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STIMULATING INVESTMENT IN RESEARCH AND
DEVELOPMENT

THURSDAY, MAY 18, 1389

U.S. HoUSE oF REPRESENTATIVES,
COMMITTEE ON SCIENCE, SPACE, AND TECHNOLOGY,
SUBCOMMITTEE ON SCIENCE, RESEARCH AND TECHNOLOGY,
Washington, D.C.

The subcommittee met, pursuant to notice, at 9:52 a.m., in room
2318, Rayburn House Office Building, Hon. James A. Hayes [acting
chairman of the subcommittee] presiding.

Mr. Haves. The subcommittee will come to order.

Good morning. Does Doug have an opening statement? Yes, I see.

I'm going to begin the hearing with a reference to our chairman
Doug Walgren’s opening statement and I will serve as temporary
chair until he joins us at a later moment and ask that that be put
in the record without, objection.

[The prepared opening statement of Mr. Walgren follows:]

1)
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OPENING REMARKS BY THE
HONORABLE DOUG WALGREN (D-PA)

ON
STIMULATING RESEARCH AND DEVELOPMENT
IN THE PRIVATE SECTOR

May 18, 1989

HOW CAN THE UNITED STATES REMAIN SO
COMPETENT IN BASIC RESEARCH YET BE BEATEN
SO OFTEN IN THE WORLD MARKETPLACE? WHY
DO WE HAVE SUCH A HARD TIME FILLING OUR
GRADUATE SCHOOLS WITH AMERICAN CITIZENS?
TO WHAT EXTENT CAN THE ANSWERS TO THESE
AND RéLATED QUESTIONS BE FOUND IN OUR
FEDERAL TAX CODE? THIS IN A NUTSHELL IS
WHAT WE ARE CONSIDERING THIS MORNING.

RECENT TRENDS IN RESEARCH AND DEVELOPMENT
EXPENDITURES BY THE PRIVATE SECTOR ARE
TROUBLESOME. US. CIVILIAN RESEARCH AND
DEVELOPMENT EXPENDITURES AS A PERCENTAGE
OF GNP ARE WELL BELOW THOSE OF OUR
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COMPETITORS. THIS OCCURS EVEN THOUGH WE
KNOW THAT RESEARCH AND DEVELOPMENT
EFFORTS LEAD TO THE CREATION OF NEW JOBS,
NEW MARKETS AND NEW OPPORTUNITIES WHICH
ARE AN (MPORTANT UNDER PINNING OF THE
AMERICAN QUALITY OF LIFE. |

IN 1985 JAPAN AND WEST GERMANY SPENT 2.5% OF
THEIR GNP ON CIVILIAN R&D. IN THAT SAME YEAR
WE SPENT LESS THAN 2% OF OUR GNP ON CIVILIAN
R&D. THIS TREND HAS BECOME MORE
PRONOUNCED IN RECENT YEARS.

WE ALSO HAVE TO BE CONCERNED ABOUT OUR
DWINDLING  SUPPLY OF  HIGHLY  TRAINED
éCIENTISTS AND ENGINEERS WHO ARE VITAL TO
OUR RESEARCH AND DEVELOPMENT EFFORT AND
ABOUT OUR CONTINUING DEPENDENCE ON
STUDENTS AND PROFESSIONALS FROM OVERSEAS.
THE NUMBER OF U.S. CITIZENS EARNING

2
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DOCTORATES IN SCIENCE AND ENGINEERING HAS
BEEN DECLINING SINCE 1975 WHILE THE NUMBER
OF FOREIGN STUDENTS EARNING DOCTORATES
HAS STEADILY INCREASED. IT iS CLEAR THAT OUR
YOUTH ARE AS BRIGHT AS EVER, BUT EQUALLY
CLEAR THAT CAREERS IN SCIENCE DG NOT
ATIRACT THEM IN THE NUMBERS IT MUST. WE
MUST LEARN WHAT KIND OF INCENTIVES ARE
NECESSARY TO ATTRACT GRADUATE STUDENTS
TODAY AND WHAT IT TAKES TO PERMIT THEM TC
STAY THE COURSE.

OVER THE YEARS, THE FEDERAL GOVERNMENT HAS
PLAYED AN IMPORTANT ROLE BOTH IN
SUPPORTING R&D AND IN PROVIDING INCENTIVES
THAT STIMULATE LONG-TERM R&D INVESTMENT

L 4
BY THE PRIVATE SECTOR. SOME OF THESE PRO-

GRAMS HAVE WORKED. OTHERS HAVE NOT. THE
1986 TAX ACT MADE MAJOR CHANGES AFFECTING
BOTH RESEARCH AND DEVELOPMENT AND

3




ERarETrTY.

STUDENTS’ TAX LIABILITIES. DECISIONS MUST BE
MADE SOON WHETHER TO EXTEND OTHER TAX
INCENTIVES SUCH AS THE R&D TAX CREDIT.
THEREFORE, TODAY’S TESTIMONY IS VERY TIMELY
AS THE CONGRESS DEVELOPS A TAX POLICY
WHICH PROMOTES U.S. COMPETITIVENESS AND
WORKS TO IMPROVE THE IMPACT OF THE OTHER
PROGRAMS TO ENCOURAGE INDUSTRY TO INVEST
FOR THE FUTURE, AND TO MOVITATE STUDENTS
TO STUDY SCIENCE AND ENGINEERING.

WE HAVE TWO PANELS OF  WITNESSES
REPRESENTING INDUSTRY AND UNIVERSITIES, AND
A PANEL OF EXPERTS IN THE AREA OF TAX
POLICIES AFFECTING SCIENTIFIC RESEARCH AND
DEVELOPMENT. I WANT TO WELCOME OUR
DISTINGUISHED WITNESSES TODAY.
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Mr. Haves. Also, I have an opening statement and I make the
same request, and I'll not burden you with the additional time and
we’ll have an opportunity for questions later.

[The prepared opening statement of Mr. Hayes follows:]
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STATEMENT OF
CONGRESSMAN JIMMY HAYES
7TH DISTRICT OF LOUISIANA

SUBCOMMITTEE ON SCIENCE, RESEARCH & TECHNOLOGY
HEARING ON
THE EFFECT OF FEDERAL POLICIES ON
RESEARCH & DEVELOPMENT EXPENDITURES

Mr. Chairman, I am extremely pleased that this subcommittee has
convyned this hearing in order to review how effective our federal
policies are in fostering research and development activities. As a
firm believer in this nation's ability to continue as the world leader
in new technologies, I am concerned that we have failed to respond to a
changing global rarket where competitors have refined their gameplans 1n
order to beat us in this arena. Furthermore, while paying a lot of
attention to our international trade imbalance, 1 fear that we have lost
sight of a major cure; iaproved productivity and new innovations.

With these concerns in mind, I am interested to hear from each of
the panels testifving here today. In particular, ! am curious as to
their suggestions on how the federal government can best assist
universities and industry in developing new or improved technologies in
the nost cost-effective manner.

The fact that nearly 50% of all patents awarded last year went to
foreign-owned firms, while in 1963 only 18% went to foreigners, 1s a
figure that c¢ncerns me. Fu.thermore, the fact that West Germany,
Japan, France, and the U.K. all do more non-defense R&D than the u.s.,
as a percentage of their GNP, seems to reinforve my concern that we may
be slowly beginning to lag behind our competition.

Fortunately, I believe that we have several avenues t¢ pursue 1n
order to revitalize or assist those areas that may need federal
attention. For example, I believe that this hearing will shed light
upon the need for strangthening each level of our educational system so
that we can produce scientists, enjineers and technicians, equipped with
the skills necessary to succeed. Adjustments in our tax code may also
be able to foster growth, as could incentives to develop consortiums.
One area that may also neced inspection involves anti-trust laws and
their impact on specific industries' ability to create and capitalizé on
new advances.

Ayairn, 1 appreciate this opportunity to address the issue of
federal involvement in R & D activities and look forward to our panels'
comments.
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Mr. Haves. I would then turn to our ranking Republican whom I
see also has an opening statement.

Mr. Boenrert. And I'm going to burden you with it. Thank you,
Mr. Chairman.

It’s a pleasure to be with you today to discuss how the tax code
can improve our flagging ability to compete in the international
marketplace.

Some argue that such tax provisions “distort” business decisions,
but I think provisions like the R&D tax credit correct distortions
that are inherent in the private sector.

All the pressures that are exerted on industry from the private
sector militate in the direction of short-range payoffs. The Govern-
ment ought to be putting pressura in the opposite direction to keep
factors in balance.

When the tax code encourages R&D to the same degree it en-
courages massive mergers, which result in cuts in R&D, then we
will have eliminated distortion from the tax code.

I am a co-sponsor of H.R. 1416 which would make the R&D tax
credit permanent. However, I'm certainly open to suggestions on
how to make that provision more effective, I hope today’s witnesses
will be supplying such advice.

I'm also interested in hearing what our university panel can te}l
us about the impact tax faw changes may lLave had on graduate
school enrollment. There is a fear that in the interest of “equity”
we may have added to the disincentives .hat discourage students
from continuing on to graduate school, thereby making us not only
more equal, but poorer in the long run.

The best way to deal with tnis provision may be the route the
National Science Foundation has taken: upping the graduate sti-
pend to keep the after-tax income unchanged. I'll be interested in
learning how many organizations have tried this approach.

“Taxes,” Oliver Wendell Holmes reminded us, “are the price we
pay for a civilized society.” I don’y see why we should not use rea-
sonable tax incentives to advance that civilization.

Thank yoa, Mr. Chairman.

[The prepared opening statement of Mr. Boehlert follows:)
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REP. SHERWOOD BOEHLERT (R-NY)
OPENING STATEMENT FOR R&D TAX HEARING
May 18, 1989

Mr. Chairman:

It's a pleasure to be with you today to discuss how
the tax code can improve our flagging ability to compete
in the international marketplace.

Some. argue that such tax provisions "distort®
business dscisions. But | think measures like the R&D
tax credit correct distortions that are inherent in the
private sector.  All the pressures that are exerted on
industry from the private sector militate in the direction
of short-range pay-offs. The government ocught to be
putting pressure in the opposite direction to keep factors
in balance.

When the tax code encourages R&D to the same
degree it encourages massive mergers, which result in cuts

in R&D, then we'll have eliminated distortion from the tax
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code.

I am a co-sponsor of H.R. 1416, which would make
the R&D tax credit permanent. However, I'm certainly
open to suggestions on how to make that provision more
effective. | hope today’s witnesses will be supplying such
advice.

m also interested in hearing what our university
panel can tell us about the impact tax law changes may
have had on graduate school enrollment. There's a fear
that in the interest of "equity" we may have added to the
disincentives .;at discourage students from continuing on
to graduate school, thereby making us not only more
equal but poorer in the long run.

The best way to deal with this provision may be the
route the National Science Foundation has taken: upping
the gradua.z stipend to keep the after-tax income
unchanged.  I'll be interested in learning how many
organizations have tried this approach.

"Taxes," Oliver Wendell Holmes reminded us, "are

14
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the price we pay for a civilized society." | don’t see why
we shouldn’t use reasonable tax incentives to advance
that civilization.

Thank you.
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Mr;) Haves. Does the gentlelady from Rhode Island have a state-
ment?

Ms. ScHNEIDER. Mr. Chairman, in the interests of time, 1 too will
be haopy to include my statemen? in the record, :f that is permit-
ted.

I will say that I appreciate the fact that we are calling this hear-
ing together today, because clearly the impact of the tax structure
on the competitiveness stature of this nation’s business and indus-
try is critical, and as a leader in the competitiveness caucus and
pushing for the R&D tax credit, I think that there are many other
opportunities.

I look forward to hearing from the witnesses about what some of
those opportunities might be.

Thank you, Mr. Chairman.

[The prepared opening statement of Ms. Schneider was not re-
ceived at press time.]

Mr. Haves. Thank you very much.

Let us go ahead to our first panel. Dr. Judith Liebman, Vice-
Chancellor for Research and Dean of the Graduate College, Univer-
sity of Illinois at Urbana-Champaign and Dr. Jules LaPidus—
Doctor, I don’t know if you'd like the South Louisiana pronuncia-
tion of that, or whatever corruption they’ve given it here in the
District of Columbia, I would have said “La Padue” but I suspect
that you can't live with that here in the District.

Dr. LaPus. That’s right, “LaPidus” is fine.

Mr. Hayes. “LaPidus” is probably also more phonetic in the
phone bock. Welcome to you, and you are the Director of the Coun-
cil of Graduate Schools in Washington, D.C. We thank both of you
and please proceed in whatever order you may have determined
among yourselves.

STATEMENT Of JUDITH S. LIERMAN, VICE CHANCELOR FOR RE-
SEARCH AND DEAN OF THE GRADUATE COLLEGE, UNIVERSITY
OF ILLINOIS AT URBANA-CHAMPAIGN, ILLINOIS

Dr. LieBMAN. Thank you, Mr. Chairman, for providing us with
the opportunity to speak on these issues.

I am deeply concerne’ about the implications of tax issues and
curvent demographic trends on doctoral education specifically, and
on graduate education in general.

Doctoral education has, directly or indirectly, benefitted virtually
every major scientific development of the last 30 years. Examples
include not only our space program, and the discovery of supercon-
ductivity, but also development of computer technology now inte-
grated into our daily lives from automobiles to VCRs.

The maintenance and growth of modern society requires a spe-
cial kind of intellectual nourishment, a continuing inflow of new
ideas, discoveries and technologies. Doctoral education trains those
will generate and disseminate these new ideas.

Although an increased demand for Ph.Ds is predicted, the
supply forecast is gloomy. Already there is a shortage of engineer-
ing faculty nationwide, and a shortfall of 7,500 annually—of natu-
ral science and engineering Ph.D.s annually—is predicted after the
turn of the century. Unless we take action now, we will not be able

6
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to sustain and increase our country’s rate of tecnnology and eco-
nomic growth.

The problem is made worse by the fact that there are growing
employment opportunities for Ph.D.s in nonacademic settings,
partly due to increased R&D efforts in the private sector, and also,
a new awareness in the private sector of the importance of interna-
tional trade which has generated demand for more graduate study
in foreign languages and international studies.

Our college population is drrpping now and will continue to drop
for a bit, but then increase rapidly to above the current level by
the year 2005. At the same time this increase in student load is oc-
" curring, there is expected to be a decrease in the university facul-
ties available to teach because many of the professors hired in the
post-Sputnik expansion will be reaching retirement.

Where are the replacement faculty to come from? Because of the
length of time needed for graduate work, these replacements must
come from students currently entering or enrolled in college. Thus,
the problem is urgent and solutions must be implemented now.

Demographic trends are of even more concern in the sciencc and
engineering area. An increasing prop:.tion of our working popula-
tion are women and minorities. Those groups have traditionally
been underrepresented in the fields of science and engineering.

The impact of these demographic trends upo doctoral degree re-
cipients is already visible. The percentage of U.S. citizens receiving
doctorates has decreased over the last decade, and this drop has
been particularly severe in engineering.

In 1970, 73 percent of the doctorates in engineering were award-
ed to U.S. students; by 1986, it had dropped to less than 41 percent.
The accomplishments and contributions of studeats from other
countries have been and continue to be significant, particularly in
science and engineering.

But at most, only about 70 percent of foreign degree recipients
cur~zntly remain in the United States, and that percentage is ex-
pected to drop as students’ home countries provide more incentives
for them to return home. We simply cannot afford to remain de-
pendent upon a foreign supply of scientists and engineers to meet
our research and development needs.

How do we then increase the number of graduate students? A
continuing stable supply of fellowships, traineeships, and assistant-
ships is the primary answer. It hes worked before, and it will work
again.

After World War IY, the Federal Government played an active
and very successful role in the development and training of gradu-
ate students, through ti e sponsoring of fellowships, traineeships,
and the funding of university research. Under this expansion, the
number of Federally- funded graduate student stipends rose from
1,600 in 1954 to over 80,000 in 1969.

But there was a sudden decline in Federal support beginning in
1970. In a five-year period, most traineeships were eliminated, and
the number of fellowships were greatly reduced. We also lost doc-
toral support under the GI Bill.

This declining financial support has been made worse by the Tax
Reform Act of 1986, which made graduate student stipends taxable.

17
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My colleague, Dr. Jules LaPidus, will address the tax reform
impact in much greater detail.

Adding to the problems of decreased support for graduate study
has been the sharply increased dependence on providing under-
graduate student support in the form of loans rather than grants.
One of the reasens graduating seniors now give for not going on to
graduate study is the level of their accumulated debt by the time
they have finished undergraduate work.

What is the role of the Federal Government? I believe the Feder-
al Government should double the number of fellowships and train-
eeships, increase the support for research assistantships, provide
increased incentives for underrepresented minorities and women to
earn Ph.Ds, and providing funding to strengthen the overall re-
search sunport environment at the universities.

We also need to expand the pipeline of students eligible *o take
doctoral studies, particularly in science and engineering, from in-
creasing support for research cpportunities for undergraduate stu-
dents and improving the science and mathematics curricula at the
elementary and high school level. A critical part of expanding the
engineering and science pipeline rests upon understanding better
why individuals undertake careers in science and engineering.

I am submitting for the record the 1988 American Associaticis for
the Advancement of Science Presidential Lecture by Sheila Wid-
nall, which discusses how educational environments can promote
or discourage participation in graduate work by women or underre-
presented minorities. I can assure you that her insights have re-
ceived widespread attention by faculty and administravors trying to
im%rove institutional encouragement and support of graduate
study.

I will close with some observations about the connections be-
tween research and graduate education. In our country’s research
universities, these two functions are inseparable. Both are per-
formed by the same pzople in the same institutions, and “oth func-
tions benefit from the interchange.

The opportunity for graduate students to conduct research with
faculty working at the forefront of their fields provides the best
education possible. Faculty investigators and their research pro-
grams, in turn, are continually renewed and enriched by the cre-
ative new ideas of the graduate students.

The declining number of U.S. students earning Ph.D.s and the
declining number of those who do choose academic careers, reflects
in large measure the increased pressures on the academic research
environiment. It is sometimes called the “hassle factor.” Twenty
years age, the academic life offered the rewards of freedom for un-
fettered research and the opportunity to teach, to be enriched by
working with bright graduate students and research carried out
with state-of-the- art instrumentation and facilities.

Today much of that has changed. The Government appears to
have abandoned its support of instrumentation and facilities, re-
duced its support for graduate education, and failed to keep pace
with the rising cost of research in the project grant syscem. As a
consequence, eminent university investigators are conducting re-
search on increasingly outdated instrumentation housed in inad-

18
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equate research facilities, and struggling to find sufficient support
for their graduate students.

Graduate and undergraduvate students see the struggles of the
nation’s top academic faculty researchers, and a serious disincen-
tive to students considering an academic career has occurred.

In summary, the problem is urgent but solvable. The Federal
role should support increasing fellowships, traineeships and assis-
tantships, developing incentives for attracting women and underre-
presented minorities into dectoral studies, providing funding to
strengthen university research environments, and developing pro-
grams to expand the pipeline.

A more extensive description of the problems and recommenda-
tions for solutions are provided in a March 1989 draft AAU Policy
Statement which I also submit for the record.

Thank you.

‘ l[il‘he] prepared statement of Dr. Liebman, plus attachments
ollow:
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Thank you, Mr. Chairman, for providing the opportunity for me to speak at this
hearing. As Vice-Chancellor for Research and Dean of the Graduate College at the
University of lllinois at Urbana-Champaign, I am deeply concerned about the
implications of the current demographic trends for doctoral education spgdﬁcaﬂy, and
for graduate education in general. "

L  The Importance of Doctoral Education

Doctoral education has directly or indirectly benefited virtually every major
scientific development of the last 30 years. Examples include the U.S. space program,
the enormous potential of genetic engineering, the discovery of superconductivity, and
the development of the computer techrology now integrated into the fabric of our My

llves, from automobiles to VCR’s.

Doctoral programs educate the scientists and engineers needed by industry,
government, and universities for R&D activities. Furthermore, graduate students in
doctoral programs are a xey ingredient of university-based research; they conduct

much of the research and generate many of the new ideas.!

The maintenance and growth of any imodern society requires a special kind of
intellectual nourishment, a continuing inflow of new ideas, discoveries, and
technologies. Doctoral education trains the ind!viduals who will generate and

1, “The Federal Role in Doctoral Education,” a policy statement of the Assoclation of American
Universities, DRAFT, March 30, 1989 (hercafter cited as AAU Federal Role statement),

1
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disseminate these new ideas and discoveries. Although an increased demand for
Ph.D.s s predicted, the supply forecast is gloomy. Already there is a shortage of
engineering faculty nationwide, and a shortfall of 7,500 natural science and engineering
Ph.D.s annually is predicted shortly after the tumn of the century? Unless we take
action now, we will not be able to sustain and increase our country’s rate of

technological and economic growth.

The problem is exacerbated by growing employment opportunities for Ph.D.s in
nonacademic settings, partly due to {naeased R&D efforts in the private sector. Also,
growing awareness of the importance of international trade has generated demand for

more graduates in foreign languages and international studies.
1. Demographic Trends

The college-age population will continue to drop until 1995 and then increase
rap.dly to above the current ievel by the year 20053 At the same time this increase in
potential student load is occurring, there is expected to b2 a decrease in the university
faculties available to teach because many professors hired in the post-Sputnik

expansion will be reaching retirement. Where are the replacement faculty to come

’

2. AAU Federal Role statement
3. AAU Federal Role statement

22




19 )

from? Because of the length of time needed for graduate work, these replacements
must come from students currently entering or enrolled in college. Thus the problemis

urgent, and solutions must be implemented now.

Additional demographic trends are of even more concern for science and
engineering education. An increasing proportion of our working population are
women and minorities, groups that have traditionally been underrepresented in the

fields of science and engineering, two very important areas of graduate study.

The impact of these demographic trerds upon doctoral degree recipients is already
visible. The percentage of U.S. citizens receiving doctorates has decreased over the last
decade, and this drop has been , .. dcularly severe in engineering. In 1970, 73% of tl;e
doctorates in engineering were awarded to U.S. students; by 1986, that percentage had
dropped to less than 41%. The accomplishments and contributions of students fmm .
other countries have beeri and continue to be signiﬁcapt,_ particularly in science and
engineering. Butatmost only about 70% of foreign degree recipients currently remain
in the United States, and that percentage can be expected to d-op as students’ home
countries increase incentives for them to return. We simply cannot afford to remain
dependent upen a foreign supply of scientists and engineers to meet our research and

development rieeds.

We must also consider the impact of the major science projects looming on the

horizon, such as the SSC, sequencing of the human genome, the space station, and

s DD
£ LaD
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meeting the challenge of AIDS. All of these projects will need additional scientific
manpower, over and above our continuing needs in education and normal R&D

activities.
1L Increasing the Supply

How do we increase the number of graduate students? A continuing, dependable,
anu stable supply of fellowships, traineeships, and assistantships is the primary answer.
It has worked before, and it will work again.

After World War II, the federal government played an active and successful rolein
the development and training of graduate students, through the sponsoring of
fellowships, traineeships, and the funding of university research. Large-scale federal
support for graduate education began in 1958 under the National Defense Equcation |
Act, followed by support programs established in federal agencies such as NSF and
NIH. Under this expansion, the numbex‘ of federally fun.ded graduate student stipends
rose from 1,600 in 1954 to 80,000 in 1969.

But there was a sudden decline in federal support, beginning in 1970. Ina five-
year period, “NDEA Title IV fellowships, NS¥ traineeships, NIH/NIMH fellowships,
and NASA traineeships were eliminated; NSF fellowships and NIH/NIMH/ADMHA

training grants were substantially reduced. Fellowship and traineeship support
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continued to decline into the 1980s.”* We also lost doctoral student support under the
GI Bill, which had supported almost 750,000 students in graduate programs in the
twenty-year period followirg 1966.

This declining finandial support has been exacerbated by the Tax Reform Act or
1986, which made graduate student stipends taxable. My colleague, Dr. Jules LaPidus,
will address the tax reform impact in further detail.

Adding to the problem of decreased support for graduate study has been the
sharply increased dependence on loans, ratt »r than grants, at the undergraduate level.
One of the reasons graduating seniors now give for not going on to graduate study is
their accumulated debt by the time they finish undergraduate work. -

What is the role of the federal government? Recommendations from the

Assor.ation of American Universities® include:

* doubling the number of felowships and traineeships

* increasing support for research assistantships through federal agencies
supporting academic research

* providing increased incentives for underrepresented minorities and women to

earn Ph.D.s

4. AAU Federal Role statement
5. AAU Federal Role statement
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¢ provide funding to strengthen the overall research support environment at

universites

To meet the forecasted demand for scientists and engineers it will also be
necessary to expand the pipeline of students eligible to undertake doctoral studies in

science and engineering through:

* increasing support for research cpportunities for undergraduate students
* improving the science and mathematics curricula at the elementary and high

school level

A critical part of expanding the engineering and science pipeline rests upon
understanding better why individuals undertake careers in science and engineering. To
successfully encourage greater numbers of women and minorities to enter these fields,
we need to develop effective intervention strategies at the appropriate points in their
educational experiences. Isubmit, for the record, the 1988 AAAS Presidential Lecture
by Sheila Widnall, which discusses how educational environments can promote or
discourage participation in graduate work by women or minorities. I can assure you
that her insights have received widespread attention by faculty and administrators

trving to improve institutional encouragement and support of graduate study.
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IV. The Interrelationship Between ~aduate Education and Research

Iwill close with some observations about the close connection between research
and graduate education. In our country’s research universities, these two functons are
almost inseparable, both performed by the same people in the same institutions; and
both functions benefit from the interchange. The opportunity for bright young
graduate students to conduct research with faculty working fat the forefront of their
fields provides the best education possible; faculty investigators and their research
programs, in tum, are continually reixewed and enriched by the creative new ideas of

graduate students.

Because of this intimate interrelationship between zraduate education and
research, poiicies affecting one affect the other. Ihave focused this moming on
programs providing direct support for graduate study. But the level and quality of
support for research also has a powerful impact on the career dedstons of graduate
students, - " .

Ifear that the declining number of U.S. students earning Ph.D.s, and the dedlining
number of Ph.D.s who choose academic careers, reflects in large measure the increased
pressures cn the academic 3 »search establishment. “Twenty years ago, academic
research was operating vigorously ut the frontlers of knowledge. The federal
government had invested heavily in all aspects of the research enterprise, from support
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_ for faculty investigators and graduate students to support for institutions, resear.

* instrumentation, and facilities. . . [A]cademic research offured the rewards of . ...
freedom of investigation and the opportunity to teach and to be enriched by working
with bright young graduate students in research carried out with state-of-the-art

instrumentation and facilities.

F “Today, much of that has changed. The government abandoned its support of

‘ instrumentation anfi facilities, reduced its support of graduate education, and failed to
keep pace with the rising cost of research in the project grant system. As a consequence,
eminent university investigators are conducting research on increasingly outdated
instrumentation housed in inadequate research facilities, juggling several project grants
to sustain core research funding, and struggling to find sufficient support for their

|
|
» J
: graduate students.” ‘
|

The deterioration in the quality of the pmfessio@ life of an academic sclentist was
a major concern discussed by Dr. Frank I"ms, President of the National Academy of .
Sciences, in his cecent address to the Academy. Press cited the declining purchase
power of research grants and the growing amount of time spent writing proposals,
gaining approvals for projects, and managing grants; in one major institution, 100
sclentists are writing 500 proposals each year to oustain their research” Graduate and

undergraduate students see this growing pressure on the nation’s top academic faculty

6. AAU Federal Role statement

7. *How to Run Amserican Science (Succeasfuliy),” an address by Frank Press, President, National
Academy of Sclences, presented at the 126th Annual Meeting of the National Academy of Sciences,
April 25, 1989. N
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investigators; it is a serious disincentive to students considering an academic career. I
, will not go into detail on national research policy here but simply reemphasiz'e the
I interconnections within our research and graduate education system and ask you to
’ recognize that policies enhancing or detracting from one component of that system
: I reverberate throughout the system.

V. Summary

In summary, the problem is urgent but solvable. The federal role involves
increasing fellowships, traineeships, and assistantships, developir.g incentives for
attracting women and undetrepresented minorities into doctoral studies, prov g
funding to strengthen university research environments, and developing programs to
expand the pipeline. A more extensive description of this problem and
recommendati. 3 for solution are contained in a March 1989 draft AAU Policy
statement, which I also submit for the record.®

8. AAU Federal Role statement
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OVERVIEW

Doctoral education produces the sclentists, teachers, and scholars responsible for
the discovery and dissemination of new knowledge and the preservation and
interpretation of our intellectual and cultural heritage. Doctoral education is critical to
our national security, international competitiveness, and the health of our ditizens and
the quality of their lives.

Since World War I, the federal government has looked to research universities as
the nation’s primary source of basic research and research training. Federal support for
faculty investigators, graduate students, facilities and instrumentation played a key role
in the development of America’s interdependent system of university research and
graduate education, which is acknowledged worldwide for its quality and productivity.

That system is about to be severely stressed. Beginning in the mid-1990s,
faculty vacancies and increased undezgraduate enrollments will combine
with a growing demand for  n.D.s in nonacademic markets to increase snarpiy the
need for doctorate recipients. The Ph.D.s that will be needed should be entering
graduate school now.

But supply is moving in the opposite direction of demand. The percentage of US.
citizens receiving doctorates has declined for over a decade. Non-Asian minorities and
women remain severely underrepresented in graduate education. The deterioration of
the academic research environment discourages talented students from pursuing
acedemic careers. Under current trends, the nation will suffer an annual shortfail of
7500 science and engineering Ph.D.s just 2 few years into the next century. Shortages of
noascience Ph.D.s will occur as well. The impact of such shortages will affect industry,
government, and colleges and universities, all of which depend on doctoral education.

Prompt action must be taken by all patrons of graduate aducaticn~government,
foundations, industry, and universities. The federal role should be to provide increased
incentives for talented U.S. students to enroll in doctoral programs and to assist
universities in restoring the quality of the academic research environment The federal
government should take the following actions:

¢ double the number of fellowships and traineeships

* Increase support for research assistantships through federal agencies
supporting acadeémic research

* provide increased incentives for underrepresented minorities and women to
earn Ph.D.s

* restore a comprehensive investment in university research by prcviding
expanded, flexible support for research and direct funding for research
facliities and instrumentation.
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When U.S. preeminence in sclence and technology was challenged in 1957 by the
launching cf Sputnik, the federal government responded with sharply increased
funding for graduate education and research. The response succeeded, increasing both
the size and quality of university research and graduate education programs.

Thirty years later, a similar effort is required. A recent report by the White House
Sclence Council on the 1.2~ of US. colleges and universities concluded that “our
universities today simply cannot respond to society’s expectation for them or discharge
their national responsibilities in research and education without substantially increased

rt.” 1 The cost of federal action to strengthen U.S. doctoral education will be far
less than the cost to the nation of a failure to act. .

1. Office of Science and Techrology Policy, Executive Office of the President. Report of the White House
Science Cauncil Panel or the Health of U.S. Colleges and Universities. Washington, D.C.: 1986
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THE FEDERAL ROLE IN DOCTORAL EDUCATION

The United States invested an 2stimated $132 billion in R&D in FY 1989, and for
good reason: R&D is critical to national security, industrial growth, advances in health
care, and the application of new knowledge in virtually every facet of our society.

Ré&D could not occur without doctoral education, Dectora: programs educate the
scientists and engineers needed by industry, government, and universiites. In addition,
the students in those programs are a key ingredient of current research: they are active
research performers, conducting a large portion of university research and enriching it
with new ideas. To a greater extent than in other countries, U.S. graduate students are
major determinants of the creativity and productivity of university research, the source
of more than 50% of the nation’s basic research. It is the depth of this graduate student
involvement that makes the U.S. research establishment unique.

The United States has built the largest, most accessible higher education system in
the world. More than 50% of American high school gracuates enroll in higher
education programs. In 1988, over 12 million students attended U.S. colleges and
universities. These institutions employ over 700,000 faculty. Two-thirds of them hoid
doctorate degrees. Through their dual role in the discovery and disseminationof -~
knowledge, doctorate faculty continually advance the knowledge students acquire.

The reach of doctoral education extends beyond the university. In 1985an
estimated 43% o/, all Ph.D.s employed in this country were working outside of higher
education.? The demand for doctorate recipients in nonacadernic sectors is growing; an
increasing number of Ph.D.s in all areas-physical sciences, engineering, life sciences,
social sciences, and humanities-are employed outside acadeia. [Figure 1-Ph.D.
Employment] Fifty percent of 1987 doctorate recipients had employment commitments
outside academia?

Doctoral education has played a key role in virtually every major scientific and
cultural event of the last 30 years. The U.S. space program, the enormous potential of
genetic engineering, the discovery of superconductivity, the elimination of major
diseases, the green rzvolution in agriculture, books that have changed people’s lives
and illuminated public debates on cultural values and national goals, the enrichment uf
the life of the mind through teaching and scholarship-all have benefited from doctoral
education. £o, too, will doctoral education play a pivotal role in progress on the
challenges that now confront us in environmental pollution, the maintenance of
national security amid shifting balances of L.ower, and the yet unidentified problems
generated by an expanding human population competing for diminishing resources.

2. Bowen, Howard R. and Schuster, Jack H. American Prof -4 National R Imperiled. New
York: Oxford University Press, 1986.

3. Summary Report 1987, National Research Coundl (p. 25)
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Viewed from a different perspective, the nation’s doctoral education enterrise
carries out an awesome responsibility through a comparatively small and delicate
system. In 1986, 31,843 doctoral degrees were awarded, scarcely 3% of the 987,823
bachelor’s degrees granted in that year. Aithough well over 400 institutions offer at
least one doctorate-granting program, 60 universities provided more than 60% of all
Goctorates granted over the decade between 1977 and 1986. This country’s programs of
doctoral education are widely and rightly regarded as among the finest in the world;
the benefits of that quality reach broadly through our sodiety.

