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Introduction

INTRODUCTION

M
ore than the manufacturing might of its vast

industries, more than its renowned market-

ing prowess, the critical growth engine of the

U.S. economy is research and development (R&D)—the

means by which knowledge capital is created. Indeed,

R&D provides the basic ideas—the pure science—from

which our scientists and engineers build the continual

flow of innovative products that improve the standard

of living worldwide and make more goods more afford-

able to more people. Effective R&D keeps the United

States competitive in a world where more value is em-

bedded in a wider range of products every day, the

costs of production are falling, and production cycles

are growing shorter.
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A significant sign of the importance of R&D to the competitiveness of

the U.S. economy is that in the past five years—at just that time when the
global economy has been growing most quickly—R&D spending has

surged dramatically in the United States. Indeed, U.S. spending on R&D

has grown 50% faster than GDP (see Figure I–1), pushing the total spend-
ing on R&D as a percentage of GDP from 2.5% to 2.7%.

Is this upsurge in R&D spending merely an exuberant market response

to the information revolution and the unprecedentedly strong economy of
the late 1990s? Or does it reflect a fundamental shift in the United States’

willingness to invest in the longer-term possibilities of R&D to transform

society? At the Institute for the Future, we think the second choice is the
answer. For reasons outlined below and set out in the rest of this report,

The Transformation of R&D: Redefining Risk, R&D will continue to play

an increasing role in the United States by providing a continual flow of
benefits to its citizens and the world.

Figure I–1
R&D Spending Is Up
(Average annual rate of increase, in constant dollars)

Source: U.S. Department of Commerce, Bureau of Economic Analysis, National Accounts;
National Science Foundation, Science and Engineering Indicators, 2000; National
Science Foundation, Survey of Research and Development.
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Introduction

In the first chapter, we describe how the approach to R&D spending

has changed in the United States in the past five years. Not only has the
scale of R&D increased, but a number of other important shifts have

taken place as well—the role of privately supported research has grown

in importance; smaller firms have conducted more R&D; nonmanufac-
turing firms have conducted more R&D; and a greater emphasis has been

placed on basic research throughout the economy.

In the next five chapters, we explore the drivers that will determine
the depth and breadth of change in R&D in the United States, and whether

R&D spending will continue to grow in the future. The major drivers are:

• The information revolution and the coming of age of the Internet had
far-reaching impacts on R&D in the United States (Chapter 2).

• Science, technology, and innovation enjoy broad popular support in

the United States (Chapter 3).

• Investors have found unique financial mechanisms to channel funds

into R&D in a risk-adjusted fashion (Chapter 4).

• The U.S. intellectual property regime protects the rights of inventors
while encouraging the rapid spread of ideas (Chapter 5).

• The United States spends more on R&D than the rest of the world,

and has a stronger economy for that reason (Chapter 6).

Chapter 7 takes all of these drivers into account and presents our fore-

cast for R&D in the United States in 2005 and 2010. And in the last

chapter (Chapter 8), we identify the implications for business that follow
from the forecast.
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NEW R&D PLAYERS BRING

FUNDAMENTAL CHANGE

A
n increase in overall spending in the United

States has driven a surge in R&D spending in

the past five years. But even more interesting

structural changes portend fascinating consequences

in the next decade for the who, what, where, and how

of R&D. The four key changes are:

• The growth of private sector investment in R&D

• The increased funding of basic research

• The greater role of smaller firms in R&D

• The increase in nonmanufacturing firms

conducting R&D
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THE PRIVATE SECTOR MOVES INTO THE DRIVER’S SEAT

U
ntil recently, the private sector has been ambivalent toward

R&D. On the one hand, R&D was an important means of
providing innovative products that kept companies competitive.

On the other hand, during the 1980s and early 1990s Wall Street and

other investors had been loath to consider the importance of R&D in their
calculations. Wall Street made it clear even to research-intensive compa-

nies that it was more interested in quarterly cash flows than in their ca-

pacity for R&D.
This approach has often made it difficult for private sector companies

to support R&D, especially R&D that was not directly market-oriented.

In the last five years, however, the Street’s attitude toward R&D has loos-
ened up, and the private sector has increased its commitment to R&D, in

the amount of money invested, and widened its risk profile.

The Build-Up in Funding

In the past five years, the private sector increased its role in both funding

and conducting R&D. In fact, increases in spending by private sector

firms accounted for virtually all of the growth in R&D spending during
that time (see Figure 1–1).

Although private industry’s growing contribution to R&D funding was

especially high during the past five years, this is really a longer-term trend.
While federal spending has tended to be broadly cyclical, private funding

has increased fairly steadily throughout the past five decades—despite

the previously mentioned fact that the private sector has had to temper its
funding of R&D in order to announce quarterly cash flows that please

Wall Street. Under this regime it is truly noteworthy that private industry

has accounted for a growing share of R&D over the longer term (see
Figure 1–2).

The shift to private sector spending on R&D also reflects changing

social and political priorities. With the end of the Cold War, U.S. security
needs took a somewhat less prominent place in the federal budget. Since

a good amount of defense spending was focused on the R&D behind the

development of defense systems, the warming of the Cold War has re-
duced federal R&D expenditures in this key sector.



Corporate Associates Program  ◆   Institute for the Future 5

Chapter 1

New R&D Players Bring Fundamental Change

Figure 1–1
Private Sector Spending Jumps Ahead
(Total spending on R&D, by source of funds)

Source: National Science Foundation

Figure 1–2
Huge Jump in Private Sector R&D
(Percent of total R&D expenditures)

Source: National Science Foundation
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But the slowing growth of federal spending on R&D has been replaced

by a huge jump in the private sector’s spending in several new areas. In
fact, the growth in private sector R&D (and R&D overall) is closely tied

to the dramatic evolution of one sector of the economy in particular—

information and communications technologies. As the price of informa-
tion and communications hardware fell and the applications became richer

and more affordable, investments by both businesses and households grew

tremendously. Industry investment in these technologies increased almost
20% a year throughout the 1990s, for example; after 1995, the rate of

increase was closer to 30%.

Developments in software went hand in hand with developments in
hardware—private investment in software more than quadrupled in the

1990s, from $50 billion in 1990 to $225 billion in 2000. With develop-

ments in software came even more dramatic improvements in storage
capacity, processing speed, data transmission, and user interfaces, which

have made information and communications technologies even more in-

valuable, changing the course of business throughout the world. Across
all industry sectors, and in the household as well, rising demand for infor-

mation technologies created the opportunity for a cycle of rapid and con-

tinual innovation in products, applications, and new services—innovation
driven by huge increases in private sector R&D.

Who Is Conducting the New R&D?

Who is doing all this new R&D? The government’s role is pretty clear—
it has traditionally paid for a significant share of the research done by

others. As the defense imperative for R&D weakened, however, govern-

ment defense-related R&D funding leveled off. Despite increases in
areas like biomedical research, the total share of R&D funding accounted

for by the government fell. And more government-funded research, now

that less of it was highly classified, was done outside government labs.
The private sector more than made up for this slowdown in government

R&D spending. Most of the increase in private investing went directly into

higher levels of industry research, though some went to universities in sup-
port of industry-sponsored R&D there. Led by information and communi-

cations technologies and biotech, business contributions to university

research grew about twice as fast as federal contributions.
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As industry funding increased sharply, the share of R&D performed

by industry jumped accordingly. The federal government’s share of R&D
performance dropped by 35% in the past decade, while industry, and uni-

versities increased their share modestly (see Figure 1–3). In total, indus-

try now conducts over 75% of all R&D, with universities a distant second
at 11%.

BASIC RESEARCH IS UP

N
ot only is more R&D being conducted in general but also more

basic research is being conducted in particular. The purpose of
basic research (also called “pure” research) is to gain more com-

prehensive knowledge in a subject area without specific applications or

immediate commercial objectives. (In industry, of course, such research
is likely to be conducted in fields with present or potential commercial

interest.) This longer-term research now accounts for more than $45 bil-

Figure 1–3
Industry Performs Most R&D
(Percent of R&D performed)

Source: National Science Foundation
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lion of spending and has been growing extremely rapidly in the past five

years—well above the rate of overall GDP and other types of R&D. A
huge share of the increase in spending on basic research has been funded

by the private sector, a striking change from historical patterns.

Basic research accounts for only 17% of all R&D spending in the United
States, but it is the key to the technological breakthroughs of tomorrow.

Because basic research by definition does not have specific application,

about half of it is done in universities. It is a long-term, high-risk invest-
ment for individual companies. A company must not only conduct the

research, but sometime in the indefinite future it must also develop and

market products based on that research to repay the cost and effort ex-
pended. Meanwhile, other companies are sometimes able to exploit the

research without having to carry the burden of R&D costs, and thus can

undercut the price of the original company. (Xerox, for example, is leg-
endary for inventing technologies critical to the information revolution—

including the mouse, the Ethernet, and the first PC—that other companies

were able to turn into huge commercial successes.) Furthermore, lower
prices and knowledge spillovers often benefit society at large but not the

company that does the research. Thus, traditionally, companies have been

wary of spending money on basic research that doesn’t lead to a product
that can be patented. That is why most basic research has been funded by

the federal government and other noncorporate sources.

In the past decade, however, and especially in the last five years, the
growth of spending on basic research by private companies has been quite

dramatic (see Table 1–1).

The funding shift for basic research into the private sector is not so
much a decline in the amount provided by the government but a sharp

increase in the amount provided by the private sector. For example, pri-

vate businesses are investing more in university research. These private
companies are finding that direct collaboration with research universities

can result in a faster spread of innovative ideas. The private sector has

increased its share of funding of university research by 25% in the last
two decades (see Table 1–2).
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Table 1–1
Basic Research Exhibits Strong Growth
(Average annual growth rate, by funder)

Source: National Science Foundation

Total Federal Government Industry

1985–1990 5.3 4.4 6.3

1991–1995 2.0 1.0 4.2

1996–2000 7.4 4.2 15.3

Table 1–2
Federal Dollars Decline as a Share of University R&D Funding
(Percent of all university R&D funding, by source)

*Other includes industry, nonprofits, and nonfederal governments.

Source: National Science Foundation

Federal Universities Other*

1980 71 13 16

1998 62 17 20
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Overall, the amount of basic research performed by universities in-

creased steadily throughout the last decade, at about 4% a year. As a re-
sult, more patents registered by companies today cite work done in

universities than they did a decade ago.

It is surprising that basic research has experienced an increase in fund-
ing from the private sector. Because of the uncertain payoffs and the long

time horizon, most academic literature until now suggested that the private

sector would underinvest in basic research. Instead, the private sector
today seems to have found that basic research, at least in some business

areas, will lead to more innovative and more marketable products more

quickly. This has been especially true in the information and communica-
tions areas associated with open networks and the Internet. Whole streams

of new applications—database management, customer relationship man-

agement, streaming audio and video, tracking and monitoring, transaction
flow, inventory monitoring, and enterprise management—have benefited

from new basic research that can be applied to an existing market problem.

SMALL COMPANIES ARE CONDUCTING MORE R&D

T
he amount of research done in small firms has been increasing
steadily over the past decade as well. These small entrepreneurial

firms have the ability to focus research on one specific opportunity

and are staffed and funded by people who want to move a successful
product into a market setting quickly.

The jump in corporate spending on R&D that began in 1995 was uni-

versal across companies of all sizes. The pace of change in R&D spend-
ing, however, was much more dramatic for firms with fewer than 500

employees than for larger firms (see Figure 1–4). In 1992, the earliest

year for which we have comparable data, the largest firms (those with
more than 25,000 employees) were responsible for 47% of industry spend-

ing on R&D. This share has been declining over the last decade, how-
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ever, as small and medium-size firms increased their spending signifi-

cantly. By 1999, these large corporations provided only 37% of all indus-
try-based R&D money.

