STARTING THE PROCESS

Challenges to
technology policy

in a changing world

As research and innovation become increasingly global,
50, too, must we—in both our mind-sets and our national

policies.
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he limitations of the research

and innovation policies of the
Cold War era are clear, but what

will replace those policies? Which
relationships will foster science and
technology in the new age of distrib-
uted and global innovation? What level
of investment is required, and how can
global investment priorities be deter-
mined? What kinds of institutions
must be crafted? How will changes be
brought into being? The answers to
these questions probably will define
technology policy into the 21st century.
Americans should not assume that
the scientific and technical achieve-
ments of the past, which were so
effective in winning the Cold War,
will be sufficient to sustain future
standards of living. “High tech” once
described research-intensive indus-
tries such as computers, biotechnol-
ogy, and aircraft. Today, high tech
describes a style of work applicable to
every business, however uncompli-
cated 1ts products or services may
appear. Skill, imagination, and knowl-
edge—itogether with new forms of in-
stitutional collaboration among firms,
universities, and government—can
make products and services more ef-
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fective and productive. Thus, technol-
ogy policy must be a user-centered and
demand-based, not a supply-side,
approach.

If using the full range of available

policy tools and working in collabora-
tion with state governments enable
the federal government to help firms
become more innovative, then the pri-
vate sector will not only increase its
own investment in technology but
also demand increased federal invest-
ment in research and education. Ap-
preciation for the wvalue of public
investments in research then could
create the conditions for a business-
based political constituency in both
parties in support of a farsighted tech-
nology policy.

New ways to work

To build a bipartisan consensus for
technology policy, both parties must
realize that science and technology
are deeply intertwined and are often
mndistinguishable, whereas research
and development are quite distinct
activities that require different institu-
tional sertings and whose sponsors
have different expectations. The gov-
emment’s sphere is research, educa-
tion, and building a knowledge-based
infrastructure; industry’s sphere is
development, production, and the
delivery of user benefits. The use of
public—private partnerships can join
publicly funded research in universi-
ties and national laboratories as a

powerful institutional mechanism for
innovation as long as certain criteria
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are met. These include a sharing of
costs In public—private partnerships
that reflects the relative expectations
for public and private benefits; encour-
agement of participating firms to share
the fruits of the government's invest-
ment (but not necessarily of their own),
and the government use of rigorously
professional and fair merit-based
review as the basis for performer
selection.

This new way of working with the
private sector puts heavy demands on
government officials. It was easy to
run & technology policy when govern-
ment decided what kind of research
was needed, agreed to pay for it, and
picked the people to do it. Now gov-
ernment must work more by indirec-
tion and must understand the way the
new economy works—sector by sec-
tor—much more profoundly. If it suc-
ceeds, the public and the business
community can build their confidence
in a new kind of relationship among
government, institutions, and society.
Success will be liberating for innova-
tion, as it is for personal freedom.

Roots of political controversy

To understand what kinds of poli-
cies might be appropriate in the new
world economy and vet politically
acceptable in the American system of
government, we must review the roots
of the political and ideological differ-
ences that characterize the debate on
research and innovation policy and
then search for common ground.
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Just when the new American econ-
omy 1% 1n a position to use much more
technical knowledge, the private re-
sources for basic scientific and tech-
nological research, formerly done in
big corporate laboratories, appear to
be shrinking. The new patterns of pri-
vate-sector innovation depend more
on reaching outside the firm to part-
nerships and alliances, searching out
technical knowledge wherever it may
be found. These trends appear to call
for a government policy that supports
alliances among industry, universities,
and national laboratories and that uses
long-term approaches to compensate
for the increasingly short-term invest-
ments large firms and their suppliers
are making.

Furthermore, large firms seeking
collaborative innovation from their
supply chains are not confining their
searches to local suppliers. If the
United States should fade as a leader
in technical creativity while Japan,
Korea, and China are dramatically
accelerating their public investments

in scientific and technical infrastruc-
ture, then the big companies will sim-
ply lock elsewhere. For the United
States to remain the most attractive
location for innovation and advanced
research, the basic technological re-
search on which innovation rests must
be renewed. Supporters of the Clinton—
Gore strategy believe this is a proper—
even urgent—role for government (see
box, The “new™ technology policy).
Former Presidents Ronald Reagan
and George Bush did not completely
disagree with this role for government.
President Bush endorsed federal cost-
shared investments in private firms to
create “precompetitive, generic” tech-
nelogy in his administration’s technol-
ogy policy declaration of September
1990 (1). These two qualifying adjec-
tives, which also appear in the 1988
Omnibus Trade and Competitiveness
Act that created the Advanced Technol-
ogy Program (ATP) in the U.5. Depart-
ment of Commerce, were intended to
ensure that any commercial technol-
ogy funded by the government was

The “new” technology policy

Taking office with great hopes and a
grand vision, the Clinton administration
made technology policy a front-burner
issue. [t unveiled a host of so-called
new technology programs as the
cornerstone of its investment strategy
for the economy, but in fact most of
the proposals were extensions or
expansions of programs already
initiated by Congress and approved by
President George Bush.