THE HEALTH OF DOCTORAL EDUCATION

In many respects, the doctoral education enterprise appears to be healthy. By most
accounts, the quality of students entering doctoral programs is as high as it has ever
been. In the context of shifting college populations and labor markets, the number of
Ph.D.s awarded has remained remarkably stable for a decade. Employment of
doctorate recipients remains higher than that of any other sector of higher education.

However, the stability and quality of U.S. doctoral education is about to be
severelydullenged, Beginning in themld-l990s mmmm

facul:y vaa.ndes wﬂlomuaslaxgenumbmofpmfeumhkeddming
post-Spuinik faculty expansion reach retirement age. The size of the 18- to 22-year-old
cohort, which has been declining, will reverse in the late 1990s and increase through the
first decade of the 21st century, lpmdudng increased college enrollments. [Figure

2-Shifting College-age Populaiion]. An expansion of faculty will have to be part of the
response to the increased teaching load.

arkets. The oompeuuveress of the U.S. eoonomy
wxnbesub)ectedtoincreas!ngpmmbyoﬁ\umﬁonsindwywsahead Our
strongest competitors-Japan and the countries of Western Europe-are expanding their
investments in sclence and technology, recognizing the importance of these functions to
ecunomic productivity. [Figure 3-R&D Expenditures by the U.S. and It, Econoric
Competitors] [Figure 4-International Comparisons of Sciznce and Engineering Employment]

: to these challenges will increase demand for sclentists and engir.eers.
The enactment in 1992 of the Common Market pact to eliminate trade barriers will add
to the competitive pressure on U.S. trade with England and Western Europe. This will
be only one of the factors pressing American business to operate more effectively
through the languages and customs of its overseas markets, requiring expanded
capacity in language and area studies.

il increase the demand for scien. in
zmmmmmwmmm_; The Superoonducmts
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Supercollider, mapping the hurnan genome, and the space station will open new
pathways to discovery. Other challenges, such as AIDS and the threat of global
warming, confront us now. The scientists and engineers needed to carry out these
projects represent added personnel requirements; they cannot be drawn from the
existing workforce without diminishing our current R&D effort.

Are current policies adequate to meet increasing demand? There is clear and
compelling evidence that the answer is no. Three trends are working against the
capacity of universities t- et an increased demand for doctorate redipients: (1) the
declining number of Ph.L.. earned by U.S. citizens, (2) the continued
underrepresentation of non-Asian minorities and wornien, and (3) the deterioration of
the academic research environment.

Declining U.S. Doctorates

Although the number of doctorates awarded has remained stable for the last
decade, the number of U.S. citizens receiving doctorates has declined steadily, offset by
increased numbers of foreign Ph.D.s. In 1970, 84.5% of doctorate recipients were U.S.
citizens, 8.7% were foreign students with. temporary visas, and the remainder were
foreign students with permanent visas.* By 1986, the percentageof U.S. citizens
receiving doctorates had droppea to 72.3%, while the percentage of foreign students -
with temporary visas receiving doctorates doubled to 16.6%. [Figure 5-Declining
Proportion of U.S. Citizens Earning Ph.D.s]

The shift from U.S, to foreign students has been even greater jn sclence and
engineering fields. In the physical sdlences, U.S. doctorate recipients dropped from
82.2% in 1970 to 62.5% in 1986; in: engineering, the drop was from 73.2% to 40.8%.

That somany fore" ., students are enrolling in U.S. graduate programs testifies to
the quality of those programs. The infusion of talented students from other nations
strengthens our doctoral programs and enriches this country’s intellectual resources.
But it is unwise national policy to rely so heavily on imported talent and fail to develop
our own intellectual resources. The Korean and Chinese governments have begun
systen atically calling back their Ph.D.s educated here; other countries can be expected
to institute similar policies as their environments for research and scholarship improv.

The irequently expressed concem that the best students are opting for careers in
business or the professions is not quite accurate: some of our best students continue to
pursue doctorate degrees, but not enough of them,

4. The distinction between foreign students holding tem~ rary visas and those holding permanent
visas is Important, since the latter are farmore likely  ave pestdoctoral employment commitments
in this country (Natonal Research Coundl, Sum;ha!y 1port 1986 (pgs. 57D,
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Underrepresesstation 7f Minorities and Women

Between the late 1950s and early 1970s, the size of the graduate education
enterprise grew rapidly. During that period, participation in doctoral programs by
underrepresented groups-non-Asian minorities and women-increased as well. The
increases of several of these groups have not been sustained or have been followed by
N actual declines. It is not clear what accounts for changes in participation rates.

H Participation in doctoral programs by all male groups except Asians decreased between
1577 and 1986. The number of black male doctorate racipients dropped most sharply,
from 684 to 321; white male doctorate recipients dropped from 17,011 to 12,257.
Pa~ticipation in doctoral programs by all female groups increased over the same period;
however, these increases occurred early in this period and appear to have leveled off in
the 1980s.

In1987,7 >lacksearned Ph.Ds, 4.5% of total Ph.D.s awarded. Since blacks make
up roughly 12¢ f the population, they are underrepresented in education by nearly a
factor of three. Hispanics, who make up 6.5% of the population, received 2.8% of 1987
PhDs. Underrepresentation of women and minorities is particularly severe in the
physical sciences and engineering. Blacks received less than 1% of thePh.D.s awarded
to US. citizens in the physical scences and engineering in 1987. Women earned over
35% of total Ph.D.s but only 6.5% of engineering Ph.D.s awarded that year.

The underrepresentation in doctoral education of minorities and women must be
addressed both as a matter of practical necessity and of social justice. We cannot accept
the costs of a continued inability to recruit the talent from the half of the population
which is female and from minority groups, which are among the fastest growing sec.ors
of our sodlety. And we must question the equality of educational opportunity for
groups persistently underrepresented at the highest levels of our educational system.

Deterioration of the Academic Research Environment

Twenty years ago, academic 7esearch was onerating vigorously at the frontiers of
knowledge. The fedezal government had invest:d heavily in all aspects of the research
enterprise, from support for faculty investigators and graduatestudents to support for
institutions, research instrumentation, and facilities. In comparison to industrial
research, acadenuc research offered the rewards of greater freedum of investigation and
the opportunity to teach and to be enriched by working with bright young graduate
students in research carried out with state-of-the-art instrumentation and facilities.

Today, much of that has changed. The government abandoned its support of
instrumentation and fz silities, reduced its support of graduate education, and failed to
with the rising cost of research in the project grant system. As a consequence, |
eminent university investigators are conducting research on increasingly outcated
instrumentation housed in inadequate reszarch facilities, juggling several project grants
to sustain core research funding, and struggling to find sufficient support for their
4
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graduate students. In contrast, top industrial research laboratories provide excellent
infrastructure support and provide their leading researchers with sustained funding
and considerable freedom to explore their own research interests.

With such a contrast before them, it is not surprising that many science and
engineering college graduates choose to embark on a career in industry-and begin
earning 2 high salary immediately-rather than choose subsistence support during
extenaed years of doctoral education followed by an increasingly arduous and
unrewarding academic career.

A Time for Action

Supply and demand are moving in opposite directions in doctoral education. A
recent analysis has shown that current trends will result in an annual shortfall of 7,500
sclence and engineering Ph.D.s just a few years into the next century.® Increased faculty
vacancles and college enroliments will combine with expanded nonacademic markets
for Ph.D.s ir humanities and related flelds to produce a shortfall in nonscience fields as
well,

Absent concerted action, universitics, government, anc industry will soon be
pitted against each other in an intensified competition that will ill-serve the nation no -
matter who wins. Teachers will be found ior college classes, but the quality of that
teaching and of the programs of research and scholarship conducted by the nation’s
faculty will be severely strained. Diminution of the quality of univesity teaching and
research will reverberate through the entire system which draws on doctoral education.
Ata time of mounting challenges, forelgr and domestic, the nation cannot afford such
an outcome.

The increased number of Ph.D.s the nation will require should be entering
graduate school now. Those increased graduate envoliments must be drawn from a
shrinking pool of college graduates [see Figure 2]. Any market response will occur too
iate and will be limited and unbalanced.

What actions need to be taken to empower the doctoral education enterprise to
meet these challenges? Who must assume the responsibility to carry out those actions?
The remaining sections of the paper describe overall support for doctoral education,
examine the special role of the federal government, and present recommendations for
strengthening that role.

5. Acunson, Richard C. “Supply and Demand for Sdence and Engineering Ph.D.s: A National Crisis in
the Making.” Remarks to the Regents of the University of California, Februzry 16, 1989,
. 5
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WHO PAYS FOR DOCTORAL EDUCATION?

Doctoral education benefits a number of sectnrs of sodety, and a number of
patrons suppott the enterprise. Federal and state governments, industry, private
foundations, and universities provide financial assistance for graduate study [Table
1-Financia! Aid for Graduate Education].

Studends make the greatest commiiment to doctoral education. Over 42% of
doctorate redpients report self-support as their primary form of financial support$ All
docioral students bear a less tangible but larger cost in time and foregone income. It
now takes over 10 years ater receipt of a bachelor's degree to earn a doctorate degree;
the median age of doctorate recipients is 33.6 years [Table 2 ~Tine-to-Degree]. Thatis a
decade of time during which doctoral students sacrifice immediate career options and
earned income.

Institutions provide the largest share of financial assistance to doctoral students,
over 52% in 1967. Such supportis provided primarily as teaching assistantships and
institutional fellowships. Universities recognize the value of balsnoed, high-quality
doctoral programs. Graduate students extend the teaching capacity of university
facuity effectively and economically. Because they are so deeply involved in research,
exceptional graduate students provide universities with a powerful attraction in
recruiiing a strong faculty. -

Foundations support doctoral programs in accordance with their philanthropic
goals. Twenty years ago, foundations played a key role in the build-up of the current
university system of language and area studies centers. Several foundations today are
supporting programs designed to fill gaps in graduate support. Notable among these
are the Mellon Fellowships in the Flumanities and the programs of several foundations
designed to increase the number of students from undesrepresented minority groups
who receive doctorate degrees.

has a direct interest in doctoral education, particularly in sdence and
enjineering. Individual corporations and industrial consortia support a number of
graduate felowship programs designed to attract stuslents into flelds of interest to
them. Ironically, industry provides a strong disincentive to enroll i1, graduate
education: by hiring science vnd engineering college graduates at salaries which make
graduate education an almost irradonal economic choloe. Much has been written about
the problem of industry “eating its see ) corrn” Induatry recognizes a long-term interest
in encouraging a larger portion of students to pursue doctoral education to provide the
teeching faculty upon which !ndustry depends. That recognition s not likely to
produce a significant expansion of graduate sepport, however. Shifts in corporate
policies toward greater long-term investments are not imminent, partic.larly where the
return on investment to any spedific corporation is necessarily indirec. :2.0 inceriain.

6. Summary Report 1985, National Research Council.
[
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tates support doctoral educatic: primarily through their support of resident
public universities. A number of states recently have developed programs to enhance
iocal science and technology capacity; expanded support for graduate education
frequently is a component of such programs. Because the benefits of doctoral education
are primarily national in scope, states, like industrial sponsors, are likely to remain
constrained by the limited linkage between investment in doctoral education ard local
returns.

FEDERAL ROLE IN DOCTORAL EDUCATION

It remains for the federal government to lead the effort to prevent a costly
divergence of supply and demand. Only the federal government has the capacity to
marshall the resources required for an effective national response. Only the federal
government has a scope of responsibilities spanning the full range of functions
dependent on doctoral education.

Leadership in sclence and technology is a national imperative, and dnctoral
education is an essential ccmponent of our scientific and technological capacity.
our heritage; applying the lessons of the past to present problems;
encouraging the creativity of our citizens; assuring that we are the masters, not the
servants, of our science and technology-these activities are the domain of teaching,
research, and scholarship in the humanities and in the arts. They are national
imperatives, and their support falis squarely within the province of the federal

government.

The federal government has a strong, vested interest in doctoral education. It has
the tools to advance that interest. What are the appropriate mechanisms for federal
action? An 2xamination of the history of federal support and the adequacy of current
programs provide 2 clear framework for strengthening federal policy.

History of Federa: Support for Doctoral Education

Federal support for university research increased rapidly during and after World
War I, but not until the iaunching of Sputnik in 1957 did the government begin
substantial funding of graduate education.

Large-scale federal support for graduate study was initiated with the passage of
the National Defense Education Act in 1958. Over its 14-year life, NDEA Title IV
supported nearly 46,000 graduate students. Additional fellowship and traineeship
programs were established in NIFL, NSF, NASA, and other federal agencies. Combined
with support through research assistantships, the number of federally funded graduate
student stipends increased from 1,600 in 1954 to approximately 80,000 in 1969.
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The growth in federal support was accompanied by a comparable growth in the
size of the enterprise: doctorate recipients increased from just under 10,000 in 1960 to
over 26,000 in 1969.

The pericd of growth in federal programs was followed by a precipitous decline.
Between 1970 and 1975, NDEA Title IV fellowships, NSF traineeships, NIH/NIMH
fellowships, and NASA traineeships were eliminated; NSF fellowships and
NTH/NIMH/ADAMHA training grants were substantially reduced. Fellowship and
traineeship support continued to decline into the 1930s.

In the sclences, the decline in federal support was partially offset by an increase in
research assistantships, from 21,400 in 1974 t0 35,000 in 1986, Federal support for
groduate study in the humanities and social sciences fared comparatively poorly
throughout the period of growth as well as decline: litt.. support outside NDEA Title
IV was available to these disdiplines during the growth period, and they lacked the
buffer of research assistantships during the decline.

Compounding the loss of support due to the elimination of fellowships and
traineeships, the support provided by remaining programs has been reduced by the Tax
Reform Act of 1986, which made stipends taxable.

The GI Bill has also boen lost to doctoral students. Between 1966 and 1986, the GI-
Bill suppocted 748,112 students in graduate programs, The demise of the post-Korean
Gl Bill was a major 10ss of educational support at both the undergraduate and graduate
levels. However, the loss of undergraduate financial support was offset at least in part
by the enactment of major new student financial aid programs. At the graduate level,
the loss the GI bill simply dovetailed with the elimination of fellowship and traineeship

programs.

Current Federal Suppert

InFY 1989, the federal government is spending a little over $20¢ million to support
roughly 12,000 graduate students through fellowships and traineeships [Tavle 3-FY"89
Federal Support]. Including an estimated 35,000 research assistantships, federally funded
stipends total 47,000, an almost twofold decrease from the peak numter of 80,000 in
1969. Tederal support for graduate education as a proportion of overall federal support
for academic research declined from ___in 1969 to ___in 1986. The correlation between
eroding federal support and declining numbers of U.S. Ph.D.s Is difficult to dismiss.

The federal government has taken several steps to expand investment in resea~ch
and research infrastracture. Since 1980, support through NSF for instrumentation has
increased from 6% to 18% of its research expenditures. Both the Bush and Reagan-
Administrations have proposed a doubling of the NSF research budget over five years.
In FY 1959, Congress authorized an NSF research facilities program providing real hope
of the fire- Systematic investment in facilities by the federal government since the early

8
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1970s. These are indeed encouraging trends, but much remains to be done. Congress
has yet to appropriate funds for the new facilities program, the annual targets fer
doubling the NSF research budget have been missed in each of the first two years of
that proposal, and other federal agencies hzve generally not matched NSF's support of
research instrumentation.

A FEDERAL RESPONSE TO INCREASED DEMAND FOR PH.D.§

To meet the neec. for increased doctorate recipients, federal policy must address
the declining number of U.S. students receiving Ph.D.s, the underrepresentation in
doctoral education of non-Asian minerities and womer,, and the deterioratica of the
academic research environment. The history of federal support shows that national
policy can have a profound and beneficial impact on the size and composition of the
enterprise. An attempt to scale precisely the dimensions of that effect, however, is
likely to fail because of the inherent imprecision of both demographic projections and

manpower programs.

The soundest approach is to focus on quality through a federal policy providing
increased incentives for the nation’s most talented college graduates to enroll in
doctoral programs and actions to restore the quality of the academic research
environment. Many of the components of such a policy are already ir place; whatis -
needed is to strengthen existing programs and fill certain gaps to produce a stable,
balanced support system. The capacity of the federal government to respond is limited
by its budget deficit. Nonetheless, federal policymakers should act to the fullest extent
permitted within their budgetary constraints.

Federal policy should be organized around the following four components:
¢ Fellowships and traineeships

o Research assistantships

¢ Support for minorities and women

* Restoring the academic research environment

1. Fellowships and Traineeships

Those federal agencies with a direct stake in graduate educa*ion should support
strong fellowship or traineeship programs appropriate to their missions. Studies of the
comparative performance of students supported under such programs show that they
finish their degrees more quickly and are more likely to receive research grant support
than students of comparable ability lacking such suppost.

9
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Fellowships are grants awarded directly to students by the granting agency.
Traineeships are block grants awarded to institutions or departments; departments use
grant funds to provide traineeship support to students they select. In both types of
grant program, four characteristics are critical to program success:

¢ selection of recipients based on merit
¢ the provision of multiyear support
* stipends sufficient to attract exceptionally talented students

* payment of tultion and fees or an institutional allowance that raeets a
reasonable proportion of the actual institutional costs to ed.cate a
doctoral student,

manga&onofgrmtsuppor:ﬂbasedonmeﬁtmmu\atﬁmdsmdlmdedm
the best students and . Multlyear support providing a reasonable li
allowance enhances ﬂ&mmmtvdy::of ﬁgfogns:; provigda stabllltyofsvt’lnspportfor
asubuunﬁalpartofﬂ\edocwnlprogrmt,mdproviddsmdmtswlmtheﬂ'eedomto
pursue the educational program that is optimal for them. Payment of tultion and fees
manhuﬁmﬁomlaﬂowmeeﬁeeasmdmtsofasubshnﬁalﬁmnddbmdmmdassists
institutions in meeting educational costs. -

Most federal agencies with a clear interest in graduate education already support
some form of fellowship or traineeship, program. Thus, the basic structure of an
effective matrix of programs is in place. The costs to complete that matrix are not large.
The following actions need to be taken:

Double the number of fellowships and traineeships.

When the US. needed rapidly to strengthen its research and
graduate education capacity following the !aunching of Sputnik,
fellowship and traineeship programs were established to increase the
number of US. citizens earning Ph.Ds. The programs quickly
accomplished this objective.

The nation requires an increase in graduate enrollments by U.S.
students again. Doubling the number of fellowships and
traineeships will provide such an increase.

The doubling of federa. fellowships and traineeships should include
the following:

- Complete NSF's proposed doubling of its graduate fellowship
programs from 570 to 1140 new awards annually.

10
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=~ Increase the number of NIH traineeships to meet the targets
established by the National Academy of Sdences.

~ Expand the number of fellowships and traineeships supported by the
other major research-funding agencies. DOD, DOPI?, NASA, andbyUSDA

. have well-designed and well-administered programs, but they are

: small in comparison to the volume of university research supported by

those agendies. [Table 4-Agency/Academic R&D Obligations]

- Increase fellowship e::prart for graduate study in the humanities and
relzted fields in two ways: (1) expand the Department of Education’s
Javits Fellowship program, the sole federal program supporting
graduate study in the arts and humanities, and one of the few
programs supparting graduate study in the social sciences; (2)
establish a graduate fellowship program in the National Endowment
for the Humanities.

Incrm.?hekngthofﬁmmdlevdofﬁmcia]suppoﬂpmﬁadbycdsﬁng
programs and fill program gaps:

* Stipends should provide an adequate living allowance. Several existing
programs do not meet that test, including NIH traineeships (although -
the NIH moved a welcome step in that direction with an increase of the
predoctoral stipend for FY'89) and the Department of Education’s
Foreign Language and Area Studies (FLAS) fellowships.

* Institutional allowances should meet a reasonable proportion of the
actual institutional costs of education, increasing with increases in those
costs.

* The Department’s FLAS fellowships pawvide an averaye of only two
y:ars of support in fields in which the time required to earn a doctorate
is over eight years. The recently authorized advanced graduate
fellowships for language and area studies students should be funded to
fill this gap.

» The National Endowment for the Humanities should establish a
dissertation fellowship program. Unlike science and engineering
students, humanities graduate students do not have access to research
assistantships to provide suprort during their dissertation research.
Support from teaching assistuntships or fellowships has generally been
used up by students at the dissertation stage. A national competition in
which dissertation preposals are jidged on the merits of the pro
research could be administered through the Endowmeny's exdsting
mechanisms for funding faculty research fellowships.

n
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2. Research Assistantships

Agencies supporting university research should promote the support of graduate
students as research assistants. The target should be at least one research assistant per
grant. Inclusiori of graduate students as research assistants not only provides effective
apprenticeship training but enhances the quality of the research itsel€ by providing

fresh perspectives,

Federal research agencies vary widely in the extent to which their research project
grant programs support graduate research assistants. /Table 5~Pending] Concern has
been expressed in the graduate community that pressure, real or perceived, to limit the
size oi grant requests to increase their likelihood of approval is discouraging faculty
investigators from including research assistants on their grants. Howaver, in FY 1988,
NSF supported 15,833 graduate students on 15,647 research project grants. NSF's target
for FY 1990 s to support 19.309 RAs on 17,894 project grants. Other agencies should
adopt similar policies tailored to their research programs.

Congress should provide NEH with the statutory authority to support rese.rch
assistantships. Although the opportunities foi' such support are more limited in the
humanities than in science and engineering fields, the Endowment does support a
number of major, multiyear research projects in which research assistantship support
would p.rovide cost-effective research support while assisting in the education of future
scholars. Research assistantships also would provide an additional mechanism for
supporting dissertation wark.

3. Support for Women and Minorities

The underrepresentation in doctoral education of non-Asian rhinorities and
women must be addressed by all sectors supporting graduate education. Several
private foundations have focused on this problem. Institutic~  are aggressively
pursuing new and «xpanded recruitment and retention pre  ns. These efforts are
producing results. At one university, the sustained involvernent of faculty advocates in
the recruitment and admissions process has produced a doubling of mincrity graduate
students admitted in one year. At another institution, a systematic retention program
has prodiuced an 87% completion rate for minority doctoral stuclents.”

The federal government funds a number of programs aimed at increasing the
participation of minorides in graduate education. The National Science Foundation is
proposing a new prograrr. of fellowships £~ women in engineering. The following

* steps will enhance t}. ‘ederal government's commitment:

7. These institutional programs are expensive. They require added faculty time for individual
monitoring and advising. They require additional courses and seminars tajlored to individual needs.
The high cost of such institutional intervention and support for individual students limits their
implementation by institutions. )

1
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Expand the niumber and scope of minority graduate fellowship programs. The
Depariment of Education, NSF, NIH, and NASA are among the federat
agencies with strong minority fellowship programs, but some agencies provide
littie ¢r no suppart for minority students.

Agendies which fund research in fields such as engineering in which womsn
are severely underrepresented should develop programs to attract women into
these fields.

Each research funding agency should adopt a program of project grant
supplementation for supporting minority research assistants. Such a

would be separate from the primary grant application and funding process,
permitting project investigators to add minority RAs to their research program
whenever the oppertunity arises. An administratively simple program
providing incremental funding for minority RAs would provide a strong
incentive for facultv investigators to seek opportunities to engsge minority
graduate students as research assistants.

Increase the number of early identificadon programs for talented minority
undergraduate and high school students. The NTH Minority Access to
Research Careers program (MARC) is a highly successful program providing
summer research internships for minority undergraduates; a similar

has recently begun through the Department of Education. Such

should be carried out through each agency supporting graduate education.

Provide institutional matching grants for recruitment and retention
programs-both to develop and to replicate successful initiatives. Such grants
would aliow institutions to expand thelr internal efforts significantly.

These actions are directed primarily at the undergra ;uate pool from which
graduate students will be recruited. But particularly in the case of minority students,

tation is traceable to disadvantages accumulating from the beginnings of

the educational pipeline; intervendon must begin well before students reach the college

such as the Department of Education, NSF, ard NEH should explore

new ways to woek with local and state school authorities to provide tulented minority
children with the kinds of enriched educational experiences that promote acaderic

opportunity and excellence.
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4. Restoring the acadensic research environment

Increased research funding, combined with greater stability in its allocation and
greater flexibility in its use, will _ much to restore the quality of the academic research
environment. In aduition, the federal government should restore its former commit-
ment to the support of research infrastructure. In 1987, the White House Science
Coundl called for a $500-million-per-year, 10-year effort 28 a “necessary minimum”
response to restore the nation’s deteriorating academic research facilities. To
implement this effort, programs such as the recently authorized NSF facilities program
should be autharized and funded to the extent possible in each of the major federal
agencies supporting academic research. In addition, the Department of Education’s
Title VI failities programs should be funded.

CONCLUSION

The federal government must play a central role in strengthening support for
doctoral education to provide the increased number of Ph.D.s that will be needed soon
in both academic and nonacademic sectors. The mechanisms of federal support are
largely in place. Strengthening exdsting programs and filling gaps in support can
effectively increase the incentives for talented students to enrallin doctoral programs.
Action now can curtail the divergence of supply and demand and develop .nore fully-
our intellectual resources to meet the challenges of the 21st century.

4
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| Figure 2 - Shiting College-Age Population |
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[ Figure 3: R&D Expencitures by the U.S. and it Economic Can ettors |

i

110

O

Aruitoxt provided by Eic:

E



52

I_Figuro 4: Intemational Comparisons of Science and Engingering Employmeﬂ

(S/E's in R&D per 10,000 labor force population)
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| Figure 5 - Daining Proporton of U.S. Cizens Eaming Ph.0.s |
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Financial Ald for Grad. £¢
1987 1973

$ (miltons) % $ (miitlons) %
Federal 900 4240 a4 " 43.20
Fellowships/Tralneeships 200 8.60 150 18 80
Research Assistaniships 525 25.00 130 16 30
Loans 125 6.00 20 250
Collegs Work Study 20 1.00 5 080

Gl BROther Servics Related
Benefts 32 1.40 40 500
State 48 2.10 10 1.20
Grnts 20 1.00 5 0.60
Loans B 1.20 5 0 60
Instrutional 1,110 82.40 415 §1.80
Assistantehips 850 40.50 150 4370
Felowships/Wavers 250 11.90 60 7.50
Loans 1" 0.50 5 080
Private Sources [.1] 3.10 30 3.80
Employsr-Paid Banafits 25 220 10 1.30
Fetowships 30 1.40 15 1.90
Loans 10 0.50 5 0.60
Toted Asgigicnce 4,129 100.00 800.00 100.00
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Ragistered
Tota

Physical Sclences
Asgistered
Total

Enginesting
Registerad
Tois

Lite Sclences
Registered *
Totd

Saclel Sclencos
Registered
Totsl

Huiankties
Registered
Tois

Ticne-t0-Oagree
(Years)
1887 1877 1987
5.40 8.10 890
8.10 8.70 10 40
5.10 5.70 6.00
6.00 6.90
5.20 5.80 580
7.20 7.30 8.10
5.40 8.70 850
7.20 730 8.70
5.20 5.80 720
7.70 8.00 1030
6.50 710 840
9.40 9.90 1200
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; FY89 Federsl Support

) PROGAAM TOTAL STUDENTS TOTALS
NSF 2,188 38,000,000
NRSA 5,000 92,300,000
NDSEG 150 3,150,000
A 75 2.100,900
on 140 4,000,000
NASA 248 4,410,000
USOA 173 2/600,000
DOE 80 2,080,000
ED: Pub Sarvice 218 3,320,000
ED: Has 1.009 15,700,000
€0, Jars 570 7,900,
ED- Nat Neod 800 12,800,000
ED: FLAS 700 7,650,000
ED: Fubright-Hays %0 1:500,000
USA 500 10,000,000

. ToTALS 1987 $207,610,000
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Mr. Hayzs. Thank you very much.

Congressman Walgren has exited to ge vote so he can return and
take the chair over upon his return and try not to postpone the
hearing too long. Within a couple of minutes, though, Congress-
woman Schneider and I will have to approve or disapprove the
Jjournal for yesterday. You'll find out that much like within acade-
mia, most people disagree with what we did yesterday as well as
what we’ll do tomorrow. I would like to, because of that, perhaps,
interrupt and see if we can ask you a few questions during this
transition before going directly into the testimony.

I am most concerned because what you’re telling me I've heard
at just about every hearing we've had in any subject in America. In
Des Moines, Iowa I've listened to university professors and depart-
ment heads tell me about drain of talent in the sciences. I've heard
them tell me about historic dependence upon foreign students—
which they say in the same manner in which you do, and unfortu-
nately sometimes it isn’t reported accurately—that this is not a
criticism of bright young people throughout the world who seek
educational opportunity here. This is a recognition that that de-
pendence is not everlasting and that the historic relationship
among those whn stay in this country to contribute, as do g0 many
bright young people from throughout the world, is not something
we can count on for future decades. And, the second point that
they make is that we don’t zeem to inspire our young people to
pursue the sciences. It is not a matter of closing any of our doors,
but a matter of, quite often a lack of excitement that’s generated
among those who go into other fields of endeavor. And you've
added a third point—that we have also removed many of the oppor-
tunities that Government historically was able to give, in a full rec-
ognition that we want to encourage certain kinds of actions. Conse-
quently, the suggestions that you have made along the line of what
Government can do in light of tax considerations and additional
funding I can certainly understand and wholeheartedly support.

I would like to pursue the other point for a moment. What can
any of us do, whether it is as parents, as Government officials or as
educators, about that third element I named—that is the incentives
among people to have an interest in a career in so many fields of
the sciences?

Dr. LieBMAN. When parents respond positively when their chil-
dren show curiosity abou:¢ how things work, when parents and
school boards make sure that there are competent science and
mathematics teachers in the elementary and secondary schools,
that’s going to make a big difference.

I think part of the confounding problem with what's going on,
not only in the universities, but in the elementary and secondary
school systems, is that salaries are low. Traditionaily, teaching was
a field which very bright young women entered. Now bright young
women have many other opportunities, and the quality of the
teaching we see has dropped.

Mr. Haves. Additionally, we've had an opportunity to go with a
very fine man who was the Congressional liaison for NASA, a
former astronaut, and time after time when we would go to small
high schools, we would find that the science teacher was a teacher

$
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taking over the science classes as an additional burden, rather
than a primary field of endeavor.

Is this a subsequent generational impact of not having additional
students going through our universities who in turn are teaching
the sciences—are we now seeing the erosion of the educational base
because of the previous two decades of dropping our number of
graduates who in turn are teaching sciences?

Dr. LieMAN. Absolutely. A teacher who has taken over another
class to teach science who has no innate love for science, is not
going to be able to instill in his or her students the love of science
and investigation that was before.

Mr. raves. I apologiz. to you, but in order to make this work,
Pm going to ask that we suspend the hearing for just a few mo-
ments, and as soon as Congressman Walgren returns, 'm sure he’ll
take the chair and begin again. Doctor, I apologize to you, although
when you come to visit South Louisiana, I'll be sure to change your
nam again so you'll be recognized. Thank you.

[Recess.]

Mr. WALGREN [ASSUMING CHAIR). Gentlemen and gentlewomen,
let me call you back to order and we’ll proceed. I want to ask unan-
imous consent that the statement of Congressman Costello be in-
serted at the appropriate place in the record.

[The prepared statement of Mr. Costello follows:]
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OPENING STATEMENT

BY U.S. REP. JERRY COSTELLO

COMMITTEE ON SCIENCE, SPACE AND TECHNOLOGY
MAY 18, 1989

“INVESTMENT IN RESEARCH AND DEVELOPMENT"

First iet me thank Dr. Judith Liebman, Vice Chancelor for
Research at the University of lilinols, for being able to testify
at today’s hearing. The University of liinols plays a critical
role In providing research and development for the entire state,
and thelr leadership In this area should be commended.

Researcii and developmant are two key areas to International
competitiveness, and the focus for technological advancement. If
our economy is to lead the world In new Ideas and new products,
we must have be at the forefront of the field, and the only way
to do this Is through Increased research and development.

Studies show that American funding for research and
development Is well below that of our International competitors.

As the chairman has pointed out, between 1970 and 1987 there
actually was an 8 percent decrease In the number of patents
awarded to U.S. inventors, while patents awarded to foreigners
increased by almost 30 percent. This is indicative that qur
country’s competitiveness Is at stake.

| look forward to today’s hearing and hearing the policies
that will encourage research and development In the private
sector.
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Mr. WALGREN. We will continue with Dr. LaPidus’ statement.

STATEMENT OF JULES LAPIDUS, PRESIDENT, COUNCIL OF
GRADUATE SCHOOLS, WASHINGTON, D.C.

Dr. LaPipus. Thank you, Mr. Chairman. It's a pleasure to be
here this morning. I am president of the Council of Graduate
Schools, which is an organization of 388 uuiversities that grant the
vast majority of graduate degrees in the United States, roughly 95
percent of the doctoral degrees and about two-thirds of the masters
degrees.

We, like you, are concerned about the scientific and technological
future of the United States, and a great part of that concern has to
do with Americans going on to graduate school in science and engi-
neering. If we are to pe competitive in the kind of world economy
that exists, it is imperative that more Americans become scientifi-
cally and technologically literate, and that more go on to careers in
research.

Unfortunately, as Dr. Liebman has pointed out, just the opposite
is occurring. The numbey of American students going on to gradu-
ate school in science and engineering is declining and has been for
some time.

The demographics of the graduate population are fairly complex.
We don’t understand all the reasons for this, but we do understand
some of the things that influence students when they try to make
choices about going to graduate school.

I think it’s fairly clear that students who are qualified for gradu-
ate school understand that there are lots of other things they can
do to make more money. The current starting salaries for scientists
and engineers holding a baccalaureate degree in 1989 ranges be-
tween $25,000 and $35,000 a year.

