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T he Defense Research Projects Agency (DARPA) 
enjoys an enviable reputation as an elite band of 
non-bureaucrats, able to pick technological win

ners for the Defense Department and drive them forward 
by selectively targeted R & D funding. Why not, it has been 
asked, do the same on the civilian side of the economy? 

Over the years, more than a few bills have been intro
duced in Congress that would set up a civilian parallel to 
DARPA. Most have disappeared without much consider
ation, although in 1987 the Senate Governmental Affairs 
Committee reported draft legislation that would have cre
ated an Advanced Civilian Technology Agency explicitly 
modeled on DARPA. This bill—Congress's most serious 
flirtation with the idea of a civilian DARPA—was incorpo
rated in the Senate's version of the 1988 omnibus trade 
act, to be later dropped in favor of a less ambitious alter
native reported by the Committee on Commerce, Science, 
and Transportation. This second bill contributed the sec
tions of the trade act that renamed the National Bureau of 
Standards and created a small Advanced Technology Pro
gram (ATP) within what is now the National Institute of 
Standards and Technology (NIST). 

Late in 1989, Sen. John Glenn (D-Ohio), chairman of 
the Governmental Affairs Committee, introduced another 
bill calling for a civilian DARPA. Meanwhile, other forces 
pressed for an expansion of ATP from its present funding 
of about $10 million annually to levels an order of magni

tude higher. Given rapid and substantial growth, the ATP 
might itself evolve into a civilian analog of DARPA. 

This article does not seek to weigh the merits of these 
two approaches to creating a civilian technology agency— 
questions once again before Congress. Rather, it briefly 
summarizes the case for such an agency as a partial reme
dy to the shortcomings of U.S. technology policy, exam
ines the quite real political risks of such a step—some of 
them unavoidable in an agency that will lack a well-de
fined mission akin to that of DARPA within the Defense 
Department—and then goes on to discuss design princi
ples for a civilian agency. 

Any full discussion would have to ask whether DARPA 
itself deserves its reputation as an agency that has made a 
substantial difference in the capability of U.S. military sys
tems through leveraging of high technologies. But that 
would call for a more extensive analysis than we can at
tempt here. 

Support for commercial technologies 
U.S. difficulties in technology development must be 

viewed in system-wide perspective. The federal govern
ment budgets more than $65 billion annually for R & D , 
nearly as much as industry spends on its own. How is it 
that the United States could have problems with technolo
gy development, given that government and industry each 
spend more than government and industry together in Ja
pan? Part of the answer is simply that most of the federal 
total goes to meet the needs of mission agencies, notably 
the Department of Defense (DoD). 1 Most of the DoD 
money goes toward the engineering of weapons systems, 
and has little direct impact on the rest of the technological 
enterprise. 

Spending by industry, moreover, looks far less impres
sive when compared as a fraction of corporate revenues or 
G N P against our major international competitors, Japan 
and West Germany. Currently, the United States spends 
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Project review 
When it comes to selecting projects for extramu

ral funding, federal agencies rely heavily on expert 
technical reviews. The National Science Foundation 
(NSF) and the National Institutes of Health (N1H) 
use outside panels extensively, aiming at a merit-
based rankings reflecting the collective judgment of 
a group of scientists recognized in the field—peer 
review. NSF's criteria for rating proposals include: 
technical competence of the proposed research, 
based on past achievements as well as the details of 
the proposal; "intrinsic merit of the research," 
meaning the likely impacts on scientific advance; 
and relevance. DoD and the Department of Energy 
conduct many of their reviews internally, but also 
look to external bodies, permanent and ad hoc, on 
occasion. 

Not perfect, these processes are open to criticism 
when reviewers do not have appropriate qualifica
tions (a problem particularly for internal agency re
views), or represent the conventional wisdom when 
the need may be to break the mold of current re
search. But the general approach has been widely 
accepted. It works and, if applied appropriately, 
should provide useful guidance for sponsorship of 
industrial R & D by a civilian DARPA. The agency 
could look to review panels for merit-based judg
ments, mixing outside engineers and scientists with 
its own staff. Agency staff would have to have the 
final say, as in mission agencies like DoD. 