In a relatively short time, many
programs were pushed forward. In the
U.5. Department of Commerce, thess
included the Advanced Technology
Program (ATP), to accelerate the
development of new technology in the
high-technology industry; the Manu-
facturing Extension Partnership, to help
states help small firms use the best
production tools and methods; and the
Partnership for a New Generation of
Vehicles, to accelerate the introduction
of new automobiles that consume less
fuel. In the Department of Defense, the
Technology Reinvestment Project
introduced the idea of “dual-use”
technology (i.e., applicable to military
and civilian uses) and promised to aid in
defense conversion. The Environmental
Protection Agency established the
Enviranmental Technology Initiative to
help industry generate more efficient

and less polluting manufacturing
processes.

The most controversial of all these
new programs was the ATP, which
broke new policy ground as the only
federal program that provides funds to
commercial firms for the sole purpose
of accelerating economic progress; the
funds are not tied to technology of any
special interest to the government.

One of the key elements of the
Clinton—Gore approach ta technology
policy was an attempt to reallocate
technology spending from defense to
commercial purposes. President Bill
Clinton declared his intention to change
the civilian-to-military R&D ratio from
about 40/60 to 50/50. This change
would require an increase of more than
$8 billion in civilian R&D—from $27.9
billien in 1983 to $36.6 billion by
1988—and corresponding decreases in
defense R&D (3). The FY 1998 budget
for outlays, as submitted to Congress,
devoted 53.9% to defense and nuclear
weapons, representing significant
progress toward the 50% goal;
however, this progress has been
achieved through mare defense cuts
than civil increases. On the civil side,
the growth has been in health research,
not in R&D devoted to economic
growth,



not yet ready for commercialization
and would be of interest to many
users (2). But President Bush's will-
ingness to accept the Democrats” ATP
program at a modest level of funding
was not shared by the activists who
controlled Congress in 1995. The
Clinton-Gore technology program,
which had been off to such an auspi-
cious start in 1993, was in trouble two
years later.

The political battle over balancing
the federal budget provided an oppor-
tunity for conservatives in the conten-
tious 1995-96 congressional sessions
to raise ideological as well as fiscal
objections to the Clinton administra-
tion's technology policy priorities and
programs. Although one might expect
conservatives to support efforts aimed
at improving the performance of US.
companies, many opposed these pro-
grams as “corporate welfare”. There
were calls to abolish the Department
of Commerce’s Technology Adminis-
tration (and the department itself),
and some members of Congress criti-
cized the administration’s high-profile
R&D partnerships with the private
sector. The vehemence of the attacks
came as a surprise to many observers
(4). The bipartisan policy for U.S. sci-
ence and technology that appeared to
be emerging by the end of the Bush
administration collapsed. However, by
1997, the extreme nature of some of
the attacks on govermnment funding of
technological research seemed to have
produced a reaction from moderates in
both parties, who appreciated the
importance of sorting out the issues
and searching for common ground.

New nonpartisan consensus

Early in the 105th Congress, a new
flurry of bipartisanship seems to have
gripped the President and the Con-
gress. Despite concerns about govern-
ment distortions of a free market and
the necessity to cut the discretionary
budget, almost everyone in Congress
believes that U.S. ingenuity and re-
search have made the nation strong
and prosperous. The Republicans’
first-day legislative package for the
1997 congressional session included
an unexpected and widely praised
authorization bill introduced by Sena-
tor Phil Gramm (R-TX) that would
double government expenditures in
nominal dollars on nondefense basic
scientific and medical research over
the next 10 years, implying an annual
growth rate of some 7% (before infla-
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tion). This would be a significant
change from the 1996 projections by
both the President and Congress,
which called for federal nonmilitary
R&D to shrink, in constant dollars, by
as much as 20-30% in the outer years
of their budget-balancing plans.

Leaders in both parties showed evi-
dence of a common interest in resolving
science and technology policy issues:
A group of highly respected, influential
legislators formed a bipartisan Science
and Technology Caucus in the Senate,
and Chair James Sensenbrenner (R-WT)
and ranking minority member George
Brown (D-CA) are working well to-
gether in the House Science Committee.
There is a sense among key legislators
that if agreement can be reached on the
management of the ATP, then many
other program issues will be more eas-
ily resolved. The Congress now has a
unique opportunity to set a course that
could endure for at least a decade and
make a huge contribution to American
capability and well-being.

Differing views

Given that a willingness to compro-
mise is shared by members of both
parties, what are the basic differences
between Republican and Democratic
views of civilian technology policy?
Conservatives have greater confidence
in the power of competition to induce
firms to invest in technology in pursuit

of their commercial interests, which
the firms understand in far greater
detail than does the government. Most
conservatives would agree that market
failures may require the govermnment
to supplement private investment in
special cases. They strongly support
federal R&D to develop military and
other systems the government wishes
to purchase for its own use. But
where market failures lead to private
underinvesiment, conservatives raise
warnings about the government’s fail-
ure to competently remedy a market
failure and about the temptation to
use public R&D funds for partisan
political purposes.