Students considering graduate school find out fairly quickly that
assistantships and fellowships provide stipends at a range from
about $7,000 to $10,000 a year with some of the very prestigious na-
tional competitive fellowships going up to about $15,000 a year.

Since it takes about five to seven years to get a Ph.D. in these
fields, it doesn’t take much calculation to show that the foregone
income for students taking this step is at least $100,000. But stu-
dents have been willing to do this, providing they can get some
support to go to graduate school.

One of the important things to keep in mind is that graduate sti-
pends have never been developed to be competitive with industrial
salaries. That really isn’t the point. The purpose of graduate sti-
pends is to provide enough suppurt for students to live on, so that
they can go to graduate school, and do research full time.

That being the case, there are probably three major factors in-
volved when considering the kinds of support necessary to accom-
plish this. One is that it has to be available. Probably the best kind
of support to have available is fellowship support. One of the rea-
sons for that is that the next factor has to do with syme kind of
assurance of continuity Students considering this long haul of ar-
duous and demanding work like to feel that there is some assur-
ance tnat they are going to be supported for more than one year.
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Finally, the dollar amount of the awards that students seek has
to be enough so that they can live during this period of time.

We've seen this happen in the United States before, as Dr. Lieb-
man has pointed out. Buiug the 1950s and 1960s, a marvelous pro-
gram of Federal support developed for science, engineering and
graduate education in general, and it worked. Lots of students
went to school, and there was a tremendous outpouring of science
and technology from this country.

Unfortunately, while we have been reaping the benefits of this
investment, the rest of the world has been catching up, and we
seem to have been going about the process of decreasing our com-
mitment. The number of fellowships has declined dramatically, and
the Tax Reform Act of 1986 also decreased our commitment in this
area.

Prior to 1986, fellowships and most assistantships were not
taxed. That goes back about 30 years. The Tax Reform Act of 1986
changed that so that the stipends, and by that I mean the money
that students use to live on, room and board and other living ex-
penses, the stipends are now taxed. The amount of that tux, and
the level of decrease of a stipend, depends of course on the stipend
itself and on the tax category of the student. But for the most part
it amounts to about 14 percent, considering that most graduate stu-
dents are in that category. What that means very simply is that a
$10,000 stipend a couple of years ago is now a $8,600 stipend.

Associated with this reduction in stipends is the fact that certain
kinds of tuition awards and waivers that are considered compensa-
tion, particularly, in return for services such as teaching, are also
now taxable. The end result of this is that the tax code, which until
now had been seen as being supportive of higher education, now
seems to be operating in the other direction.

This is an unfortunate trend and I think we reed to look at al-
ternatives. If we are serious about increasing the commitment in
this country to the future of science and technology and our com-
petitiveness, and if we are serious about attracting more students
to go to graduate school in these areas, clearly the way to do this is
not by decreasiug the number of fellowships available and decreas-
ing the dollar value of those fellowships.

I think a much wiser approach would be to do what we have
done ia tha past, that is o invest in this country’s young people.
There are a number of ways to do this, but one of them clearly is
the kind of plan of well-constructed incentives that Dr. Liebm an
has mentioned, including traineeships, fellowships, assistantships
and support for the research community.

This committee, historically, has been a strong advocate for these
approaches, and we urge you to continue that and furthermore, to
make it clear to your colleagues on appropriations and revenue
committees that the task of providing adequate support for this na-
tion’s cadre of scientists and engineers is far from over.

Thank you. I'll be pleased to respcad to any questions.

[The prepar.d statement of Dr. LaPidus follows:]
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Mr. Chairman and Members of the Subcommittee:

My name is Jules LaPidus, and I am the President of the Council of Graduate
Schools. The Council of Graduate Schools has 388 member institutions around the
country and represents the vast majority of producers of graduate degrees in the
United States. Prior to assuming my CGS office, I was Dean of the Graduate School
and Vice Provost for Research at the Ohic State University and a professor of
medicinal chemistry for twenty-six years a. JSU. I am pleased to be with you ard
the other mi:mbe:s of the Subcommittee here this moming and would ask your

permission that my written remarks become a part of the record of this hearing.

The charge of this hearing accurately reflects the concern that many of us have
with producing an adequate supply of scientists and engineers. US. college students
are graduating with increasing amounts of cebt and many of us are concerned today
that they will not choose the long and relatively costly route of obtaining advanced
degrees in science and engipeering. I am not completely convinced that we
understand the cause and effect of the situation that exists on carpus today. Some
individuals clearly love learning for its own sake, and will pursue it regardless of cost,
rewards, or benefits. Neveriheless, living within this society increasingly requires that
individuals take into account the overall context in which they work and the overall

sense of salaries and the market economy in which we all exist.

I want to briefly discuss the incentives we provide for students to go to graduate

school, particularly in terms of fellowships and the impact of recent changes in the
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tax code on the size o graduate fellowships and assistantships. Fellowships and
traineeships provide an ideal way te pursue graduate degrees in science and
engineering. They provide assurance that suppost will be available for some multi-
year period of full-time study in the ar + of science and engineering of interest to the
student. Students can go through the process of learning to be independent schelars
and researchers, receive a Ph.L)., and move out into universities, industry, or the
government, fully certified and capable of making a life-time contribution to the
discovery of new knowledge and to teaching other individuals whether in the
workplace or in the classroom. Regr-.ifully, at the moment, there are relatively few
such awards aveilable. In 1989, the entire federal government is providing only
12,000 such awards. Few of them, with the exception of those funded by the
Department of Defense, are as gencrous in their support as are the fellowships
offered by the National Science Foundation ($13,100 stipend plus 2 $6,000 * iition
allowance). Except in quantitative areas, such as the social sciences .upported by
NESF, there is almost no similar federal support avsilable in the social sciences and
the arts and humanities, with the exception of a small fellowship program supported
by the Department of Education which is significant and which is the only major

support for the arts, humanrities, and social sciences.

The decline in the number of feliowships has created a zerious problem. The Tax
Reform Act of 1986 made it worse in several ways. In the period of years betwesn
1954 and 1986, fellowships and most assistantships provided to graduate students

working full-time on degrees were not taxed Students received stipends to provide a
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living allowance and tuition scholarships or waivers to pay for tuition. The Tax
Reform Act of 1985 reversed 25 years of favorable tax policy and made living
allowances taxable, thus decreasing the value of these allowances by whatever the tax
rate of the individual student might be, usually 14%. The 1986 Act also taxed that
pertion of the tuition award or tuition remission that was received as cc mpensation
for services. It did all of this in a convoluted way, focussing, as tax policies generally
do, on the mass of population which includes the 12 million undergraduate students.
most of whom were assumed to have litile if any tax licoility and thus would not be
affected in any major way by such a policy change. In that respect, the tax writing
committees, the Ways and Means Committee of the House of Representatives and
the Senate Finance Committee, were absolutely correct. Unfortunately. for the 1.4
million graduate and professional students of whom perhaps 500,000 are engaged in
full-time pursuit of a doctorate degree, there were significant differe.ncu and there
were significant new tax liabilities, particularly for those students who had a working
spouse or who, like most graduate students, received teaching or research
assistantships. Congress di«:l re.ognize this and proposed a technical amendment in
the Technical and Misceilaneous Revenue Act of 1988, to the effect that tuition
reductions in excess of reasonable compensation for teaching or research are
excludable from income. Cur office had literally hundreds of phone calls from
students, faculty members, and institutions around the country to try to clarify the
situation, and we are grateful for the support of the Congress over the last two years

in reaching this clarification.
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The 1968 Tax Act proved that strange offspring can issue from the marriage of
tax reform and education policies. Advocates of tax reform argued that in fairness to
individuals who pay for their education v ith after tax dollars it should discontinue
the practice of tax-free scholarships. The education community argued that the very
purpose of a scholarship was to subsidize and provide a benefit to a worthy
individual and subjecting scholarships to ax clearly defeated this very important
societal goal. The Csmmittee decided to split the difference in a decision which did
violence to both sides. It ailowed tuition scholarships to remain untaxed while taxing
payments for room and “oard. In a further twist, it subjected to tax, tuition waivers
provided to graduate teaching and research assistance baseZ upon the value of the
services they provided. These changes are part of an nrfortunate trend, in which the
Tax Code, which once favored education, now heavily burdens it. The cutbacks and
periodic expiration of Section 127, Employer Provided Education Assistance, and the
increasing tax burden born by scholarship recipients, particularly graduate scholarship
recipients, is an unfortunate turn of events. We find this somewhat puzzling given
the strong support for continuati9n of the research and development tax credit. We
support the credit and want to see it extended and so does a powerful coalition of
high tech businesses. We would hope, however, that Congress also recognizes the
importance of higher education , particularly graduate education, in our efforts to
remain competitive in the world, and that the Congress consider reversing its recent

unwise decision in the area of taxation of scholarships and graduate tuition waivers.

But Congress was Jdetermined to create a new kind of structure with fewer
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instances of specialized treatment of both business and individuals and this was
perhaps a necessary sacrifice tov ards that end. Nevertheless, this is one more
example of a situation that has created an additional impediment for students

considering full-time graduate study.

The other long-term concern of graduate schools in convincing students to pursue
advanced degrees has been the concept of foregone income. It is perhaps clearest to
note in the case of engineers right now. A student with a bachelor’s degree in
engineering can almost immediately go to work in the private sector at a salary of
$25,000 ~ $35,000 (see Table 1). That is cluse to the range of Assistant Professors’
salaries after completing a Ph.D. (26,000 to $36,100 at comprehensive institutions).
If one is co_ncerncd about the concept of foregone income, which is to say the
income that one could eamn after the bachelor’s degree, that is not .beir'; earned
while one is studying for an advanced deg: ~ the foregone income cost of a graduate
degree is increasing at a rate much faster than inflation. Couple that with the fact
that the awards provided by the federal government, or private sector, or individual
institutions, are now taxable and have been reduced in value since 1986 by
approximately 15% across-the-board, and you realize why many of cur policies seem
to be at odds with each other at creating incentives for students to pursue graduate
studies in science and engineering (see Table 2). Clearly, the NSF fellowship
program is successful as are NIH traineeships and the new assistantships in areas of

national need and they offer models that we would be delighted to see expanded.
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Fellowships and traineeships help to provide a critical mass of scholars and
researchers. \We do not believe that the size of that critical core group is large
enough. Make no mistake, scholars are not saying they should be tax-exempt or that
they should not pay their fair share of taxes. The question has to do with

reasonableness,

The Counvil of Graduate Schools belicves that what would most help retore a
reasonable approach to federal science policy is a balanced pa "xage of support as my
colleague from Illinois has discussed. Incresses in fellowship, traineeship, and
assistaniship support, coupled with expansion in competitive research awards, early
identification efforts, and a restoration of federal facilities initiatives would provide
the kinds of incentives that wa believe would be effective in increasing the number of

students in science and engineering while advancing this nation’s ability to conipete

in a world econo.ny.
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Table 1

Average Starting Salarias for
1989 Bachelor's Graduates

Dagree Figld Annual Sqlary
Engineering $30,600
Chemical 32,604
Civil 30,038
Electrical 30,804
Industrial 29,832
Machanical 31,118
Petroleum 35,148
Chemistry 28,488
Computer Sci 27,756
Maih/Statistics 26,316

Source: Northwestam Lindquist
Endicott Report

Compited by the Office of Information Services
Councill of Graduate Schools
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Table 2
Graduate Research & Teaching Assistant Stipends”
Acadenic Year 1988-1989

Research Teachin
institution Asgistantships Agsistantships
Beston College $8,100 £8,100
Brown Univorsity 7,650 8,300
Cornall University 7,657 7.378
Dartmouth Coilege 7,050 7,500
Georgla Institute of Technology 8,750 8.750
Lehigh Univershy 8,100 8,000
Loyola Univarsity of Chicago ' 9,000 9,000
Michigan Stats Univarsity 9,338 9,331
New Mexico State Univarsity 7.862 7,862
Dhio State University 8,150 7,703
Pennsylvania State University 8,000 8,600
Princeton University 8,8C0 10,000
Southem iinols University, Carbondale 7.000 7.000
Stanford Univrsity 8,389 8,650
State University of New ) sk at Stony Brook 8,400 8,000
University of Alaska 10,500 8,000
University of California, Berkelay 8,249 10,634
Univecsity of Callfornia, Los Angeles 9,500 10,634
University of California, San Diego 8,175 10,634
University of Callforria, Santa Cruz 8,250 10,634
University of Chicago 8,100 8,100
University of Connecticut 8,290 8,280
University of idaho 8,049 7.353
Unlversity of lowa 10,250 9,550
University of Kentucky 7.983 §,684
Univeraity of Louisvilie 8,000 8,000
University of Maryland, Colieye Park 8,225 8,226
University of Hotre Dame 7,200 8,200
University of Oklahoma 7,173 7,259
University of Southem Caiifornia 8,658 8,656
University of Texas, Austin 7.358 7.713
University of Tennessse, Knoxvillo 8,331 7,303
University of Wisconsin, Madison 8768 10,539
Wayne Stats University 9,500 9,000
Ranpes $6.750-$10,500 $6,000-$10,634
* Average stipend in sclence and enginesring fiokls
Dbased on £0% appolntment over 9 or 10 month academic year,
Source: CAS Survey, May 12, 1989

Cormnpited by the Ofiice of Information Services

Council of Graduate Schools
Q V4 5
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Mr. WaLGreN. Thank you very much, Dr. LaPidus. Can you tell
me more about why the numbers of fellowships are decreasing,
aside from the tax side? Are the numbers of graduate stipends de-
creasing in actual availability?

Dr. LaPibus. There has been a real philosophical shift over the
last 20 years from grant support to loan support. The large number
of fellowships that were available in the mid-1960s, fellowships und
traineeships at the level of about 80,000, has now dropped to about
12,000 as a result of conscious decisions to reduce thes&=fellow-
ships—we’re talking about Federal fellowships now—and to move
to a different mode of funding education, that being loans.

Mr. WaLGreN. I guess I'm—most of us got caught up in the tax
leveling process and it really, from a Congressional standpoint, was
not an effort to disadvantage anyone. In fact in the tax reform
process of 1986 it was generally thought that we were providing
uniform treatment rather than any particular disadvantage. I
guess my questions then go, if that current is running broadly,
then isn’t our best defense to increase the actual support, either in
numbers or in value?

Dr. LaPipus. Absolutely. The end result of all this is that the in-
centives, particularly the incentives in terms of providing reasona-
ble living expenses so a student can go to school full-time are less
now than they were. That’s true because of a number of things.

One is that there are fewer fellowships available, another is that
the Tax Reform Act in this attempt to approach a level playing
field also decreased the amount. Now you can overcome that in a
variety of ways, but what has to happen if we really want 1o en-
courage more students to go into school— and I think students are
prepared to make financial sacrifices, but they have to some assur-
ance of adequate support, in order to undertake this rather long
haul of going on to graduate school—what has to happen is that
there must be adequate support for them to do this.

Otherwise, they simply have too many other choices available.
We're talking about bright kids who have a lot of things that they
can do. They are looking for some signal that there is enough sup-
port for them to go on and do this kind of work.

Full-time work in the fields we are talking about, full-time grad-
uate education, is generally talked about in terms of 70 hours or so
a week in the laboratory and in the class room. There is simply no
tirne to work on the outside.

Students have to find dollars so that they an live while they ave
engaged in this kind of work, whether we do it by changing the tax
law or increasing the stipends, whatever, we have to put more
money into this so that it happens.

Mr. WALGREN. What's the trend in constant purchasing power of
stipends over the 30 years? When you look back to the 1950s, were
those at comparable levels? Have they kept up with inflation?

Dr. LaPipus. I don’t think so. I think they've lagged behind infla-
tion. But the range that I mentioned tsday. of basically $7,000 to
$10,000—the $10,000 is quite high. Probably most of the stipends
for graduate students today are in the area ot $8,000 to $8,500.

That compares with stipends ia the 1960s of $2,400, perhaps, for
NIH trainees. That’s the kind of comparison that we're looking at.
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Students don’t live like kings on that kind of stipend, but it is
enough to get by.

Mr. WALGREN. What tax bracket does that put them in?

D LaPmpus. In the 14 percent bracket, usually, depending on
whether they have spouses and file jointly, and so on.

Mr. Warcren. When you look back at the 1950s, are there differ-
ences in the kind of support that brougi.. a substantial number of
people committed to graduate school in the 1950s? Dr. Liebman,
did you have that in your testimony?

Dr. LiesMAN. Yes, as a matter of fact one of the biggest differ-
ences we see is traineeships. The number of traineesbips really
plummeted to practically nothing at the beginning of the 1970s.
Traineeships provided a particularly stable block of funding that
both faculty and students and the program that had the trainee-
ships know it’s there and know it will continue.

Mr. WALGREN. Apparently, there is this difference between fel-
lowships and assistantships?

Dr. LiesMAN. Let me explain in a little more detajl the differ-
ences. An assistantship is a stipend given to work on a research
project or for teaching at the institution.

A fellowship is an award given independent of a student’s actual
time investment in research or in teaching, and is given to the stu-
dent individually as a national award.

Traineeship programs are a block grant that are provided to a
program within an institution and then that program uses a train-
eeship to furd graduate students that they select individually to be
admitted to that particuiar program.

Mr. WALGR=N. I see. And we've had a decrease in fellowships and
traineeships?

Dr. LieBMAN. And a very large increase in assistantships, but the
increase in assistantships has not been enough to outweigh the de-
crease in fellowships and traineeships. I believe the net decrease
has taken us down to, well, I don’t know the exact level now-—

Dr. LAPipus. It's almost half. In other words, comparing to the
total number available in the 1960s, and looking at the combina-
tion of assistantships, fellowships and traineeships, we’re down now
1;3 égst a little better than nalf of what was available in the early

8.

Mr. WaLGREN. So in terms of overall support for assistantships,
fellowships and traineeships, the effective level is one-half in the
late 1980s?

Dr. LaPipus. Close to that.

Mr. WaLGrEN. That'’s from all sources?

Dr. LaPibus. Federal sources.

Mr. WALGREN. Federal sources. Do you have u.y instinct for
what the overall from all sources might be? State and local and
perhaps school-based efforts have increased to fill the declining
support from the Federal Government, but have increases from
otge;' sources been enough to replace the decline in Federal sup-
port?

Dr. LAPbus. No. There has been relatively little support of this
gvpe, particularly the fellowship and traineeship support, from in-

ustry and also from the states, and from the institutions them-
selves, there have been increases in the number of teaching assis-
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tantships provided and some increase in the number of research as-
sistantships provided at those levels.

One of the points about fellowship and traineeship support is, as
Dr. Liebman mentioned, for a student considering this rather long
period of time to go on to school, that kind of support provides an
assurance of multi- year funding. Assistantships are one year at a
time, and depending on the source of that assistantship, it may
have to do with enrollment or it may have to do with the particu-
lar time that a research grant expires. Those are a year at a time.

For a student looking at alternative sources of support, the as-
surance of long-term funding is extremely important. It makes it
more attractive. If we're really talking here about making this
kind of a choice more attractive to students, we're talking again
about traineeships and fellowships, because those are the attractive
kinds of sxpport.

Mr. WarGreN. I see. In making something attractive or having it
be attractive to young people, certainly what they anticipate at the
end of their graduate studies is something that they are consider-
ing very significantly, as well as the level of support that they are
going to get in the meantime.

How big a factor do you feel was the nice pickup that they had
in the 1360s at the end of graduate schocl compared to today? 1
gather the difference would be, perhaps in the 1960s there may not
have been quite the lucrative present employment for them, the
$100,000 foregone that you mentioned in your testimony, Dr. LaPi-
dus. Has that changed?

Dr. LaPibus. One of the things that happened in the 1950s and
1960s is that there was tremendous expansion in universities in
this country, and tremendous expansion in faculties. You had pro-
grams like the G.I. Bill and so on. Thousands of students were
swarming universities and we needed more faculty. That dropped
off to some extent in the 1970s and it is very clear now that as we
look at the 1990s and beyond, we are facing terrific faculty short-
ages. There are going to be faculty jobs, good jobs, at good salaries
fox'-rﬁeople going on.

e difficult point about all that is the lab period involved. As
Dr. Liebman mentioned before, we're talking about five to seven
years or longer to get the Ph.D. The faculty we need in the late
1990s are in coliege now. Again, the question before us is how to
make them understand, first of all, that there are a lot of exciting
and interesting things they can do in science and engineering, sec-
ondly that there are going to be jobs available in universities and
in our technology-based industries, and that that’s a good way to
look at the rest of their lives.

Granted that the period in graduate school will result in fore-
gone income, they will be making less than they would if they went
directly into industrial positions, because there are good opportuni-
ties available.

Mr. WALGREN. S0 one of the attractions for those who went on to

aduate school in the 1960s was because they felt that there were

aculty positions that might be available to them in the extpandlng
university base. That has certainly has not continued. In fact, my
igesginct is that in recent past, faculty positions have been very lim-
1 .
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Dr. LigBMAN. Except in engineering. Engineering has continued
to expand. One of the big factors, most of the Ph.D.s back in the
1950s and 1960s went into academics. They saw the academic life
as a very attractive life.

Now, I do not believe many of them see the academic as a very
attractive life, because they see their professors working 70 and 80
hours a week in the laboratory, scrambling to keep multiple re-
search projects going so that they can support the graduate stu-
dents, they see a lot of pressure that was not there in the 1950s
and 1960s.

One of the things we have to do in our institutions is to help
take some of that pressure off the professors, so that the job looks
more attractive, becomes more attractive.

Mr. WaLGReN. What are the present attractions for a Ph.D.
other than university teaching? What kind of salary and demand is
there for them in the private sector after graduate school as op-
posed to before?

Dr. LiesmaN. Industry is extremely interested in getiing addi-
tional doctorates, not just in science and engineering, but in many
other areas as well. In science and engineering, not only is industry
providing a much higher salaries than academics, but they are able
to supply them with better labs and more up-to-date laboratory
equipment.

Mr. WaLGREN. But people are not going on to get the Ph.D.s be-
cause apparently there must not be—

Dr. LiesMaN. But at the saine timc that industry says it needs
Ph.Ds, it also knows that it needs scientists and engineers coming
out with masters degrees and bachelors degrees. It is offering very
lucrative wages at those levels as well.

Mr. WarLGreN. The chair recognizes the gentleman from Califor-
nia, Mr. Campbell, for any questions. We want to see if we've cov-
ered the range—

In the past, post-doctoral fellows were able to exclude some $300
a month of their stipend for a period of years, and that exclusion
as well, has been eliminated, is that correct?

Dr. LaPwus. Correct.

Mr. WaLGreN. Do you think that that has had a significant
impact on things? What would that be, $300 a month, 14 percent of
$300 is something like $42, or around in there, $42 a month? How
much of this discouragement, translated into a lack of interest, do

u feel is related to this kind of a tax uniformity current that has

een flowing in the Government, compared to these larger factors
of $100,000 in these years on the plate that would not be on the
Flate, the lack of the kind of pickup that graduate students antici-
pated, I gather, in the 1960s that they may not feel is there at least
over andg above their present pickup when they graduate from the
academic programs? How would you + cight these two elements?

Dr. LaPipus. I don’t think anyone knows the answer to that, Mr.
Walgren. The change in the tax code is recent, as you know, and
we’ve had hundreds of calls from students all over the couatry who
are very concerned about it. What the long range impact of that
will be I think is difficult to predict. In one way, it’s not a lot of
money.
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The concern that we have is that it seems that there is a set of
circumstances that are all coming together at the same time, that
in its totality is discouraging to people who want to consider going
in this direction. That seems to be happening at a time when we're
very concerned about the decline of interest in this area. That’s
what we’re worried about.

So the changes in the tax law, the bite that they take out of the
stipend, is part of a bigger picture that all adds up to a student
saying “I don’t know if I want to do this. It doesn’t look like a ter-
rific idea, particularly where there are other attractive options
available.”

If we don’t get more students doing the kind of thing that we've
been talking about, going on to graduate school, getting these de-
grees, going into universities, going into industry, and so on, we are
increasingly dependent on other parts of the world for our science
and technology base and for our university education.

Mr. WALGREN. I see. I remember in the 1960s, I think it was in
the 1960s, that people with Ph.D.s really found very little employ-
ment. I don’t know whether it was within specific disciplines, per-
haps it was. But I remember stories about people with certain grad-
uate degrees having to drive taxicabs.

I guess I'm wondering how deeply felt that experience was,
whether that lingers in people’s minds, that they feel that there
are these cyclical impacts on a given area, and perhaps feel that
they don’t want to be caught in that.

Dr. LieBMAN. It certainly lingers in the areas of the humanities.
I don’t think it was ever true in science and engineering, but that
feeling does linger in the humanities. There is a lot of concern on
the part of current humanities faculty members. They don’t want
to bring more graduate students than their own markel can take.

Mr. WALGREN. And that’s more a function of the size of the stu-
dent body, because they can only look to teaching positions, by and
large, as being able to uniquely use that level of training.

The gentlewoman from Maryland, Mrs. Morella, do you ha.e ary
questions?

Mrs. MoreLLA. Thank you, Mr. Chairman.

I'm very interested in reading your testimonies, in tha: I care
very much about higher education and making it available to our
students, but I have no questions.

Mr. WaLGreN. Well, thank you very much on behalf of the Com-
mittec. We appreciate your participating in our process and we
look forward to your being a resource to us in the future. Thanks
very much.

The Chair will call the second panel, consisting of Jerry Caulder,
the President of Mycogen Corporation of San Diego, California,
John Swihart, Presic{ent of the Natiunal Center for Advanced Tech-
nologies, and William Poulos, who is involved in Government Af
fairs for Apple Computer.

Welcome, gentlemen. As you kn¢ v, your written statements will
be reproduced in the record, and you can feel free to underscore
portions of it or emphasize points in any way that you feel would
communicate best to the transcript and to us. So let’s go thrcugh
the panel in the order in which I introduced you to the record.
Let’s start with Dr. Caulder.
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STATEMENT OF JERRY D. CAULDER, PRESIDENT AND CEO,
MYCOGEN CORPORATION, SAN DIEGO, CALIFORNIA

Dr. Caurper. Thank you very much, Mr. Chairman, for allowing
me to speak today. I'm Jerry Caulder, President and CEO of Myco-
gen Corporation.

The ability of the United States to remain competitive is directly
related to our ability to remain ¢khe and not a leader in science and
technology.

The United States has become the science and technology colony
for the world. In the past few hundred years the colonial system
worked very well, the mother country would colonize areas in the
world in order to have access to raw materials. These raw materi-
als would be brought home, converted to consumer goods and then
resold to the colonies with the value added and the profits being
retained by the mother country.

The raw materials of the past were natural resources, iron, baux-
ite, oil and forestry products, things of this sort. The raw materials
of today and the future are science and technology.

I don’t need to report the grim statistics that we have exported
ten times more technology than we have imported over the last few
years. I don’t need to repeat that foreign countries now apply for
and receive rnore U.S. patents than United States scientists.

At issue is the notion that those who control the patents are in
the best position to exploit tl.e technology. A more compelling ar-
gument, however, is that those who have access to the initial re-
search and development will have the inside track to these patents.
Therefore, the fact that we are losing the patent race is just a
quantification of the fact that we started losing the R&D race a few
years ago.

We have become a nation of scientific illiterates. Most people do
not understand the difference between science and technology. Sci-
ence is the pursuit of new knowledge. Technology is the conversion
of this nuw knowledge into useful products or services.

We have had the best system in the world and the best system
that the worid has ever known for the efficient interaction of sci-
ence and technology. The Government and universities performed
the basic scientific research, this was supported by taxpayers dol-
lars. These new discoveries were then available for all companies
and industries to convert these technologies and create whole new
industries like electvonics and biotechnology. Capricious tax laws
and funding policies of this R&D have dismantled that system.

Obviously, this is an extremely complex subject and I could
speak sll day about how we fund R&D, but today I would limit my
remarks to just three areas of the tax law that need to be changed
immediately, in fact, made retroactive, in order to i...rse this
trend, and assure that the fruits of R&D efforts make the United
States as competitive as we can be in the future.

More jobs are created each year by s..all companies than all the
Fortune 500 companies combined. More new technologies and prod-
ucts are incubated and brought to the consumers through small
start-up companies than through large companies. The new tax
laws are punitive and inhibitory to the start-up of small high-tech
companies.
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Let ine highlight just three.

First, the R&D tax credit should be restored and made perma-
nent. We need to be able to plan, rather than guess, what our fi-
nancial cornmitments will be when investing in long-term, high-
risk research endeavors.

Second, the alternative minimum tax is a very punitive tax for a
small company. We need te attract the very best minds that we
can, and we cannot compete with the DuPonts, Exxons and the
Monsantos on a cash basis. This makes us do that.

The people that I recruited at Mycogen all took severe pay cuts
in exchange for incentive stock options, in the hope that through
hard work and dedication, we could make the company successful
and therefore increase the equity value of these stocks, recouping
their losses. The alternative minimum tax killed that incentive.

Third, the repeal of the capital gains tax vuts a small company
into head to head competition for talent with the large companies
on a strictly cash basis. All we do now is delay their income. We
are going to loz2 that battle because small companies are always
very short of cash.

You have just heard previous testimonies that the number of
Ph.D.s in science and technology is going to be diminishing. This
will put us at a further disadvantage when we try to compete for
the fewer and fewer numbers of people that we are graduating.

Let me get in a small commercial plug for the high- tech compa-
ny I work for, Mycogen. Our mission is very simple. We are using
biotechnology or gene splicing to develop a whole new family of
products that can replace chemical pesticides. Our products are all
naturally occurring and completely biodegradable. They don’t build
up in groundwater and they do not contaminate food and exist as
residues when we consume that food.

We are on a mission to change an i 1dustry. 1 iiced the very best
talent that the U.S. has to offer. We've been hearing over and over
that we need incentives for people to do things.

My father is an 82-year old cotton farmer. He still farms every
day. He used to tell me, “Son, those things that get rewarded get
repeated.” Let's make sure that we get the right things rewarded,
8o that we get the right things repeated.

I spend a lot of my time trying to create value through doing
deals. The Japanese are making products. We need to change what
we rewsard in this country.

Thank you very much.

[The prepared statement of D:. Caulder follows:]
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The abilicy of the United States to ramain competitive is dir .1y
r lated tc our ability to remain the not a leader in Sciei.e and
Technolegy.

The United Sc.tes has become the science and technology chlony for
the world! In the past few hundred years the colonial system
worl.ed very well - the mother country would colonize world areas
in order to have access to raw materials. These raw matnarials
weuld ke brought hcme - converted to consumer products and then
sold to the colouies - the value added and profits being retained

by the mother country.
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The raw materials of the past were iron, bauxite, oil and forestry
preducts - the raw materials of today and the future are science

and technology.

I don't need to report the grim statistics that we have exported
10 times more technelogy than we have imported over the last few
yeurs. I don't need to repeat that foreign countries now apply for
and receive more Unitea States patents than United States

scientists.

At issue is the notion that those who control the patents are in
the best position to exploit the technology. A more compelling
argument, however, can be made that those who have access to
initial ReD will have the inside tract to the patents. Therefore,
the fact t.at we are 1losing the patent race is Just a
quantification ~¢ the fact that we started losing the R&D race a

few years ago.

We have ecome a nation of scientific illiterates. Most pecple do
not understand the difference between science and technology.
Science is the pursuit of new knowledge, technology is the

conversion of this new knowledge into useful products or services.
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We had the best system the world has ever knuwn for the most
efficient interaction of science and technology. The government
and universities performed the basic zcientific research, supported
by the tax payers' dollars, and these new scoveries were
Qvailable for all industries tc convert to technology and create
vhole new industries 1like electronics and Dplotechnology.
Capricious tax laws and funding policies have dismantled that

systenm.

Obviously this is an extremely complex subject and I could speak
all day about how we fund R&D, but today I will limit my remarks
to Just three areas orf the tax la< that need to be changed
immediately, in fact made retroactive, in order to reverse this
trend, and assdre thit the fruits of R&D efforts make the United

States as compstitive as we can be in the future.

More new jobs are created each year by small companies than the
Fortune 500 companies combined. More new technclogies and products
are incubated and brought to the consumer thrcugh small start-up
companies than larg. companies. The new tax laws are punitive and

intibitory to the start-up of small high-tech companies.

Let me highlight just three.
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Firat - the R&D tax credit, it should be restored and made
permanent, w¢ need to pe able to plan rather than guess yhat our
financial commitments will be when investing in long term high risk

endeavors.

Second =~ the alternative minimum tax, this is a very punitive tax
for a small company. We need to attract the very best minds that
we cun, and we cannot ~ompete with the DuPonts, the Exxons and the

Morsantos on & cash basis.

The people that I have recruited at Mycogen all took severe pay
cuts in exchange for incentive 3ztock options, and the hope that
through hard work and dedication we could make the company
successful and therefore, increase the equity value of their stock

options. The alternative minimum tax killed that incentive.

Third - the repeal of the capital gains tax puts a small company
into head to head competition for talent with the large companies
on a cash basis - we are goirg to lose that battle because we are

always short of cash.
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Lat me get in a smail commercial plug for the small high~tech
company I work for - Mycogen. Our nission is very simple, we are
using biotechnology or gene splicing to develop a whole new family
of products that can replace chemical pesticides. our products are
all naturally occurring and are completely biodegradable - they
don't build up in groundwater and they do not contaminate the food

we eat with pesticide residues.

We are on a mission to change an industry, I need the best talent
the United States has to offer. My father is an 82 year old cotton
farmer, he used to tell me "son those things that get rewarded get
repeated.” Let us make sure~swe get the right things rewarded, so

the right things get repeated.

We spend a lot of time dcing deals with investment bankerrs while

the Japanese are making products.

Thank ycu for allowing me to speak befcre you today.
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Mr. WaLGreN. Thank you, Dr. Caulder.
We'll turn to Mr. Swihart.

