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National R & D Policy: 
An Industrial Perspective 

Industrial policy has become one o f  
the hot issues on our national agenda, 
with various advocates telling us how to 
beat the Japanese and solve the prob- 
lems o f  unemployment, inflation, and 
industrial stagnation. The 1984 presiden- 
tial candidates are picking up these ideas 
and testing them. 

Industrial policy has many compo- 
nents-fiscal, monetary, and regulatory, 
for example. It touches on many areas, 
from international trade to retraining the 
work force. I can bring my expertise to 
only one corner o f  this many-sided sub- 
ject: research and development policy. 
To me, industrial policy means what the 
government must do to shape our nation- 
al industrial posture, and a clear under- 
standing o f  what government should not 
do. 

There has been no lack o f  proposals. 
Bills put before Congress in recent years 
have called for such changes as the es- 
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the performance o f  basic research and 
the training o f  research manpower. The 
distraction is especially great i f  Washing- 
ton pays too much attention to the grow- 
ing number o f  calls for the government to 
take over the job o f  selecting and sup- 
porting R & D programs aimed at com- 
mercial results. 

Roland W. Schmitt 
The Federal Role 

tablishment o f  a National Technology 
Foundation, or a Cabinet-level Depart- 
ment o f  Trade and Industry; the selec- 
tion of a National Commission on Tech- 
nological Innovation and Industrial Mod- 
ernization to tell us "what the economic, 
educational, and industrial priorities of  
the United States ought to be"; a Presi- 
dential Program for the Advancement of  
Science and Technology; and a Commis- 
sion on High Technology and Employ- 
ment Potential. Another proposal would 
establish a government program to con- 
duct research and development on im- 
proved manufacturing techniques; oth- 
ers would exempt joint research and 
development efforts from the antitrust 
laws. 

All these proposals to aid U.S. R & D 
show a healthy and encouraging concern 
about the state of  American industrial 
technology, but they may at the same 
time distract politicians and policy-mak- 
ers from the most important need and the 
most important step that government can 
take to strengthen U.S.  innovation. That 
task is to ensure and strengthen the 
health o f  our university system-in both 

In the commercial R & D area there 
are some things that government must 
and can do, and other things it cannot 
and should not do. Government has a 
crucial role to play in creating favorable 
conditions for commercial innovation, 
but not in actually producing those inno- 
vations. There are several reasons for 
this. 

First, successful innovation requires a 
close and intimate coupling between the 
developers o f  a technology and the busi- 
nesses that will bring products based on 
that technology to market and are them- 
selves in touch with that market. This is 
essential in a diversified company, and 
even more essential in a complex and 
diversified economy. The R & D people 
must comprehend the strategies of  the 
business as well as know what the mar- 
ket constraints are and what the compe- 
tition is up to. The business people, in 
turn, must understand the capabilities 
and limitations o f  the technology. They 
must possess the technical strength to 
complete the development and believe 
strongly enough in the technology's po- 
tential to make the big investment need- 
ed to bring it to market. 
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Second, innovation works best if this 
close coupling is in place during the 
entire innovation process. It should exist 
when the R & D project is identified and 
should continue through planning and 
development. It  must survive the inev- 
itable adjustments during development, 
caused by shifting market constraints 
and technical surprises. It must with- 
stand the decision points-when to go 
ahead or when to quit. 

Finally, in a free-enterprise system, 
governments not only do not create the 
markets for products but are notoriously 
slow in reacting to shifts in the market- 
place. They lack the crucial entrepre- 
neurial spirit to perceive or  acknowledge 
opportunities early in their development. 

During the years of heavy government 
involvement in energy R & D, we used 
to hear over and over again the expres- 
sions "technology transfer," and "com- 
mercialization." Those terms embodied 
the notion that once a technology was 
developed by a government contractor 
or a national laboratory, the technology 
could then somehow be transferred to 
the marketplace and commercialized. 

That did not happen for a simple rea- 
son. Technology transfer is not a sepa- 
rate process occurring downstream from 
R & D. The user and the performer of 
targeted R & D need to have established 
a close relation before there is anything 
to transfer. 

In energy R & D ,  there were some 
who fell into the trap of thinking that if 
they got a concept defined, the technolo- 
gy to work, and someone to produce a 
favorable economic analysis, then com- 
mercialization would follow. They forgot 
to find out whether the customers would 
buy the product. The result was a misdi- 
rection of effort and money into technol- 
ogies that never had a chance of com- 
mercial success. 

