employees worked closely with employees with
technical knowledge from those other firms.

The argument by revisionist historians is that the
extraordinary productivity of the Edison labs was a
result of the systematic interaction between Edison’s
team and other groups of experts with very specific
types of knowledge. When U.S. corporations sought to
emulate Edison’s model in the 20th century, though,
they built elaborate laboratories that tended to cut
their in-house technologists off from these system-
atic encounters with experts in other organizations.
This choice fit with the model of the corporation that
was exemplified by Henry Ford’s decision to produce
his own steel at the River Rouge plant. The idea was
that bringing these activities, including R&D, fully in-
house maximized management’s ability to deploy the
organization’s resources.

What we have found in the United States at the end of
the 20th century, though, is basically a return to Edi-
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son’s model—with successful research organizations,
public or private, developing a highly productive mix
of internal and external projects. There appear to be an
increasing number of private sector research laborato-
ries that combine their own internal projects—often
funded with federal money—with contracted research
for other firms. Some of their innovations show up as
a winners of R&D 100 Awards.

CONCLUSION

These findings suggest that the U.S. federal govern-
ment’s role in fostering innovation—both in terms of
organizational auspices and funding—across the U.S.
economy has significantly expanded in the last sev-
eral decades. But the federal government’s role is not
to act as the agent of centrally planned technological
change.

In Chalmers Johnson’s classic account of the Japanese
model of industrial policy, he shows how government
officials, working at the Ministry of Trade and Indus-
try, operated as both coordinators and financiers for
the conquest by Japanese firms of new markets.” Japa-
nese government officials were implementing a shared
plan that linked investments in particular technologies
with specific business strategies to win in particular
markets—both domestically and internationally. That
strategy may have allowed Japan to catch up the lead-
ing nations in an array of industries, but it did not and
does not fit the new innovation environment where
cutting-edge innovation produced in a new collabora-
tive and dispersed models is the key to success. It is for
that reason that many other nations have shifted their
innovation policies to be less directed.

In the United States, there is no central plan for inno-
vation, and different federal agencies engage in support
for new technologies often in direct competition with
other agencies. The federal government has created a
decentralized network of publicly funded laboratories
where technologists will have incentives to work with
private firms and find ways to turn their discover-
ies into commercial products. Moreover, an alphabet
soup of different federal programs provides agencies
with opportunities to help fund some of these more
compelling technological possibilities, just as there has
been increasing support, at both the federal and state
levels, for industry-university research collaboration.*

Complementing these decentralized efforts are more
targeted federal government programs that are de-
signed to accelerate progress across specific techno-
logical barriers. Today, for example, the Advanced Re-
search Projects Agency in the Department of Defense
is prioritizing support for computer scientists to find
ways to overcome the obstacles to creating ever more
powerful microchips for computers. It is also helping
biological scientists find ways to accelerate the produc-
tion of large batches of vaccine, which would be useful
to protect the population both against biological weap-
ons and a global pandemic of a deadly influenza. For
these targeted efforts, officials in these government
offices decide to renew grant support to one research
group because it has made progtess, withhold it from
another research group that appears to be heading to-
wards a dead end, and encourage connections with still
another research group—working on a seemingly un-
related problem—Dbecause they suspect that the third
group’s findings might have relevance for solving the
targeted problem.

Both types of U.S. government innovation initiatives—
decentralized and targeted—are increasingly described
with the language of venture capital. Private sector
venture capitalists, such as the famous firms in Silicon
Valley, have an open door policy for scientists and en-
gineers who have a bright idea for a new business. Of
every hundred pitches they hear, they might decide to
invest in 20 with the idea that if even one or two of
the 20 are successful, then they make vast amounts of
money that they can recycle into new rounds of initial
investments. But the key assumption behind venture
capital is that even after careful screening, most of
these new business ventures will fail. Some won’t be
able to develop the promised technology, some won’t
find a market for their particular innovation, and some
won’t be able to build an organization capable of ex-
ploiting the market. Nevertheless, the enormous gains
from the small percentage of winners are more than
enough to cover the losses from the others.

Many U.S. government officials now use the same
rhetoric. They know that most new startups begun by
scientists and engineers at universities or government
laboratories will fail, but the minority that succeed will
create jobs and advance new technologies. With the
decentralized approach, they may provide support to
several hundred firms with the idea that 20 to 50 might
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actually flourish. With the more targeted efforts, they
realize that in each funding cycle, only a minority of
the researchers will make any significant headway on
the key problems. But the idea is that over time, a few
incremental advances will eventually set the stage for
the big breakthrough that they are looking for.

The largest federal government program that fits this
venture capital model is the Small Business Innovation
Research (SBIR) program. In 2004, the SBIR program
gave out more than $2 billion for some 6,300 sepa-
rate research projects. The success of programs such
as SBIR helps to explain what is perhaps the most
surprising turn in federal innovation policy of the last
decade.

Starting with the Central Intelligence Agency (CIA)
in 1999, a number of government agencies have now
set up their own venture capital operations. The CIA’s
venture capital arm, In-Q-Tel, maintains its own Web-
site and lists 90 recent startup firms in which it has in-
vested. Congress provided a $500 million initial fund,
and just as with private sector venture capital, the idea
is that the initial fund will be replenished and expanded
as In-Q-Tel sells its stake in those firms that have been
successful. The Department of the Army has followed
the CIA model, and the Department of Energy has
partnered with Battelle—the large nonprofit organiza-
tion that manages several of the department’s labs—
which has now created its own not-for-profit venture
capital arm with an emphasis on supporting startup
firms that originated in the laboratories.

Although this explicit turn towards venture capital by
U.S. government agencies is understandable, it will
not, by itself, solve what we see as the main weaknesses
in the current system of federal support for innovation
in the United States. In our view, the system of federal
support for innovation has enormous strengths, but it
also suffers from three major, interconnected weak-
nesses. First, the system carries decentralization to an
unproductive extreme. Under current arrangements, it
is entirely possible that five different government agen-
cies might be supporting 30 different teams of technol-
ogists working on an identical problem without a full
awareness of the duplication of efforts. This situation
is a particular problem if different groups are unable
to learn from each other in a timely fashion. Second,
because the importance of the federal role in fostering
innovation is not widely recognized, federal programs
in support of innovation lack the broad public support
that would be commensurate with their economic im-
portance. Third, the budgetary support for the current
system is inadequate and uncertain. Funding for more
collaborative research and commercialization efforts
are relatively limited, and total federal levels of R&D
spending have been declining in real terms since 2003.
These declines put the entire U.S. innovation system
at risk.

This analysis has shown a dramatic shift in the locus of
innovation in the U.S. economy that has occurred over
the last three decades. We hope these findings spur a
broad debate about the changing role of the federal
government in our national innovation system.
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