Conservatives and liberals generally
agree that government should support
basic research in science. They under-
stand that scientific research entails
uncertainties about what may be
learned, how quickly progress can be
made, and how new knowledge might
be used in a practical application. The
serendipitous discoveries that emerge
from science suggest that scientific
research is best performed under con-
ditions that allow researchers a lot of
freedom. Indeed, scientific research is
more about finding good questions
than turning out predictable answers.

Bipartisan breakdown

However, the bipartisan agreement
that government should support scien-
tific research tends to break down
when one moves from the theoretical
science disciplines such as astronomy
and mathematics to fields seen as more
practical, such as chemistry, oceanog-
raphy, and engineering—in “practical”
fields, much more is assumed to be
known in advance about how research
results might be used.

Politicians are tempted to treat re-
search done in these fields as “applied
research”, and because the work is as-
sumed to have economic value, con-
servatives may expect the market to
motivate firms to pay for it. Thus, most
of the argument centers on the more
useful kinds of research, especially
when government chooses to fund that
research through partnerships with pri-
vate firms. When commercial firms
are invited to share the cost of research
with the government, the market fail-
ure that justified the public expendi-
ture appears to be modest at best,
adding to conservative doubts about
its necessity.

The line that divides basic scientific
research from more immediately useful
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technological research is unclear. So,
too, is the line that divides technologi-
cal research from commercial product
development. Between science (which
has bipartisan support) and commercial
product development (which neither
party would have government subsi-
dize) lies a large part of the most intel-
lectually exciting and economically
useful research. The political contro-
versy about sovernment research subsi-
dies concemns primarily this gray area
between “pure” science and develop-
ment, the area that we call “basic
technology research™ (5).

Challenges facing new policy

We started from the premise that
managing a technology policy in sup-
port of economic growth is much
more complex than implementing the
traditional national security-oriented
policies of the preceding four decades.
This is so, not only because of ideo-
logical differences over the appropri-
ateness of government activities in
private markets, but also because, for
the new policies to be successful,
much of the success must come by
indirection.

In a defense-oriented R&D econ-
omy, the government is the customer
for the results of the majority of its
R&D investment; however, when gov-
ernment research is to be picked up by
private firms and used to compete in
world markets, the government is no
longer the pnmary customer. In its eco-
nomic context, technology always is
embedded in a larger business context
of production, marketing, and finance.

Technology policy, if it is to contrib-
ute to the economy, must be linked to
economic policy. For this reason in
1993, the Clinton administration cre-
ated a National Economic Council,
deliberately parallel to the National
Security Council, to “monitor the im-
plementation of the new [technology]
policies and provide a forum for coor-
dinating technology policy with the
policies of the tax, trade, regulatory,
economic development, and other
economic factors™ (6).

Technology policy must derive at
least part of its legitimacy from the
mainstream national concerns about
productivity and growth and from the
capacity of the private sector (o con-
tribute more to public ends such as
environmental protection and public
health. It should not be seen as simply
the “applied” component of science
policy. The institutions for policy
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making in the White House and the
Executive Office will have to leamn
how to marry the function of eco-
nomic policy making, with its politi-
cal salience and high stakes, to the
traditionally apolitical, low-visibility
function of science and technology
policy support. (The role of the White
House is discussed in Reference 7.)

Reaching bipartisan agreement

Why is it important for Congress
and the administration to find common
ground for a new policy direction?
U.S. firms are competing globally
against industrious people in some
market economies whose govern-
ments are making massive invest-
ments in incentives to encourage
research and innovation; Americans
must agree on hD"A" our g{}vummum
should respond.

There are other reasons for rethinking
technology policy: New approaches to
public-private partnerships may be the
right strategy for defense and the envi-

ronment, tee. The new direction for |

defense acquisition, begun in the last
year of President Bush's term, is to
seek to use the innovative capacity of
commercial firms to a greater extent
(8). This scheme entails co-investing
with private firms in dual-use technol-
ogy so that the govermment’s invest-
ment is leveraged by private funds
driving toward similar technological

goals, Thus, defense more and more
often will ask of industry, “How close
can you come to meeting my require-
ments with your technology and the
limited funds we have available?”
instead of, “Here are my requirements;
what will it cost?” Partnerships become
the appropriate institutional relation-
ship, replacing the command economy
that characterized a dedicated defense-
only industry.

Similarly, the new policy path for
dealing with environmental pollution
(9) will be to supplement end-of-pipe
controls with incentives that modify
process technologies so that less of-
fensive effluent is produced with lit-
tle, if any, increase in manufacturing
cost. Even the delivery of health care,
now being rapidly commercialized in
the quest for cost containment, will
have its influence on technology pol-
icy in the health sector, a trend that
| has shown up first in the extensive use
of Cooperative Research and Develop-
ment Agreements (CRADASs) by the
National Instimates of Health (NIH) and
collaborating medical industry firms
(0.