But the notable change has not been just the decline in very large

companies’ share of R&D expenditures but also the rapid growth in the
amount of R&D actually conducted by very small firms. Although the

data collected covers just a few years, we see that R&D spending by the

smallest firms has been growing at huge rates (see Figure 1–5 on page
12). Businesses have found that R&D can be done effectively in small,

focused entrepreneurial firms for the reasons listed earlier.

Figure 1–4
R&D Spending by Smaller Firms Increasing Faster
(Average annual percent growth in R&D spending, by number of
employees, 1993–1999)

Source: National Science Foundation, Research and Development in Industry, 1999.
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NONMANUFACTURING FIRMS ARE CONDUCTING MORE R&D

S
maller firms are conducting more R&D, but so are nonmanufac-

turing firms. The nonmanufacturing sector’s R&D performance
has increased remarkably in the last two decades. In the mid-

1980s, the nonmanufacturing sector accounted for only 10% of all

industry R&D expenditures. Today, that share has grown to 36% of the
total (see Figure 1–6).

The big emerging nonmanufacturing R&D players include compa-

nies from industries such as software development and small entrepre-
neurial firms that concentrate on developing a product for market rather

than manufacturing and distributing it. R&D spending in these two in-

dustries grew by 50% in real terms in the last two years. Other big R&D

Figure 1–5
R&D Spending by Very Small Companies Increasing Even Faster
(Annual average percent growth in R&D spending, by number of
employees, 1997–1999)

Source: National Science Foundation, Research and Development in Industry,
1999 (early release).
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Figure 1–6
The Rise of Nonmanufacturing R&D
(R&D expenditures by nonmanufacturers as a percent of all industry
R&D spending)

Source: National Science Foundation, Research and Development in Industry, 1998.

spenders among nonmanufacturing firms are, surprisingly, wholesale and
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The smallest nonmanufacturing firms, those with fewer than 15 em-
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tion equipment.) Still, the fastest-growing spending, even in the manu-

facturing sector, took place in firms with a greater range of sizes, such as
computers, communications, and pharmaceutical firms.

The manufacturing sector still performs ten times more R&D per firm

than the nonmanufacturing sector, but the shift toward conducting more
R&D outside large research-intensive firms is notable. Investors are find-

ing that some forms of R&D can be conducted in smaller, specialized firms

that are not tied to manufacturing or production. Over the last few years,
many large high-tech companies have been acquiring small innovative firms

for their products and people. Cisco, for example, has acquired more than

70 smaller networking firms, including Kalpana, Precept Software, and
StrataCom. Nortel Networks has taken over successful start-ups like Bay

Networks, Qtera, and Sonoma Systems. These firms take some of the insti-

tutional burden of R&D costs from the larger firms, speeding up the devel-
opment process and creating benefits for everyone in the marketplace.

CONCLUSION: R&D CAN BE DONE IN THE PRIVATE SECTOR

B
ecause private businesses have learned the value of R&D spend-

ing in keeping them competitive, and more and more R&D can be
done effectively in small and specialized entrepreneurial firms,

the way R&D is conducted and financed is undergoing important changes.

We think there are five unique forces that converged during the late
1990s to drive these lasting structural changes, which will continue over

the next decade. These drivers are the subject matter of the next five chap-

ters. Together they explain why the United States emerged as the world
leader in R&D activity and why the structural changes outlined in this

first chapter bode well for future R&D in the United States.
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NEW TECHNOLOGIES FIND A MARKET

J
ust as a general increase in overall spending drove

a surge in R&D spending in the United States in

the late 1990s, so too did an explosion of R&D-

related activity by small entrepreneurial firms. A good

portion of this activity came from firms focusing on a

single market area—the Internet. At the end of the

decade, about 80% of investment in new R&D-based

ventures came from Internet-related activities.

The huge growth surge was not an overnight phenom-

enon, although it may have seemed so. It was focused

on a sector whose foundation was the core information

revolution that had been building since the 1950s. The

information revolution gradually transformed the business

infrastructure, but it was the coming of the Internet in 1991

that seemingly galvanized the business world overnight.

The Internet created a giant new market with a wide

range of potential new commercial applications.

Suddenly, the opportunity existed for new R&D activities

that could extend and broaden uses in a market that

had 200 million users.
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THE INFORMATION REVOLUTION

T
he information revolution had a long gestation period. As the Insti-

tute for the Future’s Paul Saffo puts it, “It takes 30 years to make an
overnight success.”

The information revolution began with the invention of the transistor

in 1947, and continued with the integrated circuit in 1957 and the micro-
processor in 1971. This triad formed the core technology of the revolu-

tion—the processing power of the chips at the heart of today’s computers

and communications devices.
The information revolution found its market slowly. Some industries

transformed fairly quickly—financial services, retail inventory control,

and airline reservations—and white-collar information processing speeded
up, but the economy as a whole needed another nudge. The second major

step forward was the takeoff of the Internet in the early 1990s. The Internet

transferred the power of the computer from individual applications or
closed systems to easily shared networks. It created the possibility of

forming new communications patterns, a wider sharing of information

resources, and new markets. The Internet created the possibility of inte-
grating consumer choice with business decisions, bringing on real-time

inventory control. It also permitted suppliers and manufacturers to share

a common database, and allowed transactions to move into real time.
The number of people who have gone online in the past five years is an

indication of the widespread access the Internet affords and the range of

applications it has opened up to the world (see Figure 2–1).

APPLICATIONS AND MARKETS

T
he information revolution had a gradual impact on how R&D was

conducted. Businesses have responded to the opportunities of the

information revolution by increasing their share of investment that
goes into information technology (see Figure 2–2). During the 1980s, new

information technologies penetrated the business world, paid for primarily

out of the budgets of large and medium-size corporations. During the 1990s,
spending spread to smaller firms and households. Spending was particu-

larly heavy among firms moving some of their business onto the Internet.
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Figure 2–1
Online Users Take Off
(Percent of U.S. population that go online)

Source: CommerceNet/Nielsen; IntelliQuest; NielsenNetRatings.

Figure 2–2
Spending on Information Technology Finally Took Off
(Information processing equipment and software as a share of
all business equipment investment)

Source: U.S. Department of Commerce, Bureau of Economic Analysis, National Accounts.
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MOORE’S LAW IN THE MARKETPLACE

T
he processing chip directly affects the amount of data that can be stored
in easily accessible formats, and the speed and cost of processing and
sharing that data. In 1966, Intel co-founder Gordon Moore realized that

the number of transistors that could be stored on a chip was doubling every 12
months or so, and would continue to do so for the foreseeable future. While the
doubling time is closer to 18 months now, Moore’s Law is still operating. This
incredible increase in computing power—at a constant price—has created a
virtually limitless resource for information use and sharing (see Figure 2–3). The
rapid growth in this power has revolutionized the marketplace, dramatically low-
ering the cost of and increasing the ease of access to information for consumers.

Figure 2–3
The Unprecedented Increase in Processing Power
(Thousands of transistors on a chip)

Source: Intel

0

10,000

20,000

30,000

40,000

50,000

20001999199719931989198519821978197419721971

Thousand



Corporate Associates Program  ◆  Institute for the Future 21

Chapter 2

New Technologies Find a Market

From the mid-1960s until the early 1990s, as more money shifted to

information and communications technologies, there was a gradual growth
of venture capital markets. But these changes did not change the overall

look or feel of the R&D market.

One of the reasons for the relatively slow response was the fact that it
took this new technology a long time to work its way through all parts of

a business organization and to really affect the operating efficiencies of

companies. But as companies began to work more effectively internally
and as they learned about using the new technologies to improve market

performance, there was a decided jump in productivity, or output, per

worker. Productivity almost doubled in the late 1990s (see Figure 2–4).
In addition to the large productivity gains, the development of the

Internet helped transform thinking about technology. The Internet not only

improved internal efficiencies but also promised the evolution of new
markets that could displace the old, build new relationships with con-

sumers, or create demand for new types of goods or services.

Figure 2–4
Productivity Took a Big Jump in Late 1990s
(Average annual percent change in output per hour of all persons
working)

Source: U.S. Bureau of Labor Statistics
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These two factors—the penetration of new technologies into Ameri-

can business and the opening of a world of new market applications
through the Internet—were at the core of the recent surge in R&D. Over

the last few years, 80% of new venture capital investments, for example,

were in Internet-related businesses.

CONCLUSION

W
hen the information revolution reached maturity inside of

business organizations, and businesses proved that the Internet

could improve relationships with consumers and along the
supply chain, the possibility of transforming markets caught on with the

wider investing public. Thus, the substantial net increase in R&D invest-

ment and the opening up of the venture capital market could come only
with the arrival of the information revolution.
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THE AMERICAN PUBLIC SUPPORTS R&D

F
rom Benjamin Franklin and his famous experiments

with electricity to the ongoing Human Genome

Project, the American public has firmly believed in

the value of science and research. This widespread be-

lief is one of the key reasons the United States has been

so productive in its R&D efforts throughout the years.

This attitude works its way into the economy in a

number of important ways—Americans are more accept-

ing of new technologies, they are more willing to experi-

ment with new products, and they are more willing to

invest in equity shares in science or technology compa-

nies. Perhaps the most far-reaching consequence of this

belief, however, is that, as a society, Americans set up

institutions that support innovation—a patent system,

regulatory agencies, and laws on licensing and contracts,

to name the most important. And it doesn’t stop there.

The American confidence in R&D translates directly into

behavior—Americans tend to adopt new technologies

much more rapidly than the citizens of other countries.
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A CENTURY OF PROGRESS

T
he 20th century saw vast advances in science and technology, in-

cluding Einstein’s general theory of relativity, telephones, radio,
antibiotics, television, moon landings, mainframe and personal

computers, and the Internet (see Figure 3–1). These achievements have

not been relegated to the pages of scholarly journals or the basements
of research laboratories—most have produced, directly or indirectly,

technologies and products that Americans use today.

POPULAR SUPPORT

T
he contribution of science and technology is widely appreciated by
the American public, as confirmed in a variety of attitudinal studies

by the Pew Research Center, the National Science Foundation, and

the National Opinion Research Center, among other organizations.

Greatest Achievements

A recent survey conducted by the Pew Research Center asked people to

name America’s greatest achievements in the 20th century. More than
40% of those surveyed named an event or a concept from the world of

science and technology (see Figure 3–2 on page 26).

The Future: A Better Place

Americans also place great confidence in science and technology for

making a better future. The Pew Millennium Survey asked people to de-

scribe the role they thought several key institutions or domains would
play in the future—major, minor, or none. Nearly 90% of respondents

said science and technology would play a major role—making it the high-

est ranked institution or domain (see Figure 3–3 on page 26). Medical
advances (largely based in science and technology) placed second at 85%.

Schools and universities were third with 79%.

It is interesting to note that schools and universities scored so high at a
time when our school systems are coming under widespread criticism.

Perhaps the explanation is that it is human nature to pin great hopes on

both education and children to make the world better. But perhaps an-
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Figure 3–1
Science and Technology Milestones of the 20th Century

Source: www.pbs.org/wgbh/aso/databank/eventindex.html
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Planck’s quantum nature of energy (1900)

Ehrlich finds cure for syphilis (1909)

Einstein’s general theory of relativity (1915)

Banting and Best isolate insulin (1922)

Fleming discovers penicillin (1928)

Nylon is invented (1935)

First atomic bomb detonated (1945)

Salk produces polio vaccine (1952)

Lasers produced (1957)

First human heart transplant (1967)

Commercial microprocessor introduced (1971)

First cell phone sold (1979)

First Space Shuttle mission (1981)

Antidepressant Prozac (1987)

Dolly, first cloned sheep, is born (1996)

Transistor is invented (1947)

Watson and Crick describe DNA structure (1953)

Packet-switching invented (1964)

Apollo astronauts land on moon (1969)

Personal computer industry begins (1975)

IBM introduces first PC (1981)

HIV indentified (1984)

Internet gives rise to World Wide Web (1992)

Marconi receives radio signal over Atlantic (1901)

Ford installs first moving assembly line (1913)

Electric consumer appliances escalate (1920)

Television is developed (1926)

Lawrence invents the cyclotron (1931)

ENIAC, first programmable computer (1945)
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Figure 3–2
America’s Greatest Achievements Spawned by Science
(Percent who listed achievement in … area among America’s greatest
achievements during the 20th century)

Source: Pew Research Center, Millennium Survey, 1999.