Even in agriculture, where the United 
States has a great history of innovation, 
underlying research on corn genetics 
was performed at  university research 
stations and largely supported by gov- 
ernment. But private seed companies 
converted that research into hybrid corn 
products. 

A close relation between the user and 
the performer of R & D cannot, in gener- 
al, form when government selects com- 
mercial R & D targets. Instead, the gov- 
ernment ends up being a third party- 
one that knows a great deal less about 
the technology than the developer and a 
great deal less about the market than the 
user. 

As an example, there are  proposals 
that the government fund R & D in man- 
ufacturing technology, in such applica- 
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tion areas as  programmable automation, 
robotics, advanced sensors, and comput- 
er-aided design and manufacturing. Part 
of this funding is to support R & D work 
to be done by industry. 

These are key technologies for the 
future but, because they are so impor- 
tant, a large and growing number of 
companies are already addressing them. 
General Electric is investing millions of 
dollars in each of them. And, in each 
one, we are faced with a large number of 

better understanding of crack formation 
and propagation in alloys, new tech- 
niques in computer-aided engineering, 
and the design of new materials based on 
theoretical principles. The supercom- 
puter is a prime example of a technology 
in which the government should take the 
lead. 

In very large scale integrated circuits 
(VLSI) the government will also be a 
major customer and thus has a major role 
in sponsoring development work. One 

Summary. An analysis of how the government can and cannot use research and 
development policy to improve the nation's industrial posture suggests four guidelines 
for federal R & D policy: (i) concentrate direct support on academically based 
research, not on government-targeted industrial R & D; (ii) concentrate on sunrise 
science and technology, not on sunrise industries and products; (iii) concentrate on 
strengthening the climate for privately based innovation, not on government-selected 
innovation; (iv) concentrate on development for the government's own needs, not on 
development for market needs. 

tough competitors-foreign firms and 
U.S. firms, established firms and new 
ventures, joint ventures and industry- 
university cooperative programs. In just 
one corner of computer-aided design, for 
example, the field of solid modeling, we  
are competing against a t  least a dozen 
capable firms-established giants, small- 
er rivals, and newer ventures. 

It is simply not plausible for an admin- 
istrator in Washington-even with the 
help of a blue-ribbon advisory panel-to 
pick the winning solid-modeling product 
better than the dozen firms slugging it 
out in the marketplace. And even if 
government could pick the winner, that 
is only the first step. The suppliers of the 
funds, the performers of the R & D, and 
the businessmen who deal with the cus- 
tomers have to tie themselves together in 
a long-term relation. A government fund- 
ing agency cannot create that kind of 
relationship. 

There is, however, one important ex- 
ception. It  occurs when the government 
is the customer for innovation-as in 
defense R & D. Government should 
concentrate its development efforts on 
these needs of its own. If history is any 
guide, it will thereby also generate prod- 
ucts and technology that can be tapped 
for commercial uses. 

The government has clear needs in the 
area of supercomputers for weapons re- 
search, cryptanalysis, weather forecast- 
ing, economic modeling, the design of 
improved airfoils and projectiles, and 
many other uses. By meeting its needs in 
supercomputers, the government will 
also be sponsoring the development of a 
product that has many valuable civilian 
uses, such as  improved oil exploration, 

emerging opportunity is in the area of 
inference chips-VLSI implementations 
of intelligent electronic systems that 
work in real time, based on custom chips 
rather than computers. These inference 
chips could be used in military systems, 
for example, to help the pilot of an F-18 
with an engine hit by shrapnel make the 
best use of the 3.6 seconds he has in 
which to decide whether he can limp 
home or should bail out.  

Inference chips will also have great 
value in many commercial uses, such as  
in creating three-dimensional computer- 
aided design images in real time and in 
helping smart robots plan their paths. 
Again, by meeting its own development 
needs, the government may advance 
technology that can be used in commer- 
cial innovations. When the government 
is not the customer, government selec- 
tion of developments is unlikely to pro- 
mote such innovation and economic 
growth. 