The government is learning how to
leverage research investments and
other policies to empower private
innovation and to induce behavior in
commercial markets so as to reduce
the need for federal regulatory inter-
vention (see box, Cengressional
influence on competitiveness). The
adminisiration can claim some suc-
cess with this kind of enabling policy
in its effort to enhance the National
Information Infrastructure (/7). This
is the path to achieving public ends at
lowest cost, building a strong eco-
nomic base for the future, and gaining
the support of the U.S. public for the
long-term commitment to science and
technical innovation on which our
future depends.

A shifting focus

The search for a bipartisan agree-
ment on the nation’s civilian science
and technology policies is like chasing
a rapidly moving target. The extraordi-
nary changes that are sweeping private
industry worldwide call for a new role
for government—one that exerts less
authority over private activities, lis-
tens better to research requirements
coming from the private sector, and
focuses on enabling innovation and
building capacity rather than on creat-
ing new things for government use.

MNew patterns of innovative activity and




new multifirm industrial structures are
emerging. The focus of innovation is
shifting from the multinational corpo-
rations and their university-like cen-
tral laboratories to the dozens of
hungry firms in their supply chains.
This shift in focus is unleashing a
wave of opportunity for creativity and
entrepreneurship in the smaller firms,
but their sights tend to be set on much
closer time horizons. While the gov-
ernment has been struggling to find a
new set of policy principles for tech-
nology appropriate to a shift in priori-
ties from public to private innovation,
sweeping changes have been affecting
the American economy and its system
of innovation.

American corporations have realized
that the playing field—for technology
development as well as markets—is
no longer national; it is global. Firms
seek technology sources on a global
basis, developing alliances with for-
eign competitors and establishing lab-
oratories in foreign nations. Foreign
companies do the same in the United
States. These sweeping changes in the
economic environment have made the
old technology policies even less ef-
fective than they were in the waning
years of the Cold War. Thus, the need
for a new perspective on govern-
ment's role arises not only from the
transition from military security to
economic and domestic security, but
also from the need to reflect these
sweeping transformations and lever-
age them to America’s advantage.

Transforming industrial R&D
Responding to changes in the glo-
bal economic landscape, research-
based innovation in the United States
and worldwide is undergoing a funda-
mental shift. The dimensions of this
change include
= the increasing pace of technologi-
cal change;
m the rise of new technology-intensive
sectors, such as information technolo-
gies, advanced materials, and biotech-
nology;
m the increasing knowledge intensity
of industry;
m the relentless pressure for shorter
development cycles;
m the globalization of technology; and
m increasingly complex relationships
and interdependencies among corpo-
rations, government, and universities,
Underlying and driving these changes
is the increasingly distributed and
decentralized nature of technology.

Congressional influence on
competitiveness

The first response of the U.5. Congress
to the rising concerns about U.S. high-
tech competitiveness was to try to
accelerate the spin-off of government
technology to the commercial sector. In
1880, the Bayh—Dole Patent Act allowed
agencies to grant exclusive licenses for
inventions made with their funds. It was
followed by the Stevenson—Wydler Act,
also in 1980, which encouraged .

- university—industry collaboration. Tha

' National Cooperative Research Act of -
1984, a response to the view that
Japanese consortia of competing fi I‘rms
~ gave each member firm a cmpetiﬂve

i advarftaue,redunedﬂmmkufcw

:' ; t pros "mTunpf firms ngﬁahﬂ-**“
: r;*.

xﬁhntgnﬁaunm strengthen the abilities
ofthe Exeﬁht?mﬂfﬁagjo c-;mrdmata?w.--»
“science and technology matters, most
recently by the creation of the National
‘Science and Technology Council at the
=_-;-hasgmmng of the Clinton a-:lmmlstraflun
‘Alﬂ'mugh Rﬂpuh["uam strongly
upposed many of the policy Innnrum:ans
embodied in the Omnibus Tradeand
- Competitiveness Act, they have not -
repealed any of the legislative aulhun= :
- zations for these institutional changes,
even since they won control of the
“Congress in 1994. Recent fights have
been over budgets and appropriations
to implement the authorized activities.

Industry is shifting from the central
R&D laboratory to the international
R&D network. In the past, corporations
could intermalize research and technol-

ogy development; however, as the
sources of technology have become
more decentralized and distributed, the
challenge has become how to manage
external sources of technology. To cope
with these changes, corporations are
developing new collaborative relation-
ships, alliances, and partnerships; rely-
ing more on their suppliers, customers,
and users as sources of technology;
establishing overseas R&D labs; and
forming more partnerships with univer-
sity and government laboratories (see
box, Reaching out to universities for
technology, p. 18).

Industrial R&D is extending its
focus, monitoring the external envi-
ronment for potential sources of tech-
nology, and seeking to forge the kinds
of partnerships required to gain access
to those resources. Corporations have
increased their reliance on outside sup-
pliers as sources of goods, services,
and innovation. In doing so, many
companies have reduced, downsized,
and in some cases eliminated their
central R&D laboratories—once the
much-admired centerpieces of the
American innovation system (I5).
Some companies have shifted their
technology development work to more
applied activities; others have in-
creased their reliance on universities
for pioneering and applied activities.