Source: Pew Research Center, Millennium Survey, 1999.

Figure 3–3
The Keys to Making the Future Better
(Percent who said … would have a major role in making life in America
better in the future)
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other reason is that schools and universities, for all their imperfections,

also produce the very scientists and engineers who conduct vital research
and help move it into the marketplace in the form of popular products.

The notion that science and technology can improve our lives is not

only strong today, but it has been growing stronger for some time. The
National Science Foundation surveys over the years have found that an

overwhelming (and increasing) majority of Americans have consistently

agreed that “science and technology are making our lives healthier, easier,
and more comfortable” (see Figure 3–4).

High Marks for the Scientific Community

Since the days of the Vietnam War and Watergate, Americans have dem-
onstrated increasing skepticism about the leaders of many of our major

societal institutions. For example, confidence in the leaders of education,

the federal government, and the mass media has declined significantly

Figure 3–4
Science and Technology Are Improving Our Lives
(Percent who agree that “science and technology are making our lives
healthier, easier, and more comfortable”)

Source: National Science Foundation, Science and Engineering Indicators, 2000.
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(see Figure 3–5). Even the once venerated medical institution has seen a

dramatic drop in confidence in its leaders in the past few decades. How-
ever, the scientific community has not suffered a similar decrease in con-

fidence. It has remained in second place for more than two decades. About

40% of the public has consistently responded that they have a “great deal
of confidence” in the leaders of the scientific community.

Scientific Understanding Is High

We often hear how poorly American students perform in science and math
compared to students in other countries. The most recent international

study shows that American eighth-graders fall slightly above the average

for 38 countries, but significantly behind several countries in Europe and
in Asia (see Table 3–1).

At first glance, this survey looks like bad news for science knowledge

in the United States. This isn’t actually the case, however. Although Ameri-

Figure 3–5
Confidence in Scientific Community Is High and Steady
(Percent who say they have “a great deal of confidence” in the people running … institution)

Source: National Opinion Research Center, General Social Survey, various years.
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Source: TIMSS 1999 International Science Report: Findings from IEA’s Repeat of the Third
International Mathematics and Science Study at the Eighth Grade, 2000.

Table 3–1
American Eighth-Graders Fall in the Middle
(Average score relative to the U.S. score on Third Annual Mathematics
and Science Study-Repeat [TIMSS-R] science assessment, 1999)

Score significantly
higher than U.S.

Chinese Taipei

Singapore

Hungary

Japan

Republic of Korea

Netherlands

Australia

Czech Republic

England

Finland

Slovak Republic

Belgium-Flemish

Slovenia

Canada

Score not significantly
different than U.S.

Hong Kong SAR

Russian Federation

Bulgaria

United States

New Zealand

Latvia

Score significantly
lower than U.S.

Italy

Malaysia

Lithuania

Thailand

Romania

Cyprus

Moldova

Macedonia

Jordan

Iran

Indonesia

Turkey

Tunisia

Chile

Philippines

Morocco

South Africa
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can students lag behind some of their peers in middle school, by adult-

hood Americans score very well, coming out at the top of the list in scien-
tific understanding (see Figure 3–6).

Several factors could be at work here. First, overall educational achieve-

ment is higher in the United States than in the rest of the world and a
much higher percentage of the population attends at least some college.

Second, U.S. universities are far more likely to impose general education

requirements on their students than universities in Europe or Japan. This
means that regardless of degree objectives, most U.S. college students

are required to take at least one or more years of college-level science.

Third, it could be that formal scientific training is enhanced in the United
States by the informal opportunities for learning about science afforded

by the prominent place that scientific and technology issues receive on

Figure 3–6
U.S. Adults Lead in Scientific Understanding
(Mean score on Index of Scientific Construct Understanding)
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TV and in the press, as well as the wide range of opportunities for learn-

ing about science through zoos, aquariums, museums, magazines, public
libraries, and the World Wide Web.

Interest in Science Is Higher

Adults in the United States not only score higher in scientific understand-
ing than adults in Europe and Japan, but they also are more interested in

science and technology issues. The National Science Foundation and other

groups have conducted surveys to measure the public’s attentiveness
toward science issues (expressing a high level of interest about a scientific

issue and feeling well informed about it) and interest in them (expressing a

high level of interest in an issue but feeling not so well informed about it).
International comparisons show that about 10% of adults in the United

States can be considered “attentive” to science issues, a share similar to

Europe and Japan, but that a much higher percentage of U.S. adults can be
considered “interested” (see Figure 3–7). Attentiveness and interest both

Figure 3–7
Americans Most Interested in Science Issues
(Percent of adults in each region who are members of the “attentive
public” and “interested public”)

Source: J.D. Miller, R. Pardo, and F. Niwa. Public Perceptions of Science and Technology.
Chicago: Chicago Academy of Sciences, 1997.
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increase with education in all three regions, reaching 74% of college gradu-

ates in the United States compared to 58% and 29% in the European
Union and Japan, respectively.

Benefits of Science Outweigh the Harm

Most scientific advances bring both benefits and negative effects—or at
least the prospect of negative effects. For example, vaccines protect mil-

lions of people from disease, but a few people get ill or die from them.

And the Internet has brought information, community, and convenience
to much of the wired population, but some people have experienced fraud,

theft, and a loss of live social connections.

When asked to weigh the benefits of science against its possible harmful
effects, Americans come down overwhelmingly on the side of the ben-

efits. In 1999, the National Science Foundation survey found that 74% of

all adults agree that the benefits of science outweigh any harmful ef-
fects—up from 68% in 1985 (see Table 3–2). This belief is even stronger

for people with more education—90% of college graduates agree, com-

pared to 50% of people with less than a high school diploma.

Table 3–2
Benefits of Science Outweigh the Harm
(Percent who agree that “the benefits of science are greater than any
harmful effects”)

Source: National Science Foundation, Science and Engineering Indicators, 2000.

1985 1990 1995 1999

All adults 68 72 72 74

< High school 41 49 48 50

High school 73 76 74 78

College 90 90 90 90
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AMERICANS SUPPORT RESEARCH

A
s suggested by these surveys, Americans think that science has

produced our greatest achievements and will make the future
better. Americans’ interest in and understanding of science are

both high, and they believe that the benefits of science outweigh possible

harm. But are Americans willing to put their money where their mouths
are in support of R&D? As it turns out, they are.

Indeed, basic research, the key to innovation, enjoys wide support

from the American public. When asked if the federal government should
support basic research, about 80% agree it should (see Figure 3–8). Even

more remarkable is that the percentage that strongly agrees has increased

sharply in the past 15 years.
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Figure 3–8
Wide Support for Federally Sponsored Research …
(Percent who agree that “even if it brings no immediate benefits,
scientific research which advances the frontiers of knowledge is
necessary and should be supported by the federal government”)

Source: National Science Foundation, Science and Engineering Indicators, 2000.
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As we have seen with most other measures of public attitudes toward

science, support for federally sponsored research increases with educa-
tion—90% of people with a college degree support such federally spon-

sored research (see Figure 3–9).

AMERICANS USE THE FRUITS OF RESEARCH

A
mericans express their attitudes by means of their behavior. And
Americans’ behavior suggests that in the last century Ameri-

cans have clearly adapted to new technologies faster than the

citizens of other countries. As evidence we cite the penetration rates of
three technologies over the course of the 20th century: automobiles early

in the century, televisions at mid-century, and PCs late in the century. In

each case, penetration rates in the United States were markedly quicker
per capita or household than in other countries (see Figure 3–10).

Figure 3–9
… And Support Increases with Education
(Percent who agree that “even if it brings no immediate benefits,
scientific research which advances the frontiers of knowledge is
necessary and should be supported by the federal government”)

Source: National Science Foundation, Science and Engineering Indicators, 2000.

Percent

Agree

Strongly agree

0 20 40 60 80 100

Postgraduate

College

High school

< High school



Corporate Associates Program  ◆  Institute for the Future 35

Chapter 3

The American Public Supports R&D

Source: U.S. Census Bureau; B.R. Mitchell. European Historical Statistics. New York:
Columbia University Press, 1978.

Figure 3–10
Technology Penetration Rates Higher in the United States
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The penetration rates for many other consumer technologies, such as

radios, refrigerators, washing machines, dishwashers, and microwave
ovens, would look the same, as they would for new medical devices and

pharmaceutical products as well. The exceptions to the rule—such as

mobile telephones and high-speed trains—usually indicate the success of
a relatively sophisticated installed base of existing products. In general,

American consumers tend to experiment with and adapt to new products

faster than consumers in other countries.

CONCLUSION: U.S. PUBLIC SUPPORT

MEANS MORE AND BETTER R&D

S
ince public attitudes and opinions play an important role in R&D,

it’s no wonder the United States has been so successful. The Ameri-

can public’s support of the federal government’s efforts in basic
research is extremely strong. Especially important is the broad public sup-

port for a federal role in sponsoring research in the universities. Indeed, it is

just this government support that makes most large U.S. universities the
huge, world-renowned independent research centers they’ve become.

American consumers also support R&D more directly, by experiment-

ing with new products and adopting them quickly when they fill a need.
This potential for large, quickly responding markets supports both large

research-intensive companies and small entrepreneurial firms. It also

means that, based on the future promise of innovative products likely to
find a receptive market in America, investment banks and venture capital

firms are willing to invest in such technologies long before they make it

to the marketplace. As a result, the American public itself helps reduce
the risk profile of new and innovative products, and contributes directly

to the strength of the United States’ R&D-driven economy.
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NEW MECHANISMS FUND R&D

O
ne of the main drivers of the rapid growth in

R&D spending in the United States in general,

and of the R&D sector’s shift to more industry-

sponsored research, more research in smaller firms, and

more basic research in particular, has been the rapid ad-

aptation of the financial markets to emerging opportuni-

ties in the R&D sector. In other words, new funding sources

and mechanisms arise in the R&D sector as needed, and

then become a permanent part of the system.
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THE VENTURE CAPITAL MARKET EMERGES

T
he best example of financing that arose at just the right time is the

venture capital market, which exploded in size and impact in the
late 1990s. Venture capital firms raise money to fund promising start-

ups in the early phases of development, usually before they’re ready for the

marketplace. Most firms that receive venture capital funding are trying to
package a clearly defined idea for the application of a technology to a con-

crete business problem or a market need. These start-ups offer the promise

that, with a substantial dose of funding, they can bring the idea successfully
to market.

Venture capital funding grew from about $10 billion in the mid-1990s

to more than $65 billion in 2000 (see Figure 4–1). A large portion of this
funding went into tech-based start-ups—small entrepreneurial firms push-

ing a single idea based on an innovation in science or technology. About

60% of the funds went into one of two areas: information and communi-
cations technologies or biotech.