STATEMENT OF JOHN SWIHART. PRESIDENT, NATIONAL CENTER
FOR ADVANCED TECHNOLOGIES, WASHINGTON, D.C.

Mr. Swinart. Thank you very much, Mr. Chairman. My name is
John Swihart, I'm the President of the National Center for Ad-
vanced Technologies. It's a non-profit foundation formed by the
Aerospace Industries Association of America, the AIA. Prior to my
association with NCAT, as the Center is referred to, I retired as a
Corporate Vice President of the Boeing Company with over 26
years of service. Before that, I worked for NASA for 13 years. Both
there and at Boeing, I was very involved with the evolution of aero-
space technology.

The severity of the foreign challenge to the U.S. aerospace indus-
try makes our position very clear. We must improve our ability to
compete in the world market. My recommendatior. is to focus on
the enhancement of U.S. technology development. We have the
technological tools, the facilities, the managerial expertise, and the
technﬁlogy base. What we’re desperately in need of is a new ap-
proach.

Compared to what we could be accomplishing, our current tech-
nology development process is a fragmented, often duplicative,
lengthy and risky approach to product development. Our foreign
competitors have turned their technological development efforts
into national goals, and the positive results are quite impressive.

Toyota, for example, goes from their preliminary designs to fin-
ished cards in only 36 months. Our best effort here in the United
Ste‘es, from the Ford Company, goes frora drawing board to com-

«d product in 60 months. We of the aerospace industry have
seen concerned apout the inadequacies of our technological deve.-
opment for some time, and decided that something had to improve
before it was too late.

The AIA has sponsored a program known as the Key Technei-
ogies of the 1990s. Ii involves the focusing of developmental effort
on a number of key technologies selected on the basis of highest
leverage, greatest potential payoff, and broadest applicability to
both civil and military products.

Under the AIA program, the industrv, the research universities,
and the Government laboratorizs function as a coordinated team,
each contributing to the generic technolory bank from basic re-
search through the technology development phase. This team ap-
proach will help ensure technology readiness, thereby avoiding
costly duplication and excessive risk.

Once a technology reaches a reasonable risk state of maturity,
the industry participants will then individually pursue their own
product development efforts in a competitive snvironment.

Let me emphasize that the Key Technologies Program is not just
a proposal, but an active program on which the AIA has been
working for the past three years. For the record, I have included
materis] describing some of the inuividual key technologies ard an
overvizw brochure describing the program.
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At the moment, our principal task i: the reconstitution of the
Government portion of the aerospace technology forum. This group
consists of the top level industry, Government, academia policy-
making personnel that provide overall direction for the program.

A list of participants in the original forum has been included for
the record. We must now contact the Bush Administration people
to rebuild the Government portion of the forum.

As always, research and development programs require consider-
able industry investment. Government aponsored incentives would
encourage investment, and confirm Federal acceptance of this na-
tionai technology development effort.

At this point, I would stress that I am speaking for the entire
aerospace industry and the following incentives include those that
apply to both Government and commercial contractors.

o begin with, tax credits for R&D should be expanded. They
shouid be made permanent. Currently, they benefit only companies
that increase their research and development investment. They
should also be made available to support companies that invest at
consistent levels, as well as to new and small businesses, as we just
heard. Some special tax credit to incentivize cooperative efforts be-
tween industry and the academic community would also be very
supportive. The stable funding of Government programs is another
major requirement for industry technology developments. AIA sup-
ports biennial hudgeting and expuaded multi-year procurement.

Simplification of the Federal acquisition system is alsc very
much needed. Over the past two years, DOD has successfully insti-
tuted a number of streamlining measures, but more remain to be
made. AIA estimates that a greatly simplified, more consistent pro-
curement process could reduce the time it takes to develop, produce
and field a major weapon system by up to 50 percent.

Additionally, DOD should develop a firm and consistent policy
that clarifies technical data rights and protects industry’s proprie-
tary rights to intellectual property.

Independent Research and Development, or IR&D, is a normal
cost of doing business. The Government should recognize this, and
industry should be able to allocate to the Government its full share
ggtgctual IR&D and bid and proposal cosis without the ceiling limi-

ions.

We believe there is also a need to provide for adequate key tech-
nology validation deraonstrations. The Government should provide
the framework to see that the most critical validation demonstra-
tions gre performed well before major development programs are
started.

Last, but certainly not least, is the need to build a better science
education infrastructure through incentives for teachi.ig at all edu-
cation levels, from college to secondary to elementary level pro-
grams. Science and mathen atics are particularly important, but
goud communicatioas gkills are also needed.

To summarize, thse of ur in the aerospace industry, the Govern-
n.ent, and the uni-ersitics, who have helped to initiate the Key
Technologies effort, i.chieve that significant improvements can be
realiz 1 before the turn of the century, improvements that will
enable truly fantastic developments in the long term, and »nhance
the U.S. position in the international marketplace.
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To attain these results, we believe that the necessary ingredients
are: significant goals, that is, double the productivity of the avail-
able resources and halve the time from idea to use; industry play-
ing a key role in a cocperative partnership with Government and
academia; focus on the key technologies providir ¢ the highest eco-
nomic leverage; and a positive policy environment o encourage the
success of a new U.S. technology development process.

I want to thank you, Mr. Chairman, for giving me the oppoituni-
ty to tell you that we sincerely want to work with this Administra-
tion and the Congress. If we approach U.S. industry competitive-
ness as a team, we feel our position in the international market-
place can be remarkably improved.

This concludes my presentation.

[The prepared statement of Mr. Swihart follows:]
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MR. CHAIRMAN AND MEMBERS OF THE SUBCOMMITTEL:

MY NAME IS JOHN SWIHART. [ AM THE PRESIDENT OF 34E NATIONAL
CENTER FOR ADVANCED TECHNOLOG.ES (NCAT), A NON-PROF T FOUNDAIION
FORMED B8Y VTHE AEROSPACE INDUSTRIES ASSOCIAYION OF AMERICA (AiA).
PRIOR TO MAY ASSCCIATION WIVH NCAT, I REVIRED AS A CORPORATE VICE
PRESIDENY OF 1HL BOEING COMPANY WI1H OVER 25 YSARS OF SERVICE,
BEFORL YHAY I WORKED AT NASA 7OR 13 YEARS AND BOTH THERE AND AT
BOEING I WAS VExY INVOLVED WITH 1HE EVOLUTION OF AEROSPACE
TECHKOLOGY .

ATA REPRESENTS 50 OF FHE NATIOR'S MAJOR MANULFACIURERS OF
COMMERCEAL, MILIVARY AND BUSINESS AIRCRAFT, HELICCPILRS., AIRCRAF!
ENGINES, MISSILES, SPACECRAFIS, AND RELATED COMPURENIS AND EQUIPMENT.

Wt IN THE AEROSPACL INDUSIRY ARL DEEPLY CONCERNED ABOUY
AMERICAN INDUSTRIAL COMPE11T1EIVENESS IN GENERAL AND THE FUTURE
COMPEY LY IVENESS OF OUR OWN INDUSIRY IN PARY ICULAR.

THE U.S. IS LOSING COMPEIIVEIVE MOMENIUM ACROSS A BROAD SPECIRUM
OF INDUSIRIAL ACYIvEITIES. TAE JAPANESE ANL OTHER INDUSIRIALIZED
NAT]ONS ARE BEATING US 10 DLATH IN MANY AREAS OF TRADE. [N SOME
MARKETS, THE U.S. HAS BEEN VIRTUALLY ELIMINATED.

EVEN IN HIGH TECHNOLOGY PRODUCIS., AN AREA TRADLIIIONALLY
DOMINATED BY YHE U. S.., OUR TRADL BALANCL ON OCCASION DIPS INTO THE
RED. 1IN AEROSPALL, THE LAST BASTION OF AMERICAN TRADE SUPERIOR)TY,
EVEN THOUsH WE ARL REPORYING LARGEL POSETIVE TRADL BALANCES, BUJI WE
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ARE GRADUALLY LOSING GROUND. THE SFVERITY OF THEL fFORCIGN

COMPET LTIVE CHALLENGL MAKES QUR POSITION CLEAR. UNLESS IMMEDIATE
ATYENTION IS TAKEN., WE WitL CONTEINUE 10 LOSE GROUND AND THIS COULD
HAVE A SKRIOUS IMPACT AS INTERNATIONAL PARINERSHIPS CONYINUE TO BE
LSTABLISHED.

HOW DID THES SITUATION COME ABOU1?

THERE HAVE BEEN A GREAT MANY CONIRIBUI.NG FACTORS, BU1 IN My
OPINION THE DOMINANI ONL RELAIES [0 OUR TECHNOLOGY DEVELOPMENT
AITITUDE. IN THE WAKE OF WOkLD WAR Il, JHE REBUILDING NATIONS OF
EUROPE AND JAPAN LEARNED A LESSON FROM AMERICA - - 1HA1 THERE IS A
DIRECT CORRELATION BEIWEEN A NATION'S 1ECHNOLOGICAL PROWESS AND 1S
PROSPERL1Y. EACH OF THE MAJOR INDUSTRIALIZED NATIONS “1OUNTED AN
INTENSIVE PROGRAM OF R&D 10 UPGRADE 11S TECHNICAL COMPLIENCE. THE
HAVE CONYENUED THESE PROGRAMS UNRELENTINGLY EVER SINCE AND THEY HAYE
SCORED IMPRESSIVE SL CESSES.

THE U.S. D1J &O1 BY ANY MEANS ABANDON ITS TECHNOLOGY
DEVELOPMENE. THERE WAS. HOWEVER, A FALLURE 10 RESPOND 10 THE
CHALLENGE AS VIGOROUSLY AS IHE SITUATION WARRANTED. AS EVIDENCE,
BURING THE LAST DECADE OR MORE, WE HAVE BELN DRAWING HEAVILY ON THE
U.S. TECHNOLOGY BASE, A BASE ESTABLISHED MAINLY DURING THE '50S AND
'60S. UNFORTUNATELY OVER THE PAS1 TWENTY YEARS. WE HAVE NOT
SIGNit ICANTLY UPGRADED OUR TECHNOLOGY EFFORY. 1IN MANY AREAS., WE ARE
SHILL RELYING ON THE ADOPIION OF QUIMODED 1ECHNOLOGIES 10 PRODUCE
COMPEI L TIVE PRODUCTS.

Q f; ;;
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MY RECOMMENDA11ON FOR A MLTHOD OF REVITALIZING THE U, S.
COMPEII1IVE POSLVIDN IS 10 FOCUS ON THE ENHANCEMLNY OF 1HE U.S.
1ECHNOLOGY DEVELOPMEN1. WL WILL S1ELL 1AKE WHA1 BENLEEIS WE CAN GET
tRDM 1RADE LEGISLAYION, NEGO11ATIONS WITH OUR 1RADING PARINERS ARD
THE 1RADL ADVANTAGES tROM MONETARY EXCHANGL RA1ES. BU1 THESE LATIER
MEASURES ARE AIDS, NOT SOLUTIONS. 1IN 1HLIS ERA OF INTERNATIONALLSM,
PARINLRSHIPS ARE FGRMED BEIWLEN THOSE WHO HAVE 1HE MOS1 10 OFFLR.

AT PRESENT, FOR EXAMPLE, BOTH JAPAN AND THE UNITED S1A1ES STAND 10
GAIN THROUGH LOOPERATIVE VENIURES., BY 1992, WHEN 1HE EUKOPEAN
COMMUNLIY FORESEES IISLLF AS HAVING A S1RONG AND HIGHLY COMPETE1IVL
TECHNOLOGICAL CAPABLLLITY, 11 MAY BENEFI! A COUNYRY LIKE JAPAN 10
SEEK BUSINESS PARINERSHIPS IN EUROPE RATHER 1HAN 1HE U.S.

I BELIEVE iHE CORE OF OUR U.S. SOLUTIDN IS A BOLD NATIONAL °
PROGRAM OF 1ECHNOLOGY DEVELOPMENT AIMED AT BRINGING 10 THE
INTERNATIONAL MANKETPLACLE A LINE OF U.S. PRODUC:S OF SUCH UNDISPUTED
EXCELLENCE 1HAT THEY WILL DOMINATL 1HE MARKETPLACL. 1'M 1ALKING
ABOU1 PRODUCIS ACROSS A BROAD SPECIRUM, NO1 EXCLUSIVELY AEROSPACE.
WE MUST DEAL WiIH HIGH 1ECHNOLOGY PRODUC1S WHOSE HIGHER VALUES MAKE
THEM ESPECIALLY IMPOR1ANT IN 1HE WORLD 1RADE EQUATION.

WE HAVE THE 1LCHNOLOGICAL TOOLS 10 MAKE 1HIS POSSIBLE: THE
FACILITIES, THE MANAGERIAL EXPERTISE AND THE TECHNOLUGY BASE. WHAT
WE NEED NOW IS A NEW APPROACH 10 R&D. WE HAVE 0 SPEED UP THE
PROCESS.

LE1 ME CLARLFY 1HAD STAIEMENT, THE TLLHNOLOGY DEVELOPMEN]
CYCLE IS A LENGIHY AND RISKY PROCESS. FROM THL 1IML A POTENIIALLY

-3-
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PRUMESENG 1ECHNOL.OGY 1S CREAILD IN SOML UNIVERSEIY LAB, UN1iIL THE
1IME E1 APPLARS ON A COMMERCIAL PRODUCI., MANY YEARS CAN PASS.
CUNSIDER THE LOMMON LATHODE RAY 1UBE OF OUR 1ELEVISION SE1S. 11 WAS
DEVELOPLD LONG BEFURE WORLD WAR 11 BU1 DID NO1 BECUML WIDELY USED (N
COMMERCIAL AINPLANL COCKPI1 DISPLAYS UN1IL THE PAS1 HALF DOZEN YEARS.

TECHNOLOGY APPLICATION IS THE FINAL LINK IN A LONG CHAIN OF
DEVELOPMEN AL ACTIVITIES, AS 1 MENTIONED, THE BASIC RLSLARCH BEGINS
IN A LAB SOMEWHERE. FROM 1HERt THE 1ECHNOLOGY MOVES INTO APPLIED
RESEARCH WHERE 1S5 POTER1IAL IS MORE CLOSELY EXAMINED. NEXT, THE
1ECKNOLOGY MUS) BL VALIDAIED., 1IN THIS SYEP, 1HE PROUF OF CONCEP1 IS
ESTABLISHED. FOLLOWING 1HAY, THE 1ECHNOLOGY MUSI BE DEMONSIRAIED 10
PROVL 1S POTENTIAL. I§f ALL GOES WELL, THL 1ECHNOLOGY IS FINALLY
READY FOR FULL SCALE APPLICATION DEVELOPMENT.

FOR 1HUSE OF YOU WHO MAY NO1 HAVE A FELLING FOR HOW LONG THIS
WHOLL PROCELDURL T1AKES, LE1 ME GIVE YOU A 1YPICAL EXAMPLE.
HiS10r CALL IN THEL APPLICATION OF NEW YECHNOLOGY 10 COMMERCIAL
AIRPLANES, SUME TEN 10 IWELVE YEARS ELAPSE JUS1 BEIWEEN THE 1iME
BASIL RESEARLH 1S COMPLLIE AND THL 1 IML 1HL 1ELCHNOLOGY IS READY 10
UNDERGO APPLICATION DEVELOPMENT. 1 SHOULD ADD YHA1 STILL MORE 1IME
HAS 10 PASS BEFURL THE TECHNOLOGY IS ACIUALLY READY YO TAKE TS
PLACE ON THE PRODUCTION LINE, COMPARED 10 WHA1 WE COULD BE
ACCOMPL1ISHING, OUR CURREN1 TECHNOLOGY DEVELOPMENT PRCCESS IS A
FRAGMENTED, OF1EN DUPLICATIVE AND LENGIHY APPROACH 10 PRODUCI
DEVELOPMENT .

T HAVE VAKEN TIME [0 MENTION PHEL DEVALL> CF THE T1ECHNULOGY

.[‘.
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DEVELOPMENT PROCESS BECAUSL I WANT 10 MAKE THE POINT 1HA1 1HIS
PROCLSS REPRLSENTS BO1H OUR 1RADITIONAL AND CURRENI APPRUACH 10 THE
RLALEZATION OF ELONOMIC BENEFE1 THRCUGH NEW 1ECHNICAL DISCCVERIES,

I ALSO WANI 10 MAKE THE POIN1 THA1 ALTHOUGH MANY OF OUR fOREIGN
COMPLIITOR3 GO THROUGH ESSENTIALLY THE SAME STEPS, THEY HAVE BEEN
FAR MORE SUCLESSFUL THAN WE HAVE IN REDUCING THE OVERALL DEVELOPMENT
1IME. THEY MADE 1HE EFFOR1 A NA1IONAL GOAL AND 1HE POSI1ivE RESUL1S
ARE QUITE EVIDEN1. TOYO1A, FOR EXAMPLE, GOES FROM THEIR PRELIMINARY
NEW MOGDEL DESILNS 10 FINISHED CARS [N ONLY 36 MONIHS. OuRr BES1
LEFOR! HERL IN THE U.S. COMES FROM 1HE FORD COMPANY: 1HEY TAKE 60
MONTHS FROM DRAWING BOARD 10 COMPLEILD PRODUCT. THE G.S. S1lLL
RANKS AT THE 10P WHEN 11 CUMES 10 CREAVIVETY, BU1 WE 1AKE 100 LONG
10 6C1 TO THE MARKE} WITH OUR PRODUC!S.

WE OF THE AEROSPACE [NDUSTIRY HAVE BEEN CONCERNED ABOU1 1HE
INADEQUAC'ES OF OUR R&D PROCESS FOR SOME 1IME AND DECIDED 1HA1
SOMEIHING HAD 10 IMPROVE BLFURL I1 WAS 100 LATE.

AEROSPACL INDUSIRIES ASSOLIAYION HAS SPONSORED 1HE DEVELOPMENT
OF A NEW APPROACLH, 1HL KEYy TECHNOLOGIES FOR THE 19903 PROGRAM. IN
SEEKS 10 MAKE THE EXPENSIVE PROCESS OF 1E£CHNOLOGY DEYELOPMLNY MORE
AFFORDABLE BY TAKING ADVANIAGE OF THE EFFICLENCIES INHERENT IN A
NA11ONAL CUGPERATIVE PROGRAM.

THIS PROGRAM INVOLVES FOCUSED DEVELOPMEN1A. EFFUR1 ON A NUMBER
OF KEY 1€ HNOLOGIES SELECIED ON 1HE BASIS OF HIGHES1 LEVERAGE.
GREATES™ POTENTEAL PAYURE AND BROADEST APPLICABILITY 10 BOIH CIViL
AND MILITARY PRODUCIS. EACH KEY 1ECHNOLOGY MUS1 BE AFFORDED

.5.
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PRIORIIY AND MUS) BE DEVELOPED ON AN ACCELERAIED EASIS AS A NATIONAL
INEITAYIVE OF INDUSTRY, GOVERNMENY AND ACADEMIA. EACH CONIRIBUTING
I1S SPELIAL CAPABILIVIES IN A CLOSELY CUORDINAVED TEAM EFFORI.

BY BRINGING THESE TECHNOLDGIES 10 MATURETY ON AN ACCELERATED
SCHEDULE AND APPLYING 14EM 10 ADVANCED PRODUCIS AHEAD OF OUR
LOMPETEIORS, THE U.S. WOULD GAIN ENORMOUS BENEFI1 NO1 ONLY IN TRADEL
COMPEYIY EVENESS BUY IN NAYIONAL SECURITY CAPABIL!1Y, AND BECAUSE OF
THE BROAD APPLILABILIIY OF THE TECHNOLOGIES SELECIED., THE BENEFITS
WOULD EXTEND BEYOND VYHL AEROSPALE/DEIENSE INDUSTRY 10 MANY AMERICAN
INDUSTREES. THESE TECHNOLOGEIES ARE ALL DUAL-USE YECHNOLOGIES THAT
AREL APPLILABLE 10 BUIH SOVERNMLN] AND COMMLRLIAL PRDDUCTS.

UNDER THIS PLAN., THE YECHNOLOGY DEVELLOPMENT AND INTEGRATION
PROUESS WILL RE SUBSTANY LALLY DIHEERLNT THAN THE TRADI) [ONAL
PROGCESSES 1 DESCRIBED.

UNDLR YHE ATA PKOPOSAL, YHE INDUSIRY, RESEARCH UNIVERSI1IES AND
GOVERNMENT LABORATORIES WOULD FUNLTION AS A COORDINATED TEAM, EACH
CONIRIBUIING 10 THEL GEMERIL TECHNOLOGY BANK FROM BASIC RESLAICH
FHROUGII THE TELHNOLOGY DEVELOPMENT PHASE - THUS AVOIOING COSTLY
DUPLICAIION AND REDULING RISK BEFORE ANY ATIEMPY IS MADE TO APPLY
THE TELHNOLOGY 30 A PRODUCY. THIS PRE-COMPETE)IVE COOPERATION WOULD
AVO1D UNWARRAN(ED DUPLICATION OF EFFDR) AND PROVIODE A BROADER
TELHNOLOGY BASE IN KEY AREAS OF WOPK.

WHEN A TECHNOLOGY REALHLS A "REASONABLE RISK” ST1ATE OFf
MATURLIY. INDUSIRY FARIICIPANIS WILL INDIVIDUALLY PURSUE THEIR Ow:

w
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PRODUCI DEVELOPMENI EFFORIS IN A COMPEILTIVE ENVIRONMENI,

AIA BELIEVES THAT THE NATIONAL 1ECHNOLOGY DEVELUPMENT APPROACH
COULD EFFECY A 1WO 10 ONE INCREASL [N 1HL FRODUCIIViIIY OF AVAILABLE
RESOURCES AND CU1 IN HALP THE TIME 11 1AKES 10 DEVELOP AND FIEID
1ECHNULOGY. MOS1 IMPORIANILY. YHIS PROGRAM AIMS 10 MAKE AVAILABLE
-> BEFORE THL TURN Of 1HEL CENITURY -- THE 1ECHNULOGICAL TOOLS
AMLRICAN INDUSIRY NEEDS 10 COMPEIEL MORL LEtLCIIVELY,

LEYT ME EMPHASEZE THA1 KEY TECHNCLOGIES 1S NO1 JUST A PROPOSAL
BU1 AN ALIIVE PROGRAM UN WHICH AIA HAS BEEN WORKING {CR THE PASY
THREL YEARS. 1 HAVE INCLUDED MAIERIAL L.oCRIBING SUME INDIVIDUAL
TECHNOLUGILS AND AN OVERVIEW BROCHURL ON THL KLY TECHNOLOGIES
PRUGRAM,

IN JANUARY., AIA 100K ANOTHER MAJOR STLP 10WARD REALIZING A
NATIONAL TECHNOLOGY DEVLLOPMENT STRATEGY WITH 1HL ES1ABLISHMEN1 OF
THL INDUSIRY SPONSURELD NATIONAL CENTER FOR ADVANCED TECHNOLOGIES
(NCAT). NCAT IS REAL EVIDENCE OF 1THE AERUSPACL EINDUSIRY'S
RECOGNITION OF 1HE IMPORIANCEL Of THE 1ECHNOLOGY DEVELOPMEN1 PROCESS
AND 17S COMMIIMENI 10 ADVANCING IHE PROCLSS.

NCAT HAS TWO MAJOR RESPONSIBILITIES: 11 WILL HANDLE THE
DAY- JO-DAY COORDINATIOK .. THE KEY TLCHNOLOGIES PROGRAM, AND IT WilL
SERVE AS A DATA REPOSII0RY FOR PROGRAM DECISION-MAKING., 1TS INITIAL
ASSIGNMENT IS 10 PULL TOGETHER EVERYIHING 1HAD 1S BEING DONE IN THE
KLY TECHNOLOGY AREAS. CREATING AN UP 10- THE-MINUIE, SPECIAL1ZED DA1A
BASE Of GREA1 VALUE 10 T1HOSL COMPANIES AND GOVERNMEN1 AGENCIES
PARIICIPATING 1t THL PROGRAM.

96
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WE ARE DEVELOPING ROADMAPS FOR EACH OF THE REY TECHNOLOGIES.
WL HAVL ALREADY COMPLEIELD FOUR OF THEM AND FOUR MORL ARL IN
COURDINATION,

IN COMING MUNIHS, THE PRINCIPAL KEY TELCHNULOGIES TASK IS
RELONSFETUT YON OF THE AEROSPACE TELHNOLOGY POLICY FORUM. THE GROUP
CONSISIS Of THE 10P LEVEL INDUSTRY GOVERNMLNY- ACADEMIA POLICY MAKING
PERSUNNEL THAT WILL PROVIDE OVZRALL DIRECYION Of THE PROGRAM. LAS)
YEAR WE WERE ABLE FO ENLESY THE SUPPORT OF UPPER LEVEL REAGAN
ADMINISIRATION OFF ICIALS REPRESLNIING THE MAJOR 1ECHNOLOGY
DEVELOPING AGENCIES, WE RLQUESI THAT THIS LIST Bt INCLJDED IN THE
RECORD., WE MUST NOW REBULILD THE FORUM 10 INCLUDE THEIR SUCCESSORS
IN THE BUSH ADMINISIRATION. ONCL THAT 1ASK IS ACCOMPLISHED, AND THE
REMAINING ROUADMAPS COMPLEIED, WE WILL BEGIN IN EARNEST THE
IMPLEMENTALEON OF THE KEY TECHNOLOGIES PROGRAM.

OUR NEX) SILPS INVOLVE PREPARATION OF NATIONAL YECHNOLOGY
DEVELUPMLNT PLANS FOR LACH CF THE KEY TECHNOLOGIES AND THE CREATION
OF PLANS FOR TECHNOLOGY VALIDAIION DEMONSTRATIONS 10 ENSURE
APPLICATIONS OF THE 1ECHNOLOGY.

WITH THIS PROGRAM, THE AEROSPACE INDUSTRY HAS TAKEN THE
LEADERSHIP IN ADVANCING AMERICAN COMPEVITIVENESS., WE THINK OU;
PROGRAM IS AN EXCELLZNY MODEL FOR OTHER U.S. INDUSTIRIES TO PURSUE.
BUul IF THIS PROGRAM IS 10 REALIZE IS FuLL POTENTIAL, INDUSIRY WIIL
NEED SIRONG SUPPOR1 FROM THE CONGRESS AnD THE ADMINISTRATION,

AS ALWAYS, R&D PRUGRAMS REQUIRE CONSIDERABLE INDUSIRY
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INVESIMEN!. GCVERNMENI- SPONSORED INCENTIVES 10 SUCH INVESTMENTS
WOULD ENCOURAGL 1HL EFFOR! AND CONFIRM FEDERAL ACCLPIANCL OF THIS
NATIONAL EFFURT.

A1 IHYS POINY, I WOULD STRESS THA1 1 AM SPEAKING FOR THE
AEROSPACE {NDUSIRY AND THE FOLLOWING DISCUSSION OF INCENTIVES
INCLUDES THOSt 1HAT APPLY 10 BOTH GOVERNMENI AND COMMERCIAL
CONIRACIORS.

TAX CREDEVS FOR RED SHOULD BE £XPANDLD.

0 THE 1AX CREDIT SHOULD BE MADE PERMANENT IN ORDER 10 PERMIY

LONG TERM PLANNING.

0 11 SHOULD BE MADE AVAILABLE 10 SUPPORT COMPANIES WHO

INVES] AT CONSESIENT LEVELS. (11 CURRENTLY ONLY BENEFITS

COMPANIES WHOSE R8D INVESIMENT INUREASES.)

0 It SHOULD ALSO BE MADE AVAILAR'E 10 NEW AND SMALL
BUSINLOSLS,

0 THERE SHOULD BE A SPECEAL TAX CREDIT 10 INCENTIVIZE
COOPERATIVE EFFIRIS BETWEEN INDUSTRY AND THE ACADEMIC

COMMUNLTY,

A MAJOR REQUIREMENT FOR INDUSTRIAL 1ECHNOLOGY DEVELOPMENT IS
STABLE FUNDING Of GOVERNMEN] PROGRAMS. AIA SUPPOR1S BIENNIAL

100
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BUDGET ING AND EXPANDED MUL11YLAR PROCUREMENT.

ANOJHER MAJOR NEED IS SIMPLIFICATION OF THE FEDERAL ACQUESEYION
SYSILM. DOD HAS, OVLR 1HE PASI 1WO YEARS. INS1IIUILD A NUMBER OF
STREAMLINING MEASURES, BU1 A LOT REMAINS 1C BE DONE. AIA BELIEVES,
AS DID THE PACKARD COMMESSION, THAT A GREAILY SIMPLIFIED, MORE
CONSESTENT PROCUREMENT PROCESS WOULD ENABLE US 10 CU1 IN HAL® THL
TEME 11 TAKLS 10 DEVELOP. PRODUCL AND f{ELD A MAJOR WEAPON SYSILM:
THAT WOULD MEAN ENORMOUS SAVINGS 10 THE GOVERNMENT.

ADDITIONALLY. DOD SHOULD DEVELOP A FIRM ANL' CONSISTLNT POLICY
THA1 CLARLF!LS TECHNICAL DA1A RIGH1S AND PROIECTS INDUSTRY'S
PROPRIETARY RIGHIS 10 INTEILECIUAL PROPLRIY.

Of PARIICULAR IMPORIANCL 10 GOVEPNMLN1 CONTRAC(ORS IS
INDEPENDLNT RESEARCH AND DEVELOPMENT OR IR8D. IR&D is
COMPANY [NI1IATED R&D 1HAI EXPLORES ADVANLED CONCEP1S AND CREATES
NEW PRODUCIS AND PROCESSES 1HA1 MAKE A COMPANY MORS COMPE1LTIVE. I
IS A COMPANY'S INVESIMENT IN 1S FUTUREL, AND IS, IN AIA'S VIEW. THE
VERY BES! EXISTING MECHANISM FOR NEW TECHNOLOGY DEVELOPMEN] (EADING
10 SUPERIOR U.S. AEROSPACE PRODUCIS. THE GOVERNMEN1 SHOULD
RPECOGNIZE THA1 IR&D IS A MORMAL CO51 OF DOING BUSINESS AND INDUSTRY
WOULD BE ABIE 10 ALLOCAIE 10 THE GOVERNMLNI 11S FULL SHARE OF ACTUAL
IR&D/B&P COS1S WITHOUI CEILING LIMITATIONS.

THE GREATEST PRESSURE ON GOVERNMENT CONTRACI0RS IS THL NEED 10
ENSURE ADEQUATE PROFI1 LEVELS 10 ALLOW FOR INDUSIRY LONG 1EfM
INVESIMENIS. ANY HIGH TECH INDUSTRY WILL WITHER EF I CANNOI
PROVIDL fOR LONUL TERM R&D AND 1HE ABlLibY 10 DEVELOP NEW TECHNOLUGY

—
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10 RISK-ACCEPTABLE READINESS. THIS WAS DISCUSSED IN CONSIDERABIE
DETAIL IN YHE INDUSIRY SPONSORED MAC GROUP SPUDY ENTITLED “THE
IMPACT ON DLFENSE INDUS(REAL CAPABILITY OF CHANGES [N PROCUREMENT
AND TAX POLICY,"” WHICH REVIEWED THL EFFLCTS OF PROCUREMLNT pOLICY
CHANGES FROM 1983-1987. A COPY IS FROVIDLD FOR THL KECORD.

WE BELIEVE IHERL IS ALSO A NEED 10 PROVIDE FOR ADEQUATE KEY
TECUNOLOGY VALIDATION DEMCNSIRATIONS, ALL OF US, THGSE IN THE
AEROSPACE INDUSIRY, THE GOVERNMEN] YECHNOLOGY FOLKS, AND THE
UN:VERSETY EXPERIS NEED 10 AGREE ON WHAL [HOSE VALIDATION
DEMONSTRATIONS ARE AND ALSU WHICH ARL OF THL HIGHES! PRIORIIY. THL
GOVERNMENI SHOULD PROVIDE YHL FRAMEWORK TO SEE THA) YHE MOST
CRIVICAL VALIDAI{ON DEMONSTRAILONS ARE PERFORMLD WELL BEFORE MAJOR
DEVELOPMENI PROGRAMS ARE STARTED.

AND LAST. BUI CERIAINLY NOT LEAST, IS THE NELD 10 BUILD A
BEJTER SCIENCE EDULAIION INFRASIRUCIURL 1HROUGH INCENTIVES FOR
TEACHING AT ALL EDUCAVJON LEVELS. THERE IS A NEED 10 DEVELOP
PROGRAMS Al THE CO!LEGE LEVEL FCR NEAR TERM BENEFI1S, BUI STUDENTS
MUST Bt PREPARED THROUGH BEIIER ELEMENTARY AND SECONDARY EDUCATEON
PROGRAMS BEFORE YHEY GEi 10 COLLEGL. THE MATH AND SCIENCE EDUCATION
EHFORTS ARE OBVIOUS CHOICES FOR EMPHASIS, BUT COMMUNICAT ION SKILLS
ANC POREIGH LANGUAGL SKILLS ARE ALSO 'MPORTANT. THIS PROBLEM Is
PARTICULARLY ACUIL FOR THE AEROSPALE INDUSTRY WHICH IS ALREADY
INTURNAT IONAL IN SCOPE.

IN SUMMARY, Wr NEED A NEW NATIOLAL APPROALH 10 SULCESSFULLY

-11-
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COMPLIL N TOMORROW'S WORLD.
Wb BELIEVE HL ESSENTIAL INGPEDIENIS ARL:

v SIONLE ICANT GQALS 1.L.. DOUBLE 1HL PRODUCIIVIY
UFf AVAILABLL RESOURCES AND HALVEL 1HL T'ME FROM IDEA

10 USE:

0 INDUSIRY PLAYING A KLY RULE IN A CUOPERA1LVE
PARIMERSHIP WETH GOVLRNMENT AND ACADEMIA:

i} fOLUS ON THE KEY TLCHNOLOGILS PROVIDING HIGHESI

LCUNUMIC LEVERAGL: AND

0 A POSLILIVE PUIICY ENVIRUNMENT 10 ENCOURAGL THE
SUCLESS U A NEW U.S. (ECHNULOGY DEVELOPMEN]

PROCLSS.