New strategies are emerging to
meet these challenges. In the past, the
large central corporate laboratories of
companies such as IBM, AT&T, Gen-
eral Electric, RCA, DuPont, and Xerox
were important contributors to the
national and international science base.
They also were sources of commer-
cial technology and industrial leader-
ship within their own companies.
That kind of contribution is now
unsustainable. Many corporations
have cut back or even eliminated their
centralized research laboratories
(RCA's Sarnoff Laboratories is the
most notable example). Berween 1986
and 1993, the average annual growth
in industrial R&D was only slightly
more than 1%, compared with a 6.7%
annual growth rate between 1976 and
1985 (I13). Tighter R&D budgets are
driving industry’s quest for more effi-
cient processes, perhaps with a greater
realization that no company alone can
keep pace with technology and that
technology is not the only key to eco-
nomic success.

To cope with this new environ-
ment, corporations are developing
strategies that focus R&D resources

CHEMTECH JUNE 1298 17



on core strengths, tie R&D more
closely to manufacturing and market-
ing, and leverage outside sources of
technology. Illustrative of this shift
are GE's new priorities for its central
R&D laboratory:

m educating and training people,

m coordinating work across business
units,

m transferring best practices across
the company, and

m developing and solving new prob-
lems.

Decentralized innovation

Results of a survey conducted by the
Industrial Research Institute (IRI) indi-
cated that firms are indeed increasing

linkages with the external corperate |
environment (16). IRI found that 49%
of the laboratories that responded |

expect to increase their joint ventures
and alliances, whereas only 4% expect
to decrease. Additionally, 34% of the
R&D labs that responded expect to
increase licensing to others, whereas
22% expect to increase licensing from
others.

These findings were reinforced by
the results of a broad international
survey of technology managers that
indicated that corporations are relying
more heavily than ever on external
sources for basic research and product

.'_",.The‘ﬁ in ;:ul orati "’HED’

= amnn;}‘t:orpﬁm‘rnn HEEII‘ ‘éupph&f@f
universities, and even government Iahs
isaclear :ndbcatur_u_fthe trend toward
even more dependence on distributed,

- external sources of technology. R&D

- managers throughout the advanced -
industrial world are decentralizing and.
globalizing R&D efforts, developing
ways to collaborate fruitfully with other
companies, suppliers, universities, and
government laboratories while focusing
their internal efforts on core products
and competencies.

IBM, Toshiba, and Siemens, for
example, are collaborating on the
development of 256-megabit memory
chips. Such collaboration extends even
to the fiercest direct competitors:
Witness the Big Three car manufacturers’
United States Council for Automotive
Research (USCAR) consortium,
supported by the federal government's
“Clean Car” effort (a.k.a., Partnership
for a New Generation of Vehicles).
Collaboration reduces cost, spreads
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development (I7). Firms in Europe,
North America, and especially Japan
see themselves as increasingly depen-
dent on external sources of technol-
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 constantly monitor the external sources

“of technology. It also places new
demands on public supportforthe
research infrastructure that creates new

The distributed nature of innovation
also has brought about countless -
university—indusiry research - - -

refationships. Universities have become

an important component of the R&D
system during the past two decades,
registering significant gains in the share
of research they conduct (72). The
university share of total R&D increased
between 1970 and 1993 from 8.9 to
12.8%. Universities performed $20.6
billion in R&D in 1993, $10 billion more
in real terms than in 1970 (13). Industrial
funding of university research also has
increased dramatically, another
indication of industry’s growing reliance
on external techniology sources. Between
1970 and 1993, industrial funding grew
by nearly 600% in real terms from $176

ogy. The study further indicated that
corporations use different external
sources for basic research and for
product development: Universities are
the primary external source for basic
science, whereas joint ventures and
suppliers are the sources of product
development. However, even as cor-

| porations increase their reliance on

external technology sources, internal
sources—central R&D labs and divi-
sional R&D units—are still the domi-
nant sources of technology.

The shift toward distributed tech-
nology has been followed by decen-
tralization of technology management
responsibilities. The United States has
undergone a rapid decentralization of
technology since 1994, from the cen-
tral R&D laboratory to business divi-
sions. Of the U.S. research managers
in Roberts® 1994 survey, roughly 60%
indicated that they were shifting
responsibility for R&D budgets and
activities from central laboratories to
business units (7).