Contract monitoring, necessarily, would also be 
an internal responsibility. The civilian DARPA's em
ployees would need to keep a critical distance from 
sponsored work and be willing to cut off funding to 
companies that fail to perform (something DoD has 
difficulty doing on occasion). 

about 2% of G N P on civilian (i.e., non-defense R & D ) ; 
Japan spends at a level of 2.8% of GNP, Germany nearly 
as much. Three points concerning these comparisons 
should be noted. First, in all three countries, most of the 
money for civilian R & D comes from industry, not from 
government. Neither Japan nor Germany heavily subsi
dizes industrial R&D—nor , of course, does the United 
States. This does not mean that government spending for 
civilian R & D cannot have very substantial impacts, par
ticularly when channeled to projects where private firms 
cannot expect to capture high rewards, but where pay
backs to the national economy as a whole might be large 

(the familiar justification for public funding of basic re
search). 

Second, inputs to R&D—money spent, number of engi
neers and scientists at work—tell nothing about the out
puts of R & D . The outputs are hard to measure and evalu
ate, as every research manager knows. 2 At the same time, 
it seems plain that the costs of R & D are lower in Japan 
than here (although U.S. and German R & D costs proba
bly do not differ greatly). R & D is labor intensive, and Jap
anese engineers, scientists, and technicians earn less than 
their American counterparts. (Low salaries for technical 
personnel have also helped countries like Taiwan and 
South Korea develop economically.) 

The third point concerning U.S. technology policy com
pared with Japan and Germany is this: even though none 
of these governments spends lavishly on commercial R & D 
(that is, public funding for industrial technology is small 
relative to private funding), both Japan and Germany have 
relatively well-developed policies and support systems for 
commercial technology, while the United States does not. 
This is not the place to describe the foreign systems.3 For 
Japan, it should be enough to point to such well-publi
cized undertakings as the fifth-generation computer pro
ject. Germany relies on a broad range of measures that 
include funding for the laboratories of the Fraunhofer As
sociation of Applied Research and selective support for 
R & D projects in both large and small companies. In sharp 
contrast, industrial technology has never had an advocate 
or a home in the U.S. government.4 

Because the federal commitment to commercial technol
ogies has historically been close to invisible, a civilian 
DARPA should, by itself, be seen as only one element in a 
more comprehensive approach to U.S. technology policy. 
A more comprehensive policy would have at least three 
objectives: 
• support for long-term, high-risk R&D, of the sort that 
industry will not fund on its own because the paybacks are 
too uncertain and/or too far in the future (particularly giv
en the pressures for quick returns created by U.S. financial 
markets); 
• support for generic R&D, where industry tends to un
derinvest because no one company can capture the re
wards (examples include corrosion control and many 
manufacturing technologies); 
• diffusion of both new and existing technologies, particu
larly to smaller companies that cannot hope to be techno
logically self-sufficient. 

In our view, only the first of these fits naturally under 
the civilian DARPA umbrella. (DARPA's job is to support 
risky, long-term military R&D. ) Giving a civilian DARPA 
broader responsibilities— e.g., for generic work and for 
diffusion—could risk loss of focus and make the agency's 
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job more difficult. NIST's ATP and other new NIST un
dertakings, such as its Manufacturing Technology Centers 
Program (also created under the 1988 trade act), are closer 
to the second and third objectives, although presently 
much too small to meet the needs. 

As usually conceived, then, a civilian DARPA would 
represent only one step toward a policy suited to the needs 
of an internationally competitive economy. And even all 
three of the elements listed above would not suffice to re
build U.S. competitiveness, given that technological capa
bility is only one of many ingredients in a competitive en
terprise or a competitive industry. Still, technology is one 
of the few ways in which the United States can hope to 
create sustainable competitive advantages, and a civilian 
DARPA, properly implemented, would be a step in the 
right direction. 

DARPA 
Known until 1972 as the Advanced Research Projects 

Agency, what is now DARPA began operations in 1958 
with a budget of about half a billion dollars. Originally 
given responsibility for the U.S. space program in the 
wake of Sputnik, and also for ballistic missile defense, 
(D)ARPA soon lost most of its space-related work to an
other new agency, the National Aeronautics and Space 
Administration (NASA). The (D)ARPA budget then fell by 
more than half, and only slowly recovered as the agency 
carved out its niche as focal point within DoD for long-
range, high-risk R & D . Not until the 1989 fiscal year did 
DARPA's budget exceed $1 billion; recent growth has re
sulted in part from Congress's decision to fund Sematech 
through DoD. 