Competition from Japan 

At this point, I would expect some 
people to be thinking about the Japa- 
nese. Did their government bureaucracy 
not pick the commercial technical win- 
ners and put money behind them? No,  it 
did not. At the heart of that question is a 
misunderstanding about the Japanese 
government's Ministry of International 
Trade and Industry (MITI). The popular 
picture depicts MITI as selecting target 
industries, picking out the technological 
developments they need, establishing a 
consortium of Japanese firms, and sup- 
porting the commercial R & D needed 



for the development of new products 
That picture represents a misunder- 

standing. Although MITI does indeed 
sponsor R & D programs, such as the 
highly publicized ones on integrated cir- 
cuits and the fifth-generation computer, 
the R & D tends to  be basic and engi- 
neering research. In the United States, 
such R & D efforts are centered in our 
universities. 

The commercial R & D successes of 
Japan, as opposed to efforts to develop 
the underlying technologies, have been 
driven not by MITI but by Japanese 
industry, even in integrated circuits. The 
participants in the MITI-sponsored co- 
operative integrated circuits program 
went back to their own laboratories to 
develop the actual commercial 64K ran- 
dom access memory chips that have 
been so successful in the marketplace. 
Oki Electric, the fastest growing Japa- 
nese producer of 64K chips and the first 
Japanese company to test a 256K chip, 
did not even participate in the MITI 
program. 

The Japanese government, which has 
played an important role in promoting its 
industries' fortunes through such means 
as protectionist trade policies, has not 
been a significant force in commercial 
technology selection and development. 
The successes of Japan in businesses 
based on advanced technology are main- 
ly the result of smart, persistent industri- 
al R & D management. Private corpora- 
tions in Japan make long-term R & D 
commitments to relatively narrow areas. 
They pick a target, such as video record- 
ers, assemble large teams to pursue that 
target, and stick with it for as long as  is 
necessary to bring a winning product to 
market. They d o  not try to cover the 
R & D waterfront, and they do not back 
out if the payoff is not immediate. They 
also practice a technique that I call "in- 
novation by experiment," whereby they 
put a product out on the market, even in 
imperfect and sometimes expensive 
form, and learn from the customers how 
to improve it. And finally, they are ag- 
gressive in acquiring, improving, and im- 
plementing technology that they did not 
develop. 

These strategies do not explain all of 
Japan's success in commercial technolo- 
gy, but they do indicate that the real 
source of that success is Japanese indus- 
try. Also, they underscore the lesson 
that we should learn from Japan: that the 
selection of the product technology and 
its development is best left to  the people 
intimately familiar with the technologies 
and the markets. Technology selection 
and development should not be managed 
from afar. 

Creating Conditions for Innovation 

What role should the U.S. government 
play with respect to R & D? That role is 
not to manage technology-based com- 
mercial innovation but to create the con- 
ditions for such innovation. The govern- 
ment should provide an encouraging and 
supportive environment and infrastruc- 
ture within which industries select and 
develop commercial technology 

There are many features of such an 
environment that deserve attention: a 
favorable tax climate exemplified by 
R & D tax credits, by extension of those 
credits to software, and by fast deprecia- 
tion of R & D equipment; modified anti- 
trust laws that encourage cooperative 
R & D and limit damages for civil viola- 
tions; export control laws and regula- 
tions that do not disrupt the interchange 
of scientific and technical information 
that is so vital to the progress of technol- 
ogy; and immigration laws that permit 
outstanding foreign scientists to remain 
in the United States to do R & D. 

Support for University Research 

The most important role for govern- 
ment in creating the conditions for com- 
mercial innovation is t o  support universi- 
ties in their efforts to generate research 
and provide manpower. The most crucial 
issue we face is a lack of skilled man- 
power, a shortage of faculty in universi- 
ties for training that manpower, and a 
deteriorating research capability in our 
great universities because of the short- 
ages of both faculty and modern equip- 
ment for instruction and for research. 

American industry today simply can- 
not get enough of the people it needs in 
such fields as  microelectronics, artificial 
intelligence, communications, and com- 
puter science. The universities are not 
turning out enough R & D people in 
these areas, or enough research faculty. 
There is little that private companies can 
do about this. We contribute to the sup- 
port of universities, but industry will 
never be  able to meet more than a small 
fraction of university R & D funding 
needs. Even after a decade of steadily 
increasing industry support for universi- 
ties, industry provides only about 5 per- 
cent of total university R & D funding. 
Congress is considering additional incen- 
tives for industry support of universities, 
but the fact remains that the primary 
responsibility for ensuring a strong, 
healthy academic research system and 
thereby for providing an adequate supply 
of research and skilled people must rest 
with the federal government. 