Figure 4–1
The Explosion of the Venture Capital Market
(Billions of dollars)

Source: PricewaterhouseCoopers Money Tree
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IPOS SUPPORT THE VENTURE MARKET

A
 venture capital firm provides funding to entrepreneurial start-

ups in exchange for an equity position in the company. But the
venture group—which specializes in assessing high-risk oppor-

tunities—has little interest in keeping its capital tied up for any length of

time, so it is always on the lookout for a means of “cashing out.” One of
the most popular means is taking the company public—selling equity

shares in the stock market. Thus arose the importance of the initial public

offering (IPO).
The rise of the Nasdaq market, which accepted smaller companies

with somewhat less rigorous standards than the New York Stock Ex-

change, made it easier for smaller venture firms to take their start-ups to
a wider public market, and thus enabled them to cash out. The welcome

acceptance of the new start-up firms by science and tech-oriented mutual

funds—and thus the general investing public—completed the circle.
As a result, the IPO market grew strongly throughout the 1990s and

remained substantially higher than the venture capital market throughout

that period (see Figure 4–2).

Figure 4–2
Solid Growth in IPOs
(Billions of dollars)

Source: Jay Ritter, University of Florida; Securities Data Corporation.
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The phenomenal enthusiasm about Internet-related companies spurred

the venture capital and IPO booms in the late 1990s. Approximately 80%
of all venture capital distributed in 2000 was invested in firms that were

active participants in the Internet. The communications and networking

sector, for example, experienced a fourfold increase in venture capital
investments between 1998 and 2000. Funding for the software industry

jumped fivefold and doubled for life sciences (see Figure 4–3).

OTHER SUPPORTING MARKET PLAYERS EMERGE

T
he venture capital and IPO markets were only the most publicized
manifestations of a much larger market sector growing during the

1990s—the channeling of private investment funds into R&D-based

firms. This larger market sector had many smaller components. Many
venture capitalists, for example, came to specialize either in firms in a

particular region or those selling a particular type of technology. Others

wanted to be initial investors at the earliest stages of innovation, while
still others only worked with consortia of other venture firms as they

began to develop products and bring them to market. Some wanted to

Figure 4–3
Market Focused on a Couple of Areas
(Percent of total venture capital investments, 2000)

Source: PricewaterhouseCoopers Money Tree
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provide just the funding, while others had a cadre of managers and mar-

keters who could actively help a start-up move toward the market.
Even before the more formally organized venture capitalists came on

the scene, individual investors, so-called “angel investors,” often pro-

vided seed money at the very earliest stages of an idea’s development.
Other pools of investment funds—private equity firms—cropped up to

play a more prominent role. These funders contribute to equity participa-

tions only with other investors; they do not attempt to play a role in start-
ing or managing a venture as venture capital firms do, but rather leverage

the capital of a venture firm as silent partners. Also, traditional invest-

ment banks began to set up venture funds within their operations and
were able to bring much larger resources to bear on the start-up market

than the smaller venture capitalists. And once the mania for mergers and

acquisitions took hold, larger firms looking for high-tech plays were able
to gobble up start-ups at almost any stage of their operations. Usually,

however, they waited until after there was some public equity holding

that placed a market value on the company (see Figure 4–4).

Figure 4–4
Emerging Financial Players All Along the High-Tech Start-Up Spectrum

Source: Institute for the Future
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FACING THE END OF THE BOOM

T
he venture capital market proved susceptible to boom-and-bust

cycles, however. As many of the high-flying dot-coms failed to gen-
erate a profit or build a credible business plan that would get them

to profit in a short time, their value on the market dropped sharply. With-

out the real or potential support of stock shares, venture capitalists be-
came less eager to fund untested technology-oriented firms.

As a result, by the beginning of 2001 the venture capital market was

operating at an annual rate of less than $50 billion (see Figure 4–5).
IPOs also dropped off significantly at the end of 2000. In the fourth

quarter of 2000, only $15 billion was raised in a total of 56 IPOs, compared

to $23 billion and 133 IPOs in the previous quarter. And only one year
earlier, in the fourth quarter of 1999, IPOs had raised more than $47 billion.

Figure 4–5
The Big Market Shift
(Venture capital investment per quarter, in billions of dollars)

Source: PricewaterhouseCoopers Money Tree; Institute for the Future estimate.
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VENTURE CAPITAL AND INNOVATION

H
ow important is venture capital in supporting a healthy R&D

and innovation environment? The National Bureau of Economic
Research conducted a study to examine just that relationship.

The study determined that there is a strong correlation between the amount

of venture capital in an industry and its rate of patents (patents being a
good proxy for innovation). The study estimates that venture capital-

backed R&D is responsible for about 15% of all industrial innovations,

while it accounts for only 3% of total R&D funding. While there is much
more research to be done on this subject, it is clear that venture capital

has come to play an important role in spurring the innovative R&D that

propels the U.S. economy.

CONCLUSION: NEW R&D FINANCING

MECHANISMS ARE HERE TO STAY

M
arket mechanisms that support new technological solutions

surged during the 1990s, and more and more money became

available to fund the 30-year-old wave of the information revo-
lution. The manifestation that caught the public’s imagination was the

Internet, which literally brought the information and communications

revolution home to the public. Financial and business productivity appli-
cations came of age during the 1990s as well, in the form of electronic

payment systems, consumer databases, inventory control systems, just-

in-time logistics, and customer relationship systems.
The excitement of entrepreneurial growth brought venture capitalists

into high-risk R&D funding. As the rewards for funding these innova-

tions grew, a number of other players entered—angels, a greater variety
of venture funds, private equity funds, and investment banks. Although

the recent stock market downturn will discourage many of these funders,

the diversity of formats and the wide dispersion of risk-based opportuni-
ties will provide a permanent means of funding R&D. Once the market

and economy settle down, look for this market to continue to operate

effectively in the longer term to channel funds to entrepreneurs with
marketable new ideas.
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THE UNITED STATES PROTECTS INNOVATION

R
&D doesn’t succeed in a vacuum. As we’ve

seen in previous chapters, certain drivers have

been responsible for creating an excellent

environment for R&D in the United States. Research has

shown that R&D works best in countries, like the United

States, that reward innovation by protecting intellectual

property rights, primarily by means of patents. Patent

and copyright protections grant the inventor of a tech-

nology or an idea the monopoly use of the invention as

long as it can be shown to be distinctly different from

others in the public domain. Such protection is granted

for a given period of time; for patents it is usually 20 years

after the application is filed.

International studies have shown that countries with

the highest economic growth rates also have the high-

est standards of intellectual property protection—that is,

the longest periods of protection, the broadest ranges of

products covered, and treaties that ensure equal treat-

ment for companies and individuals from other countries.
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But protection alone is not the end-all and be-all of an effective intel-

lectual property system. There is a critical dilemma in the question of
how much protection to provide—too little protection reduces the incen-

tives for investing time and money in discovering new ideas; too much

discourages effective competition and can slow the spread of useful ideas
to the rest of society. The goal of an effective patent system, then, is two-

fold: to reward the developer of an idea to the point where more people

are willing to spend time developing such ideas; and to encourage an
orderly dissemination of ideas others might use in their own inventions.

Balancing the protective monopoly against the open sharing of ideas

is especially problematic in high-tech R&D, where small-scale improve-
ments can make a big difference in market applications. In recent history,

this has been the case in the computer, software, database, and biotech

industries, which involve what we call the “fast-evolving technologies.”
These fast-evolving technologies have achieved tremendous growth

in the past couple of decades, as well as huge commercial success. Be-

cause of their growing role in R&D and their importance in the economy
as a whole, it is particularly instructive to examine the intellectual prop-

erty issues concerning them. The three most important are:

• A myriad of different parties, all with different interests and claims on
intellectual property, are involved in taking infotech discoveries from

concept to market.

• The U.S. intellectual property system both protects ideas and eases
their diffusion to other potential users.

• A wide range of cooperative practices has grown up in the infotech

industries to deal with potential areas of conflict and to disseminate
intellectual property even more effectively to those who need it most.

Countries with the

highest economic

growth rates also

have the highest

standards of

intellectual property

protection.
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MANY PEOPLE, ONE INNOVATION

T
he fast-evolving technologies sector has been growing more quickly

than any other part of the economy in recent years. And because the
technologies are so complex, they involve a much wider range of

participants at any given stage of development than most—participants

all interested in holding some rights to the intellectual property.
One reason for this desire to retain rights is that the results of each

innovation are truly uncertain—much more so than for R&D investment

in more mature economic areas, like the auto industry, where the pace of
innovation is more incremental and the potential impacts can be more

clearly understood. In the auto industry, for example, where R&D on

engine efficiency has been going on for a hundred years, innovations can
be more clearly anticipated in both the likelihood of a given technology

coming on-stream and the size and scale of its impacts on marketable

products. But in the newer fast-evolving technology industries, the im-
pacts of each round of innovation spawned by a new breakthrough—the

PC, the Internet, mobile communications, the Human Genome Project—

chart new ground into an uncertain market. Businesses simply cannot
assess with certainty the full range of applications, new products, ser-

vices, and markets that might emerge from a given innovation. Indeed, it

took decades before businesses could adapt their organizational struc-
tures to take advantage of some of the enterprise and supply chain adap-

tations of the networked PC; and it took years for businesses to begin

building applications that were able to make harnessing the home PC
and the Internet a good business proposition. Because innovation in many

of these fast-evolving technology areas is much more complex, a wider

range of players can take credit for at least some part of the process. And,
naturally, all of them want to participate in the rewards, which can be

very significant for the most successful products. As a result, the rela-

tionships among these players can be complex and difficult to manage
(see Figure 5–1 on page 48).

Balancing the

protective monopoly

against the open

sharing of ideas is

especially problem-

atic in high-tech R&D.
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Figure 5–1
The Key Players Along the Innovation Spectrum

Source: Institute for the Future
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If innovations are ever to reach the marketplace, however, let alone

succeed there, these players along the spectrum must know their roles
and be able to work with the others up and down the line.

The Inventors

In the world of the fast-evolving technologies, there are many inventors,
and for good reason. As scientific research becomes more complex, col-

laboration is essential, but ownership of ideas becomes increasingly fuzzy.

Let’s look at some examples when:

• Individuals are part owners. Ideas are no longer singular, even in

academia. In biomedical research, for example, rarely does one per-

son know enough to advance the science. Each researcher can lay claim
to part of the invention. And, as monetary rewards for ideas go up,

more academics are interested in getting credit for that idea.

• Universities want to own their interest. Universities have an interest
in generating core patents for academic scientific research. Because

the federal funding of science programs at universities has not kept

pace with their size, more universities are encouraging researchers to
take out patents, sometimes in the name of the individual but often in

the name of the university. In this way, the universities can earn money

from their discoveries and become more self-supporting. Since most
scientific papers have multiple authors, a growing number of patents

have complex ties with universities, individual academics, and even

private industry.

• Companies must draw on a wider purview. Most of the marketable

inventions in fast-evolving technologies are made by combining more

than one innovation—a hardware device, a chip, a software program,
or an applications process, for example. The marketable product may

draw on work from many disciplines, each with its own technologies,

and each protected by its own patents. This situation creates spirals of
overlapping “inventors,” each of whom can justifiably claim some

rights to the market innovation.
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The goal of each of the inventors is not only to keep title to his or her

own innovation and gain financial compensation and prestige from that
achievement, but also to participate in the success of the larger project.

Under the law, each can potentially play a role in any commercial appli-

cations of the project as a whole.
As a result, we increasingly see disputes among academics over own-

ership of a critical idea, as in the recent bitter battle between Robert Gallo

of the National Cancer Institute and Luc Montagnier of the Pasteur Insti-
tute over the AIDS virus. Although both shared a sample of infected virus

developed at the Pasteur Institute, they conducted their work indepen-

dently. This made the dispute over rights terribly complex. The final reso-
lution involved governments, the research institutes, the sequence of

reporting in scientific journals, and, of course, ultimate credit in prizes,

prestige, and patents.

The Investors

Since it is uncertain how any given innovation will be accepted in the mar-

ketplace, investors in fast-evolving technologies take on high risks. These
investors are rightly concerned about the ownership and control of the in-

novation they are asked to fund. Investors include venture capitalists giv-

ing seed money, investment banks helping a company go public, and the
investing public purchasing shares in mutual funds. The investors’ goal is

to receive compensation equivalent to the risk they have underwritten.