This shift in corporate structures
and relationships poses important
challenges for American technology
policy; it must rely less on the re-
search talents in the largest firms
(e.g., IBM, AT&T, and DuPont) and

less on the linkage to universities and
national laboratories that the corporate

sean:i‘lgmwﬁumﬁm 7.3% mrsr

"'_the same period (13)°

Relationships between university and

_:71_'|ndusrr1.r have become more extensive
- during the past decade or so. I.lnwer- i
~ sities sought to cope with federal.

funding patterns that did not keep pace :
with demand and responded to changes
in federal policy that made federal
funding contingent on industry funding.
In 1994, there were more than 1000

- university—industry ressarch centers

{UIRCs) on more than 200 LLS.
university campuses (14). These
centers spent an estimated $4.1 billion
on research and related activities in
1990, $2.5 billion of which was devoted
explicitly to R&D. UIRCs give the
government a mechanism for
accelerating the diffusion of useful
technical knowledge to industry while
concentrating public resources on
advanced research accessible to a broad
range of potential users.




The globalization of markets, production,
and technology is a defining feature of the
new economy. Goods are increasingly
produced where they are sold. The sales
of goods produced in the global
factories of multinational enterprises
now total some $6 trillion, an amount
that far exceeds the $3.5-4 trillion
generated by international trade (18).
Exports from foreign subsidiaries of
multinational firms now exceed the total
. exports from the home countries in
“which those multinationals are based.
A sweeping globalization has taken
place in R&D during the past decade, as
‘corporate innovation systems have
become international. Today, U.5.
“multinational enterprises invest nearly
-+ 515 billion per year, roughly 10% of
“their total R&D, in R&D laboratories
- located in foreign nations (79, 20).
- Foreign companies account for more
_than 15% of all R&D conducted in IhB

ot

T

5 ignificant shares of the. *Amari::an

~ technology base in fields suchas

ﬁ{:hemwaf.s and pharmaceuticals. inf
+ foreign direct investment in R&D

research laboratories have historically
provided. It illustrates an important
new dimension to technological inno-
vation: Innovation entails organiza-
tional change as well as technological
advances. Technology policy has long
failed to give highly innovative small
and medium-sized firms the central
role that they deserve. Part of the rea-
son for this failure was that, by neces-
sity, such firms had a short-term
perspective on research. But as the
center of industrial innovation shifts
to these firms and away from funda-
mental long-term, high-risk research,
technology policy must find a way
to compensate for this short-term
perspective,

Other nations trail the United States
in R&D decentralization. Japanese and
European corporations continue to
move control up the hierarchy from the
business unit level, toward more cen-
tralized corporate control. Neverthe-
less, foreign-based firms are increasing
their reliance on suppliers as a source
of technology and innovation (see
box, The globalization of innova-
tion). Japanese companies have long

L::}u_"rted Etaiesaruicﬂnsﬁﬁlte large and. .::.-.33

- more than 200 R&D laboratories

The globalization of innovation

lzaders in R&D. According to a 1992
survey of the overseas R&D activities of
world's largest 500 corporations, U.S.
companies maintained the largest
global R&D network, accounting for
maore than one-third of all overseas
laborataries (27). The leading centers
for foreign B&D investment by U.S.
companies were Germany ($2.5 billion),
the United Kingdom ($1.6 billion), and
Canada ($1 billion). The notable
exception to the pattern of agaressive.
U.S. foreign investment was in Japan,
where government barriers limited
investment in R&D by American firms
to just $595 million, roughly the same

~amount that they had mvesteﬁ in [reiam:[ i
- R&D spending by foreign affiliates grew

(573 million) (19). -
Japanese companies haue a:mandar]

their global R&D networks substantially

in recent years and currently uperate o

~abroad. .!apan 5 international R&D
laboratories are mnnamaiedh Hud}l

depended on their suppliers as key
sources of innovation; German corpo-
rations are increasingly using their
suppliers as sources of technology.

Globalization
challenges
some of the

most
fundamental

assumptions
of U.S.

technology
policy.

. added to R&D, comparable to spe dmg A
“hyUss -owned firms. The: "E'Q’l

1Forelgn R&D accounted for 20% of
‘mgn “techno!ngsr R&ﬂ in‘g?m

For example, Asea Brown Boveri, one of
the leading producers of electrical
power systems, has organized its
extensive network of European
laboratories along matrix lines. Under
this system R&D projects are
coordinated across laboratories in
different nations, rather than being
undertaken by individuzal laboratories.
The United States also has become
the center for the global R&D explosion.
From 1985 to 1995, overseas cor-.

* porations invested more than $10

billion in 400 R&D centers in the United

States. Two-thirds of this spending was

concentrated in three sectors:
chemicals, drugs, and electronics (719).

from $6.5 billion in 1987 to $11.3 billion

- in 1990, an increase of nearly 75%.

Furthermore, the proportion of total

- US.R&D provided by forelgn com-
- panies grew slgmfu:anﬂy inthe.

e R

e

of total corporate R&D g om'
: umﬁ%msasms % in 1990.