There is wide agreement that the fed- 
eral government should support the uni- 
versities, and, in fact, federal basic re- 
search obligations to universities and 
colleges, measured in constant dollars, 
have grown by more than 25 percent 
over the past 3 years. But this is only a 
start in filling the needs. Department of 
Defense funding of basic research, for 
example, has only in the past 2 years 
returned to the level, measured in con- 
stant dollars, that it was in 1970. The 
Defense Department has traditionally 
played a vital role in supporting basic 
university research. A time of rapid ex- 
pansion of the defense budget is no time 
to abandon that tradition. 

Universities have had to compete with 
the national laboratories for the Depart- 
ment of Energy's research dollars. When 
research is funded at  a university, not 
only does the research get done, but also 
students are trained, facilities are up- 
graded, faculty and students get more 
support, and thereby better faculty and 
students are attracted. Moreover, the 
students that go into industry help in the 
transition of advanced research into con- 
cepts for industrial innovation. When the 
same research is funded at  a national 
laboratory, most of the educational divi- 
dends are lost. 

Universities should not have to com- 
pete head on with national laboratories 
for mission agency funds. Unless the 
national laboratory will do a substantial- 
ly better research job, the university 
should get the funds. The same holds for 
government funding of research in indus- 
try. Those funds that advocates of indus- 
trial policy propose to invest in govern- 
ment-directed industrial R & D would 
normally be much better spent in univer- 
sities, unless there is a special reason 
why an industrial laboratory can do it 
much, much better. 

I am not proposing that we simply 
throw money at  universities. We need to 
be selective. To  borrow a phrase from 
the industrial policy advocates, the gov- 
ernment should stress the growth of 
"sunrise science and technology. " Un- 
like the targeting of sunrise industries, 
the targeting of sunrise-that is, fast 
moving-areas of research can be done. 
We can identify these technologies, even 
if we cannot specify in advance precisely 
what products or industries they will 
generate. But we are not doing this as 
well as we can and should. In microelec- 
tronics, for example, a study by the 
Thomas Group, a Silicon Valley consult- 
ing firm, concludes that government sup- 
port of university microelectronics pro- 
grams totaled only about $100 million 
between 1980 and 1982. To  put that into 
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perspective, the Department of Energy's 
program expense for just one unproved, 
highly speculative energy technique, 
magnetically contained fusion, was $295 
million in 1982 alone. We face the same 
problem in several other crucial areas of 
university research. This is particularly 
true of engineering research-fundamen- 
tal research in such areas as software 
engineering, automation, machining sys- 
tems, materials engineering, and com- 
puter-aided engineering techniques. 

The crucial distinction again is be- 
tween support of the underlying research 
(the job that the government should be 
doing) and support of efforts aimed di- 
rectly at generating products (the job the 
government should stay away from). 
Some of the bills before Congress do not 
clearly make this distinction. Consider, 
for example, the calls for government 
support of R & D in manufacturing tech- 
nology. If a program for conducting the 
underlying research at universities is to  
be established, I will support it whole- 
heartedly. But when programs to pro- 
duce more efficient manufacturing tech- 
nologies are proposed, I worry that 
someone has ignored the difference be- 
tween broadly relevant research and the 
job of selecting specific technology tar- 
gets for new products and processes. 
And when anyone proposes conducting 
research utilization activities to encour- 
age widespread adoption of these tech- 
nologies, then I have serious reserva- 
tions. 

In the technology of controls, for ex- 
ample, fundamental theoretical advances 
are needed to catch up with the speed 
and power of microelectronics. Such 
work should be strongly supported at 
universities. But the job of putting re- 
search to work in, say, robots or  ma- 
chine tool controls for commercial mar- 
kets should be addressed by private 
companies. 

Some may be concerned that with so 
much emphasis on support of academic 
research in fast-moving areas, such as 
microelectronics and computer science, 
the needs of core industries, such as 
automobiles and steel, will be neglected. 
That is not so. The increases in efficien- 
cy needed by these industries will be 
provided much more by some of these 
fast-moving areas than by advances in 
the core technologies. These industries, 
too, are dependent on strong university 
research in the fast-moving areas. More- 
over, these industries suffer from a lack 
of investment in already available tech- 
nology. Giving them new technology 
without the corresponding investment to 
use that technology is hardly likely to 
improve their plight. 