The cost of developing, marketing, and distributing a product can be
very high. At the extreme, the cost of launching a new pharmaceutical

product (including the clinical testing and government approval process)

can be more than $100 million. With costs like these, all of the investors
expect clear rights to the benefits of commercialization.

The Companies

The companies are at the center of the action. They see the commercial
possibilities of an innovation and have the vision to transform the idea

into a product or service people want. The companies’ goal is to make

money by spending the necessary resources and time to create the market
conditions that enable them to distribute the innovative product as widely
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as possible. To ensure a return on their market-building investment, the

companies need to get control of the innovation; to this end, they either
buy the patent from the inventor or license it.

To do so, they put together an organization that can take that idea and

turn it into a product, produce it in scale, advertise it, build and maintain
a market for it, and distribute it to the public, all while keeping costs low

enough to make a profit.

The Public

The public has an interest in innovation as investors, but also as consum-

ers and workers. The public understands the value of innovation—it leads

to better products, better jobs, and a better quality of life. As we saw in
Chapter 3, nearly 90% of the public supports science and feel that sci-

ence and technology will improve the quality of life in the future. As

consumers, the public wants a continual influx of new products. The
public’s goal is to make sure that innovation will continue at a high rate.

The Government

The government in the United States plays several roles in R&D. First, it
shares the public’s view that innovation is good, and thus it attempts to

balance the interest of all the parties in fostering ideas and ensuring the

dissemination of innovation. To this end, the U.S. government provides
patent and copyright protections that are particularly strong in intellec-

tual property, compared to those of other developed countries. For ex-

ample, patent protection in the United States is extended beyond products
to include living organisms (such as plants) and software. The United

States does not force patent holders to license their ideas, and it gives

patent holders an extended period to use their inventions. To achieve the
best atmosphere for innovation, the government is constantly revising

patent and copyright laws and its own role in the patenting process. The

U.S. government also is working through the World Trade Organization
to increase patent and copyright rights around the world. Courts also

play a key role in constantly reinterpreting the extent and degree of in-

tellectual property protection.
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Second, the U.S. government acts to maintain a healthy infrastructure

for innovation. It funds much of the training of scientific researchers and
still provides direct funding for much of the basic research done in the

country (though the private sector is taking on more of this funding, as

discussed in Chapter 1). In the 1980s, the executive branch and Congress
made an explicit endorsement that universities and other public research

agencies should act to protect their own patentable ideas but also to keep

them in the public domain so they could be used as widely as possible.
Congress ruled that publicly funded research programs could hold patents

on their ideas but that they had to be licensed on a nondiscriminatory basis.

Congress also mandated that federally funded research labs enter into co-
operative agreements with private businesses to conduct joint research.

The government’s goal is to foster the highest-quality science and tech-

nology in the world, to protect the rights of the inventors, and to ensure
the widest dissemination of ideas possible.

THE INTELLECTUAL PROPERTY SYSTEM:

TOOL OF COOPERATION, NOT EXCLUSION

T
he intellectual property laws drive the relationships among the vari-

ous players who bring a product from idea to market. But the laws
themselves are limited in what they can do. It is in the cooperation

among the various parties that the best environment for innovation

is created.
To work, intellectual property rules must be firm enough to protect the

rights of each player and flexible enough to encourage a continual flow

of ideas to a variety of people who work to build innovative products. In
the United States—at least in the fast-evolving technology areas—play-

ers have developed unique ways of spreading innovative ideas by lever-

aging the U.S. system of patent and copyright protection.
Patents and copyrights do different things. Patents provide an exclu-

sive right of ownership to the commercial use of an idea. Any novel idea

that has commercial potential is eligible for a patent, which can be en-
forced against any other use of that idea. Article 1, Paragraph 8, of the

U.S. Constitution states that Congress shall have the power “to promote

It is in the coopera-

tion among the

various parties that

the best environ-

ment for innovation

is created.
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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.” As one of its very first acts, then, Congress set up a strong

patent system with a 20-year period of exclusive use protection.

In contrast to patents, copyrights are based on the originality of an
idea (if someone comes up with the same idea through his own creative

process, he has the right to use that idea). Copyrights are usually pro-

tected for a shorter period of time, and the holder must bear the burden of
proving misuse. Damages are limited.

Balance of Powers

The goal of intellectual property protections is not to restrict use—rather,
the goal is to allow the author/inventor to benefit from innovation’s use.

In fact, it is only with the widest possible use of the innovation that the

author/inventor gains either prestige or financial reward.
The intellectual property system does pose some threats to dissemina-

tion, since each use must be approved separately. The administrative bur-

den of monitoring use in this way seems to pose particular problems in
the fast-evolving technology areas. In these areas, there are many cases

where collaborative research has produced the innovation and many ba-

sic inventions must be used all together to develop a commercial idea.
Take an example like biotech. According to a recent article in the journal

Science, there are no effective substitutes for some biomedical discover-

ies such as patented genes or receptors. Patents for such things may ex-
clude rivals from building on earlier inventions because they “may not

be able to invent around patents in research aimed at understanding the

genetic bases of diseases as they occur in nature.”
But there are many forces that help to encourage the full use of pat-

ents. As the market comes to buy more innovative products, the potential

value of a marketable patent rises. As patents take on higher economic
value, inventors in the United States have found a growing number of

ways to share their innovations with others for the benefit of all: by de-

veloping those ideas into marketable products; by forming ventures with
partners; by selling their patent to others who can market them; by col-

The goal of

intellectual property

protections is not to

restrict use—rather,

the goal is to allow

the author/inventor

to benefit from

innovation’s use.
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laborating with other patent holders who can enhance the value of the

invention; or by licensing the patent to third parties (see Figure 5–2).

Order in the Courts

The constitutional basis of the patent law focuses on the economic pre-

cepts of progress rather than strictly on the notion of protecting property.
In many continental European countries, however, courts follow civil

laws, leaving judges only the leeway to interpret what the legislature has

written. In the United States, however, where the courts are based on
common law, judges have more freedom to treat each case as a unique

application and to apply the body of accepted rulings, which allows judges

to use a wider range of information for each case. This freedom lets judges
utilize economic arguments to foster dissemination in the light of the

general goal of promoting the progress of science. The U.S. system thus

encourages the use of royalties and licenses as a means of dissemination
that benefits both the author/inventor and the rest of society.

Tracking recent legislative and legal action shows the continual inter-

play between strengthening protection and fostering competition and dis-
semination. Congress, the Patent Office, and the courts have extended

basic patent and copyright protections in two areas that directly affect the

new information economy—software and the Internet. As software has
become a key component of new business application areas, it has be-

come more valuable. Traditionally, software has been protected under

the more lenient copyright laws rather than patent laws because programs
evolve so fast that the patents would be useless before the 18-month to

two-year approval process was completed. But as the economic value of

software rose, the Patent Office began to treat software as a separate cat-
egory and hired staff to assess innovations and contributions to business

applications. The greater valuation of software and the friendlier atmo-

sphere at the Patent Office increased the flow of software applications.
The number of software patents jumped sixfold during the 1980s and

fourteenfold during the 1990s, rising from around 250 in 1980 to 24,000

in 2000.
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Figure 5–2
Dispersing Knowledge Among Interested Parties

Source: Institute for the Future
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In the meantime, the courts have been seeing more intellectual prop-

erty–related cases and ruling in favor of intellectual property protection
online. Recent court cases involving Amazon and Napster captured the

courts’ attempts to set strong protective rules for intellectual property.

The Amazon case (1999) reinforced Amazon’s control over a software
application that reserved purchases in a shopping cart. The Napster case

(2000) ruled that the song-swapping service had to protect access to copy-

righted material made available on its site.
Congress has also shown some limits on how far it would push for

increased protection. Following a Supreme Court decision that limited

the copyright protection of factual databases (Feist v. Rural Telephone

Service, 1991), a bill was introduced to protect such rights. But there was

a coalition of interested parties, such as libraries and news services, that

opposed restrictions on such databases, and Congress ultimately shied
away from passing the bill.

BEYOND PATENTS: MAXIMUM COLLABORATION

P
atent laws and market opportunities seem to work to disseminate

innovation throughout the system. But it isn’t easy. Older compa-
nies and organizations have had to adapt to new ways of building

collaborative partnerships, and a number of new organizational forms

have been designed to make the system work.
When large firms dominated R&D, those firms relied on a traditional,

vertically integrated model with in-house R&D feeding directly into

departments adept at testing, meeting regulatory approvals, and market-
ing the end product. With more innovative ideas coming from smaller

firms today, however, increased collaboration and strategic alliances are

emerging to help get new products and services to the market. Even large
firms are looking to external partnerships to foster productive R&D.

For example, the biotechnology and pharmaceutical industries have

realized the potential for cooperative relationships between start-up biotech

Firms that demon-

strate an ability to

successfully build

and maintain

cooperative rela-

tionships, or that can

learn how to

collaborate well,

have a distinct

market advantage.
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firms, large pharmaceutical companies, and university researchers. Large

pharmaceuticals seek start-ups with innovative technology and research;
small biotechnology firms rely on the large pharmaceutical companies

for marketing and clinical trial skills; and universities frequently license

patents to corporations for commercial development. Recognizing the
value of collaboration with external partners is crucial to many of the

innovations in this industry.

As Robert Merges, a law professor at the University of California at
Berkeley, has pointed out, there is now “a dizzying array of organization

forms” to help companies bring ideas to market. These include joint ven-

tures, R&D partnerships, corporate venture capital arrangements, spin-offs,
start-ups, licensing, cooperative efforts with government agencies, and

outsourcing. Most large research-intensive firms are accepting the prin-

ciple that they can no longer do it alone and that they have to cooperate
with companies that may be competitors in other markets. In this way,

intellectual property rights in the fast-evolving technology industries are

redefining the very boundaries of firms themselves. Firms are being forced
to work together as never before. The ones that demonstrate an ability to

successfully build and maintain cooperative relationships, or that can learn

how to collaborate well, have a distinct market advantage.
Several clear trends are emerging. For one, lawyers are becoming key

facilitators—they are helping companies, both big and small, sort through

the variety of opportunities and mechanisms to get maximum value out
of collaboration. Indeed, according to the latest occupational employ-

ment reports from Silicon Valley, lawyers rank as one of the fastest-grow-

ing occupations in tech-intensive industries.
Perhaps the best way to build a collaborative model, however, is to

have a wide variety of organizations in close proximity that have had

positive experiences with collaboration. In this regard, Silicon Valley bears
special attention (see text box on page 58).
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L
arge numbers of fast-evolving high-
tech enterprises exist side by side in
Silicon Valley, but there are no gi-

ant, dominant players able to set the tone
or establish preeminent rules. As a result,
no single company has exclusive claims
on many ideas, or even people. In fact,
one of the keys to disseminating intellec-
tual property in the Valley is the mobility
of people among firms. For instance, the
processor revolution really got under way
in the Valley when the “Traitorous Eight”
walked away from William Shockley’s
eponymous company, Shockley Semicon-
ductor Laboratory, in 1957 and founded
Fairchild Semiconductor. The group of
eight (Rob Noyce, Gordon Moore, Jean
Hoerni, Gene Kleiner, Jay Last, Sheldon
Roberts, Victor Grinich, and Julius Blank)
included the future founders of Intel and a
range of other electronic component firms
that formed the basis of the first great Sili-
con Valley revolution. The movement of
people fosters the interchange of ideas. It
has also made it easier for a later genera-
tion of Valley firms to establish licenses and
agreements for sharing those ideas in new
innovative products.