Over the years, DARPA has been perhaps best known 
for its work in electronics, ranging from R & D on high
speed gallium arsenide chips to computer networking 
(ARPANET) and artificial intelligence. The agency has 
also funded R & D in advanced materials, in aircraft and 
aerospace technologies, and even in the behavioral sci
ences. DARPA maintains no laboratories of its own; the 
agency contracts for work in industry, universities, and 
federal laboratories, seeking to define projects that might 

Direct funding of industrial R&D raises 
the specter of subsidies won by lobbying 

rather than merit. 

eventually lead to big improvements in military system 
performance. N o agency with the mission of supporting 
risky ventures can expect to avoid failure, and DARPA has 
had its share. But it continues to enjoy support in Con
gress, and an enviable public image.5 

The civilian DARPA idea 
Given DARPA's reputation—a small group of creative 

people, with the judgment and experience to seek out and 
support the best ideas—it has been no surprise to hear 
suggestions that the agency be replicated on the civilian 
side of the economy. The problem, of course, is that 
DARPA has a mission, and a critical one—support of 
long-term R & D with potentially big payoffs in military 
systems. 

Productivity growth and competitiveness are fuzzy ob
jectives in comparison. More than a decade of political 
debate shows how slippery the concept of competitiveness 
is, not at all like national defense or health care. And, 
while DARPA likes to talk about commercial spillovers, 
these are side effects; well-publicized successes like com
puter networking help the agency maintain its support in 
Congress more than in DoD. Only if DARPA can continue 
to link its R & D with the objectives of the military services 
will it find continued support within the Pentagon. 

DARPA's role within DoD, moreover, inevitably brings 
it into conflict with the services, which, particularly in pe
riods of budgetary pressure, would prefer that money go 
toward meeting immediate needs rather than for visionary 
projects. Even under the best of circumstances, the work 
that DARPA supports will reach the field many years in 
the future, while the services want ships, planes, and tanks 
now. So far, DARPA has survived these pressures, al
though it has frequently reined in its time horizons—e.g., 
during the Vietnam War—to more easily demonstrate the 
relevance of its R & D . 

In any event, lack of a comparable mission is the poten
tial Achilles' heel for any civilian technology agency. A l l 
such proposals face a common problem: providing money 
for industrial R & D , in the name of commercialization and 
competitiveness, without a well-understood and widely-
accepted mission. Lacking a clearcut mission to discipline 
the process of setting priorities and making funding deci
sions, a federal technology agency could easily end up sub
sidizing marginal projects. Indeed, this has been a com
mon fate of government support for commercial R & D in 
Europe. 

The more of its funds a civilian DARPA channeled to 
industry, the deeper the pitfalls. Direct funding of industri
al R & D raises the specter of subsidies won by lobbying 
rather than merit. Yet it is in industry that the needs exist. 
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Desirable features of a federal 
agency for supporting 

commercial technology 

• Budget — $100 million to $500 million annually 
in the early years, exclusive of industry cost sharing, 
with 90% or more going for direct support of R & D 
and technology development projects. These pro
jects might be split roughly as follows: 
— 80% to industry, both single companies and con
sortia; 
— 15% to universities and non-profit research insti
tutions; 
— 5% for internal agency R & D . 

Industry cost sharing should be in the 40 -60% 
range to ensure that companies and consortia view 
the work as relevant. 
• Staff—Substantial use of detailees from other fed
eral mission agencies, as well as people on leave 
from universities and industry, would be desirable. 
Technical employees should be expected to spend 
some fraction of their time actively engaged in 
R & D , with successful performance of hands-on 
technology development a major factor in personnel 
reviews. 
• Intramural R&D — The primary reason for intra
mural R & D would be to maintain staff expertise. 
The agency's permanent staff could either work on 
internal R & D projects or spend periodic tours in in
dustry. 