WL LHINK KEY TECHNOLOGILS FOR 1HE 19905 CAN PROVUCE 1HEL CHANGES
OUR NA)IUN NEEDS 10 MAKE IF WE ARE 10 REMAIN COMPEYILTIVE. IN
ADDITIUN, WE $EtL THE PRUGRAM IS FAR .NOUGH ALONG TU BE USED AS A
MODELL FUR OTHER INDUSTRIES.

WE ARL ENCOURAGLD BY fHE INCREASING NATIONAL INILRES1 IN
TECHNOLOGY DEVELUPMEN], PAR1ICULARLY 1HL DePARTMENT OF COMMLKCL
TLCHNOLUGY ADMINISIRAIIUN AND THE RECENI COMMENTS OF SELCRE)ARY
MUSBACHLR., Wt WANT 10 WURK wWiTH THEM, 1Ht ADMINISTRA)LON, AND

CUNGR.5S 10 IMPRUVEL OUR INDUSIRLAL CUMPLIETIVENESS IN 1HE

17
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INTERNATLONAL MARKEIPLACE.

THAT CONCLUDES My PRESENIATION. I WiLL NUW RESPOND T0 ANY
QULSTIONS YOU MAY HAVEH.

104
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Mr. Haves. Thank you. The Chair recognizes the gentleman from
California, whom I believe wishes to make the next introduction
for the panel.

Mr. CampseLL. I thank the Chair and I thank you for your cour-
tesy. I will take just a moment to draw your attention to the testi-
mony of Mr. Bill Poulos, which we are about to hear. Bill repre-
sents the Apple Computer Corporation, which is headquartered in
Cupertino, in the Silicon Valley. That of course, is very important
to me.

What may be important to the rest of you is that Apple is a
unique success story in the United States. Three years ago it had
5,000 >mployees, and a gross sale of $2 billion. Within three years
it had doubled employment size to 10,000 and more than doubled
gross sales to $5 billion.

Perhaps most telling of all, because of our topic today in competi-
tiveness, is that the productivity of Apple Computer, to the best of
our unbiased California-oriented research, is number one in the
United States. That is to say, Apple Computer has a per-employee
productivity of $400,000. So I appreciate the Chair’s courtesy and
ask my colleagues to pay special attention to what this company’s
experiexce has to teach us.

Thank you, Mr. Chairman.

STATEMENT OF BILL N. POULOS, GOVERNMENT AFFAIRS
OFFICE, APPLE COMPUTER, INC., WASHINGTON, DT

Mr. Pouros. Thank you, Congressman. Mr. Chairman, I will be
speaking from an abbreviated three-page statement, although we
have provided a longer, detailed statement for the record.

The driving motivation behind Apple research and development
is an unwilli~gness to be satisfied with our preseat level of achieve-
ment. Two coilege drop-outs dreamed of a machine that would
bring computing power into the homes and offices of the individ-
ual. Out of this dream came Apple Computer, and the birth of the
personal computer industry.

It is important to state at the outsest that we do not expect our
Government to provide the industrial dreams and vision for the
future. We do not expect our Government to provide the ideas for
research and experimentation, but we do expect our Goverrnment
to provide a national economic environment which fosters creativi-
ty, vibrancy and vision. Our Government must provide the fertile
conditions wherein new ideas and technological ingenuity can
flourish and come to fruition.

The current political and economic environment, is fraught with
problems which distract business leaders from their primary re-
sponsibility. For example, while R&D is a long-term investment,
the R&D tax credit has become a short- term policy which will
have expired three times by December 1989. How can a company
base long-term decisions on a Congressional policy which cannot be
counted on from one year to the next?

Because rapid changes in technology and business conditions
demand high levels of attention from our management, we can
scarcely afford to concentrate on this “she loves me, she loves me
not” Congressional tax policy.
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Stability must alse be found in the administration of tax policy.
Treasury is now attempting to define the rules for tax credit treat-
ment eight years after the fact.

In the absence of regulation, but in accordance with the plain
intent of Congress, Apple Computer treated all wages subject to
withholding as qualifving expenditures for the R&D credit if those
employees were in fact involved in the R&D process.

The IRS is now telling us that one form of taxable wages, that of
employee stock options, is a special exception and cannot be used
for R&D credit calculation.

It was Appie’s R&D team of creative technologists in this period
that produced the easy to use graphics interface which the Mac-
Intosh is so famous for. It is the compensation of these R&D vision-
aries that the IRS now refuses to recognize as qualifying for the
R&D tax credit.

Stock options are an important comgonent of the compensation
package for Apple’s R&D employees. By providing this compensa-
tion structure, we are asking our researchers to invest themselves
in the future they are helping to create. We are offering them com-
pany ownership.

The IRS should not hinder such progressive compensation prac-
tices by declaring them ineligible for the R&D credit. This is a
short-sighted, destructive policy.

We applacd this Subccmmittee’s effort to focus the nation’s at-
tention on these important R&D tax issues so critical to our future
success. We need and want stability in the R&D tax policy, and in
its edimplementation. We need and want a permanent R&D tax
credit.

But, Mr. Chairman, in addition to the fluctuating treatment of
R&D in the tax code, current Government procurement policies ac-
tually provide a powerful disincentive to companies like ours. In
practicc, Government procurement policies tend to ignore innova-
tion, retard research, and disdain the introduction of new technol-
ogies.

It would seem logical that the Federal Government, which is
striving to create a climate that fosters innovation, would want to
embrace that innovation by buying and using it. In fact, just the
opposite seems to be true in some agencies, especially in the case of
small computers, such as those Apple makes.

At the national level, the necessary policies for buying commer-
cial, off-the-shelf products are in place. In actual practice, the field
is not implementing this policy very rapidly.

The Government will continue to receive old technology as long
as it continues to take several years tc complete one grand design
procurement action. Our industry is turning out new products
every 12 to 18 months.

Another Government practice that acts as a disincentive to re-
search and development and to the introduction of new technology
to the Government, is the pervasive procurement practice of design
specification writing.

Agencies tend to write design specifications that dictate the solu-
tion to a problem or need. Apple has been the victim of this type of
restrictive spec writing from time to time. We look forward to new
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approaches that will ensure that every vendor is afforded a level
playing field for oifering its products to the Government.

When the Government ignores innovation and continues to buy
old technology, what kind of signal does that send to our nation’s
creative innovators, who are out there working to fulfill a dream
for better goverament and a better world?

For example, the United States Air Force is presently planning
to buy over 200,000 desktop personal comguters over the next fuur
years, at a cost of what many agree will be over $1 billion. The
winner of such a contract will likely lock in a 50 percent market
share over the next four-year period for personal computers.

The Air Force fielded a design specific procurement document
that reveals a very significant bias toward one proprietary technol-
ogy. The Competition in Contracting Act requires full, fair and
open competition. The Air Force, in effect, pick.d the winners and
losers of this procurement not be price, not by functionality, but by
design specification writing.

Functional specifications have been a requirement at the nation-
al level for many years now. In actual practice, however, their use
is rare and wonderful. Compatibility is not the issue here. Our
MacIntosh computers are designed to co-exist with virtually all
computers found in the marketplace, but the Air Force procure-
ment officials seemed to 1eject any approach that does not meet
their narrowly defined view on these issues.

Apple Computer is being asked to retiofit ourselves to old tech-
nology as a prerequisite to serious consideration for Federal Gov-
ernment contracts. The obvious inconsistency here is that procure-
ment officials are asking us to take a step backward to do some-
thing we are n + designed to do or be, while policymakers are ap-
plauding our aggressive research and development efforts and the
innovative products that result.

Clearly, this type of administrative policy does not fuel the entre-
preneurial spirit of America’s innovative firms to create solutions
for our Government. A short summary of what we think needs to
be done on this and the tax issues mentioned earlier, are outlined
on the last page of our written testimony statement.

Thank you, Mr. Chairman.

[The prepared statement of Mr. Poulos follows:]




wrY

104

Statement of B.N. Poulos
Apple Computer, Inc.
Presented to
Subcommittee on Science, Research and Technology
United States House of Representatives
May 18, 1989

¢

Apple Compuicr, Inc.
Government Alfairs Office
1550 M. Street, NNW. Suite 1000
Washington, D.C. 20008
(262) 872-6260




ERIC

TN A v ext Provided by ERIC

105

WHAT WE EXPECT FROM OUR GOVERNMENT

The United States has always tzen known for its inventiveness and
ingenuity. Throughout history, we have been the engine for worldwide
technolo, ical irnovation and change. Qur citizerty is stocked full of
restless risk takers and entreprencurs with an unusual propensity to trade
away the status quo in th2 horz of finding a better way.

The driving motivation behind research and development jis an
unwillingness to be satisfied with our present level of achicvement. It is
pe-formed with a vision of optimism and hope for die future. Two college
dropouts were not satisfied with a computer environment that farced the
mass of humanity to submit to the high priesthcod of the almighty
mainframe. They dreamed of a machine that would bring computing
power out of the inner sanctum of the central data processing backroom
and into the homes and offices of the individual. Qut of this dream came
Apple Computer, Inc. and the birth of the personal computer industry.

Itis important to state at the outset that we do NOT expect our govemnment
to provide the industrial dreams and vision for the future. We do NOT
expect our govemnment to provide the ideas for future research and
experimentation. But we DO expect our govemment to provide a national
economic eniironment which fostsrs creativity, vibrancy and vision. Our
government must provide the fertile conditions ‘wherein new ideas and
technological ingenuity can flourish and come to fruition.

The current politival and economic environment is fraught with probiciiis
which distract business lesders from their primary responsibility of
providing industrial leadership and vision. For exarple. our industry
needs a stabie tax policy. In an intermatioual environment of rapid
technology change, economic cycles, and foreign currency fluctuation, we
should not also have to hedge our iivestment decisions agains. changes in
the tax code.

THE IMPORTANCE OF A PERMANENT R&D CREDIT
But constant fluctuation has characterized the tax code in the 1980's. One

,example is the treatment of research and development. In 1981, Congress

enacted the research and developzaent tax credit to stimulate the increase of
R&D nationwide. The credit helps to encourage technological change. It
helps offset the pressure often felt from financial markets for short-term
quarterly profits. The beauty of the credit is that it also gives companies
the freedom to increase funding in research projects which it deems most
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appropriate.  Apple is not interested in securing grants from the
government for conducting research in specific technologies which happen
to be in style. To survive in the fiercely competitive and ever-changing
high technoulogy industry, we must continue to allocate research and
development spending in those areas which strategicall:* position our
compuny for business growth in the coming decades. The R&D credit
facilitates this business flexibility.

But while research and development is a long-term investment, the credit
has become increasingly a short-term policy. The initial credit existed for
four years and then lapsed. It was then reduced in value and exiended for
three years. Last year, the credit was extended for only one year, and its
value was reduced still further. It is now set io expire in December 1989,
The objective of the crecit--to make more money available for research
and dsvelopment--is admirable. But how can a company base long-term
investment decisions on a congressional policy which cannot be counted on
from one year to the next? Because rapid chauges in technology and
business conditions demand high levels .f attention from our management,
we can scarcely afford to concentrate on a "She loves me, she loves me
not” congressional tax policy. A stable and reliable political and public
policy environment is necessary to nurture an increasing amount of
technological growth,

IN ADMINISTERING THE R&D CREDIT, THE IRS-PROPOSED
TREATMENT OF EMPLOYEE STOCK OPTIONS DOES NOT
REFLECT CONGRESSIONAL INTENT.

Stability must also be found in the administration of tax policy. Treasury
regulations for the research and development tax credit are only now being
re-proposed by the IRS seven years after the credit was enacted. In other
words, the IRS is now attempting to define the rules for tax credit
treatment eight years after the fact. In the absence of regulations, but in
accordance with with the plain intsnt of Congress expressed in the language
of the law, Apple Computer treated all wages subject to tax withholding as
qualifying expenditures for the R&D cradit if the employee was directly
involved in the R&D process. The IRS is now telling us that one form of
taxable wages, that of employee stock options, is a special exception and
,cannot be used for the R&D credit calculation.

In the years 1981-83, the period focussed on by the IRS, Apple was a much
smaller company with only $300-500 million in gross revenues (as
com? ured to almost $5 billion today). Stock options were then, and are still
used by sinali high technology firms because they usually suffer from cash
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flow shortages despite a promising future. Stock options ease the liquidity
crunch by offering a non-cash, deferred compensation to employees which
can be redeemed at a later date. These options arc granted in lieu of
additional cash income. In fact, the only way small, risky companies are
able to woo talented and high salaried employees from larger, more mature
fims is by including stock options in the compensation package. While the
small companies typically offer the recruited employees a smaller cash
wage than the companies from which they come , the stock options
represent a potentially large stake in the future. Thus, by raising this
administrative barrier, ex post facto, the JRS makes the R&D credit
discriminate against smaller high technology firms who use stock options
much more than the older and larger firms.

It was during the 1981-83 years thai Apple R&D efforts resulted in the
creation of the Macintosh Computer, a product which now generates the
largest share of our sales. It was the R&D team of creative technologists in
this period that produced the easy-to-use graphics interface for which the
Macintosh is famous. This is the revolutionary technical development tho*
is now leading most of the rest of the personal computer industry to create
graphics-driven interfaces for their own computers. 1t is the compensation
of these R&D visionaries that the IRS, now nearly seven years later,
refuses to recognize as qualifying for the R&D tax credit.

Stock options are a particularly important component of the corapensation
package for R&D employees of fast growing, inventive companies like
Apple. Apple’s future income stream comes from the products and
technologies developed by our R&D team. By providing this compensation
structure, Apple is asking our researchers to invest themselves in the future
they are helping to create by accepting stock options in lieu of higher cash
wages in the present. If the future products result in financial success for
the company, these recearchers stand to benefit greatly. If the future
products fail and the company suffers losses, the stock options become
valueless.

Employee stock options are a progressive, innovative approach to
compensation. They offer company ownership to employees. They
engender more employee concem over total corporate performance and
,product quality since their wages are directly connected to the
success/failure of the company. They also represent 2 form of flexible
compensation. In prosperous times, employees get a share of the corporate
financial profiis. In economically depressed times, employees share in
comporate cost-cutting by accepting potentially valueless stock options.
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Such wage flexibility can even enhance employee job security since
compensation rises and falls with cosporate revenues.

The IRS should not hinder such progressive compensation practices by
declaring them ineligible for R&D credit purposes. This is a shortsighted
destructive policy which fae IRS now flaunis in the face of clear
Congressional intent for the stimulation ¢f research and development.

Apple and hundreds of other innovative ccmpanies like us have succeeded
in the past. We have remained lean and agile, peuncing on new ideas,
creating new products and seizing global markets. Our outlook is nothing
but bright. But we 100 see clearly the bothersome indicators that signal an
erosion of our nation's ability to remain the world's leading innovators.
We applaud this subcomrmittee’s effort to focus the nation's attention on
these important R&D tax issues so critical to our future success. We need
and want stability in the R&D tax policy and in its implementation, We
need aad want a permanent tax credit.

BARRIERS TO THE SnLE OF INNOVATIVE COMMERCY.
PRODUCTS TO THE GOVERNMENY SEND AN INCONSISTANT
SIGNAL TO THE R&D COMMUNITY

Nearly three vears ago, Apple Computzr opened numerous offices around
the country to provide sales and service to the federal goverument. We
saw a significant business opportunity to help the fedsral government be
more efficient with its procurement dollars by introducing to them an casy-
to-use, market-testzd computer technelogy which has proven itself in the
commercial workplace and in this nation's educaticn institutions. With
our easy-to-leam, easy-to-use technology, federal agencies can significantly
reduce thc time and cost of training their staffs. This ease of use translates
to more productivity for the federal workforce, something we all hope to
see happen in these times of constrained budgets. Our Macintosh has been
and continues to be u great success in the commercial worid.

Our Federal Systers group has been successful and has exceeded the
company's expectations for growth, to a large degree because of the
dogged persistence of our sales repres=ntatives. Doing business with the

, federal govemnment is not like iny other sector of the American economy.
The truth of the matter is thac our gsvemment's acquisition policies make
29ing business with the federal gavernment very difficult, risky and costly.
Fortunately, Apple has made a commitment to this market and intends to be
successful in communicating our message of hope for high productivity
tools fur government employees and managers.




109

But, Mr. Chairman, current procurement policies are actually a powerful
disincentive to a company like ours to invest in research and developniant
of new technology. In practice, government procuremert policies tend to
ignore innovation, retard research, and disdain introduction of new
techrologies.

It would seem logical that the federal government, which ie striving to
create a climate that fosters innovation, would want to embrace that
innovation by buying and using it. In fact, just the opposite seems to be
true in the case of small computers. Actions by various departments of the
govermnment send clear signals that the government does not yet understand
what is necessary for an American company to remain globally competitive
and yet sell its producis to its own government.

MANUFACTURERS OF INNOVATIVE COMMERCIAL PRODVCTS,
WHO ARE COMMITTED TO STAYING COMPETITIVE IN GLOBAL
MARKE?TS, CAN NOT AFFORD THE EXT™‘ JOST AND RISKS
IMPOSED BY THE UNITED STATES GOVERNMENT'S
PROCUREMENT SYSTEM.

Much federal procurement policy today is based on the concrpt that *fair
and reasonable” contract price can only be assured through the urdensome
and intrusive examination, audit and regulation of the financial books and
business practices of private commercial firns. If firms are paid by the
govemnment to research, develop and build such unique items as ships,
tanks and planes, solely for government use, some degree of close
examination may be necessary. But for companies who development and
manufacture commercial preducts, solely at their own expense, v thout
federal funds of ary kind and primarily for world-wide commercial
markets, to reveal cost and pricing data to the government is tantzmount to
giving it away to global competitors. The result of this intrusive practice
by some contracting officers results in some companies refusing to sell to
th~ government, even when shey have won competitive bids, hecause they
cannot afford to reveal business confidential data.

U.S. procurement policy today is an intricate and frustrating web of
,complex regulations which, on the whole, fundam:ntally rejects economic
principles of frec markets and robust commercial competition. As the
Packard Commission so accurately points out, the U.S. Government
frequently buys old technology, pays too much for it, and seems to avoid
the advantages of proven, off-the-shelf commercially available technology.
The Commission also made strong recommendations for a streamlined
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procurement system for the timely purchase of commercial products. If a
product like our Macintosh computers can withstand the rigors or
commercial competition, yoa can be sure that any "fat" in the price has
been squeezed out, and the product has stood up to the marketplace race.

THE LENGTHY PROCUREMENT PROCESSES FREQUFENTLY
RESULTS IN THE PURCHASE OF OLD TECHNOLOGY

At the national level, the necessary policies for buying commercial
products are in place. In actual practice, the field is not implementing the
policy rapidly. The cumbersome and lengthy procurement process used to
purchase products was originally designed for the purchase of custom-built
products for govemment and especially to military specifications. Using
the old fashioned, cost-based contractor procurement system for buying
off-the-shelf commercial products is a waste of procurement talent.
Aihough commercial products are widely recognized as offering
significant cost and performance advantages, the procurement system has
changed very little over the years to speed those commercial products into
the hands of government employees. This is especially true in desk-top
computers such as those Apple makes. The government wili continue to
receive old technology as long as it continues to take several years to
complete one largs “grand design” procurement action. Our industry is
tuming out new products every yearto 18 months. So you can see, the day
the government award is made to a winning bidder, the product is likely to
be less than leading edge technology, if not completely obsolete. GSA is
aware of the problem and has some interesting data on the obsolescence of
the government'’s information systems.

THE CONTINUED USE OF NARROWLY DEFINED “DESIGN
SPECIFICATION" DEPRIVES THE GOVERNMENT OF THE BEST
SOLUTIONS TO ITS NEEDS.

Another goveriment practice that acts as a disincentive to research and
development and to the irtroduction of new technology to the govemment
is the pervasive procureinent practice of “design spec” writing, Instead of
the government ageucy asking that commercial indastry use its best minds
to provide so'utions to a specific problem or need, the govemment tends to
write “design specifications” that dictate the solution to the problem or
,need. This practice retards research and development and the introduction
of new technology to the government. Apple has been the victim of this
type of restrictive spec writing from time to time, and we look forward to
new leadership and to new approaches that will insure that every vendor is
afforded a level playing field for ofering its products and services to
federal agencies. When the government continues to bay old solutions,
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what kind cf signal dres that send to our nation's creative innovators who
are out there working to fulfill a dream for a better government and a
better world?

Fur example, the United States Air Force is presently planning to buy up
to 240,000 desk-top personal computers over the next four years at a cost
of what many say will be over one billion dollars. This procurement is
particularly important because other federal agencies will likely buy off the
contract once it is awarded. The winner of such a contract will likely lock
in a 50% federal market share over the four year period.

The Air Force fielded a design-specific procurement document that reveals
a very significant bias toward one proprietary technology. The
Competition in Contracting Act requires “full, fair and open competition.”
The Air Force, in effect, picked the winners and losers of this competition,
not by price or functionality, but by design spec writing. Functional
specifications have been a requirement at the national level for many years
now, but in actual practice, however, their use is rare.

THE "ONE-SIZE-FITS-ALL" MENTALITY IN SMALL COMPUTER
PROCUREMENTS LIMITS INTRODUCTION OF INNOVATION AND
HAMPERS USERS.

The Air Force has authority to exercise flexibility by allowing more than
one kind of microcomputer to be purchased by Air Force personnel for
their varied requirements. If this department’s strategy in buying desk-top
computers were also applied to the procurement of aircraft, the Air Force
would be buying one type of obsolete fighter aircraft for svery type of
flying mission. As it perigins to small computers, this "one-size-fits-all"
approach is not a cost effective solution to the Air Force's varied
microcomputing requirements. The true life-cycle cost of this narrow
design-specific approach will result in greater training costs and less than
optimum productivity.

Compatibility is not the issue here. Our Macintosh computers are designed
to co-exist with most all computers found in the marketplace. There is no
technical barrier at issus here. But the Air Force procurement officials
seem 1o reject any approach that does not meet their narrowly defined
, views on these issues.

There seems to be more interest in maintaining backward compatibility
with the older installed base of computers, merely for the sake of
uniformity, than in buying casy-to-use productivity tools. Moreover,
Apple Computer is being asked to retrofit ourselves to old technology as a
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prerequisite for serious consideration for federal government contracts.
The cbvious inconsistency here is that procurement officials are asking us
to take = step backward, to be something we are not designed to be, while
policy msakers are applauding our aggressive approach to research and
developmen: and to ihe innovative products that result. Clearly, this type
of administtative policy does not fuel the entrepreneurial spirit of
America’s innovative firms to create solutions for our own government,

In 1984, Congress enacted the Competition in Contracting Act to set forth
new policies for gavernment buying practices. The Congress recognized
that robust competitivn by large and small firms alike would provide the
government with its best ascurance of fair pricing, quality products and
leading edge technology. Instead, contracting officers and agency leaders
are continuing to rely on heavy refulation and design speclfication writing
as the corz of procurcment policy. Reform in this area must be a high
priority for this legislative body in order to create an environment that
fosters R&D, innovation and creativity which our own govemment can
use.,
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In summary, let me clarify just what we think needs to be done :

1.
2

Enact a pemanent R&D tax credit.

Cause the Internal Revenue Service to administer the R&D tax credit so
that predictability and stability will result for America’s R&D
community. We believe that Congress needs to clarify and reinforce
its original intent to treat all R&D compensation subject to tax
withholding as a qualifying expenditure for the R&D credit.

. Implement the Packard Commission’s recommendations for reform of

the procurement system that will remove the impediments to
commercial product procurement and institute a streamlined
procurement system that insures full, fair and opsn competition for
vendors.

. Require through constant congressional oversight, that GSA more

carefully execute it’s responsibility for insuring compliance with the
Competition in Contracting Act, so that agencies cannot continue to
masquerade their bias in proprietary, "brand name or equal” contract
specifications.

. Eliminate the costly and unnecessary Cost and Pricing Data audits and

certifications for products that clearly meet the requirements for being
commercial products.

. Initiate a requirement that the full life-cycle cost of products be

considered in government purchases. If all costs of training, supplies,
and the costs of maintenance are considered in purchases, then durable
products wiil be encouraged and rewarded.

. Foster more direct consultation between vendois and end-users of

products so that procurensent specifications will be written around the
uses and functions of the product required. In government, the psople
who buy products are not the same ones who must use them. This is a
departure from the commercial market where consumers have a strong
say in what works.
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Mr. Hayzs. Thank you very much. Prior to beginning question-
ing, I see that Congressman Mineta has asked that this be inserted
in the record with his opening statement. I don’t really know, I
may have to take this under advisement for some time. Maybe just
this once.

[Laughter]

Mr. MiNetA. Mr. Chairman, about the highway you were asking
me about yesterday—

[Laughter]

Mr. Haves. We would be delighted to insert this opening state-
ment.

[The prepared statement of Mr. Mineta follows:]
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THANK YOU VERY MUCH, MR. CHAIRMAN.

I MusT ADMIT THAT I FEEL A CERTAIN SENSE OF DEJA vu
ABOUT THIS HEARING, AND THE FEELING IS NOT A COMFORTABLE
ONE.

MoRE THAN 5 YEARS AGO, I TESTIFIED BEFORE THE WAYS AND
MEANS COMMITTEE ON THE NEED TC PERMANENTLY INSTITUTE A
MEANINGFUL R8D TAX CREDIT. FIVE YEARS LATER, NOTHING HAS
CHANGED.

THE RITES OF RENEWAL FOR THE R&D TAX CREDIT HAVE BECOME
AS PREDICTABLE AS FIREWORKS ON THE FOURTH OF JULY. WE KEEP
EXTENDYNG IT AND EXTENDING IT -- BUT WE NEVER MAKE IT
PERMANENT. WELL, WHAT ARE WE WAITING FOR?

THE UNITED STATES LEADS THE WORLD IN BASIC RESEARCH AND
DEVELOPMENT. BUT OUR PERCENTAGE OF CIVILIAN R&D HAS BEEN
SLIDING FOR YEARS, AND I MAINTAIN THAT THE UNCERTAINTY OF

THE TAX CREDIT YEAR IN AND YEAR OUT HAS CONTRIBUTED TO THIS
SLUMP.

IF THE U.S. IS GOING T9 TAKE A STRONG, CONSISTENT LEAD
IN TECHNOLOGY AND COMPETITIVENESS, THEN WE MUST HAVE A
PERMANENT RESEARCH AND DEVELOPMENT CREDIT SO THAT OUR
BUSINESSES CAN MAKE THE INFORMED, LONG~TERM DECISIONS THEY
NEED FOR THEIR R&D PROGRAMS.

MiNEPT
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OQurR INDUSTRIES WANT TO COMPETE IN THE INTERNATIONAL
MARKETPLACE, AND THEY KNOW THEY CAN WIN out. WE KNOW THAT,
TOO. SO IT SEEMS TO ME THAT IT'S HIGH TIME THAT THE FEDERAL
GOVERNMENT GAVE OUR INDUSTRIES A CLEAR SIGNAL THAT THE
COMMITMENT TO R&D 1s GENUINE AND WILL ENDURE YEAR AFTER
YEAR.

THANK YOU, MR. CHAIRMAN,
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Mr. HAvEs. Briefly, because I'm sure there are other people who
wish to ask questions ...

Dr. Caulder, you made a comment earlier. I want to make sure
that I understood it. In a previous life, I used to do some tax work.
You made a comment about the impact on small business competi-
tiveness of changes in capital gains law. I assume that the competi-
tiveness that you are taliking about is in the area of stock options
and the area later touched on in some of the ESOP arrange-
}r:xengs—is that correct, or is there an additional area that I did not

ear?

Dr. CauLper. No, it's in stock options. We pride ourselves in
hiring bright people, and once they figure out that all we’re doing
is delaying their income now by giving them stock options, they
ask me why. It’s hard to explain to them.

Mr. Haves. I'm also curious—we feel a consistency in the testi-
mony that we get. I know that you probably have felt that you
come into a hearing—you've got a half dozen people—you wonder,
in a body of 435, how that information spreads. The fact oi the
matter is that the groundwork laid does. I used to think when I got
here that it didn’t much matter what was inserted in the record.
There are indeed both dedicated sta.i people who look at it and
something you learn from each one of these hearings.

I know tI‘;at you mentioned and specifically talked about tax in-
centives. Tell me in the context though, more specifically if possi-
ble, what—whether it's in the field of tax, whether it’s in the field
of credits, whether it's in the field of deductions, whether it's in
other Government proposals—what priorities of Government action
would have your com(rany do things in research and technology it
might otherwise not do? What would most urge you to cross a bar-
rier wh’ch, within your own board of directors, is marginal now,
but in light of some Government action, impetus or tax advantage,
would push it to the other side? Is that list the same, and if so, in
what order of priorities, for your company?

Dr. CauLDER. When you're in a very small company like we are,
we only have about 150 people, and when you’re in a very new sci-
ence, into which you are introducing the pioneer products, you
can't look at any single thing and say that “this will make me
make a decision differently.”

The things that make me make different decisions, and the three
points that I pointed out, the alternative minimum tax, cepital
gain and the R&D tax credit, those have a very, very severe impact
on me attracting the talent I need in order to accomplish some of
the scientific barriers that we have to go through in order to get
tllxese new biological pesticides invented and in the marketing
place.

So, to look at a tax problem right now and what it does is inhibi-
tory in the real bowels of the company and those are the people I
can get, rather than saying I would do & research program differ-
ently, as in Apple Computer would, obviously they have products
in the market place and they have income.

I don’t have any income now. Mine's all outyo. I just spend
monei'. I've got a lot of shareholders that would like me to change
that. I can’t change that without the right kind of Feople, and the
things I outlined inhibit me from getting those people now.
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I have several vice presidents that I recruited out of large compa-
nies with the promise of “you’re going to own part of this company,
and through capital gains you’re going to be able to increase your
equity and your net worth over hard work over the next’ five
years.” The alternative minimum tax change and the capital gains
tax changed that.

In effect, I recruited these people with a promise I couldn’t ful-
fill, with something I have no control over now. I need io recruit
other people to do that. I can’t do it now.

Mr. Haves. This leads me to Mr. Swihart. I appreciate those ob-
servations from the standpoint of industry demand, with Mr. Swi-
hart having an opportunity in recent years to look at production—
for the product that you need, for the bright people that you nieed
in your business.

e have a Government that has retreated from its coramitment
to funding of graduate work. To what extent has your experience
in industry shown a picking up of that previously committed
burden and to what extent do you attribute a shortfall? Ar d, brief-
ly outline if you could the approaches that we might take—you
heard the academic panel a little earlier—from ynur present expc-
rience, the approaches we might take, and your priorities, and
what we could do to help fill that gap. But, first of all, what has
industry done? What’s been the respo:se?

Mr. SwiHART. Mr. Chairman, It .ink that industry, in particular,
my own previous company, supported the universities very heavily.
We just recently gave the University of Washington another $5
million. We've given half million dollar grants to a lot of the major
technical universities, some represented y people on your commit-
tee, close at hand.

Now we do provide any student, any employee who wishes to get
a masters degree, we provide him with full coverage of his tuition
o~ long as he maintains B or better, overall. I think the industry as
a whole is supporting the universities, but we still need more of
those bright, young people to come from the K through 12 into col-
lege, into the masters, and on into the doctorate degree. Some of
the things that Dr. Liebman said I think we could support very
whol¢’.eartedly.

Mr. Hayes. Thank you. Mr. Poulos, I'll make an observation that
will make you feel better. When I first got here, I wanted to pur-
chase equipment for our Congressional office, and I found that, on
the allowable list of items I could purchase, was equipment that
cost .wice as much as what I could buy that worked better, but it
was already on the approved *'st. Whereas, if 1 waited for other
items to get to the approved list we would have a telephone only—
for the year or so that it took for them to consider whether im.
proverent had been made. The same thing is true of our telephone
system.

One of the things that Government does worst is, in trying to do
the right thing and preventing scmeone from having an unfair ad-
vantage or someone buying equipment from their brother-in-law,
we end up making rules that avoid that—but unfortunately, we
can’t buy equipment from anyone else ei:her.

In light of that, I can certainly, sympathize with your comments
about procurement. From the exaraple I gave, we have some con-
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trol over it. From the agency level, I would be interested in know-
ing your comments, because yes, there is oversighi. In the example
use& it was the Air Force. Sure, #'.ere is oversight within armed
services, but once again, the time delay of oversight is one that
allows them to address a previous circumstance, rather than antici-
pate the manner in which they could perhaps urge action.

So from your previous statement, what do you do in advance?
What do {vou do as an oversight committee in armed services or in
he~~ings like this to formulate what anticipatory actions we could
take, rather than having to deal with what'’s described as a previ-
gus q;ﬂemma and have to work in the aftermath of what’s already

one’

Mr. Pouros. A company like Apple opens offices around the
country to do business with the Government in a positive, effective
way. It does not want to establish an adversarial relationship with
agencies of the Government. When we find these kinds of procure-
ment biases, we try to work directly with those agencies first to
educate, and to market our product. )

We have an education job to do, and we're doing that. But when
we find the biases that run as deep as we've seen evident in this
Air Force procurement to which I made reference, we can only go
to the leadership of that agency and call their attention to the
problem, which we have done in this case, I might say. Our voice
was not heard.

What's left to us?—to come to you and ask for oversight of this
and of future ‘R,rocurements. As 1 say, I think the proper statutes
are in place. We don't need more law. What we need is a clear
oversight by the General Services Administration to ensure that
the provisions of the Competition in Contracting Act are in fact en-
forced, and that in this case, through a document called a delega-
tion of procurement authority, the Air Force was given authority
to conduct this procurement. But who looked at the procurement to
see whether it was truly full, fair and open?