Silicon Valley has also developed its
own form of financing for the fast-evolving
high-tech industries—the venture capital-
ists mentioned in Chapter 4. Small, local
venture capital firms found that they could
assess the risk of small start-up firms as
long as the intellectual property rights were
clear and the legal route to using those
ideas for collaborative agreements with
larger firms were clearly demarcated in
the thicket of IPOs, mergers, buyouts, and
collaborative joint ventures.

It is this rich and varied experience—
very personal and a part of the Silicon
Valley legend—that has helped create a
culture of collaboration in which even fail-
ures do not inhibit attempts to try again.
Thus, licensing is facilitated by the gen-
eral ethos of the Valley—where academ-
ics, entrepreneurs, large firms, lawyers,
and venture investors all understand the
rules of the collaboration game. Often, col-
laboration starts even before the formal
licensing agreement is completed. Repeat
players make the process of licensing work,
since in the long run, if not in each par-
ticular case, everyone does well.

THE SILICON VALLEY STORY
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CONCLUSION: COOPERATION MEANS GROWTH

I
n the last decade or so, the United States has put together an exem-

plary intellectual property system that works well to bring products to
market. The U.S. system provides strong protection for new ideas, but

it also enables the development of collaborative institutions that help dis-

seminate those ideas to the enterprises that can use them most effectively.
The collaborative system works because of many formal and informal

cross-cutting arrangements from colleague to colleague, company to com-

pany, industry to industry, sector to sector, and so forth. This type of col-
laboration works best within innovation clusters such as Silicon Valley,

where a wide range of experience with collaboration is shared across

academic, entrepreneurial, and large research-based enterprises with a
network of experienced lawyers, managers, and investors.

The institutional forms of R&D collaboration that have grown up in

the United States, and particularly those in the areas of intense research
activity, will be essential for future growth, since such R&D collabora-

tion not only fosters innovation but also draws long-term investments

into R&D. These long-term investments will ensure that these new forms
of collaboration will continue to find markets for the next wave of inno-

vative products. As these types of cooperative arrangements become in-

creasingly international, the U.S. model for an intellectual property system
that is firm but flexible will become more and more useful worldwide.
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U.S. R&D SPENDING LEADS THE WORLD

T
he United States stands apart from its international

peers in R&D spending for a number of reasons. It

spends more on R&D; it has invested more of what

it spends on high-tech equipment; and it puts more

money into new research-oriented companies. In addi-

tion, at least for the past decade, U.S. spending on R&D

has grown faster than that of the other developed coun-

tries of the world. This strategic use of funds is an impor-

tant driver behind the R&D success story in the United

States. Given the history of the U.S. economy of the past

decade, many other countries are beginning to pay

closer attention to their R&D strategies as well.



Chapter 6

U.S. R&D Spending Leads the World

Corporate Associates Program  ◆  Institute for the Future62

U.S. SPENDING IS HIGHER

T
he United States plays a dominant role in worldwide R&D funding,

accounting for about 43% of the R&D spending by all Organisation
for Economic Co-operation and Development (OECD) countries.

In fact, the United States typically spends more than the rest of the G-7

countries (Canada, France, Germany, Italy, Japan, and the United King-
dom) combined (see Table 6–1).

In the early 1990s, R&D spending slowed or declined almost univer-

sally, due to economic recessions and subsequent budgetary constraints.
The severity and length of the decline, however, varied significantly by

country and region. While the United States, Germany, and Japan recov-

ered from the slump in the mid-1990s, R&D spending in the United King-
dom and France has remained flat.

The total spending on R&D in the United States grew rapidly in the

last five years, and U.S. R&D expenditures as a share of GDP jumped
from 2.5% to 2.7% (see Figure 6–1). The only reason it didn’t move up

even more sharply as a percentage of GDP was that GDP growth in the

Table 6–1
United States Spends More than Other G-7 Countries Combined
(R&D expenditures in 1998, in billions of constant 1996 dollars)

Source: Organisation for Economic Co-operation and Development, Main Science and
Technology Indicators database, 2000; National Science Foundation.

United States 220

Japan 90

Germany 42

France 27

United Kingdom 23

Italy 12

Canada 12
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United States was also high, at well over 4% per year during that period.

Japan’s ratio was also high, rising above 3%, but its GDP growth rate
was very low. At the same time, R&D as a share of GDP fell across most

of Europe.

In 1990, the distribution of funding in the European Union (EU) looked
very similar to that of the United States, with government, universities,

and other organizations accounting for about half of R&D funding and

industry accounting for the other half. By the end of the decade, however,
the distribution in the United States had changed dramatically, with the

private sector accounting for more than two-thirds of R&D funding. In

Japan, by way of comparison, where industry has historically played a

Figure 6–1
Japan and the United States Lead Europe
(R&D spending as a percent of GDP)

Source: Organisation for Economic Co-operation and Development, Main Science and
Technology Indicators database, 2000; National Science Foundation.
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very large role in R&D funding, the government’s share of R&D actually

increased in the 1990s, though it remained relatively low (see Table 6–2).

MORE INVESTMENT IN HIGH-TECH EQUIPMENT

T
he United States is notable not just for spending more on R&D than

other countries but also for investing more in the use of the tech-

nologies spawned by R&D. The contribution of information and
communications technology growth to overall GDP growth, to name one

important example, expanded rapidly in the last few decades.

In 1997, the latest year for which we have such data, the United States
invested more in R&D in the information and communications technol-

ogy sector than the EU and Japan combined. In fact, the United States

accounted for more than half of all worldwide R&D funding in this sec-
tor. The EU accounted for only 17% of information and communications

R&D investments, and Japan, 22% (see Table 6–3).

THE UNITED STATES LEADS IN KNOWLEDGE INVESTMENT

T
he European Commission, unlike the United States and Japan, takes
a broader look at what it calls “knowledge investment” by adding

investments in education and software to those in R&D. While Ja-

pan leads the world in R&D spending as a percentage of GDP, the trend
for knowledge investment as defined this way favors the United States.

As a percentage of GDP, the United States’ knowledge investment is much

higher than that of either the EU or Japan (see Figure 6–2 on page 66).
This broader concept of knowledge investment may be a better indica-

tor of the importance a country places on R&D, because it takes into

account education (always an important driver of innovation) and soft-
ware development (a relatively new sector of the economy that goes hand

in hand with scientific development but falls outside the traditional defi-

nition of R&D). The United States has increased its investments in knowl-
edge as a percentage of GDP throughout the 1990s, while the EU’s

knowledge investment has actually declined as a percentage of GDP.
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Table 6–2
No Shift in R&D Funding in Europe or Japan
(Percent of R&D spending, by source of funds)

Source: European Commission Research, Towards a European Research Area, Key
Figures, 2000; National Science Foundation.

1990 1998

European Union

Industry 52 54

Government 41 37

Other 7 9

Japan

Industry 78 73

Government 16 20

Other 6 7

United States

Industry 55 68

Government 41 27

Other 4 5

Table 6–3
R&D Investments in Information and Communications Technology
(Billions of purchasing-power parity dollars, 1997)

Source: Organisation for Economic Co-operation and Development, Measuring the ICT
Sector, 2000.

United States 60

European Union 20

Japan 26

Total for all OECD countries 116



Chapter 6

U.S. R&D Spending Leads the World

Corporate Associates Program  ◆  Institute for the Future66

RESEARCH COOPERATION

I
t is slightly misleading, however, to focus on the R&D spending of

single countries or groups of countries in isolation. Increasingly, re-
search is a cooperative venture that involves many people and many

institutions around the world. Both the United States and the EU have

encouraged public–private ventures and international cooperation.
According to the National Science Foundation, for example, many gov-

ernments now allocate more than 10% of their R&D funding to projects

participating in some form of international cooperation. In a report by the
National Science Foundation on R&D, the foundation quotes the find-

ings of a study on international cooperation: “Seven agencies of the U.S.

government participated in 575 international science and technology agree-
ments in FY 1997 with 57 countries, eight international organizations,

and ten groups of organizations or countries.”

The trend toward cooperative agreements is not limited to govern-
ment research. Many corporations are also relying on international part-

nerships to leverage their R&D expenditures. The Maastricht Economic

Research Institute in the Netherlands tracked more than 5,100 strategic

Figure 6–2
Investment in Knowledge Is Higher in the United States
(Total investment in R&D, education, and software as a percent of GDP)

Source: Eurostat
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technology alliances between 1990 and 1998. This number represents a

34% increase from the decade before. U.S. companies seem to be much
more adept at these technology alliances, since U.S. firms are participat-

ing in over 80% of them (see Table 6–4).

About half of these deals were international, yet more than 2,000 alli-
ances were formed within the United States alone (see Table 6–5).

U.S. firms have aggressively pursued strategic technology alliances, both

within the United States and abroad. As companies and governments come
to rely on partnerships and cooperation for conducting and funding R&D,

the importance of clear intellectual property laws intensifies (see Chapter 5,

“The United States Protects Innovation,” for more on intellectual property
protection). With global partnerships becoming more prevalent, consistent

and enforceable international laws become more imperative as well.

MORE MONEY IN PRIVATE EQUITY AND VENTURE CAPITAL

N
ot only does the United States dominate the market for R&D in
the strictly defined sense, it also dominates the market for fund-

ing new venture start-ups, which are often driven by R&D. Glo-

bally, $136 billion of private equity and venture capital was invested in
1999—up 65% from 1998. North America accounted for almost 75% of

total private equity and venture capital investments. Western Europe

accounted for 20%, and Asia, 4%.

Table 6–4
U.S. Companies Involved in Most Strategic
Technology Alliances
(Percent of all alliances, by home country of
firms involved, 1990–1998)

Table 6–5
Domestic and International Alliances Are
Important for U.S. R&D
(Percent of all alliances involving U.S. firms, by
home country of allies, 1990–1998)

Source: National Science Foundation, Science and
Engineering Indicators, 2000.

Source: National Science Foundation, Science and
Engineering Indicators, 2000.

United States 80

Europe 32

Japan 13

Others 9

Domestic 52

U.S.-Europe 31

U.S.-Japan 11

U.S.-Others 6
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Although the United States has the biggest venture capital and private

equity market in the world, it doesn’t have the fastest-growing market. In
fact, the venture capital markets of eight countries, including Germany,

Sweden, Switzerland, and Taiwan, are growing faster than that of the

United States—but from a much smaller base. Overall, venture capital
investment grew substantially in the EU over the 1990s, when it aver-

aged 14% annual real growth in total venture capital investment. Coun-

tries with particularly high growth include Austria (44%), Finland (37%),
Greece (37%), and Sweden (24%). In the same time frame, Japan’s ven-

ture capital market grew 15% a year on average and the U.S. market grew

at 26%. The Japanese venture capital market is very small, however, at
just 0.2% of GDP, and in 1998 the amount of funds actually declined by

almost 20% from 1997.

While U.S. venture capital firms are particularly interested in using
funding early in the innovation process, European private equity firms

focus primarily on investing in the later stages, favoring instruments such

as buyouts, mergers, and acquisitions. European firms are increasingly
interested in the technology sector, once the particular domain of U.S.

investors. In fact, many companies in Europe and the United States are

developing internal venture funds and other incubator activities to sup-
port such innovation.

INTERNATIONAL R&D

T
he EU recognizes the strategic importance of a strong R&D com-

munity, and the fact that its own is lagging behind that of the United
States. The EU acknowledges that the emphasis placed on R&D in

the United States is increasing, and that without a strong research com-

munity within the EU, its economy will suffer in the coming decade. As a
result, the community has developed a framework for a European

Research Area—an attempt to build a shared research base. Three ele-

ments are at the heart of the EU’s proposal:

• Integrated research. The EU will fund a number of joint projects, pro-

vide a legal framework for joint cooperative research, and help build

shared research facilities for cross-border work.