If the technology is to be useful commercially, then it 
stands to reason that it should be developed primarily in 
industry. The dilemma is a vexing one: if a civi l ian 
DARPA is to support R & D in the public interest, it will 
need to find ways of identifying what that public interest 
is, convincing potential critics that it has done so fairly and 
that the results justify continuing support. Defining, as 
well as possible, the agency's mission comes first; mecha
nisms for funding R & D carried out by private firms (and 
consortia including private firms) follow. 

Still, if DARPA can make technically sound decisions, 
given the pressures it must live with, a civilian agency 
should also be able to, at least in theory. But a civilian 
DARPA, by its nature, would be harder to manage effi
ciently: nurturing new technologies intended to succeed in 
the marketplace is a more complex and exacting under
taking than supporting technologies for which govern
ment is the customer and end user. Moreover, a civilian 

DARPA would have high visibility politically. It would be 
under strong pressure from special interests, states, and 
Congress itself to steer resources to favored projects. In 
other words, a civilian DARPA could easily become a pork 
barrel, much as in earlier years with the breeder reactor, 
mass transit, or projects sponsored by the Commerce De
partment's Economic Development Agency. Political inter
ests could override economic sense. 

Agency design 

A civilian DARPA will have to operate so that it can 
avoid as many of these traps as possible. First of all, it 
should be small and lean (DARPA's staff numbers about 
125), emphasizing flexibility and making use of experi
enced professionals on temporary assignment from the es
tablished mission agencies. Beyond this, the agency's effec
tiveness will depend heavily on: 1) its mission objectives; 2) 
project selection and monitoring procedures; 3) the quali
ty of its staff; and 4) whether or not it undertakes intramu
ral research. 
• Mission. Lack of agreement on mission is one of the 
reasons why none of the many bills introduced over the 
years in Congress to create a new technology agency has 
become law. (The Bureau of Standards was established in 
1901, and the new ATP represents only a very small part 
of NIST's current activities.) Vague statements concerning 
competitiveness will not do. A civilian DARPA's central 
mission should be to extend the time horizons of U.S. in
dustrial R & D and help fill some of the gaps in the nation's 
technology base. More specifically, it should be responsi
ble for supporting long-term, high-risk R & D at pre-com
mercial stages. 

Agreement on mission objectives is the precondition for 
accountability. Whatever the precise form a civil ian 
DARPA might take, it wil l never have a mission as clearly 
defined as that of its DoD counterpart, or even NASA. 
The overall goal—supporting commercial technologies in 
order to support the international competitiveness of U.S. 
industry—simply does not lend itself to neat and clean de
cision-making. Competitiveness is difficult to measure, 
harder to predict, and depends only partially on technolo
gy. Many people and many groups may view competitive
ness as a legitimate goal. But as a practical matter, it will 
not be possible to judge the merits of a civilian DARPA's 
work or evaluate the outcomes of completed R & D pro
jects by linking its undertakings to competitiveness. Those 
linkages will be too loose, the causal connections tenuous 
and spanning too many years. While it should be possible 
to define technological objectives concretely enough to 
provide a handle on mission, it wil l also be necessary to 
insulate the agency from short-term political pressures. 
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• Project selection and monitoring. With the charge of 
supporting commercial technology development, much of 
a civilian DARPA's budget would have to go for contracts 
(and perhaps some grants) with the private sector, on a 
cost-shared basis. Some money might also flow to non
profit laboratories and to universities. But the point, after 
all, is to channel direct support to technology that will 
help leverage U.S. industrial competitiveness, supplement
ing the many indirect measures the federal government al
ready relies on to stimulate innovation and entrepreneur-
ship. 

Money for private firms always raises questions. The 
agency would have to choose projects on grounds that 
would be broadly accepted as fair. The answer begins with 
a competent staff, but merit review processes could also 
help (see box). 
• Staff. Plainly, the success of a civilian DARPA will de
pend heavily on the quality of its employees. Federal sup
port for commercial technologies will always run the risk 
of devolving into little more than a program of subsidies 
for industry, with much of the money going to marginal 
projects. A primary guarantee against this danger is to 
staff the civilian DARPA with professionals who have the 
independence of judgment and the technical knowledge to 
make good decisions and stick to them. 

To gain and maintain the respect of their industrial 
counterparts, the agency's employees—technical special
ists, program managers, administrators—will need a 
sound grasp of market realities, as well as industry's tech
nical requirements. They would need to function as part of 
a peer group that includes design and manufacturing engi
neers as well as R & D managers (technologists, not scien
tists). 