So the only thing we can do is communicate directly with the
agency and then, if that doesn’t work, of course, with committees
with aversight jurisdiction. That is why we bring this issue to you,
in the hope that you will highlight what we believe is a significant
bias in Government procurement.

Mr. Hayes. Thank you very much. In light of the time, though I
really do have several things I would like to go into, I would rather
defer to the Chairman, Congressman Walgren for questions.

Mr. WaLGreN. Thank you Mr Chairman. I want to salute Con-
gressman rlayes’ interest and background in this area. This hear-
ing is in large part framed around his contribution in developing it.
So I want to express my appreciation to you, Congressman Hayes,
for helping with this hearing.

Mr. Hayes. If the gentleman would yield, I certainly didn’t invite
Norman [Mineta] to it, though, when we were talking about it.

{Lau%:;ter]

Mr. WALGREN. What kind of instinct do you haw for the R&D
tax credit as opposed to other kinds of financial incentives or bar-
riers that you've deaic with in private industry? The comment was
made that the R&D tax credit doesn’t really rise to the level of
boardroom decision in companies making a commitment to pursue
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one thing or another, but . uther is used s an after-the-fact bit that
is handed to the accountants when they are told to reduce the tax
liability of the firm to the most proper extent that is available.

Can vou give us any feel about how the R&D tax credit would
compare with investment tax credit or other xinds of treatment
that would be helpful?

Mr. SwinARrT. I might address that, Mr. Walgren. I think that
each one of those things that you mentioned get just about an
equal amount of weight. Whenever you're doing a billion dollars
worth of research and development a year and you don’t know
whether or not you're going to get a 20 percent investment tax, or
10 percent investment tax credit, or 5 percent, or 20 percent R&D
credit, the next year, you look very seriously on those particular
kinds of decisions, as you project your future.

Because, obviously in our business, like others, you must project
in the long term. You have to be doing five and ten year planning
into the future. So I don’t think there is any great differentiation
between those except that we do need continuity and we do need to
know that they are either not going to be in place, or they are
going to be in place so we can do adequate planning on that basis.

Mr. Pouros. I would like to echo his comments. Nothing goes to
the bottom line faster than the R&D tax credit. The initial deci-
sions to invest in a new technology are basically technological deci-
sions based on the feel that our people have for the probability of
success.

But ultimately, whether that effort is funded by the company is
a financial decision. The degree to which we can count on the R&D
tax credit then of course provides that support. If we can’t count on
it, if we don’t know whether it's going to be there next year and
the year after, then it 2rodes that supximrt.

Dr. Cauiper. I would agree wholeheartedly with both those
statements. I would like to make a more general statement about
R&D funding. I made a comment that I think we have a basic prob-
lem in the United States. We no longer have a population that can
reaily separate science from technology.

The thing that disturbs me from a small-company standpoint is
that when I rummage around in basic research looking for some-
thing to convert to technology, that basket is getting too small. We
are not funding enough basic research in the United States at our
university level which is going to lead to getting good scientists, in-
cidentally.

It goes back to—again, I'll repeat my father’s statement—it's not
by coincidence that as our science student population goes down,
our MBA and lawyer population is gging up. Those are the wrong
priorities, as far as I'm cor. erned. So I'm very disturbed that the
Federal Government is not stimulating enough basic research.

Believe me, if enough basic research is done, the Appie Comput-
ers of the world and the Mycogens will take that basic research
and convert it to the technology that’s going to create the jobs and
the products that we're ali looking for here.

But when I see our basic research eroded over time, and I'l! give
you one specific example as to one I have seen. In the 1940s, about
80 percent of our R&D budget went for agricultural research. Less
than 2 percent of it goes for agricultural research now, and we
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haven’t kad an increase in constant dollars since 1968 in the agri-
cultural research budget in the United States. That’s very disturb-
ing. We are now consuming our seed corn. We're not going to have
angithu‘% for the future unless we change that.

r. WALGREN. Interestingly enouih, only yesterday, the Deputy
Undersecretary of Commerce sat right in the chair to your left and
in response to questions which I acked about preparation for going
into the European markets in 1992, I received comments instead
concerning the historic relationship where Government and busi-
ness in this country were not as interactive as they are in the Pa-
cific Rim, and the concept that that need not be overly disturbed.

The point I was trying to make you've just made much better
than I attempted to yesterday. I admit that there is a disis. ction,
both through culture and circumstance, that no, we need not
repeat the Pacific Rim, the Japanese interrelationship of business
and government. It doesn’t mean that we have to change what is
historically the distance that the majority of people in this country
put there, but we do have to create an alternative.

The alternative linkage, as you've suggested, is through the uni-
versit% system, and the linkage has to, nevertheless, be made. Al-
thougn it’s different, it's nevertheless responsive. And, although it’s
an alternative to what might contain features that both have a”
vantages and disadvantages, it .iill hes to occur.

Instead, what we get in budget requests, and what we get in imi-
tiatives are not that. Initiatives and budget requests will simply
say that private industry can pick up any of the gap that’s made
here and crea*e both the pool of scientists and educate them and
take them into :dustry.

What you're telling me is, that’s not so, that the comraitment of
Government is a real one, and it is not in based on the historic sep-
arateness, but instead filled with what is a simplistic view that this
Government has to do what individual people or companies cannot
do only and solely for themselves.

What you then have to have is a emall business erosion of oppor-
tunity to where only very, vary large companies are able to effec-
tively create a system of supply and demand for the employees that
need the technology to use.

I gratuitouslv ogir that, but you can imagin: a bit of our frustra-
tion when we're trying to make those same points to people who
can do some initiatives through the Executive Branch, and who in
turn think we're saying something else, that we want to change
the historic structure and tell business what to do.

Instead, I suggest that in future correspondence and hearings
and opportunities, suggest some initiatives that come not only from
the legislative branch, but also from the Executive Branch of Gov-
ernment that don’t destroy any of those traditional separate areas,
but further, certainly further, economic oppor{unitiec for this coun-
try, and certainly further what the chairman of this full Commit-
t%e likes to call the new wealth in technology, the full production
of it.

I thank yecu for your observations. I didn’t mean to take up so
much time, but it’s importan* somewherr that that be said, too,
much as you said that it is sometimes important to make those
cases after they are done.
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The gentleman from California has—all right. Why don't I in-
stead recognize the gentlelady from Maryland?

Mrs. MoreLLA. Thank you, Mr. Chairman. I appreciate the testi-
mony that I heard, and I want to ask you candidly what your ap-
praisal is of a bill that many of us are co-sponsoring that would
make permanent that R&D tax credit. It's H.R. 1416. Because in
listening to your testimony, you are asking more than for making
p:rmanent the R&D tax credit, and I wondered if you had had an
opportunity to look at the bill to give us your assessment of it? If
you have not, I'm going to ask for the record we get copies to you
and you send in your comments.

Dr. CauLper. I have looked at it. I put it in a category of “we’ll
take anything we can get.” There are so few. Understand that all
of us have probably overemphasized the R&D tax credit simply be-
cause it is a very visible thing, it is something that has been very
capricious in how we’ve looked at it, in how we have been able to
use it, and it has interfered greatly with our long-term planning.

So, there are many, many ways that I think you can incentivize
small businesses and this conversion of our basic science to technol-
ogy. That’s just one component of it.

Mr. PousLos. I'd like to say that Appie supports that bill, primari-
ly for two reasons. One, that it will be made permanent, that’s
what I understand the bill says. Two, that it will now include start-
up fi=ms, such as Mr. Caulder suggested.

We have 9,000 software companies that have grown up around
and with Apple, small business, two, three or four people oper-
ations, that are writing innovative software that runs with our
hardware. Those people need the advantages of an R&D tax credit
early on, before they begin putting their product out on the market
for sale and before they can start bringing the income in. We be-
lieve that is a critical part of the bill that we fully support.

Mrs. MoreLLA. Incidentally, I just figured out that byte of the
Apple, is that b-y-t-e, 18 that right? I just wondered—Mr. Swihart,
did you want .0 comment on that?

Mr. SwinArt. Mrs. Morella, NCAT is a 501{c}8) corporation, and
therefore we cannot comment directly on the bill. As an individual,
I will tell you that I am very supportive of the bill, with hopefully,
a few additional things.

Mrs. MorgLrA, Dr. Caulder, you talked about basic research and
the reed for us doing that. It just seems to me from my limited ex-
perience that we are making some enormous progress and strides
in basic research. But then we don't carry it to the technology
point. That’s exactly what other countries have done, like the Japa-
rese. It seems to me that there is where there is probably a larger
gap. Would you agree, or dispute that?

Dr. Cauuper. I think there are two components to that. One, we
seem not to do that. I think we have done that. But, again, I'll go
back to—you don’t create value by doing mergers and doing deals.
You dn it by making products.

And we tend to, at the basic level, sometires trivialize basic re-
search. I'm sure in 1896 when the electron was discovered no one
ran into the streets and said “we can now have television.” And
I'm sure in 1972 when we spliced the first gene, that had Senator
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Proxmire known about it, because the title was “Sex Life of Bacte-
ria,” he would have probabiy given it a Golden Fleece award.

So we can not anticipate what the need is going to be for basic
research. And yet, if people can’t come before you and say this is
what I'm going to be selling in X number of years and how many
jobs I am going to create from it, you cannot fund it. We can no
longer do that. We have to support basic new knowledge. Believe
me, if it is useful, it will get converted into products by someone
like the Mycogens or the Apples of the world.

That basket is just running dry on us, though. It will get convert-

Mrs. MoreLtA. This leads me to a question. At what level and in
what way does that R&D tax credit become a fgotor in a corpora-
tion making a decision about whether or not to fund an R&D pro-
posal? Is it important?

Dr. Cauvper. It's very important, and I would dlsagree that it
does not get to the board level. It depends on the size of your com-
{»anylr. What bathroom tissue we use sometimes gets to my board

evel.

So when I look at tae R&D tax credit, it is a matter of funding,
and if you do the arithmetic, you fund those things, you think you
have the highest degree of success, and you weigh that against the
long-term risk. We have very few real long-term projects that go
past three or five years. I would have more, though, if I had the
ability to know that I was going to be financed over a longer period
of time, probably.

Mrs. MoreLLa. You've all mentioned in some way the procure-
ment system—we don’t need any more regulations, we need to
clean them out, and we need to move faster. That seems to be a
critical element, the speed, or the lack of same, which gives anach-
ronistic stuff that we’re buying because of the time lapse. You
mentioned that in your testimony, Mr. Poulos.

You also talk about implementing, as a result of that, the Pack-
ard Commission’s recommendations for reform of the procurement
system. Are those recommendations adequate" Secondly, let me go
into the same area. There is something I don’t quite understand. It
says ‘‘require the GSA more carefully execute its responsibility for
insuring compliance with the Competition in Contracting Act so
that agencies cannot continue to masquerade their bias in proprie-
tary l})rand name or equal contract specifications.” What does that
mean/

Mr. Pouros. Those are pretty strong words, I know. The GSA has
a responsibility to issue a delegation of procurement authority to
an agency who wants tc do a major procurement, such as the Air
Force procurement 1 spoke of for over 200,000 units of microcom-
puters. Not just for the Air Force, by the way, it's expected that
many agencies of the Government will buy off that contract once
it’s awarded, not just the Air Force.

If the General Services Administration were to properly exercise
its responsibility in overseeing and delegating that procurement
authority, it would check to insure that the procurement is in fact
full, fair and open, not sort of fair, not kind of fair, but really foir
to everyone.




124

When an American company based in Cupertino, California, with
a plant in Fremont, California, makes an American-made computer
with American technology, protected with American patents,
cannot bid on a United States Air Force contract by vittue of the
way the specs were written, then something’s wrong.

That’s where I believe that there was no proper oversight. I don’t
believa that the Air Force rhould be allowed to buy a billion dollars
worth of microzomputers a.\d not even consider Apple’s offering.

Mrs. MorerLa. What can we do about it? You said Congressional
oversight—Do you feel Congress has not been aggressive enough in
pursuing reforms?

Mr. Pouros. The Government Operations Committee has been
very aggressive on these issues. We look forward to their continued
interest.

Mrs. MoreLLA. You've had an opportunity to testify before them?

Mr. Pouros. We have not as yet, but we would certainly enter-
tain an invitation to do so.

Mrs. MoreLLa. The Office of Technology Assessment has given
Eretty—well, I think they lack personnel themselves, but they

aven't given very good grades to the whole procurement process
in terms of testing, in terms of competitiveness, and evaluation.
I)Vou}’d you tend to agree that that's been one of our major prob-
ems?

Mr. Pouros. I won’t comment on that, I will just say that there is
an ongoing investigation right now in the Government on procure-
ment bias in the area of computers. We merely ask that a look be
taken, that when a major corporation like Apple comes to work
with the Government and be a good business partner, to be shut
out of a major procurement like that just runs across everything
that's American to include fairness.

Thank you.

Mr. Swinart. Mr. Chairman, this is a very good example of
something that was one of the strong recommendations of the
Packard Commission. The Packard Commission recommended that
the Government use more cotamercial practices and in this particu-
lar case, I think quite clearly if they were using commercial prac-
tices and getting rid of the many, many yards of specs that there
might be a different answer.

Mrs. MoreLra. Could I just ask one small further question, Mr.
Chairman?

Education—you’ve all mentioned that education is important,
you talked about math illiteracy, scientific illiteracy, but then look-
ing beyond that, you would talk about just the ability to communi-
cate, to understand not only the English language, but then to
have a facility perhaps through our schools for other languages
which will help this competitiveness.

How do you go ahout doing that? Elementary school is obviously
important. I think it's more important than when you reach the
higher education, because our students are going to go into higher
education in math and science and engineering if they re given
the incentives and the excitement early on.

But you're not just talking about math and science, vou're talk-
ing about across the board. Now, how do you get the best teachers
that are going to inspire others? Is it money? Would you make it
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special so that you just give special compensation to teachers in
critical areas? What would you do? Mr. Poulos, would ycu com-
ment on that?

Mr. Pouros. Apple has many programs along those lines. We are
the leading computer vendor to schools and universities around the
country. We sponsor programs to reward young, innovative soft-
ware writers, for example. Apple has a close relationship with edu-
cational institutions. It has for its entire history.

One of the things that the computer industry has done, though,
that I thirl. is remarkable, is that it has over the years provided
computer products to students and faculty alike, at very, very deep
discounts. We know that students don’t have & lot of money to
spend on fancy computers. So we really cut the margins thin to
offer these products through university bookstores.

It’s distressing that the Ways and Means Comumnitiee is now con-
sidering a tax which would increase the cost of those computers to
those students. It would disallow those low price products to profes-
sors. It would impose a tax on the unrelated business income gen-
erated by that bookstore.

We think that these kinds of actions send the wrong signals. We
want to put tools in the hands of students and professors alike so
that they can learn tc work and think better than they do teday.
We think our technology will help them to do that.

We're willing to invest in the future by really trimming the mar-
gins down and providing these products to stadents and faculty at
very low discount prices.

Dr. CruLpeR. I think like most things, you work for incentives.
Incentives can come in many forms, but I can assure you since the
Phoenicians invented money, thanks comes in second. We have to
reward people for what they do. You do that through an incentive
system that allows them to work toward their particular goals.
Money is always one of them.

I have been on a couple of curriculum committees at universities
and a question I get that always bothers me is they want to know
how we can train our science students to get into biotechnology. I
think our universiti :s have drifted too much into a training mode
rather than an education mode. I am tired of getting Ph.D.s that
can’t write a simple declarative sentence.

So I think that we have to start very early, in fact I would rec-
ommend a book to all of you, it's called “All I Really Need to Know
I Iearned in Kindergarten,” and it has some very poignant points
in it. We have to start early, and we have to keep educating our
populace, rather than continuing to train them :in a technology
that’s going to .e outmoded.

To give you a specific example, six years ago when we started
Mycogen, we needed molecular biologists. There weren't any. We
had to retrofit biochemists to become vrotein chemists. It wasn’t
too nard to do when we found a good biochemist.

Everyone wanted to train protein chemists. I don't need protein
chemists anymore, I need fermentation chemists. There aren’t any
of those now. So if you try to train for a particular skill, you're
always going to be behind. We have to continue to give a broad
education to all of our students, so that they can be trained when
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they get to industry. The university is no place to train students,
it's a place to educate them.

Mrs. MoreLrA. You have a very good point. It’s like when Edwin
Arlington Robinson in one of his cynical moments in writing
poetry said “all the world is made up of kindergartners trying to
spell God with the wrong blocks.”

Thank you, Mr. Ckairman.

Mr. Haves. Thank you. Now, if there is anyone, because of the
length of the hearing that needs to go stretch, go outside, cr per-
haps to the restroom, now would be a gocd tiine, because I'm going
to recognize Mr. Mineta of California for his questions.

[Laughter]

Mr. Minera. Thank you very much, Mr. Chairman, I think.

First of all, let me thank the panel for their contributions on this
subject matter. As you are familiar, the American Electronics Asso-
ciation is in town this week with their Capital Caucus. Their main
emphasis has not only been the R&D tax credit, but has really
been more on the cost of capital, the availability of capitsl, and the
difference between the cost of capital to a new company like Dr.
Caulder’s firm, an existing company like Mr. Poulos'—but in any
event, the cost of capital and the difference between, let’s say, a
Japanese company and a U.S. company.

n terms of tlie order of priority, and given the importance of
R&D tax credit, educational tax credit, things of this nature, where
would you place cost of capital, R&D tax -redit, all these other
things that we have to deal with, given the fact that today the
name of the game is income to the Treasury. As soon as you say
“tax credit” someone will say, “holy cow, that's a loss to the feder-
al coffers.” We get a lot of knocks just on that basis. Yet, there are
a lot of us who are supporting these various kinds of tax credits,
including an incentive of the old investment tax credit.

The investment tax credit, from my perspective as a former chair
of the Aviation Subcommittee, was the biggest thing that we
needed to get airlines to invest in new equipment. Where would
gma p}ac;a it, in terms of a priority listing, as to what we ought to

e doing?

Dr. CauLbER. I would place cost of capital right at the top. Be-
cause since the October crash of a few years ago, equity capital is
no longer available to small companies, so that means that your
capital is now more expensive that it has ever been before because
you end up selling your technology to someone. That's the way you
raise .apital.

Mycogen’s specific example has been that we have two rather
large deals with Japanese companies, and we've had to form limit-
ed partnerships with Japanese companies in order to raise capital.
So in a small company, cost of capital and what you have to give
up fer it is very, very expensive now.

Mr. Minr .. But the alternative is long-term debt, and do we
have that k...d of capability to have long-term debt financing?

Dr. CAULDER. I're not sure I understand exactly your question.

Mr. MinkeTA. First of all, we have to have a savings pool in order
to have, either a capital available through either equity funding or
through debt furding. We don’t have the savings rate that Japan,
West Germany, France, Britain, seem to have. So we are sort of
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behind the eight ball right from the beginning because of the dif:
ference in savings right now.  ~ recall, the figures are somewhere
about four percent savings 1 or U.S,, whereas the savings rate
for the Japanese is somewhere around 21 percent to 22 percent,
West Germany, 18 percent to 19 percent. I'm just wondering
whether or not we go to debt financing or to equity financing,
whether we really have a capital pool without having to go to for-
eign sources.

Dr. CauLper. Well, again you’ve touched on what to me is a per-
sonal sore point. We gei back to we’'ve been rewarding the wrong
things. We reward people for leveraging themselves ratler than
suving. We tax our savings accounts and then we allow people to
leverage themselves and give tax breaks on debt. That's the wrong
priority, as far as I'm concerned.

So as long as we have that system, we're never going to have the
capital pool going into savings that we can draw on at the low in-
terest rates the Japanese have, for instance. They save a signifi-
cant portion of their income, and they only get three percent
return on it. So there is a Iot of capital available for the Japanese
companies in order to expand their business or start new technol-
ogies. We don’t have that same one to draw on.

Again, the public market is gone for small companies. There is
no equity markei now in our area I don’t know of any company
that has had en initial public offering or has had a secondary in
quite a long time. You have to do what I have done, which is go to
other sources in order to get it, and the only assets we have in a
small company are intellectual assets. We have patents, and intel-
lectual assets, the banks don’t loan you a lot of money on that.

Sc¢ you've got to convince someone else that they have value and
those people that you convince they have value are the people who
recognize it as a long-term investment.

The other eight ball that we’re behind, when I discuss with my
Japanese 1;;artners their outlook, is very simple. They say it’s very
easy for them to dominate an industry. They look at an industry,
whether it be electronics or biotechnology, and they say we would
like to read your annual reports, because your CEO says he is
going to have a certain return on capital, return on investment, on
a quarterly basis. He says, if he sets his at 15, I'll set mine at 12.
He moves his to 12, I'll move mine to 8, because I know I'm going
to be in my job 20 years. He's going to be gone in two. That’s the
t of mentality we're dealing with in the capital market, and
that’s why it’s very lucrative for small companies with long hori-
zons for products to turn to tha* roarket to get their money. It is
very expensive, though. I had to g.ve up half of the Asian market,
in a joint venture, in order to raise capital,

Mr. MiNETA. Should we disallow interest, then, to a company for
the junk bonds?

Pr. CAuLDER. Again, the ability of a small company to partici-
pate in that type market just isn’t there. It's not available.

Mr. MINETA. Given the fact that we're faced with maybe the pos-
sibility of having, to in order to get away from the LBOs and the
kind of mergers that seem to be going not for expansion purposes
but for downsizing purposes, every major merger we’'ve had, the
companies have had to sell off assets ir order to be able to keep
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going. KKR—on the RJR, the Reynolds acquisition, Nabisco—now
they re selling off Nabisco and Del Monte and all the food products
in or<er to finance the purchase of R.J. Reynolds. Should there be
# disincentive by disallowing the ability to write off the interest
cost in those kinds of deals and try to get into something more pro-
ductive, R&D tax credits, or university R&D tax credits, or some
other area? Sematech— there are all kinds of innovations going on.

Dr. CavLpEr. I'm not a real proponent of having disincentives.
Give incentives. Make it so much more valuable to do other things
with those assets that it doesn’t occur to anyone to provide disin-
centives.

Mr. Minera. We have those incentives right now in the tax laws.
That’s what created the junk bonds aud what do we get out of it?
We get a sharp stick in the eye. I've seen so many companies, Jjust
in the airline industry be destroyed by this.

Dr. CauLpEr. It's an incentive for doing a deal, though, not creat-
ing value.

Mr. MINETA. Value, you are absolutely right.

Dr. CAuLbpzr. And it’s wrong incentive.

Mr. MINETA. So why not do away with that incentive that’s
there, and disallow the interest cost on those junk bonds for these
people who are tearing us apart, rather than trying to build some-
thing for our future?

Dr. CAuLDER. Exactly. To me, it's just like cap’ . gains. I don't
think we ought to have capital gains on a lot of things we hnd
them on in the past. But do have capital gsins on people who truly
have an equity investment and are willing to hold it for one or two
years, or three, whatever the amount may be. That’s a true capital
gain then. A true capital gain isn’t when you're dealing real estate
and flip it.

Mr. MiNET.. You're absolutely right. Mr. Poulos, any comment?

Mr. Pouros. I think’it’s fair to say that cost of capital is, if it's
not the first, it's certainly the second priority within our company,
although Apple abhors long-term debt. We don’t have any, have
not had any. Cost of capital is a structural issue that either helps
or doesn’t help us remain competitive. Certainly, when I say either
the top or the second place issue with us, equally as important, is
market accezs to foreign markets.

Mr. M. TA. The comment you made in your statement about
design specifications is so apropos because I think in all of Govern-
ment, we’re too design specific. We ought to be performance stand-
ard based, and yet performance standards really aren’t the way
that most RFPs are let around here. Until we get away from being
design specific, I think yow’re going to find that problem over and
over again. We do have the Contract Compliance Act that was
passed—I believe in 1983-—in terms of fair and open contracting.
But despite that the agencies are design specific. That may be the
difference between the ins and the outs.

I remember when we did the computer tax credit to companies
that gave computers to educational institutions. I don’t know how
many IBM people I was visited by that said “This isn’t the way to
go. This is an Apple bill.” That was a specific commeut to fight
what we were doing in terms of that compuser tax credit that was
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worked on. But then again, it’s just the outs versus the ins. We see
this all the time.

Have you made any progress on this performance standard
versus specifications?

Mr. Pouros. With the Air Force, no.

Mr. MiNETA. What about GSA?

Mr. PouLos. We're communicating with GSA now cn the issue,
not just with the Air Force, but in a broader sense, and we believe
we're going to have some success. As I said, we have opened offices
around the country to market and to educate and to tell the Gov-
ernment about our product, and we’re being enormously successful.

The Federal Systems Group, maraged by Mr. Lloyd Mahaffy, has
exceeded every target the company has set for growth in the past
three years. Our sales are increasing at a very nice rate, and the
leadership of the company is very pleased with the performance of
that parcicular group in doing business with the Federal Govern-
ment. So I'm not here to say that nobody’s buying our computers.
They’re buying them faster than we every dreamed they would.

If customers and users in the Government were allowed to buy
the computers that they wanted, we would sell even more. That's
the point I make in my testimony.

There are two issues. One is the design specification problem,
and the other is the issue of measuring life cycle cost, the true cost
of a product to the Gevernment. In a computer it’s more than jast
the cost of the box, or the hardware. It’s the cost of the hardware,
and the software, but as we all know now, it's also the cost of
maintenance and training. How long does it take you to become
proficient on a range of programs, on a range of applications so
that you can be really productive? We J;rovide a technology that
provides the Government with a major advantage there.

The question is, is the Government asking the question, how
much does it really cosi, for all of those issues? I maintai= chat it is
not, and it needs to. We look forward to working with the Govern-
ment in that regard.

Mr. MINETA. Mr. Chairman, if I might just ask one other ues-
tion. As comipanies progress, or industries progress, we have also
found many foreign companies coniing in and buging U.S. compa-
nies. Should those foreign-owned U.S. companies be able to bid on
U.S. Government contract?

Mr. PouLos. I believe the law prescribes that they must be al-
lowed to.

Mr. MiINETA. I don’t know the reason, because I was just visited
by a company—

Mr. Pouros. Unless there are certain security requirements that
prohibit them, I think the iaw requires that they be allowed to bid.

Mr. MINETA. Northern Telecom, as an example in the communi-
cations business, is disallowed from bidding on U.S. companies be-
cause it is considered a Canadian company, but there are a number
of others, in our own area, now we have Siemens buying Rolm.
Should Rolm be able to market their PBXs with the Federal Gov-
ernment, as they are owned by Siemens? Should—oh, there are all
kinds of examples.

Mr. Pouros. I think the U.S. Government would benefit from all
technologies being available to the Federal marketplace just as our
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technology should have access to those foreign markets and to
those foreign governments such as Japan, South Korea, India,
Brazil, we’d like to see an open market with all players competing
and being selected by the quality of their product.

Mr. MINETA. And in the absence of being able to get market
entry, what should we do?

Mr. Pouros. Try harder.

Mr. Minera. Thara ;ou, Mr. Chairman, thank you very much.

Mr. Hayes. I'm geing to recognize the gentleman from Califor-
nia, but first, to follew up, rather than take my home state, which
in financial institutions is, as a result of both the crises in agricul-
ture, and oil and gas, not a good example, I'll take yours in Califor-
nia.

Venture capital has vanished nationwide, not in the regions re-
lated to the circumstances of financial institutions. But, the obser-
vation that I think would be made by both those within the indus-
try and close to it, and even in the securities industries, is that
there are reasons for this which can be easily identified. One is
return. A high risk venture capital has no greater return than is
available ca alternative markets with substantially less risk. Two,
the institutions that are highly capitalized usually tend to be
smaller. Even small business loans, as I would categorize Dr.
Caulder’s business, exceed loan limitations of those who have the
highest capital structure, and therefore are more available ‘o enter
into a venture. And third, expertise. I don’t think that we can sit
here collectively across the country and name ten financial institu-
tions that have anyone working for them in any department that is
able to rate Dr. Caulder’s loan, to determine whether or not that is
an adeguate risk for that institution.

We do not, as some governments are able to do, because of the
interconnections of their commerce department (their equivalent of
the Commerce Department), their equivalent of financial institu-
tions, and the interrelationship of the equivalent of their large cor-
porations, develop that inter-network of expertise, where when he
walks in the front door of the bank nearest his home, or the size-
able institution in a large city nearest home, someone can make
that financial judgment based upon what they're reading.

I think that one of the avenues we haven’t explored today, and
I've got to get the other questions, is that perhaps in addition to
doing things where we're interested in creating a student product
that is better than we do, we ought to also be talking about encour-
aging institutions for venture capital—but by the same thing, en-
couraging incentives of developing the expertise within the institu-
tion by which you can rate this kind of loan. And that’s def)lorably
lacking, and there is no need. The institution itself will never
expand in that area, because presently, there is absolutely no need
to look for venture capital lending.

Thus, who do you inherit? You inherit someone not with the
money, although that’s essential, you inherit someone with the ex-
pertise to make the judgment as to whether that money has been
properly invested and put to good use. That's the part that’s sn
sorely lacking in our own financial structure.

I would be interested, at a later time, in your thoughts, from
your relative experience, on how to improve that situation and how
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to perhaps encourage financial institutional services into develop-
ing departments of expertise that protect their dollars, and at the
same time make capital available for good projects.

Let me jump first to the gentleman from California, and then I'll
get back to the gentlewoman from Maryland who had one follow
up question.

Mr. CaMeBELL. I shall take but a moment. Thank you.

I wanted to address a question on international aspects of com-
petitiveness, particularly, whether access to foreign markets is a
critical component to get the efficiency size of scale of production
in order to be competitive. If you could just take a moment and
speak to the question, if I could put this question to Mr. Poulos and
Dr. Caulder, in your businesses.

What sort of access problems have you had to foreign markets? If
you could just take a minute and identify that, and do you agree
with me that that’s an important part of being competitive?

Dr. CauLDer. Absolutely it's an important part. In anticipation
of this, we knew the Japanese markets would be closed to us. One
of the components of having a Japanese partner is access to those
markets. That's why we have a joint venture there. That was the
only avenue available to us,

In my past life, I managed Southeast Asia for a larger company
called Monsanto. We tried to introduce a product in Japan over a
long period of time, and we found that we could spend a lot of
money for this product and get about a four or five percent market
share. We coultf spend a little bit of money and get about a four or
five percent market share.

After a few years, I wised up. Don’t spend much money, you're
going to get the same thing. So it was obvious, the market share
was allocated to us. It continues to be allocated in many of the im-
portant areas. So for us to expand, we have to have access to those.
Right now, we're using about the only means we have which is
joint venturing with the people.

Mr. CamPBELL. Dces Apple have the same problem?

Mr. PouLos. Apple sells its products in many countries arouné
the world. Growth in those foreign markets is criticai to our long-
term success. Where we have frustrating bureaucratic barriers,
such as in some of the Asian countries, we would encourage and
applaud any action that the Government takes to help reduce
those barriers.

Mr. CampBeLL. Would the Asian countries include Japan, Hong
Kong, Taiwan, Korea and Singapore?

Mr. PouLos. Many of those.

Mr. CampBELL. Would you care to delete any from that list—
Hong Kong, Japan, Taiwan, Singapore, Korea?

Mr. Pouros. I wouldn’t care to make that statement today, no.

Mr. CampBELL. Treasury Regulation 1.861-8, the Foreign Source
Allocation for R&D, this ‘s an aspect that you may or may not wish
to comment on. It's a rule of allocation of R&D to foreign source
where the R&D in America can conceivably be tied to product
sales, both here and abroad. Now we'’re kicking around the pros-
pect of doing a 65 percent allocation rule.

I know this is not part of your testimony, but if it happens to be
something on which you wish to comiaent, I'd be interested as to
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whether you think the 65 percent approach is satisfactory. *f it’s
somethir.g on which you are not prepared to comment now, I would
take that as well. Any of the members of the panel?

Dr. CAULDER. 'm not prepared on that, no.

Mr. Pouros. I'm not, no.

Mr. CampBeELL. Thank you Mr. Chairman, those are all of my
questions.

Mr. Havss. Yes. The gentlelady from Maryland. I will ask since
we do have another panel, although I've thoroughly enjoyed this, if
we could keep that an equal opportunity on each panel.

Mrs. MoreLLA. I will make it very brief. I was just wondering,
because the R&D tax credit is going to cost something, $1.8 billion,
how do we attempt to measure the effectiveness of it?

Dr. CauLber. I think you're making a big mistake when you try
to measure it. It goes back to basic research. If you try to measure
it, you're always going to say, I'll take Apple as an example, had
Jobs and his partners said, “Can we compete against IBM?”’ they
would have closed that garage door in a hurry at that point in
time.

You can’t iook at these things on a snapshot basis. You just have
to say that the system has worked, when we have financed basic
research, something good is eventually going to come out of it, I
don't know exactly where it's going, but if you try to evaluate it
through MBA Program 101 and puc numbers to it, you're always
going to kill it.

Mrs. MoreLLA. Anyone else want to comment on that?

Mr. SwinART. I might add something to that from general aero-
space industry activity. Actually, our best competitive position is to
build a better mousetrap and sell it before the other fellow does,
and the success of that is because we would have had a negative
trade deficit for several years, if it wasn’t for the commercial air-
craft sules to the United States companies.

I think the R&D credit is just one of those things that give us the
capability of developing the technology at an early time and turn-
ing it into a better yroduct.

Mrs. MoreLrLA. I would think there would be some signs in the
future that we would see to indicate that to continue it permanent-
ly is helping. I'm talking about justifying it also with constituency.
When you're putting almost $2 billion into this and then you talk
about capital gains and you talk about these other things we need
programs for, housing, and whatever—

Dr. CAULDER. I maintain that research dollars are opporiunities,
not cost. And when you refer to it as a cost of $1.8 billion, that
mind set bothers me a little bit. It’s an oprortunity, not a cost,
when we put money into basic research and into our educational
system.