Corporate Associates Program  ◆  Institute for the Future 69

Chapter 6

U.S. R&D Spending Leads the World

• Support. The EU will encourage national spending on education and

on training scientists and engineers, and will move to make the work
environment more friendly to third-country researchers.

• Links. The EU will work to build cooperative research links by means

of forums and joint research centers (such as CERN—the European
Organization for Nuclear Research—and the European Space Agency).

Still, base funding for European efforts will have to come from the

national governments and private businesses.

SUSTAINED HIGHER GROWTH RATES IN THE UNITED STATES

H
elped by its higher investment rates, its higher investment in new

information technologies, and its more entrepreneurial bent, the

United States has shown higher sustained GDP growth rates than
those of other developed countries throughout most of the 1990s (see

Figure 6–3).

Source: Eurostat

Figure 6–3
Long-Term GDP Growth Rate: United States Leads the Way
(Average annual percent growth)
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CONCLUSION:

U.S. R&D SPENDING WILL CONTINUE TO LEAD THE WORLD

T
he United States spends more than other countries on R&D and

R&D-related activities, and it invests more in R&D-intensive in-
dustries. It has also aggressively pursued technology alliances and

cooperative agreements with both domestic and foreign companies. These

trends suggest that the United States is likely to continue to lead the world
in future spending on R&D, and thus continue to expand one of the stron-

gest economies in the world. Other countries, namely those in the EU,

are recognizing the importance of R&D to long-term economic health
and are beginning to emphasize R&D in their long-range planning. After

the phenomenal performance of the U.S. economy in the late 1990s, it’s

not surprising that many countries are trying to follow a similar path.
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FORECAST:

R&D SPENDING WILL CONTINUE TO GROW

T
he big question that launched this exploration of

the state of R&D in the United States was this: Does

the increase in R&D spending in the 1990s reflect

a fundamental shift in the United States’ willingness to

invest in R&D, or merely a temporary exuberance

brought on by the incredibly strong economy of the

1990s?

To us, the answer is clear: The recent increases in

spending and changes in the way R&D is conducted

and financed indicate a fundamental change rather

than the vagaries of a temporary investment boom.

As a result, R&D spending will continue to grow in the

next decade as a share of GDP, spurred on by the fol-

lowing drivers:

• The private sector will continue to play a bigger role

conducting R&D.

• There will be a greater commercial interest in basic

research.

• Smaller, entrepreneurial firms will conduct more R&D.

• Nonmanufacturing players will conduct more R&D.



Chapter 7

Forecast: R&D Spending Will Continue to Grow

Corporate Associates Program  ◆  Institute for the Future74

The key developments driving these trends are the unique evolution of

strong but flexible intellectual property laws, the maturing of the new
capital market structures, the speed with which markets adapt to innova-

tion, and the ability of players throughout the innovation cycle to work

together to bring products from concept to market.

FOUR MORE QUESTIONS

A
lthough we’ve tackled the big question, we need to answer at

least four other questions before we can forecast the direction

and size of future R&D spending.

Have We Reached Technology Saturation?

The biggest impetus for the rising investment and structural changes in

the R&D market was the tremendous growth of the information and com-
munications sector in the second half of the last century. Indeed, advances

in information technology drove the R&D investment boom of the late

1990s. The innovations began as early as the 1950s, but finally worked
their way into core business processes and commercial applications just

this past decade.

The information and communications sector is now reaching a degree
of maturity. Many firms have internal and supplier networks in place and

are gathering and utilizing consumer links and databases effectively. As a

result, for the first time in a decade, many companies’ information tech-
nology budgets are leveling off, as they stop to reassess what they have

and what they need. Telecommunications firms are slowing the imple-

mentation of next-generation mobile devices, for example. And firms that
specialize in software development or implementation are seeing a slow-

down in sales.

Still, the opportunity for new applications remains sizable. Business-to-
business e-commerce continues to grow rapidly, consumer direct purchas-

ing is on a steady growth path, opportunities in the logistics area for quick

and reasonably priced delivery abound, and the next wave of innovation
from new generations of wireless devices, sensors, and microelectro-

mechanical systems, better known as MEMS, is gathering force.
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Moreover, another new wave of innovations is about to hit—the

biotech revolution. The information revolution got its start with the
invention of the transistor in the 1940s and came of age with the advent

of the Internet in the 1990s. The biotech revolution got its start with the

discovery of the structure of DNA in the 1950s and is only beginning to
come of age with the mapping of the human genome in 2001. In the

coming years, 50 years of work in biosciences will come to fruition.

(For a fuller description of the potential for future technology changes,
see “Transformative Technologies: On the Cusp of a Bioscience Revo-

lution” in the 2000 Ten-Year Forecast.)

The well-publicized mapping of the human genome will open the door
to myriad developments: a better understanding of disease states and pre-

dispositions for disease, new ways of targeting and developing pharma-

ceuticals, a better understanding of the connections between food and
nutrition, and improved means of developing and utilizing crops and ani-

mals for food. Since providing adequate health care and enough food to

go around is important to just about everyone on the planet, the biotech
industry is ripe for a levels-of-magnitude jump in productive innovation.

Given the potential for further innovation, we see plenty of opportuni-

ties for the continuing growth of information and communications tech-
nologies and the possibilities of genuine breakthroughs into new areas of

biotech R&D. There will be no shortage of commercial opportunities

driven by new R&D.

Will Investors Have Flexible Options for Allaying Risk?

The changes in the investment market that took place in the 1990s are

permanent. The key to opening the market to help fund innovation was the
rise of venture capital. Venture capitalists were able to move investment

funds into small high-tech start-ups and break the barriers that had chan-

neled innovation into just two major places—large firms and universities.
The venture capital market existed for more than 50 years, and ac-

counted for many early successes—Hewlett-Packard, Varian, and

Fairchild Semiconductor are a few notable examples. But it wasn’t until
the information revolution of the 1990s that the size and scale of the
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venture market took off. The venture market invested roughly $1 billion

in 1980, about $2 billion in 1990, and close to $65 billion in 2000.
Not only did the size of the venture market change, but its shape and

structure changed as well. Funds flowed in from a much wider range of

sources—wealthy individuals, large companies, investment banks, pen-
sion plans, mutual funds, universities, and foreign governments among

them. Investment options have broadened. Venture capital can now be

directed in many ways in support of many different types of organiza-
tions, including the high-risk initial funding of an idea, large-scale devel-

opment funding, and funding designed to build particular markets. Other

options include investments in geographically based funds, specific in-
dustries, and specific products.

The channels for smaller venture-funded companies to receive the

deeper funding long available to larger firms expanded as well. The amount
of funds raised by taking a small company public by means of an IPO

jumped over the course of the decade from $4 billion in 1990 to $66

billion in 2000. In addition, many venture-sponsored firms were bought
out directly by large firms that integrated the start-ups’ products into their

own lines. Cisco, Nortel Networks, and 3Com all bought dozens of young

start-ups in the last decade. In fact, only a very small minority of start-up
firms like Amazon or eBay have been able to go it alone and succeed in

building a grand enterprise from their start-up origins. Ironically, such

companies often did so by acting like the big players and buying or
partnering with a host of other firms.

These alternative routes to funding allow the venture start-up to real-

ize the value of its innovations relatively quickly, by getting enough funds
to move from idea to product, and then to prepare it for market. One

result has been a shorter product life cycle from innovation to market

shelf. Another has been a shorter funding cycle—today, certain types of
high-risk funds are needed for shorter periods of time, thus creating natu-

ral points where those funds can be rewarded, cashed out, and reinvested

(see Figure 7–1).
The new mechanisms for financing high-risk investment have opened

the market in two ways. First, they have created a much larger pool of

funds to support the R&D of venture-supported firms inventing the next
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wave of innovative products. Second, they have developed an easy way for

millions of individuals to invest in the high-risk sector, by means of institu-
tions such as pension plans and mutual funds. These two institutional

changes have enabled investors in the United States to make high-risk

investments in innovations that can be potentially rewarding as part of a
well-balanced portfolio. The increasing number of these investment op-

tions will ensure a permanent flow of funds into high-risk, innovative R&D.

Does the Intellectual Property System Work?

The United States has developed a system that provides very strong pro-

tection for the inventors and authors of intellectual property, as well as

incentives and institutional mechanisms that foster the rapid diffusion of
innovation. Because the protection of intellectual property is embodied

in the U.S. Constitution, few challenges to intellectual property rights

arise in the United States.

Figure 7–1
Risk and Reward in the Innovation Business

Source: Institute for the Future
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Working in tandem with the strong intellectual property protections,

sectors of the U.S. economy have shown great facility in spreading inno-
vative ideas quickly. The high-tech sector is especially adept at these ef-

forts. Ideas that have commercial opportunities and that are protected by

patents can usually find an active market. Whether by takeover, merger,
license, or outright purchase, ideas tend to get a market price quickly and

find eager buyers.

In general, the greater the capital invested, the higher is the pressure
for innovative firms to facilitate a quick dispersion of ideas. What makes

these markets so successful in the United States is a collection of play-

ers that can make the transfer smoothly and efficiently. These players
include investment banks that can quickly put a value on intellectual

property assets, the Securities and Exchange Commission with its rules

forcing public companies to disclose the licenses they hold and their
relative value, and lawyers who are experienced in valuing intellectual

property and making deals that leverage that value (see Figure 7–2). All

of these elements make the transfer of ideas to the marketplace smooth,
especially in innovation clusters like Silicon Valley in California and

the Research Triangle in North Carolina, where the networks of key

players are well developed.
The combination of strong, formal intellectual property protections

and the informal networks that have developed in the United States makes

it easier for U.S. companies to leverage the fruits of R&D. This combina-
tion will be crucial for the continued growth of R&D in the United States

in the next decade.

Who Will Reward Basic Research?

There is substantial evidence that basic research is being converted to com-

mercial products much more quickly today. A recent study of patents in the

United States finds that, while venture funds are equivalent to about 3% of
total R&D spending, they have accounted for about 15% of industrial inno-

vations, as measured by patent data. Another study points out that an in-

creasing portion of patent citations are from academic sources, not other
products or patents—further evidence that basic research is having a more

direct impact on commercial-oriented patents than ever before.
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Figure 7–2
Setting a Market Price Takes Many Experienced Players
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As a result, companies are doing more of what they consider basic

research—that is, research that does not have an immediate commercial
application (but may contribute to one down the line). Research shows

that more commercial applications—particularly in information technol-

ogy and biotech—are derived from basic research, and not by combining
existing patents or simply creating a new market application for existing

products. Small entrepreneurial firms in the fast-evolving high-tech

areas are prime examples of how basic research can be sponsored and
funded in private industry, and how such research can be channeled into

product markets much more rapidly than ever before.
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Basic research will continue to play a crucial—and growing—role in

innovation. Many players in R&D are already enjoying the benefits of
basic research—including academics who earn monetary rewards, small

firms that get high-risk funding, and large corporations that buy ideas

already tested in the marketplace. This type of market focus on basic
research speeds up the evolution of innovations. Such widespread invest-

ment in basic research will keep the U.S. economy at the forefront of

world innovation.

PUTTING IT ALL TOGETHER: R&D INSPIRES COOPERATION

P
erhaps the most important reason the United States will continue

to lead the world in R&D-inspired products is the cooperation

among the different players required to take an idea to market.
Such cooperation facilitates inventions and eases their rapid dissemina-

tion in the marketplace. Patents are citing more findings in basic science

research—a reflection of the ability of the system to build more effective
collaborative ventures between science and industry. As the 2001

Economic Report of the President says: “Patents applications increas-

ingly cite scientific research, and not just existing patents; this suggests
that basic science is becoming more important for technological change.”