If the agency offered exciting work, gave employees 
substantial responsibility, and maintained a selective and 
competitive personnel policy—more like DARPA or the 
Office of the U.S. Trade Representative than the Com
merce Department—it should have little trouble in assem
bling a technically qualified staff. Finding people with 
strong credentials in R & D is relatively easy (American 
universities excel at the training of deep but narrow spe
cialists). Breadth and experience—industrial experience, in 
particular—are harder to find. Bringing in people from in
dustry might require exceptions to normal civil service re
quirements. 

Given that the federal government already employs 
many highly competent engineers and scientists, a civilian 
DARPA could begin by assembling a core staff borrowed 
from other agencies. Continued use of detailees would en
sure a steady flow of fresh perspectives, while also helping 
with inter-agency coordination and technology transfer. 
Industry sabbaticals that sent staff members to the private 

sector for periods of six months to two years could help 
serve this purpose, while also exposing agency employees 
to the imperatives of the marketplace. 
• Intramural R&D. Although most of its projects would 
be contracted out, a civilian DARPA should probably car
ry out some R & D in its own facilities. Internal projects 
would allow employees to keep their hands in—indeed, 
force them to do so, and to show that they can produce 
what they want others to produce: R & D that is relevant. 
The test is simple. If the intramural R & D is picked up and 
used by industry, the civilian DARPA's staff has passed. 

Internal undertakings need not be large in scale; they 
might consume, say, 5-10% of the agency's budget. Tem
porary assignments in industry could provide a partial 
substitute, but it would be harder to gauge the individual 
contributions of agency employees. (DARPA itself has no 
need for in-house projects because of its ties with custom
ers elsewhere in DoD, while the services themselves oper
ate extensive laboratory systems in which some R & D 
groups work closely with their counterparts in industry.) 

Can it work? 
The second box summarizes how a civilian DARPA 

might be put together and managed. The primary difficul
ties for any agency charged with supporting commercial 
technologies will be political rather than technical. The 
problems of defining an R & D agenda and recruiting a 
staff with the right mix of skills and experience will be 
straightforward compared with the problems of establish
ing credibility within the political system. Like any govern
ment institution, a civilian DARPA would need to demon
strate prudence in spending public funds, fairness in deal
ings with the private sector, and some degree of balance 
with respect to regional interests. These demands would, 
at times, collide with those of economic efficiency. The 
risks are real ones and, if the United States chooses to pro
ceed with a civilian DARPA, they must be kept in view. 

For a civilian DARPA to become a reality, any proposal 
will have to satisfy constituencies having very different and 
sometimes conflicting interests. The agency's mandate 

The test is simple. If the intramural R&D 
is picked up and used by industry, the 

civilian DARPA's staff has passed. 
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would have to address the concerns of firms and industries 
in distress, some having a regional economic base. Small 
business would, no doubt, quickly begin lobbying for set-
asides. Long before it opened its doors, a civilian DARPA 
would face pressures from companies and industries in fi
nancial straits, seeking relaxation of cost-sharing require
ments. Some interests might well get at least symbolic sat
isfaction through legislative language long before a civilian 
DARPA could begin operations. And when it did, politi
cally effective interest groups would be there, hoping to 
tap its resources. Perceived inequities between competing 
firms and industries would be all but impossible to avoid: 
money for R & D , even long-term R & D , means winners 
and losers. Industry, moreover, would want immediate 
help, rather than long-term R & D . 

Such pressures could easily jeopardize a civilian D A R 
PA's intended objectives. Not only would distressed indus
tries be pushing for a quick fix, any national emergency— 
say a new energy crisis—would bring calls for technologi
cal solutions. And like all agencies, a civilian DARPA 
would be under constant pressure to show results. Manag
ers would be reluctant to admit mistakes, while even 
flawed projects develop constituencies, ready to argue for 
continued funding. In sum, a civilian DARPA would have 
to maintain the favor of enough well-situated constituents 
to stay in business, and do so without fatal harm to its 
effectiveness. This is as it must be; DARPA would not exist 
today if it had disappointed the military services, the Of
fice of the Secretary of Defense, or Congress too frequent-

ly. 
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