Immigration Policy 

Another policy issue that strikes at the 
heart of our universities, yet is rarely 
discussed in the context of R & D poli- 
cy, is immigration policy. In 1982 as 
many foreign students received engi- 
neering Ph.D.'s in our universities as did 
American students. Some regard these 
foreign students as a problem, and there 
even have been proposals to  reduce their 
numbers. But the real problem is that not 
enough Americans are entering doctoral 
programs. The solution is to  encourage 
more of our students, through adequate- 
ly supported graduate fellowships, to go 
on to graduate studies. What is clearly 
not a solution is to force foreign students 
to leave. They are an important resource 
for our country. They account for a 
disproportionately large portion of our 
skilled manpower in the fast-moving ar- 
eas of science and technology. They are 
not taking jobs away from Americans. 
They are filling a void and advancing 
U.S. science and technology. Historical- 
lv the United States has benefited im- 
measurably from opening our doors to 
immigrant scientists and engineers. I 
need only mention such greats as Stein- 
metz, Alexanderson, and Giaever at 
General Electric; Tesla, Zworykin, and 
Ipatieff at other companies; and Fermi, 
Debye, Mark, and many others at Amer- 
ican universities. Yet current laws create 
obstacles for foreign scientists who seek 
employment here. If we are truly con- 
cerned about enhancing U.  S ,  industry's 
capability to do R & D,  we should ease 
the regulatory barriers to  hiring foreign- 
born students, especially those trained in 
this country. Proposed amendments to 
the Simpson-Mazzoli immigration bill 
now before Congress would do exactly 
that. Unfortunately, for reasons that 
have nothing at all to  do with science and 
technology, that bill is now stalled in the 
House. The critical role that foreign sci- 
entists play in the United States must be 
addressed directly, rather than as an 
afterthought to a bill intended to deal 
with the problem of illegal, and largely 
unskilled, aliens. 

Technology Leaks 

A related national issue also directly 
affects the health of our universities: the 
problem of leakage of technology to the 
Soviet Union. In an attempt to stop that 
leakage, the Department of Defense and 
the Department of Commerce proposed 
regulations that would prevent foreign 
nationals from taking part in advanced 
microelectronics research in universities 

and industry. This is intended as just a 
first step. In the long run, the two depart- 
ments are proposing to impose the same 
restrictions on virtually all fast-moving 
areas of advanced technology consid- 
ered to be militarily critical. 

There is no question that we must do a 
better job of preventing the Soviets from 
acquiring our technology, but such regu- 
lations are overkill. The Defense and 
Commerce Departments propose to 
change the export control regulations in 
ways that would seriously disrupt the 
nature of scientific discourse in U.S. 
universities and industrial R & D labora- 
tories. No doubt some technology does 
leak to the Soviets in the course of our 
open scientific discourse. But by the 
Administration's own account, this is a 
very small part of the problem. It is 
counterproductive to impose such major 
restrictions on U.S. science and technol- 
ogy for such a small part of the problem. 
Again, foreign scientists play a critical 
role in most of our important areas of 
science and technology. Deny them ac- 
cess to these areas of research and we 
will do far more to damage our techno- 
logical capabilities than any of the pro- 
posals being made in the name of indus- 
trial policy will do  to help. 

Conclusion 

National R & D policy today poses 
both risks and opportunities. The excite- 
ment and attention that proposals for 
industrial R & D policy have generated 
threaten to distract us from the federal 
government's most important tasks. We 
need to go back to the basics. We need to 
remind ourselves of what it is that the 
government can and cannot do, and what 
it is that industry can and cannot do. 

In summary, I want to suggest four 
specific guidelines for federal R & D pol- 
icy: (i) concentrate direct support on 
academically based research, not on 
government-targeted industrial R & D; 
(ii) concentrate on sunrise science and 
technology, not on sunrise industries and 
products; (iii) concentrate on strengthen- 
ing the climate for privately based inno- 
vation, not on government-selected in- 
novation; (iv) concentrate on develop- 
ment for the government's own needs, 
not on development for market needs. I 
believe that these simple guidelines- 
many of which we have followed with 
success in the past, some of which we 
have violated with pain-will go a long 
way toward greatly strengthening and 
rejuvenating the dynamic innovative 
powers of our American system of re- 
search and development. 
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