Many new strategies and struc-
tures—variously referred to as “lean
production”, the “knowledge-based
firm™, or the “high-performance orga-
nization"—are being used worldwide,
even though the models differ from
one country to the next. This transfor-
mation has altered the internal struc-
ture of the firm. Now emphasis is on
the use of teams, a high degree of task
integration, decentralized decision
making, continuous innovation, orga-
nizational learning, and a blurring of
the sites of innovation and production,

Building a national capacity

The globalization of innovation af-
fects the way government intervenes in
science and technology policy. Some
economists, including Joseph Stiglitz,
former chair of the Council of Eco-
nomic Advisors, have come to believe
that science and some aspects of tech-
nology are increasingly taking on the
characteristics of what they refer to as
an “international public good”, which
tends to flow across national borders
and whose shared benefits are enjoyed
by all. If true, then this phenomenon
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raises a series of important questions,
especially about the extent to which a
national government can offer suffi-
cient incentives for investment in sci-
ence and technology assets that may
later flow beyond its borders.

Globalization challenges some of the
most fundamental assumptions of U.S.
technology policy. Foremost among
these is the notion that technology pol-
icy can somehow act on self-contained
“national systems of innovation™ (f2).
To the extent that all highly industrial-
ized economies are tightly linked
through the flow of technology, com-
ponents, and services, U.S. technology
policy must consider the investments
of other governments in domestic tech-
nological resources and capacity. The
policy must shift to systematic concern
for the quality of the U.5. workforce,
the depth and breadth of new technical
knowledge, and the American spirit of
entrepreneurship—in short, to the in-
frastructure for innovation and produc-
tivity that will make the United States
the most attractive place for innova-
tion. Therefore, although the nation-
state may not be the natural unit within
which the system of innovation is best
understood, the proper concern of pub-
lic policy is for the national capacity
for innovation. The U.S. government
can and should contribute to this na-
tional capacity.

Capturing benefits for Americans

Unfortunately for the prospects of
consensus technology policy, the
globalization of R&D and innovation
raises very uncomfortable political
questions about where U.S. interest
lies. Strong voices within both of the
dominant political parties are skeptical
of the advantages of open markets,
lowered barriers to foreign invest-
ment, and accelerating diffusion of
technical knowledge. They express
serious concerns about free riding on
U.S.-funded basic and advanced re-
search, exportation of jobs when
American firms invest abroad, and
foreign control of U.S. R&D assets
when foreign firms invest here.

It is true that governments try, usu-
ally with limited success, to capture
the benefits of their technology in-
vestments domestically. They erect
barriers to participation in national
technology programs by foreign-
owned corporations and to the foreign
purchase of controlling interests in
domestic firms seen as critical assets
for national security.
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For more information

This article is adapted from Chapter 1
- of Investing in Innovation: Creatinga
Research and Innovation Policy That
- Works, edited by Lewis M. Branscomb
and James H,Kelber (MIT Press: Cam-
bridge, MA, 1998; 516 pp.; $35 clnth
IEBH 0-262-02446-2).
-~ In October 1996, the C!intnn
admmlstmtmmmlied the authors Df
-~ the 18 chapters to examineand
_evaluate the success of new Dﬁhﬂl&S
- that had been implemented by
- President Bill Clinton and Vice
- President Al Gore. In the book, an-
~ expansion of a summary reportof
 findings published in April 1997, the
* authors use a new set of technology.
policy principles to evaluate many. B
federal research programs and make
recommendations for change. They -
- offer guidelines for stimulating
~technological innovation, shaping
- public and prhm:e paf&memhlps,

However, we believe that govern-
ment’s attempts 0 manipulate the
flow of benefits from public invest-
ments in R&D against the tide of glo-
bal markets is fruitless and potentially
destructive. Once innovations have
been internalized in a firm, the firm
must be free to deploy those assets
the best way it can—which could
mean selling the assets to a buyer at
some time. To do otherwise abrogates
to government the very market power
to which those who believe in private
enterprise most object.

Current policy seeks a reasonable
and moderated response to these politi-
cal concerns. Foreign-owned firms are
allowed to participate in most govemn-
ment programs if their own govern-
ments accord similar benefits 1o U.S.
subsidiaries in their home countries.
Barriers to foreign direct investment
have been raised only in rare cases.

The U.S. government is trying to
find ways 1o enhance the respect for
U.5. intellectual property abroad and to
express concern about importation of
goods produced by child or prison
labor or without concern for environ-
mental consequences. As the world

entry of former Communist states into
world markets, and with the growth of
third-world production, these political
concerns are expected to rise.

It will take new international under-
standing and perhaps institutional inno-
vation to resist political pressure to
stem the tide of globalization. A posi-
tive, investment-based strategy is the
best antidote to projectionist pres-
sures. The federal government should
help U.S. firms respond to the com-
petitive challenge of a fast-changing
global marketplace. Government should
be able to do it without meddling in
domestic markets or favoring compet-
itors. This investment strategy may
find support on both sides of the polit-
ical aisle, because it is constrained
more by budget deficits than by eco-
nomic ideology.