Mrs. MoReLLA. Right. But it is a pragmatic dimension from this
side. Thank you, Mr. Chairman.

Dr. CAuLDEP. I understand your problem.

Mr. Haves. Thank you very much.

The next panel is Dr. Robert Lawrence, Dr. Robert Eisner, Mr.
Stuart Eizenstat, and Dr. Allen Womack, Jr. The Chair will recog-
nize the gentlewoman from Marylaad. I believe she wishes to intro-
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duce a member of the panel. The rest of you, I suppose, will inherit
me.

Mrs. MoreLLA. I welcome the panel and I thank the Chairman
for this particular courtesy. On the panel is a constituent of mine.
He is somebody that we are all very proud of in this country, Mr.
Stuart Eizenstat. He has held so many different positions that I
couldn’t possibly enumerate all of them, starting with domestic
policy advisor on the Ca ‘er Administration, and he is appearing
before us today, Mr. Cha. .an, as Counsel for the Council on Com-
Petitiveness and Research and Technology. I think he was on the
‘American Agenda” and is very involved in competitiveness and
making our great country even greater.

So I thank you for the courtesy of allowing me to extend a par-
ticular welcome to somebody for whom I have great respect. I
thank you.

Mr. EizenstaT. I appreciate that. I remember when Mrs. Morella
knocked on my front door, looking for a vote.

Mrs. MoreLLA. Now I leave for & Maryland delegation meeting.

Mr. Haves. Thank you. We’'ve got Stuart, who can’t keep a job,
let’s see—

[Laughter.]

We also have Dr. E. Allen Womack, dJr., who is Vice President of
Research and Development in Babcock & Wilcox, Dr. Robert
Eisner, Professor of Economics at Northwestern University where I
was once offered a scholarship, and for which I have had a great
fondness ever since, even though I did not attend the University,
and Dr. Robert Lawrer a Senior Fellow in Economics at the
Brouvkings Institution, wiiere I was once invited to speak and was
paid money for the engagement, so there is probably a huge ethics
problem here, and we’ll Liave to ask you to sit in the back and face
the wall.

[Laughte.]

Gentlemen, thank you. If you have a predetermined order, that
would be fine, if not, then I suppose we’ll begin in any other fash-
ion. Had you predetermined an order of speaking? In that case,
then I'll begin with Dr. Lawrence.

STATEMENT OF ROBERT LAWRENCE, SENIOR FELLOW IN
ECONOMICS, BROOKINGS INSTITUTION, WASHINGTON, D.C.

Dr. LAwRENCE. Thank you very much, Mr. Chairman.

In the time that I have available, I'd * ‘e to ask five questions.
I'm going to concentrate my remarks on .ne question of the R&D
tax credit.

The first is, why shoul? the Government be stimulating, be
trying to have policies to stimulate commercial research and devel-
opment? Let me put the stress on the commercial aspects and the
development aspects of this process. Why not just give your money
to basic research?

My answer relies on studies by eminent economists, in particular
one by Edwin Maasfield at the University of Pennsylvania. He
looked at the benefits to private firms from doing commercial R&D.
He {c'ind that on average, they got a rate of return of about 15 per-
cent. He - n calculated: what returns had that commercial R&D
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provided to our society as a whole? What he found was that the
median return was 56 percent.

Others have replicated that study. Robert Nathan found a differ-
ence, again, of double the social rate of return, as double that of
the private rate of return. Foster and Associates got four times the
rate of return.

So the bottom line, in my view, is that the social returns to this
activity are much greater than those that accrue simply to the
firms themselves. The reason is simple. When you invent some-
thing, you cannot fully capture ail the benefits of your invention.

Your competitors will emulate your invention. Competition will
force you to {)ass on some of the prices that you would otherwise
have, you will have to lower your prices.

So the variety of economic effects, which are well recognized,
which argue that systematically, our society will under-invest in
commercial R&D, and that’s why the Government should be trying
to do something to stimulate it.

The next issue is how should we stimulate it? I think there is no
single avenue, but that the R&D tax credit is an appropriate mech-
anism for trying to stimulate this activity. Basically, it relies on
the firms themselves to decide what'’s in their best interest, to let
them spend the money to participate in the risks of the activities.

And, in fact, I would argue that if you are talking about a rela-
tively small program compared to the total value of research an.
development spending, you're going to get more bang per buck
with an R&D tax credit which effectively changes the incentives at
the margin that those firms are considering, than you would, say,
for a grants program.

The problem with a small grants program is ths* firms will send
in their best projects. And of course, they will be 11 competition for
the projects which they would undertake in any case.

The critical point agout an R&D tax credit is that it can affect
that margin. Well, has the R&D tax credit worked? My colleague,
Martin Baily, and I have looked at this question, and we find that
recent development spending during the period that the credit has
been in effect, has been considerably greater than you would have
expected.

We have also surveyed considerable evidence that indicates, as
you might expect, that firms do respond to economic incentives,
and that in fact, research and development spending does, if you
lower the cost of research and development spending, firms will
perform more of it.

We find, in fact—we looked across 12 different industries over
the period 1981 to 1985, and we found in 11 of them that spending
was higher than you would have sced given the fact, let me
stress, that this was a period in whicn there was a very deep reces-
sion. Normally, you would have expected research and develo
ment spending to slow down during tgat period, and in fact, it held
its pace and was much stronger than you would have expected.

We concluded that spending was about 7 percent higher than
should have been expected. Now, and if you add the impact of the
increase of spending to the fact that the social returns are much
greater than the private returns, you get impacts on GNP that are
considerably larger than simply the impact of vhe credit itself. In
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fact this is a case, given those high returns, where you can plausi-
bly make the argument that eventually the stimulus to GNP will
increase revenues to more than pay for that credit.

It is, in my judgment one of the few cases where the so-called
Laffer curve actually operates, given the range of tax incentives
that we have currently.

Ncretheless, there are some weakness with this R&D tax credit.
In particular, because of budgetary restraints, it has been cut back.
It used to be a 25 percent credit. It was lowered to a 20 percent
credit. Ironically, the impact of tax reform made the benefits of
any tax credit lower, and so that lowered the incentive effect.

In add’.ion, more recently there was a partial disallowance of
R&D expense, whereas originally the credit at the margin had an
incentive which we would estimate as being around 7 percent, it’s
not the full 25 percent because when a firm qualifies for the credit
in one y ear, it loses, by raising its base, it loses eligibility for the
dollar of spencung in future years.

Originally, we were talking about something like a 7 percent
credit, today we’re looking at something around 3.3 percent or
under 4 percent. So what we've done is we've whittled away the
incentive effect of this credit to the point wheie it is pure token-

1sm.

Now, I think that the new bill which has been prcposed, H.R.
1416, makes a considerable improvemsut in the design of the
credit. What it does is take the advice of the critics of the credit,
who have pointed out that its incentive effect is much weaker at
the margin than it could otherwise be and make it far more effec-
tive by changing the definition of the base.

And in fact, the way it is currently proposed, at the margin for
firms qualifying for the primary credit of 20 percent, they will get
a full 20 percent incentive at the margin for each dcllar of spend-
ing. So we are making that credit for those firms five times as ef-
fective as the current 4 percent effective rate which they currently
enjoy. This is being done overall, on the Treasury’s estimates, with-
out raising the overall cost of the credit.

In my judgment, the importance of research and development is
such that I would like to see an increase in the overall commit-
ment to the credit beyond that which is in the current budget.

Nonetheless, I -~ >uld support the proposal to change the credit.
Let me point out, even in the case of those firms who qualify for
the 7 percent secondary credit, for them at the margin, the effect
will be at least twice as great as it currently is today.

So we've got a mechanism by which we are going to get a far
more effective credit with more stimulus to R&D, indeed one which
could be around four times as effective for the same cosi. I think
that’s a goocd deal.

Thank you.

[The prepared statement of Dr. Lawrence follows:]
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Statement of Robert 2. Iawrence*
Senior Fellow, The Brookings Institution
before the
Subcamittee on Science, Research and Technology
of the
Comittee on Science, Space and Technoloqy
U.S. House of Represantatives
May 18, 1989

The R&D Tax Credit: An Aporaisal

'meU.S.ecormlyfw&smajorc}mllengesjnthayeamahead. There is
wloaxemsﬂmtexportsmrismgmut}atmdedeficitiscmungdmm.
But that deficit remains dauntingly large. We have a long way to go yet.
There is welcoms news that productivity grosth in U.S. mamfacturing is now
mm:lng‘atover3parcentayear. But in Japan, mamufacturing productivity
gzwthlastyaarmhlg}mﬂnnm,amusnmopeanmmieeammﬂn
move again. If the United States is to vetain its position as the most
pmductiveecmuuy,wmstmaintainoreveninpmvemrperfomame. We
canlnpethattheworstoftheesomnic;uoblarsofthepastﬁyeamam
behind us, but the challenges ¢f tho futuve will be tough.

Improving the economy will take efforts in many divections. 'The
workforce needs more skills, education and motivation to add to its
contribution. Investment in new plant and equipment =hould increase if we
are to equip the workforce appropriately to campate. And the United States
nustomtimxemdeveloptheimmtivemuctsm;msesthath:ve
been its compatitive strength and its major source of productivity grouth.
The federal goverment has tradjtionally vlayed an inportant role in
gpcnsoring technology development and today the National &-lece roundation,

*This statement was prepared j~intly with Martin Neil Baily, Senior
Fellow, the Brookings Institation.” The views expressed do not represent
thosu of the Brookings Institution, its oificers, trustees, or other staff
members. This statement draws on analysis camissioned by the Council on
Research and Technoloy.
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2
the Defense Department and other sgencies direct resources into basicscience ‘
and technology. And of course since 1981 the R&D tax credit has been an ‘
important part of the federal commitment to innovation.

It is now widely recognized that commercial R&D is vital to U.S.
campetitiveness and growth, and that an R&D tax credit can help to overcame
the "appropriability problem* with RsD spending. When a company spends its
@n R&D dollars to develop a new product or process, tha benefits spill over
cutside the campany in ways for which the campany itself will not receive
payment. Campetitors will copy the new technology. Research and
engineer ing staf€ will leave to join other campanies or set up their own,
taking their nowledge with them. For these reasons the inmovating campany
cannot "appropriate” all of the returns to its own R&D. Some of the
benefits accruing to its canpetitors, its custamers and its employees will
noc be paid for. As a result, fimms will spend iess on R&D than would be
desirable from the perspective of society as a whole, unless there are
additional incentives from the govermment.

Same econamists acknowledge the case for government intervention but
object to the R&D credit on the grounds that government support should be
concentrated only on basic research. There is a need to support basic
research, but the evidence suggests that, in the United States, firms do not
engage in sufficient camercial R&D spending. Although they use different
methodolojies and data samples, most studies have reached the sars
conclusicn: Industrial R&D has social returns that far exceed the retums

fr - other kinds of investment.l

1. Three camplementary studies comissioned by the National Science
Foundation support this conclusion. Professor Edwin Mansfield and his
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These studies point clearly to the need for increased incentives for
private campanies to do moxe R&D. An RsD tax credit increases the
efficiency of the market system, rather than distorting it, samething that
is true of very few other siecial provisions of the tax cod2. 1he strength
of the case far an R&D credit has been recognized by the Senate, the House,
and the administration, even in the face of the budget deficit pxoblem.

Oumerecowmistsarguetmtthegwennentoracmmitteeefexpe;ts
should be given the task of picking the camexcial projects with the highest
social payoff. And some even go further and suggest that particular kinds
of fimms, e.g., high-tech, smokestack, large or small, should be favored.
In scme cases, e.g., superconductivity, support for a particular technology
project may be warranted. But for the most part, we a—e uncertain whers the
highest social returns will ke realized, so it is better to give a general
incentive that is available to all fims. This is the essential philosophy
be}dmﬂxeR&Dcredit:wlulemegovermntprovmmuomlleveragmg,
abmadspectnnoffinmdecideswmnhpmjectssmdbemxpporwd.

The use of a tax credit exploits the strength of the private market.
Commercial RiD involves finding innovations that will succeed in the market,
not just those that are feasible technically. Successful innovation

asgociates at the University of Pennsylvania analyzed detailed data on a
sample of seventeen typical innovations. They found that the median
project in their anple had a rate of return to the fimm undertaking it
of 15 parcent. however, once they tock into account the benefits
aocruingtootherfimsmdconmnmrs,ﬂ\emdianmunntosocletywaz
56 percent. In a similar study, Robert R. Nathan Associates fourd the
median social rate of return to be 70 percent, about twice the median
private rate of retum. And Foster Associates found the median
innovation had a social rate of return of 99 percent and a private rate
of return of 24 percent.
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requires knowledge of market conditions and the needs of custcmers. The tax
credit channels federal support to the people who are best sble to choose
camercially wortlwhile projects and bring them to fruition. We support
federal funding of basic science. But swh support is no substitute for the
. R&D credit.

In fact, tax incentives are likely to be nore effective in stimlating
R&D spending than a grants campetition with a similar budgetary cost. When
government grants for RSC are made available, private companies will respond
by seeking funding for their best projects, i.e., those they would undertake
anyway. An RsD tax credit, by contrast, can affect decisions at the margin.
The Strenqths of the Existing Credit

- The credit that was in effect from 1981-85 increased private RsD
spending. In an earlier study we examined the evidence on the effectiveness
of the credit and then carried out their own investigation of the data.2 We
reviewed several independent studies that concluded that the credit has
succeeded in raising spending, although they found that the impact was not
very large. Our own analysis used more up-to-date infommation than in the
othersuxiieearxiitconfimedthatthecredithadraisedspending.

Moreover, our analysis indicated that the credit was more effective than had

been thought. The ratio of R&D spending to output during the period when
the credit was in effect grew more than twice as rapidly as in the

camparable period prior to the enactment of the credit. In a statistical

2. Martin Neil Baily and Robert 2. Lawrence, Tax Policjes for Innovat.on

and Competitive, study commissioned by the Council on Research and
Technology.
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analysis, we found that the credit increased RsD spending in 11 out of the

12 industries studied and raised overall RsD spending by $2.6 billion a

year.3 These results proved robust when we asked if there were alternative
explanations of the increased R&D spending over the pericd.
'-'mesocialmtumtoR&Dissohigh,thatthecreditismrtlmue
even if its impact is small. Many pecple judge the credit on vhether it can
encourage more R&D spending than its costs in tax revemues. And the
findings wo have just described suggest that the 1981-85 credit passed that
test. But in fact this is not the correct test. Because the social rate of

xeturn to R&D is twice or even four times the return to the private campany
perfoming it, this means that it is wortlwhile for taxpayers to encourage
R&D even if more pessimistic estimates of the credit’s effectiveness turn
out to be corxect. 'Ihecxedltwillmise&ipamlpayforitselfinthelong
.runevenwithaveryomservat.ive view of its impact.

Problams with the Existing Credit

- The credit provides only a small incentive, and its effectiveness is

being exoded by revisions of the ccde. The credit that went into effect in
1981 had a statutory rate of 25 percent on spending above a base level. But
ﬂ\ei:nen‘.ivaeffectwasmxchl&csﬂ\an%pement, because of the way the
base was camputed. In particular, current spending increases the future
base and thus limits the incrememial incentive. We calculate that, on an
after-tax basis, the original credit reduced the after-tax cost of a
proposed new RAD project by only 7 percent. In addition, as Robert Eisner

3. These results refer to the period 1982-85. The credit was only in
effect for part of 1981.
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has pointed cut, the credit could even act s a disincentive to R&D for a
camany that was cutting back its R&D spending below its base.

The credit was renewed for three years effective in 1986 at a lower
statutory rate and its incentive effect wes reduced further because of (1)
the reduction in the corporats incoms tax rate and (2) the enactment, last
year, of a provision which offset the tenefits of the credit with a
disallowance in the expensing of RiD spending. The credit today provides an
incentive to RsD spending for qualifying firms which is less than 4
percent. An incentive of this magnitude is simply tokenism. It
acknowledges the sccial need to stimilate industrial RD but does virtually
nothing to achieve it. Tha R&D tax credit cannot be effective unless it
provides an adequate incentive.

- A temporary credit has only a limited impact. Some RsD directors
report that the credit has only a minor impact on their R&D budgeting
decisions. And no wonder. Mot only is the incentive effect small, but
campanies do nol. know whether ar not the crelit will even exist in the
future. mn&opxojectplmmdtodaywilloftenmolvespe:uingovermny
yearT into the future. Indeed it is long-term planning that we wish to
encourage in our campanies. A credit that will disappear in a couple of
years will not provide the stable incentive needed for long-term R&D
planning.

- Many companjes now miss out on the credit altogether. When the
credit was enacted it applied only on spending in excess of the base level.
Atatinawlnnﬂxemjorityofcmpamesmrmn\gsper)dmg,thiswas
seen as a reasonable tradeoff between the goals of giving an adequate
incentive and minimizing reverue loss. The credit’s structure is no longer
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apprepriate for the times. Many 1).S. canpanies have raised their RsD to
sales ratios but since their sales levels have fallen or failed to grow
rapidly, they cannot maintain the increases in R&D that were achieved in the
past.

The scope of the credit should be as broad as possible. Encouraging
declining firms to undertake more R&D could be as beneficial socially as
encouraging those that are expanding to sperd more. The existing credit
provides no incentives for campanies who have fallen behind in RsD spending
to catch up, and provides little incentive for companies that have achieved
high levels of R&D spending to hold that level.

The Proposcd Restructuring of the Credit
Recently there have been proposals to restructure the credit and make

it permanent. In particular, representatives Jenkins, Frenzel ard Pickle
have have proposed that the RsD tax credit be extended in a revised form.
The Mhinistration has also indicated its support for an extension of the
credit, proposing a basically similar form to H.R. 14", the Jenkins-
Frenzel-Pickle proposal.

The existing tax credit has been a valusble tool to encourage growth. A
revised and pemmanent credit would be much better. The improved design in
these proposals woulc significantly enna.e the efficiency of the credit by
dramatically raising incentives and increasing covarage.

The new credit would be in two parts. The Treasury has estimated that
a revision which did not raise the revenue loss to the Treasury could be
achiaved with primary and secondary rates of 20 and 7 percent respectively.

[Sy
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'Iheprlmarycneditwmldbezopercentonmnspemmginem%sofa

base level. 'x?-ebaselevelinmso“mldbeapercentoftheave.rage
spending in earlier years. In subsequent. years the base would rise in line
with the increase in GNP. The secondary credit would be 7 percent on
spending in excess of 75 percent of the bass level. Corpanies would be free
to choose either credit in each year.

'metypicalcmpanywmchhasmtchedthegzwthrateinoveralltsm
spending over the past decrde would be eligible for the primary credit.
Since its additional spending in 199¢ would not affect its base in future
years, withthemwcredit,thecostofitsmimlﬂ@pmjectmldmt
be reduced on an after-tax basis by the full credit. This would result in
an after-tax incentive of the fuli 20 percent 5 times as large as the old
credit. Ttnnewcreditwmldp:wideasubstmtialhnentivetoaddextxa
projects. While the increrental impact of the credit would be significant,
ﬂmsubsidytoR&DmuldzauinamlativalymllpzﬂportionoftotalR&D
spending. Azepmentativecmpanywmldmceiveacreditequaltoonly
about 3.5 percent of its 1990 R&D spending. This representative campany
would be given an impcrtant incentive at a relatively small cost to the
Treasury.

Wiaa::abmtcarpaniwwlmenwspendingg:wsmslwly? A campany
vdwseRLDhadgromhy3pementaye&raftar1983mxldselectme
secondary credit. ‘This would provide an incentive which is about twice as
large as that received by eligible camanies under the old credit formila.
Moreover, urder the old credit formula many such companies would not be
eligible for the credit and some might have found themselves with an
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incentive to recuce RsD sperdling. However, no such disincentives occur with
the new formla.

As with the primary credit, the improved incentives for additional
projects is achieved at relatively small overall costs. A campany eligible
for the secondary credit but just below the threshold for the primary
credit, would receive a subsidy equal to only 2.4 percent of its 1950 R&D
spending.

With both the primary and secondary credits, over time, campanies will
have theixr bases rise autcmatically. In future years, they will have to
increase sperding as fast or faster than GP in order to avoid a gradual
recucticn of their credit.

The Advantages of the Proposed Credit

- For carpanies whose R&D is growing strongly, the proposed credit
provides an incentive for additional R&D five times as large as the current
credit. It does this with no further loss of tax revenue. By cambining a

high credit rate for any additional project with a low average rate overall

it does exactly what it should: It rewards campanies that add to their RsD
spending and, for the most part, avoids rewarding them for ReD that was
being done anyway.

- The proposed credit broadens the range of campanies eligible €or the
creditarxiencmmagmﬂbseﬂmthavehadhardﬂmtomsmmegmwthof
their R&D spending. It provides a solid incentive to these campanies, but
again, the average credit rate is low. The 7 percent inceative in the
secondary credit is still twice as high as the incentive in the current
credit.

W
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We have calculated that the proposed new credit would provide
companies with about 3 to 5 times as large an incentive for greater RsD
spending as the credits in effect in the 1980s. At the same time, the
neasuxyhas%timtedﬂmtﬂxenewcmditWMVBconsidemdwmﬂdoostﬂxe
same tax reverue as the credit currently in effect. In texms of

effectiveness per dollar of reverme loss, the proposed credit is better by a
factor of 4 to 1.

There have been different estimates made of the increase in R&D
spending induced by the credit in effect between 1981 and 1985. These have
ranged from $500 million up to $2 billion in extra RsD. Based upon the same
underlying assumptions about the responsiveness of campanies, the preposed
new credit would raise spending by between $1.3 and $5.2 billion. Jince
the revenue loss of the credit is thought to be about §1 billion, the new
credit is clearly an excellent policy, even under the most conservative
assumptions about how businesses respond to tax incentives.

To many people it seems paradoxical that the new credit csuld have a
much bigger impact on spending without having a mach bigger revemue loss.
T?Bbasicxeasmisﬂmtmemcreditusesabaseirﬂexedwewgmm.

A company that raises its RsD to sales ratio is not raising its future base
or cutting its future credit, as is the case with the old R&D credit. Under
the proposed new credit, carpanies that fall behind GNP growth will receive
less credit (keeping the reverue loss down), hut campanies that step up
spending will get more benefit (the incentive effect).
Conclusions

Tha proposed credit represents a substantial improvement over tha
existing credit. The U.S. econamy todsy is in a rather different phase than

)
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the one it was in 1980-81. R&D spending has grown rapidly since then and
row the main task is to hold the new higher level to achieve this. It
avoids the adverse incentives built into the existing credit by adjusting
the base with GNP rather than in response to each company’s own spending.

We urge the passage of a revised Credit. Ellen Rosenthal, a reporter
for Tax Notes, talked to many people including critics of the existing
credit about this proposal and she writes: “No one interviewad for this
artic. opposed the proposal.” We also urge the Congress to resist efforts
either to cut the effective credit rates or meke the extension of the credit

temporary.

s
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Mr. Hayes. Thank you.
Probably it would be best to follow an economist with an econo-
mist, so, Dr. Eisner, if you please.

STATEMENT OF ROBERT EISNER, PROFESSOR OF ECONOMICS,
NORTHWESTERN UNIVERSITY, EVANSTON, ILLINOIS

Dr. EisNEr. Thank you very much, Mr. Chairman. I welcome the
opportunity to be here. If you hear niore than one economist, you
w'U certainly hear more than one opinion, I know you expect that.

Dr. Lawrence did refer to critics of the R&D credit. He men-
tioned Professor Mansfield. Let me mention that I was one of those
commissioned by the National Science Foundation some five or six
years ago to do a study of the R&D tax credit to see how it was
working. They are of course, not responsible for my findings.

I did find that it was something of a monstrosity. I think the cur-
rent proposal is a substantial improvement, in part, I do believe, as
Dr. Lawrence ho= suggested, because of our criticisms, parti~ularly
w cegard to the vase. It will make it less perverse and p:rhaps
more effective

Dr. Lawrence - not point out that Professor Mansfield, among
other things, hri: also done a study in which he found that tax
credits here ar.{ in a number of European countries were quite in-
effective, kad a very low bang for the buck and had not been suc-
cessful in stimulating much R&D spending.

My own work .y strongly confirms that. I can point to a table
ip vhich just even on a very crucde basis you note that the R&D
e, <nditures in real terms in the six yeurs before the credit was
instituted, grew at about a 6.2 percent annual rate, and in the six
years since they grew at a 3.8 percent rate.

Now, there are a number of defects remain ag in the current
R&D credit. While I am going to end by suggesting there are much
better ways to support science and technology and to support re-
search, and I do think there is a major role for Government sup-
port in research aluie, in a number of the ways that have been
proposed already this morning.

But if you were to go with this credit, you've got to recognize
that the important thing of the credit, despite I might say, not dis-
respectfuilly, a lot of special pleading. The important thin~ is not to
make companies richer. In a way, ideally, you hope n.t to give
them a penny more. You simply want to goad them, give them an
incentive to do something they would not otherwise do.

In the way the credit is still structured in the current proposals
of tke bill before the Congress, there are a nt_aber of difficulties.
One of them, for example, is this 50 percent base requirement.
What that means is that, for companies that would be increasing
their R&D most rapidly, the incentive is substantially reduced and
indeed they're given some incentive to delay their expenditures
until some time when they are not caught in that increase.

A second problem remaining is that companies that don’t have
wny tax liabilities, they may be quite numerous perhaps despite the
new vax reform, may at best give some deferral of taxes out of this,
but they may not even get anything. And there are of course still
the firms who go completely below base; and there are new firms

15%
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which are not going to have tax liabilities, the ones you're most
concerned with, many of ;hem don’t have profits on which they’re
paying taxcs.

There is (urther in the new propossl, I have to say, and I think
guided, I'ra1 afraid, unfortunately, by the feeling that perhaps politi-
cally that everybody had a share, the 7 percent thing which is an-
other very perverse factor. Having an alternative base means that
you're going to have a situation where firms who would otherwise
spend a little bit more than base and entitle themselves to the 20
percent credit, will calculate—you can perhaps see from my paper
and work it through sometime—will calculate, unless they're going
to go to 13.5 percent over base, they would do better to actualiy use
a 7 percent credit. Using the 7 percent credit as Dr. Lawrence or
others would acknowledge, simply obviously reduces the incentive
effect to them by about two-thirds.

But those are defects in the proposed bill. I will acknowledge,
and I think thanks to our criticisms, it is certainly better than the
existing law. I am puzzled that anybody should ever have expected
there to be any benefit from the existing law, because it's been well
documented that the nature of it, because of the company-specific
adjustable base, was such that all the firms could possibly get out
of it, if they were rational, was a postponement of tax liabilities,
and not an elimination of them.

Therefore, they would at best get some saving, in terms of the
value of having their money earlier rather than later, and in a
number of cases, as I have suggested, it was perverse, because of
f_lll{e fact that they were below base, or could be below base, and the
ike.

But other vhan that, lets then come finally +5, I think the most
basic question this Committee has to face. I really appeal to this
Committee perhaps as much or more than v the Ways and Means
Committee. You are concerned with a broad problem of supporting
science, and supporting research.

As Dr. Lawrence pointed out, as any economist indicates, the
critical question is, is there any reason for Government to tell a
business to do what it is not otherwise going to do? Why should it
give it a tax advantage? Why should it give it an incentive? Why
should it lose the taxpcyers money?

i think we have to remember there are opportunity costs. Is
there something else you can do with a billion or a billion and a
half dollars that the Treasury will be losing? I would say there is a
lot that can be done with it, and along the lines of providing what
private firms cannot provide. That is a basic pool of qualified scien-
tists and engineers that they can use in R&D, that will give them
the basis for findi..g R&D profitable, and using it for themselves.

The problem with the current proposals is that they apply to all
R&D spending. The National Science Foundation will give you fig-
ures pointing out that only 3.8 percent of R&D spending, company-
funded R&D spending, ic basic research. It's basic research
that is not likely to have an immediate payoff to a company. The
payoff to that basic research will be to the entire economy. So
that’s par cularly the kind of thing the Government should be sup-
porting.
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However, 22.5 percent of a company-funded R&D is applied re-
search, and 73.7 percent is development. The bulk of that I would
insist, is spending which may well be very useful, but there is no
reason to use the tax code to tell a company, “we know better than
you, you should be spending more on this R&D research than you
find it profitable to spend.”

That is not the argument for supporting education, for support-
ing the funds for graduate students in science and engineering. I
think what this Committee has to worry about are the reports,
which I'm sure you must all have heard, about 13-year olds, who
are given tests in science and math, and compared with the Japa-
nese, South Koreans, Europeans, and Canadians, and we come out
dead last.

There is nothing there that Apple Computer or—well, maybe
Apple Computer can do something, you know, in sending comput-
ers around—but that is something that really needs Government
support, support for education, support for graduate study, and sci-
ence and engineering, perhaps graduate studies generally.

To fiddle with an R&D credit to lose more money on that, given
the perceived budget stringencies I think is the wrong way to go.

Thank you, Mr. Chairman.

[The prepared statement of Dr. Eisner follows:)
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Tax Cradits and Other Measures to Support Rezearch and Tech=ulogy

Robart Eisnar”

A few years ago I characterized the RSD tax credic then scheduled to expire
at the end of 1985 as a monstrosity costing the U,S. Treasury some $1.5 billion

per year with no clear payoff. Current proposais for a new credit begimning in

t

1990 offer major {mprovement over previous versions. Serfous doubts remain that
any such credit is wise public policy.

The existing credit, as pointed out originally by Eisner, Albert and
Sullivan ("The New Incramental Tax Credit for R&D: Incentive or Disincentive?®,
National Tax Journal, June 1984) had a number of perverse features. The most
serious of these, a base which movrs on the basis of the company’s own
expenditures, is eliminated in current proposals. The new versions of tha base,
hovever, are defective in a number of respects and other deficiencies remain.

By tying movements of the base to an aggregative {ndicator not
significantly affected by the firm’s own R&D expenditures, current proposals
avoid the future penal”y which largely vitiates any incentives to increase R&D
and in soms cases actually makes it desirable to reduce R&D spending. The
nosinal 20 percent credit for those compunies who take advantage of it under
current proposals would, except for the disaliowance of deductions, be an
effective 20 percent, compared to some 3% percent under existing law.

Offering an alternative 7 percent credit over a 75 percent bsse, apparently
in the interest of spreading the tax benefits to a larger group of firms, to a

considarable e tsnt, though, wipes out this added incentive. Rational firms

“Willizm R. Xanan Profescor of Economics, Horthwestarn University, and
past Presiderc of the Aumericsn Econcmic Association.
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should calculate that unless their expenditures are and can be expected to be
at least 13 percent over base, they will do better to opt for the 7 percent
eredit. Such firms would enjoy tax savings with very little incentive to increase
their R&D expenditures.

The Office of Tax Analysis estimates that only 55 percent of expenditures
vould prove subject to the 20 percent credit, 25 percent qould fall {n the 7
percent category and 20 percent prove subject to no cted.i.t:, It would appear
probable that the desire to nini{mize uncertainty as to the benefits would i{n fact
incresse the 7 percent group at the expense of the 20 percenters,

Incentives are further lost for firms subject to the 50 pexcent base
linitation. These firms in effect recefve only a 10 percent credit on i{ncreases
in expenditures beyond the point where the limitation applies. They would indeed
do well to reduce their planned R&D spending, delaying increases until pariods
in wi.} h they will not fall afoul of the limitaction.

Use of a credit rsther than an outright subsidy also peans that there is
no incentivs at all, except for carry-forward provisions where they prove
relevent, for firms without tax 1liabilities. This may apply particularly to
innovativo new firms where help would be most sig:ificant, And while the 1986
tax refoim should have reduced this category, there may well remain substantial
firns with so much {n the way of other tax advantages that they have little or
no tax liabilities against which to offset the credit. Final'y firms below 75
percent of base, that do not foresee the possibility of rising above that point,
have no {ncentive to increase R&D sponding or even to maintain their current
rates,

An optimal credit or subsidy from tt pnint of viaw of increasing R&D

spending is one that meximizes rhe bsng for the buck, ono that pinimizes Treasury
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loss of tex revenua vhile offering the greatest {ncentive to firms to alter their
behavior. The object {s not to make recipient firms richer at the public expense
but to make then do sonething they would not do otherwise. Ideally, for each firm
the “"base” would then be just the expenditures it would have undertaken without
any credit.

In moving the bass with the firm's cwn expenditures,’current law aims at
that {deal but, as {s now widely understood, {ncentives are vitiated by the
recognition that with this provision current cradits reduce future credits.
Heving the base on the basia of an aggregative neasurs removes that difficulty
at the cost of divergence of the base over time from the {deal that would avoid
giving firms credits for expenditures they would have undertaken anyway, without
the tax benefita. The GNP growth measure for adjusting cozvany bases, i{n current
proposals, can be improved upon.

I have suggested previously, and would irge again, that the adjustment ba
made on the basis of actual R&D experditure of some aggregate large enough so
that it would no: ve affected in any major way by the firm's own expenditures.
This then might be the total of company-funded R&D expenditures as reported to
the National Science Foundation or the expenditures reported to the Treasury.
(There {sg aoma difficulty with the latter aince firms not claiming the credit
are not currently required to report.) Better still, each firm zight be agked
to {ndicate the {ndustry, more or lass narrowly defined, to which the bulk of
its R&D expenditures apply. Its baso would then be adjusted annually in
accordance with the previous growth of R&D spending in that {ndustry. By making
use of tax-payer reporting, with the usual penalties for dishonesty, added

adaein{strative burdens would be avoided

. ERIC
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The question remaina, esven wich the best of inceative schemes, how much
RED spending will actually be increased. Sober analysis of experience of other
countries as well as our own {s 10t encouraging. As I pointed out {n the article
in lagues in Science and Technology attached as an appendix to this statement,
in other professional articles and in testimony to the Ways and Means Committse,
ths weight of the evidence is that R&D expenditures increaacd substantially less
than the revenue lost by the Government. .