The collaboration between academics, federal research labs, small

entrepreneurial firms, and large research-intensive industries is stronger
and more effective than ever before. For example, plans are in the works

for a new research campus on the site of the NASA Ames Research Cen-

ter in Mountain View, California. Ames is in talks with Lockheed Martin
and three universities—Carnegie Mellon, San Jose State, and University

of California Santa Cruz—to redevelop the aging aircraft research labo-

ratory. If efforts are successful, Ames could become a major player in
information technologies, astrobiology, and nanotechnology, and the cor-

porate and academic partners would benefit from being located in a

research-intensive environment in the heart of Silicon Valley.
With initiatives like these in the works, the United States has taken a

clear leadership role in building collaborative structures. The elements

are clear—bringing together diverse parties that allow an idea to flow
from the inventor to the final product.
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R&D IN 2010

A
ll of these indicators translate into a fundamentally positive out-

look for U.S. R&D spending for the next decade. While a mar-
ket correction to the speculative exuberance of the late 1990s is

undoubtedly taking place, R&D is still attracting a steady stream of funds

from well-heeled investors, large investment banks, and “everyday” in-
vestors through pension plans and mutual funds. Reflecting the slow-

down in the economy in the early part of the 2000s, the rate of growth in

real R&D spending will fall somewhat during the next few years. But in
the longer term, R&D spending will continue to grow faster than GDP

(see Figure 7–3). By 2010, R&D as a share of GDP will rise above 3%

for the first time ever in the United States.
Our forecast for R&D spending overall is based on the trends we have

already identified as important indicators of the robust R&D sector—

private sector R&D spending, the role of basic research, the growing
importance of small firms, and the increasing share of R&D performed

by nonmanufacturing firms.

Figure 7–3
R&D Will Continue to Grow Faster than GDP
(Annual average percent change, in constant dollars)

Source: Institute for the Future; National Science Foundation.
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Private Sector R&D: Forecast

At the moment, the private sector is drawing increasing benefits from
innovations in small entrepreneurial high-tech firms, which is attracting

additional funds into the R&D efforts of these companies. Look for the

private sector’s share of R&D to grow from two-thirds today to around
three-quarters in 2010 (see Table 7–1).

Basic Research: Forecast

As ideas move from invention to product to market, the market is becom-
ing more sophisticated in valuing basic research. Look for basic research

to continue to grow at a healthy clip, slightly above the rate of growth for

overall R&D (see Figure 7–4). At the same time, more basic research
will be done in settings where investors will push for quick development.

Small Company R&D: Forecast

One of the notable shifts in recent years has been the growing influence
of very small firms as R&D players. The way the venture capital market

helps sort out and move new ideas quickly through small entrepreneurial

firms ensures that small firms will only become more important. As a
result, look for the share of spending in small firms to continue to grow

rapidly (see Table 7–2).

Federal Industry Other

1980 48 49 4

1990 41 55 4

2000 27 68 5

2005 23 72 5

2010 19 75 6

Table 7–1
Private Sector R&D Continues to Grow
(Percent of total R&D expenditures)

Source: Institute for the Future; National Science Foundation.
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Figure 7–4
Basic Research to Grow at a Healthy Clip
(Average annual growth rate, in constant dollars)

Source: Institute for the Future; National Science Foundation.
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< 100 11 18

100–999 13 15

1,000–9,999 24 23

10,000–24,999 15 14

25,000+ 37 30

Table 7–2
Very Small Companies Will Be Increasingly Prominent in R&D
(Percent of R&D spending, by number of employees)

Source: Institute for the Future; National Science Foundation, Research and Development
in Industry, 1999 (early release).
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Figure 7–5
Nonmanufacturing R&D Will Expand in the Future
(R&D expenditures by nonmanufacturers as a percent of all industry
R&D spending)

Source: Institute for the Future; National Science Foundation, Research and Development
in Industry, 1998.

Nonmanufacturing R&D: Forecast

Finally, the amount of R&D being done outside manufacturing firms will
continue to grow (see Figure 7–5). This growth reflects the importance of
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addition, this trend captures the rise of small entrepreneurial firms that
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production and distribution of that product. It captures that firms in the

trade sector will be spending more time and money on developing con-

sumer and supply chain applications that involve R&D. Finally, it ac-
knowledges the emergence of R&D firms that will conduct a variety of

research for larger firms and sell them the findings and the results.
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THE GREAT TRANSFORMATION OF R&D

I
n the past five years, there have been important struc-

tural shifts in who funds and conducts R&D. With an

increase in the number of participants, the market

has spread the risk among a much larger group, and as

a result, more money has been generated for conduct-

ing R&D. This shift was due, on the one hand, to the

public’s growing interest in the market opportunities

engendered by the information revolution, and, on the

other hand, to the opening of new channels for funnel-

ing money into R&D-based firms, through investment

banks, pension and insurance plans, and mutual funds.

Although this maturing institutional support for R&D—built

on venture capital, the growing popularity of IPOs, and

the public’s attraction to high-tech share markets like

the Nasdaq—will undergo wide swings of the business

cycle, it will continue to provide a growing portion of

R&D funding in the years ahead.
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But spreading risk in these ways creates a new dilemma for the future.

R&D funding increased partially because small entrepreneurial firms
offered a means of channeling money directly into R&D and then receiv-

ing clear and quick benefits from successful market innovations. But the

enormous financial success of some R&D-based firms, and the rapid
payouts to those who invested early, meant a sharp rise in the interest of

everyone, especially the inventors themselves, in participating in the gains

attributed to intellectual property. More inventors took out patents for
themselves, and more of the participants in the funding and innovation

chain bought into the patent rights as well.

With a greater number of inventors and investors, and more R&D tak-
ing place in decentralized locations, the dissemination of ideas is becom-

ing more complicated. For many future innovations, more people will

have a say at each stage of the process as to which ideas will be used, and
when. The old method of R&D often meant that a single large research-

intensive corporation could generate an idea for innovation in-house or

combine its own research with ideas gathered from the publicly available
academic or government-funded literature. The company would then spend

large sums developing those ideas into products and paying for the test-

ing, marketing, and distribution of those products—products it controlled
the rights to. When everything worked out, the company got to keep the

profits to itself as well.

In the new world of R&D, we will see a much more complicated pro-
cess whereby ideas for product innovation are gathered from many sources.

Each of these sources must be partners in the process or provide licenses

to those who are partners. This wider distribution of idea ownership—
and thus of profits from ideas that successfully make it to market—makes

it more difficult for a single large corporation to justify spending the huge

sums required for testing, developing, and marketing a product. Para-
doxically, while there are more ideas available, there may be fewer com-

panies willing to gamble on long-term market success. This added

complexity in distribution is the cost of moving more innovative ideas
into the development stage more quickly.
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BUSINESS IMPLICATIONS

W
hat do the transformations taking place in R&D mean for

businesses in the next ten years? We close this report by high-
lighting the key points of the transformation itself, as well as

those of its drivers.

The Transformation

• R&D spending will continue to grow in the coming decade, as will the

importance of R&D to the global economy. These investments will bring

many innovations into the marketplace, and many of these innovations
will come from sources other than the usual “big R&D” players (i.e.,

universities, government-supported labs, and huge, research-intensive

corporations). Small entrepreneurial start-ups will conduct more and
more of the important R&D. Companies that want to remain competi-

tive in a changing marketplace must be ready to take advantage of the

opportunities presented by these newer, smaller players.

• Companies must keep a constant lookout for intellectual property—

they must protect what they have and keep alert for other ideas they

can leverage now and in the future. They should learn to make the
strict regulations protecting intellectual property work for them—by

making acquisitions, purchasing licenses, and forming new types of

partnerships based on intellectual property.

• Because purchasing other firms will be a critical R&D strategy, it will

be important for companies to develop effective metrics for valuing the

intellectual property of those companies. Effective metrics will give
them the ability to strike while the iron is hot; that is, to know the value

of an idea before others discover it as well and push up the price.

• Mergers will also be an important element of R&D strategy. Busi-
nesses must have appropriate management and organizational struc-

tures to quickly and effectively incorporate new firms into their

operations and leverage their innovations.
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• R&D is a long-term investment. In a world where innovative ideas are

of increasing importance, companies need to think for the long term
and figure out ways to spread their R&D risks over a variety of ven-

tures, sometimes with a variety of parties.

Public Support

• The public rewards innovative companies by trying new products, and

by investing in public shares, either directly or through mutual funds,

pension plans, or both. The increase in public investing has put a pre-
mium on share values, though the market has been undergoing a cor-

rection for the last year or so. Companies (and the public) shouldn’t

worry so much if not all new products stay in the marketplace very
long or if share values fluctuate—that’s part of the new game.

• Companies making a strong R&D play ought to beware of the possi-

bility of public backlash. New technologies and products can upset
the public—consider the current outcry against genetically modified

foods in Europe, for example, or the growing worry over large-scale,

efficient farming that sometimes leads to the spread of virulent dis-
eases. Other likely sources for negative public reaction will be prod-

ucts and services perceived as harming the environment and invading

personal privacy.

Intellectual Property

• Companies should think about how they can best take advantage of

licensing the fruits of their own R&D as sources of income. This is
just one of several options for controlling and leveraging intellectual

property—a key aspect of any R&D strategy.

• If companies don’t develop their own intellectual property, they have
several ways of building a strong base of intellectual capital through

the market, including mergers, partnerships, and licensing.
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• As companies become more adept at evaluating innovation in the com-

ing years, they will find it easier to create new products by combining
a number of outside ideas or products with their own. For example, a

company could expand its offerings by licensing a hardware product,

an operating system, and several software applications to provide bet-
ter customer service for people with wireless phones. This new prod-

uct may depend on up to four or five licenses, in addition to internally

developed new ideas.

• Businesses must build a strong network of facilitators to help them

manage their intellectual property. These can be internal or external

resources, or some combination of the two. Lawyers, accountants,
and investment bankers experienced with handling intellectual

property are perhaps the most important source of market savvy and

facilitation expertise.

Investments

• Now that the venture capital market has come of age, companies should

consider several options for high-risk R&D projects they can fund
themselves, invest in with innovative partners, or jointly invest in with

a portfolio of outside efforts.

• Companies that depend exclusively on their own stock to fund pen-
sion or employee incentive programs should think about expanding

their investments to include at least some outside, riskier investments

in innovative companies.

• While a huge share of start-up investment in the last few years has

been channeled into the Internet, innovations will be coming from a

much wider spectrum of industries in the future. More investments
will be made in, and more developments will come from, the bio-

science, energy, retail, and service sectors, for example, as well as

non-Internet–related information technologies such as sensors and
microtechnologies like MEMs.
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Small Companies

• Small companies will conduct more of the R&D in the future. Big
traditional companies must be aware of the flexibility and focus of

small innovative players in experimenting with, developing, and bring-

ing products to market readiness. They should let these small compa-
nies do what they do best, but realize that the earlier the investment in

the innovator, the bigger the reward.

• As small players become more important, larger firms should look for
ways to work with them—usually by partnering with the smaller firms

or by purchasing them outright.

• Service and retail firms are especially well positioned to take advan-
tage of the R&D outputs of others, by adopting software and process

applications rapidly, for example, to meet the needs of the eager con-

sumer looking for better service.

International Scene

• Overall, the United States leads the world in most strategic measures

related to R&D, including investing in education, spending on R&D,
and achieving return on investment. While the unique characteristics

of the flexible and experimental market in the United States can’t be

easily duplicated, companies in other countries can still learn from the
Americans. Companies around the world ought to focus on taking ad-

vantage of intellectual property by building support networks for their

R&D efforts and spreading the cost (and rewards) of risk over a much
wider investing public.

• In this respect, everyone ought to keep an eye on Japan. Japan spends

more on R&D as a percentage of GDP than any other country. While
Japan has been in an economic slump for several years, all that R&D

spending may be sowing the seeds for a burst of innovation in the

next decade.

• There are also clear signs that an increasing portion of R&D will be

conducted in innovating centers (or clusters) outside of the United States.
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