The new role for government
Economists are revising their view
on the appropriate nature and role of
government involvement in science
and technology. In the late 1950s and
early 1960s, Nelson (23) and Arrow
(24) provided compelling economic
logic for greater government support
of R&D. They argued that R&D
offered tremendous potential social
returns, but it often was just too risky
for private firms to make the required
investments. Government support was
required to close the gap and to
ensure that sufficient levels and kinds
of R&D investment were undertaken.
Recent economic research on the
process of technological innovation
and on the government’s role in sup-
port of science and technology notes
the importance of “spillovers™ of two
kinds: knowledge and consumer sur-
plus. Knowledge spillovers derive from
the public-good nature of knowledge,
combined with the difficulty of keep-
ing economically useful knowledge
secret when it is profitably exploited.
Such spillovers can be derived from
reverse engineering, when some aspects
of a competitor's technology may be
discovered by examining how the com-
petitive product is made. Even negative
information—the abandonment of a
line of work by a respected competitor,
for example—can be a useful spillover.
Consumer surplus spillovers result
from the creation of new goods or the
improvement of existing ones. The
innovator captures only part of the
consumer value in the sales price;
there may be a social surplus that

economy becomes more open, with the | exceeds the innevator’s profit.




Research tends to generate more
knowledge spillovers, which is a rea-
son for government support, but re-
search alone cannot generate consumer
surplus spillovers. These come from
product and process development.

Private firms have inadequate incen-
tives (to varying degrees, depending on
market structure and other consider-
ations) to take new ideas to market.
Furthermore, the transfer of potentially
useful ideas from the government or
university sector to the private sector
does not happen automatically or
without cost. For better or worse, if
government or university scientists
are not given incentives to transfer
their commercially useful ideas o

the for-profit sector, many ideas will

languish.

Complementarities

Economists who study innovation
also note that there are complementa-
rities among research, development,
and human capital. One major reason
that firms do research is to develop
the internal capability to absorb and
use others’ research (25). The ability
of a firm to appropriate knowledge
spillovers to its advantage is limited
by its absorptive capacity. Thus, from
a public policy perspective, nations
whose firms do very linle research
may find it difficult to appropriate the
“international public goods™ repre-
sented by U.S. research investments.
To maximize the social return on pub-
lic research investments, preference
should be given to intrinsically promis-
ing research in which the spillovers to
the intended beneficiaries—pnmanly
LI.S. firms—are greatest.

Patel and Pavitt have called atten-
tion to the importance of the institu-
tional efficiency and creativity with
which an economy responds to com-
petitive pressures and opportunities
(26). The prevailing economic theory
of the 1960s, they argue, predicted
that buoyant demand and an open
trading system would allow the inter-
national {(and domestic) diffusion of
technology and, in turn, would lead to
equalization of technological perfor-
mance at the national level. They claim
that this prediction was based on a
flawed model of science-based devel-
opment and technological change. The
mode] assumed that
m “embodied”™ technical change
would derive from investment in bet-
ter machinery—imported machines
incorporate process technology within

Government
must develop
clear and
measurable
goals for

innovation-
based
economic
progress.

their designs, available to all who pur-
chase them;

m “unembodied” change would arise
from the relatively costless diffusion
of knowledge that is codified as
“information™ in books, journals,
drawings, and patents; and

m unembodied change also would be

| acquired as “tacit” knowledge, result-

ing from relatively costless “learning
by doing”,

If this model were equally applicable
to all countries in a similar state of
development, it would follow that
through markets for machinery, free
access to codified technical knowledge,
and a rapid process of learning by
doing, the gaps between the economies
of the United States, Japan, the United
Kingdom, Germany, and France should
have closed during their recovery from
World War II; they did not. Japan and
Germany have moved ahead, but the
United Kingdom and France have
fallen behind. In three decades, Tai-
wan, Korea, and Singapore have leapt
ahead technologically from a very
backward state, while Brazil, Mexico,
and India have failed to do so (although
they show signs of progress).

All three assumptions are elements
of the technology diffusion process, but

| the efficiency of these processes varies

strongly from one institutional setting
to another. Patel and Pavitt concluded
that technology diffusion, productivity
learning, and transfer of embodied
technology are vulnerable to cultural,
managerial, and institutional barriers

(26). Thus, they focused attention on
the importance of investments in edu-
cation, training, R&D, and efficient
inter-institutional collaboration. These
also are the attributes of a society
described by Fountain (27),

Government efforts—which helped
to create the broad institutional con-
tours of the post-World War [1 R&D
system—now must be strategically
recast to inform the new institutional
relationships among industry, univer-
sity, and government required for a
new system of research-based innova-
tion to emerge and prosper. The role
of the extensive network of govemn-
ment laboratories, which consumes
more than 525 billion in federal R&D
spending per year, must be reexam-
ined in terms of changing economic
and technological realities. The fed-
eral government must develop clear
and measurable goals for innovation-
based economic progress so that the
private sector can gauge the effective-
ness of new institutions, policies, and
programs. Federal science and tech-
nology initiatives must be aligned
with broader economic, trade, and
regulatory policy initiatives and goals.
All of this must be consistent within
its global context.
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“We don't know the answer yet, but we're really getting off on the altention. "
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