Indeed, experience with our own Research and Experimentation Credit has
by simple measure been most discouraging. As shown in Table 1, real R&D sp-nding
grew at a 6.2 annual percent rate from 1975 to 1981, before the institution of
tha credit, and at only a 3.8 percent rate from 1981 to 1987 with the credit in
effect. Thera may well have been other factors at work counteracting the gains
that srme claim for the credit, but I have fafled in more sophisticated analyais
to £ind such gains. And of courss, as pointed out, the current credit has been
a particularly poor one. But with this record the burden of proof must suraly
be on thoss who would claim that any credit would do much good in actually

raising R&D spending.

The central question, however, is whether any tax credit {s warranted. A
basic goneral principle, which ghould not te violated without very good reason,
is that competitive business should be allowed to do what ssems most profitable,
with its decisions undistorted by government regulations or tax considerations.
Put simply, a free market has great advantages. The tax code then should not be
cluttered with special provisions designed to induce £irms to do for tax benefits
what they do not see fit to do fn ths interest of their own productivity,

efficiency and profits.
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The argument that RSD apending is properly an exception to the principles
of free markets and tax neutrality is that {t has much of the quality of a public
good. Since new diacoveriea and resultant technological advances by one firm have
benefits for others and the economy as a whole, the lure of nerely ita own
profits will not genarate an optimal amount of i{nvestment {n R&D.

The main problem with that argument, {n the current inatance, {s that {t
would asppear to apply to basic research, considerably less to applied research
and hardly at all to development of knowledge already in the public domain. But
of the $55.5 billion of company-funded R&D reported by the NSF in 1987, only
$2.1 bi.sfon or 3.8 percent waa for basic research. Applied research comprised
$12.5 billion or 22.5 percent and development came to $40.9 billfon or 75.7
percent of the total. The University Basic Research Credit doea iittle to alter
this, as the 1987 figure for univeraity reascarch using industrisl funds was only

. $481 nillion. It would appear then that the great bulk of the tax credits have
been going to firms for expenditures the benefits of which redound overvhelmingly
to thonselves. They would have every resson to undertaken them to an optimal
amount without extra tax inducements. To the extent tax incentives were effective
in this case they would in fact be leading firms to apend more than optinmal
amounts on R&D, thus leading them to reduce their expenditures below optimal
amounts on other forns of f{nvestment, such as {n plant and equipment or in the

human capital of a highly skilled labor force and managenment,
I share the concern of many that lack of progress in science and technology

Jepreaents a serjous threat to our future wesll-being. I also belicve that

investment to achieve auch progress does very largely have the quality of a
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public good warranting public support. The direction of that support, though,
should be in basic research and in basic oducation and training.

Our probleas are manifested early when American 13-year-olds rank last in
math and science s:ores on standardized tests taken by students f{n a number of
countries of Europe, Asfia and North America. They show up again in the extent
to which our College and University students spend tine on subjects s udents {n
other countries have learned in secondary schools. And thoy .';how Lp in declining
rates of growth, particularly in the physical sciences and engineering, of the

numbers of graduate students in doctoral-grsnting institutions.

The one billion dollars or so of annual lost tax revenues envisaged in
current R&D credit proposals -- an amount that would grow over time -- may not
seen inordinately large in an era of trillion dollar budgets. I can think of many
places, though, in which that billion could go much further in promoting science,
research and technology.

Take the matter of support for graduate training for example. In 1987 there
were 285,200 full-time science and engineering graduate students, some 202,000
excluding psychology and the social sciences, and 117,146 in engincering and
physical, environmental, mathematical and computer sciences, alone. One billion
dollars could fund 100,000 graduate students with annual fellowships of $10,000
each. What nmight be the improvement in quantity and quality of scientiscs and
engineers from such funding?

If we are looking for incentives, whst about the use of a billion dollars
to induce elementary and secondary schools to improve the quality of their

teachers and teaching in math and science? Or what sbout increased direct
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Covermment spending for basic research or subsidization of Universities or other

non-profit institutions {n that research?

One msy conjecture that public spending of this kind would {n the long
run do more to increase RSD expenditures, and increasa them in a productive
manner, than any of the proposed R&E tax credits. A highly skilled force of
available scientists and engineers and solid foundetions of basic research night
make R&D look much more productive and profitable to firms. They would then
undertake that spanding on their own on the sound motivation of msrkot forces

rather than at the behest of the IRS.
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Table 1: Company-Fundsd Industrial R & D Bxpenditures, 1975-88°

(1) (2) (4) (5) (6)
Average Annual Percent
Hillions of Rates of Growth
Current Constant 1982 Current 1982

Year Dollars ! Years  pollars  Dollars

1975 15,582 1975-77 11.48 4.6%

1976 17,436 1977-80! 16.4% 7.3%

1977 19,340 1980-83 12.0% 5.1%

1978 22,115 1983-86 7.2% 4.0%

1979 25,708 1983-87 6.7% 3.68

1980 30,476 1975-80 14.48% 6.2%
1980-87 8.9% 4.1y

1981 35,428

1982 39,512 1975-81 14.7% .28

1983 42,861 1981-87 7.8% .8%

1984 48,308

1935 51,439 1981-88 7.6% .78

1986 52,848

1987 55,500

1988, 59,100

Projected

*Source: National Sciance Foundation, National Patterns of R & D Resources,

enp implicit price deflators used to convert curri at dollars to 1982 dollars.

ERIC

Aruitoxt provided by Eic:

162




159

Tax Credits sné Other Measurss to Support Research and Technology

Prepared Statement of Robert Eisner

Appendix.  “The R&D Tax Credit: A Flawed Tool"

From Issvweg in Science and Technology,
Volums 1, Number 4, 1985.
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THE R&D TAX CREDIT: .
A Flawed Tool

Robert Eisner

PROLOGUE: Fin. g irrefutable evidence that the R&D tax credit is an ef-
Jective device 1o st ulete corporate spending on R&D has proved difficult.
Total corporate R&D expenditures have increased since the credit was ens
acted, but they were rising at an even faster rate before the credit became
available. Other incentives to raise R&D spending are also at work, end it is
not easy to gather valid data on what motivates corporate managers.

Critics say that the credit works unevenly, benefiting only those compa-
nies thal pay corporate taxes and offering little incentive to starteup firms or
older smokestack industries, even though the credit can be carned forward
Jorup to 15 years to reduce the tax bite on future profits.

Here, economust Ro* 1t Eisner exanunes the evidence ana finds the
R&D tax credit seriously flawed On purely analytical grounds, ke argues.
the current credit will have himited positive effects and may in some ins
stances even have perverse effects. But even if the defects in the current law
were currected, Eisner says, it is questionable whether government effonts to
promote R&D spending by private firms are appropriate in a competitive,
Jree-market system

Robert Eisner received his B S S. degree from City College of New
York in 1940, his M.A from Columbia University in 1942, and his Ph D
Jrom Johns Hopkins in 1951 A fellow of the American Academy of Ants and
Sciences and of the Econometric Society. he 15 the William R. Kenan Pro-
Jessor of Economucs at Northwestern University. He 15 the author of Factors
in Business Investment (1978) and has written extensively on issues of mon-
etary and fiscal policy, unemployment, and econom:c growth
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monstrosity.
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he road to hell, it is said, 15 paved with good intentions I an not about
. to arguc that the R&D tax credit, cuphemistically labeled “R&E" for
| “research and expenmentation,” will 1n stself lead the nation to doom.
But it has proved to be a masguided step in an uncertain direction.
The argument for government support of R&D 1n a free enterpnse
coonomy is simple. To the extent that benefits of research flow outside
of firms undertaking 1t, each individual company is hkely fo underinvest,
undertaking only these expenditures for which its own likely benefits exceed
its costs, Butaccept’ ; the principle—as I do—that government policy should
enccurage more research does not answer the question of how that should be
done. The current tax credit for rescarch and development, scheduled to
expure 2t the end of 1985, has proved something of a monstrosity, costing the
.S, Tre., ary some $1.5 billion per year wath no clear payoff. It has been an
expensive expenment,

Under the current faw businesses are offered a tax incentive to increase
R&D. Specifically, they are allowed a credit against tax habilities equal to 25
percent of the excess of qualified R&D expenditures over their “base,” now
defined as the greater of (1) the average of their expenditures over the three
previous years, or (2} half of current expenditures. If the firm cannot currently
use the ax credit because it has insufficient tax habilities, or none atall, 1t can
camry unused credits back 3 years and forwa.d 15 years.

On pureiy analytical grounds the potential of the current credit can be
shown to be substantially limited First, it clearly offers no tax benefit and no
meentive to firms whose R&D 15 below the base established by previous R&D
expenditures, In fact, such firms will mtionally reduce their current R&D
spznuing in the expectation that by fowering their future base th~ will enjoy a
tax benefit later.

Sccond, those firms that were already planning to 11¢rease R&D spend-
ing by more than 100 percent of their base will actuaily enjoy a credit
on any additional R&D spend:ng of only 12,5 percent rather than the nom-
nal 25 percent For such firms the base will be 50 percent of current
expenditures, and each addiuonat dollar of R&D spending, because it in-
creases the base by 50 cents, will increase the excess over base by only 50 cents.
The credit of 25 pereent, apphed to this 50 cent excess, wall thus amount to
only 12.5 cents.

For these firms too, then, the presumed tax incentive for R&D is actually
perverse. They would be better off reducing their spending to a Jevel that
constitutes no more than a 100 percent increase over the average of their
previous spending. They would be fosing only 12,5 cents per dollar of reduced
R&D spending in terms of current taxes, but could expect to gain 25 cents in
future tax benefits by lowenng their base,

Third, many firms, especially in the rapidly growing high-tech field, have
no tax habilities against which to apply the credit. Unless they have had such
liabilities over the past three years, which 1s particularly unhkely for new
firms, they gain nothing from the carryback provision. And since, as we shall
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see, the benefit of the tax credit is in the present value of postponing taxes,
they are likely to perceive hittle gatn from the carryforward provision, and no
sn at all if tax habilities are not anticipated over the next three years.

A fourth and overwhelming problem with the curreat credit s the
calculation of a base that adjusts with: the firm’s own previous expendstures.
This vastly reduces the incentive effects of the credit, and this defect would be-
come cntical if the credit were made permanent, Firme would then reckon
that any increase in current R&D expenditures would raise the base to be
subtracted in calculating the credit ror future expenditures. Firms with
generally increasing R&D expenditures (whether real increases or increases
duc to inflation) would not obtain the benefit of a reduction 1n taxey but only
the benefit of postponing them over a three-year penod.

For example, a $12 increase in R&D spending would reduce taxes by $3
in the current year, but it would raise the base by $4 and raise taxes by $* in
each of the succeeding three years. Except for the fact that time 1s money, and
it is better to pay taxes later than to pay them now, the firm would have no
benefit at ali,

Since time is money, we should indeed calculate the difference between
the $3 current tax saving and the present value of the increased tax of $1 10
cach of the next three years. At a 10 percent rate of discount (reasonable with
current interest rates), that present value becomes $2.49, thereby wiping out
all but 51 cents of the original $3 gain. Thus, the nomnal tax credit of 25 per-
cent transiaces into a gain of 51 cents on $12 in R&D expenditures, or ar cf-
fective tax credit of only 4.3 percent.

Paradoxically, firms would have a much greater incentive to increase
R&Difthey did not expact the credit to last. If Congress wee to make it clear
that the current credit would not be extended beyond 1985, the effective credit
would be <he full 25 percent, because increasing current expenditures would
bring no offset of a reduced credit and higher taxes in the future.

An analysis of special tabulations of 1981 tax retums prepared for me by
the Office of Tax Analysts cf the Treasury, as well as other data, indicate that
there is real substance to these analytical pzeversities.

First, as against a “tentative credit” of $872 million (for the half year of
1981 that the credit was in effect), the credic actually claimed was only $630
million, indicating a shortfall of 28 percent duc to lack of cument tax
liabilities. Of $13.4 billion of reported qualified R&D expenditures, as shown
in Table [, only $9.2 billion, or 68.6 percent, were incurred by firms with
sufficient tax liabilities to claim all of their potential 1981 credht.

Second, the proportion of qualified R&D by firms that reported R&D up
by more than 100 percent, so what their nominal marginal credit was cut in
half, came to 9.2 percent. Of the $9.2 billion of R&D on wiuch a credit was
claimed, $0.7 billion was spent by firms with R&D spending increases of more
than 100 percent. Thus, only 63.2 percent of totat qualified R&D expendi-
tures ($8.5 ovillion out of $13.4 bilhon) were incurred by firms with tax
habiltties against which they could claim the ful credit. And this does not take
nto ac*‘unt some 6 percent of expenditures by firms who would not have
soue credit because their 1981 expenditures were below their base.

+ wiercount against the current R&D tax credit is thatat is procychical,
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TABLE 1

R&D EXFENDITURES,
1977-80 (PRE-CREDIT)
AND 1981-84 (CREDIT)
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R&D expenditures, hike alt other expenditures, tend to slacken dunng reces-
sions Since the credit 1s tied to the rate of growih of R&D expenditures, 1t 1s
particulardy sensitive to such slackening A Jdecline in rate of growth from, sav,
12 percent to 6 percent would cut the creds 1n half. Further, since more firms
suffer losses i a recession, tax habiliues aganst which the credit czn be
claimed are reduced. Our examenation of Standard and Poor’s Compustat
data revealed that in the recession year of 1982 the proportion of R&D
expenditures undertaken by firms with tax lrabilittes and expenditures above
base was down to 52.7 percent. On both counts, therefore, the R&D tax credit
tends to be lower 1n a recession, when tax seductions would appeat particu-
larly desirable to sumulate the economy, and higher 1n booms, when a tighter
tax poliry muight appear useful to prevent inflationary excesses Indeed, since

YEAR COMPANY FAINDS FOR R&D RATES OF GROWTH
Current 1972 Current 1972
Dotars Dotars Dotars Dottars
T (Mivons) {Percent)
19717 $19.340 313809 10 9% 40%
78 22115 14,702 143 65
1979 25708 1571 162 70
1930 30.476 17.031 185 86
1977 to 198C
Per Annum Growth 16 4% 73%
1961 $35.428 $1A 112 16 2% 6%
1982 39.512 19053 s 52
1383 42,600 19,783 78 36
1984, Projcted 41,712 21359 120 81
1980 t0 1983
Per Annum Growth 18% 50%
138010 1984 Prosected
Per Annum Growth 119% 571%
Source Nanonal Scnce F Ry h and D Industry 1883 ‘orthcomng
Rares of growth 8nd conversion of Current dokars 1o 1972 doliars (using GNP imphcd prce
defators) provided by the author Projection for 1984 from the 12 percent nCrease over 1983
indicated n Scrnce Resources Stuces HghiGhts NSF 84-379 Octoder 15 1984

the credit relates to increases 1n nonunal R& D expenditures, nflation serves
1o 1ncrease the credit and reduce taxes. 1821n the opposite of what would be tn-
dicated by appropnate countercycheal policy.

1]

It1s casy ot naive or biased wvestigators to claim that the tax credit has
contnbuted to growth in R&D. for company-funded R&D has been growing.
The rates of growth, however, have been deciiming They were 16 2 percentin
1981, the first year (or half-year) of the credit, 11.5 percent 1n 1982, and 7 8
percent1n 1983, 1o a total of $42 6 billron in that year, as shown 1n Table
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The rates of growth were generally higher, ard nsing, before the tax credit was
nstituted: 14.3 percent in 1978, 16.2 percent 1n 1979, and 18.5 percent 1n
1980. With adjustment for inflation, the rates of growth for the three years
preceding the cregit were 6.5 percent, 7.0 percent, and 8.6 pement. With the
credit, from 1981 to 1983, real rates of growth were 6.0 percent, 5.2 peroent,
and 3.6 percent The per annum real growth from (977 to 1980 was 7.3
pereent, while from £980 to 1983 it v.as only 5.0 percent. Inclusion of
projected expenditires for [984 ratses 1 «¢ rez] post-tax credit growth rate to
5.7 percent, but that 1s still less than the rate of growth before the credit
bevame effective.

Sober analysis offers httle, if any, hard evidence of much increase 1n real
R&D spending as a consequence of the credit. The Division of Policy

QUALIFIED GROWTH
EXPENDITURES BASE OVER
USABILITY 1381 1380 BASE
{Mamons of Dolars) (Percent)
Fut Use of Credit $ 3221 $ 6576 40 2%
Partalo Zero Use 4.220 3006 404
Total 13 440 9.583 403

& wce U'S Trassury Office of Tax Anslyss

Rescarch and Analysis of the Nauonal Science Foundation funded separate
projects by Edwin Mansfield of the University of Penn "'a and by tis
author to evaluate the R&D tax credit shortly after 1. as instituted.’
Mansfield, a disinguished scholar 1n the area of technological change and
innovation, concltded on the basis of surveys and other analysis: *In ail
countnes we studied, R&D tax credits and allowances appear to have had
only a modest effect on R&D cxpenditures. In the United States, Canada, and
Sweden, the results are quite similar, each of these R&D tax incentives heving
increased R&D expenditures by about one percent ... Inalt of these nations.
the increased R&D expenditures duc to the tax incentives seem to be
substantially less than the revenue lost by the government.... In each
country, there was substantic! evidence that these tax incentives resulted 1in a
considerable redefinitzon of acuwities as R&D, particularly 1n the firs: few
vears after the introduction of the tax incentive.”™?

My own work, which is sull procecding, has faited to uncover any clear
evidence that the tax credit has increased R&D spending One test 1 applied,
for example, was 1o check in Office of Tax Analysis data to determine whether
firms that could use the crednt to full advar tage—essentially those with
sulficrent current tax habilities against which the credst could be claimed—
showed a higher rate of growth of R&D spending than those that did not have
such current habisies. The rates of growth, as shown 1n Table 2. were
indistinguishable,
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Another test of whether she R&D tax credit was having any effect was to
compare differences in R&D spending for firms that would have been above
and below base for the years 1976 to 1980, before the tax credit went into ef-
fect, and the years 1981 and 1982, wuien the credit was operative. In the later
years an effective tax credit should have increased expenditures for firms over
base and, if anything, reduced them for tirms bele  base. Thus, if the credit
was effective it should have increased the growth of R&D spending where 3
was grow:ng and perhaps decreased 1t further where it was falhing. But using
this test, there is no evidence that the incr2mental tax credit had an effect. The
differences between the mean excess of R&D over base and the mean shortfall
of R&D below base, as percentages of previous R&D, turned out to be no
greater, and indeed semewhat smaller, in 1981 and 1982 than in the five years
before 1981

Further evidence comes from a 1984 interview survey conducted by the
Industry Studies Group, Division of Science Resources Studies, of the
National Science Foundation. Only 33 percent of the surveyed companies,
accounting for 22 percent of total company-funded research and develop-
ment, statec that they were increasing R&D exy. snditures as a result of the tax
credit.* This would hardly scem impressive in .ew of the possibility that even
the 22 percent may  * an upwardly biased measure, because self-interested
respondents would be more likely o evaiuate the impact of tax benefits
faverably,

That firms, at least initially, claimed substantial increases in R&D for tax
purposes is clear. The initial surge in claims for the credit offers embarrassing
evidence of considerable “creative accounting.” Thus, Office of Tax Analysis
data indicate, as shown in Table 1, that qualified R&D sp- 1ding reportod by
taxpayers increased by 40.3 percent in the latter half of 1981 over its 1930
base. Yet National Science Foundation data show total company funds for
R&D growing by only 16.2 percent from 1980 to 1981, while the Compustat
data ndicate a 14.1 percent overall increase. If the fimms included in the
Compustat are limited to those with posiive R&D growth to make them
comparable to the Office of Tax Analysis sample, we sull get a growth over
base of only 21 percent, roughly half of what the firms claimed when they filed
with the Internal Revenue Service. Therc 1s clearly a strong implication that
many taxpayers classified as research and development expenditures, in 1981,
activsties that they did not include in calculating their 198€ base. Analysis of
McGraw-Hll sunvey data collected on our behalf makes it clear that frms did
indeed mcrease their reports of R&D eligible for the tax credit by more than
the increases in total R&D.

v

Some of the problems with the current tax crednt are addressed 1n
proposals for its extension by the U.S Treasury and the Senate. In particular,
there 1s some effort to narrow the Jefinition of rescarct and expenmentation.
This nmght reduce the amount of credit claimed for expenditures that have
little or nothing to do with technological innovation. The Treasury has also
suggested the poss:bility of indeaing base penod research cxpenses to the
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general level of prices, so that the credit would relate to real increases in R&D
expenditures and not those stemming from inflation. At the nsk of proving a
devil’s advocate, I would propose adding several other amendments.

First, the 100 percent growth limitation, which reduces the nominal
credit to 12.5 percent for firms increasing their R&D spending most rapidly,
should be eliminated. While the limitation does not apparently affect a large
proportion of R&D, its negative incentive effects are considerable where 1t
does come into play.

Second, the credit should be made refundable or converted into a direct
subsidy. Aside from beng aboveboard and allowing Congress and the pubhc
to see clearly what government encouragement of R&D is costing, a direct
subsidy would exempt government support from the sometimes capncious
cffects of a tax system 2already saddled with numerous “incentives® that have
less charitably been dubbert loopholes. Clearly, the current tax credit discrimi-
nates aganst fims that lack tax habiliies because they are chronicaily
unprofitable, because they are still new and growing rapidly, or because of
substantial indulgence in other tax-reducing activities,

Third, and r~~st important, while retaining the incremental nature of the
credit—which may in principle allow 1t to have a greater “bang for the
buck”—we should eliminate the company-specific definition of the base. It 1s
this feature that results in Josses 1n future credits equat to the amounts gained
in current credits and that thus may actually encourage some firms to reduce
their R&D expenditures.

This provision could be changed by superimposing upon an initial
oompany-specific base—say, the average >f 1982, 1983, and 1984 quahfied
R&D expenditures—an adjustment, year by year, calculated from industry or
national movements in R&D. Thus, if a firm were in an industry where R&D
in 1985 grew by 10 percent, its base for calculating its tax credit for 1986
would be raised by 10 percent from its 1982-1984 average. The firm would
then know that an increase in its current R&D expenditures in 1985 would
contnbute to raising the base and reducing future credits for all firms in the n-
dustry but would have a trivial effect n raising its own base and reducing its
own future credits (The industry should of course, be defined sufficiently
broadly so that no one fim. would have a substantial effect on the base.)
Having the base depend upon industry behavior rather than the company's
own actiens would achieve maximum incentive impact with minimal Trea.
sury tax loss.

v

Even if the cntical defects in the current Jaw can be corrected, why should
there be any tax credit or subsidy for the R&D expenditures of profit-seeking
pnvate firms? In general, a frec-market system means 3 minimum of govern-
ment intervention. As the Treasury has now recognized explicitly 1n 1ts recent
tax reform proposals, s argues against tax subsidies or incentives for
business investment in general. In pnnciple, business will invest 1n what it
finds profitable. Compames should not be offered special tax advantages to
vest in what otheswise does not appear profitable.
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As 1 stated at the outset, R&D is adnuttedly another matter, (o the 2xtent
that there are unusual positive “externatities”—that is, benefits that extend
beyond the direct participants in econormic transactions. That this ts true for
basic rescarch 1s clear. It mav also be true for applied research 1n those cases
whea the frerts in terms of industnal development and ultimate profit are a
long way off.

But of some $42.6 billion in total company-funded R&D expenditures n
1§33, according to National Science Foundation data, less than $! 7 billion
went to baste research and only $11.2 billion to applied research.$ Fully $29.8
billion fell in the category of “development,” which in many if not niost
instances relates o converting research findings into profitable products.
Should not such expenditures be leRt to the market test of profitabulity?

With regard to basic and applied research, where externalities may lead
us to expect less than optimum pnvate support, why not look to public
support of nonprofit universities and research insiitutes or to direct govern-
ment action? Much current research: in agnculture, defense, and the basic
seiences 15, after all, not done by private business.

Nonbusiress, nondefense research, which enjoys httle of the lure or
sustenance of pnvate profits, cnes out for additional support. If we are to
encourage research and experimentation—and we probably should—it is
there that public funds are needed. Private business should be left free to
concentrate on R&D spending that seems profitable without receiving special
tax advantages. []

NOTES:
Findings reportod 1n thius article or elsewhere are, of course, those of the author and do not necessanly
represent the views of the Nationa) Science Foundation

Awin Mansfield, “Fiscal Polcy Toward An } ) Study of Direct
o centives for R&D." presented at Harvard Business School 75th Annuversary Colloguism on
Productivity and Technology, 1984, pp 28-29 See also Mansfield's “Statement to the House Ways
and Means Commtize on the Efiects of the Rescarch and Devek Credit.™mn on
Overnght, House Ways and Means C Rescarch and E Tax Credit, 98th
Cong.. 2d sess., Aug. 2 2nd 3, 1984, 142-56
Robert Er.er, Sieven H Albert, 2nd Marun A Satlivan, “Tax [ entives 2nd R&D Expenditures,”
Leading Indicators and Business Cycle Surveys, e Kart A. Oppeniinder and Gonter Poser
(Aldershot, England Gower Publishing Company, Ltd.. 1984). 385-419 Repnn-ed in Research and
Experymeriaron Tax Credit, 0p cil., sce Table 322, p. 124 A shoder verson appeared in the
I\hzmmag4 Tax Jiog;mzl, as “The New Incremental Tax Credit for R&D [entive of Disincentive™,
June 1684171

[

-

4 Science Studtes Highlights, (Wash DC Nanonal Science Foundation, Oct. 15,
1984), §4-329

5 Research and Devel Industry 1983, (Wash DC Naronal Science Foundation, forth.
corring)
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Robert Exsner replies:

{a my article I declared that the
current tax credit for research and
development “has proved some-
thing of a monstrosity, costing the
US. Treasury some $1.5 billion per
year with no clese payoff™ [ stand by
that statement.

. Peter Boer is correct in stating
that many factors besr on {evels of
R&D expenditures. As 1 oointed out
in my article, there is lttle or no
evidencs that the tax credit has been
significant,

Boer aserts that the real rate of
growth in business R&D spending
was 8 percent in 1984, But it was
down 10 3.6 percent in 1983. If busi-
ness decisionmakers were paying ate
tenlion to the credit, they might well
have held down R&D expenditures
In earlier years to offer a jower base
for claiming a tax credit later. In any
event the per annum real growth
overthe four - sars prior 1o the enact-
ment of the tax credit was 7.3 per-
cent, while growth over all of the
years siunce the credit was enacted
was on the order of 5.7 percent.

Boec's claim that in his own firrn
the R&D tax credit has been signifi-
cant is strange, since W. R. Gracs &
Company has paid virtually no fed-
eral income taxes in recent years, Its
provision for federal income taxes in
1982 was onty $2.3 million, less than
0a¢ pereens of pro-ax profits, Over
the three years from 198210 1984, its
federal income taxes toizled $19.5
million, only 2.8 nercent of pre-tax
profits. And at that, according to its
annual report, the cumpany sold var-
1ous tax credits, totaling $53.2 mul-
hon, which it could not use.

The “colleagues in other irms” 1o
whom Boer spoke must have teen
cither atypical or dxseemblmg. The
National Science Foundation inter-
views, which ! cited, found that only
22 percent of total funded
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reported that they increased R&D
spending 2s a result of the tax credit.

While the nature of the R&D tax
eredit is such that there was little
reason 10 expect it to make much
difference in R&D spending, and
ncither I nor other sober investiga-
tors oould find much evidenco that it
did, 1 did not say that “tax subsidies
make no diference.” Business will
investin what it finds profital.ls after
taxes. | argued that Congress should
not generally distort buslness deci-
sions 10 make otherwise inefficient
investment profitable on the bass of
tax considerations. That argument
would apply to a replacement of the
current defective credit with some-
thing what really did increase busi-
ness R&D speacing.

The fact 15 that peenng through
the “statistical microscope,” which
Kenneth M. Brown ascribes to me,
did not reveal any clear evidence
that the credit was effective. | can
now add to the rep.  in my ardcle
new Ofice of Tax Analysis data for
1982, They show that firms able to
use the credit increased R&D spend-
ing in 1982 by 35.8 percent over
base. Companies whose lack of tux
liabibties prevented them from tak-
ing advantage of the credit increased
R&D spending by 36.1 percent over
base. I don't know what microscepe
could read into those data evidence
that the tax credit was eflective.

I have not, as Brown suggests, ad-
vocated government grants to pri-
vate companies for commercial
R&D. As to the “thousands of inno-
vative small finns that use the tax
credit,” over 80 percent of company-
funded R&D in 1982 was done by
firms with more than $100 mullion in
net sales. Fifteen cornpanizs, in fact,
accounted for about half of all bust.
ness R&D spending in 1984, 1AM
and General Motors, at the top of the
list, cmamly undertook their R&D

R&D was yndertaken in firms which

Fay s

[
3

¥ 8 for underlying compenuve
reasons, and that was as it should be.

Do

P10

I agrec fully with Kenneth
McLennan that “A more neuvtral,
broad based, low rawe tax system
would encourage investment o flow
toward its most productive use”
With 1x refonm again in the als, this
is hardly the trms 10 make it less
neutral with a new “permanent”
RAD 1ax credit.

PEER REVIEW AND THE
PUBLIC INTEREST

The emergence of “'scientific pork
barreling” is an indication that peer
review as it presently operaies is not
a wholly adequate mcans to deter-
mine prionties for the allocation of
government <starch funds. While
peer review is *::uablyuw most ef-
fective mesns or the wseful alloca-
ticn of research funding within
discip..nes and over the short term,
it has deficiencies as a process for
determining broed and long-term
science policies,

Peer review tends to perpetusts
the status quio as regards scientific
institutions, programs, and concepts,
Thic tendency is accentuated zs
funding becomes mors limited. With
the passage of time, pro-existing
funding patteras become firmly
fixed within established rescarch in-
stitutions and within the scentific
exterprise 45 & whole in the absence
of the formation of new institutions.
Existing distributions of funding be~
come accepted as the norms) pat-
tern, sanctifled by custom.
Circumventing peer review by “pork
barrel” recourse to the poliucal pro-
cess is & sign of desperation and
sutly not the best way 10 remedy
* & deficiencies. New mechanisms,
and processes are needed 10:

1) Systematically set aside a por.
tion of rescarch funds for the support
of novel, if risky, concepts.

2) Systematically bang addstional
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Mr. Hayes. Thank you very much. I suppose that’s what the
clash between you and the gentleman to your left is. Let’s think of
it s a sophisticated Morton Downey, Jr. program as we go along
with the rest of our panel.

Dr. Womack?

STATEMENT OF E. ALLEN WOMACK, JR., V*"E PRESIDENT OF RE-
SEARCH AND DEVELOPMENT DIVISION, BABCOCK & WILCOX,
ALLIANCE, OHIO

Dr. Womack. Thank you, Mr. Chairman. My name is Allen
Womack. I am Vice President for the Research and Development
and Contract Research Divisions of Babcock and Wilcox, which is a
unit of McDermott International.

I am also currently serving as Chairman of the Federal Science
and Techrology Committee of the Industrial Research Institute,
which is a private national organization of managers of industrial
R&D for over 250 of the major corporations in the United States.
All of these corporations carry out continuing programs in indus-
trial research, and I am a working R&D laboratory executive.

Dr. Lawrence and Professor Eisner have already spoken elo-
quently on R&D tax policy, and I have had the opportunity to see
Mr Eizenstat’s remarks in draft and find myself in broad agree-
ment with him.

Kather than attempting to dwell on the details of this subject in
which I am not expert, I would offer you a couple of remarks which
I find interestingly apropos to the discussion which took place after
your last panel.

You are all well aware of the problems that we ‘ace in interna-
tional competitiveness, watching international competitors produce
less expensive higher guality goods and take over the lion’s share
of our market. .

The reasons for this situation, of course, are fairly complex.
There does seem to be a consensus that something has changed in
our ability to convert good science to good products and sell them.
The United States still is producing good science, although we have
no reason to be complacent atout that.

Somehow, however, the clutch seems to be slipping between the
engine and the drive wheels, the engine of science and the drive
wheels of the economy. .

We've watched our competitors from abroad take developments
and innovations of U.S. science and make large, successful and
profitable industries out of them, producing goods which are sold
back to us here.

We in industry have a lot to do with solving tha* probiem. In
fact, I believe it is and should remain primarily our responsibility
within the private enterprise system. We have to work on such
issues as being more global in our thinking, putting more effort
into learning good ideas, making better use of the universities, fed-
eral laboratories and other private industrial organizations, and we
simply need to work harder and smarter in an increasingly com-
petitive unvironment.

We need to abate our preoccupation with short-term games that
can be had with mergers, acquisitions and organizational restruc-
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turing and put more emphasis on fundamental productivity and
the ability to produce higher quality goods and services 1t lower
costs or as Dr. Caulder said earlier, “making products instead of
making deals.”

Clearly, I believe that private industry’s actions have to be at the
heart of the solution to this crisis, but I believe equally that the
Federal and state governments have an essential and enabling role
to play in encouraging and catalyzing the right actions within the
private sector.

Of course, we have to recognize that the spirit of free enterprise,
and entrepreneurialism is still very much alive in the United
States industry, and every day thousands of managers and businzcss
leaders go to work determined to produce more gcods which are at-
tractive to the marketplace.

However, we’ve already noted that the front end of the technolo-
gy production process basic science still seems to ke in reasonably
good shape, although there has been some discussiol, pro and con
on that this morning. But between those inventing and those sell-
ing lies a process of development and raurketing which requires
risk, and investment.

Our succe sful international competitors appear to have capital
costs for investments of this type which are but a fraction of the
costs of the investment in the United States. So long as this condi-
tion exists, the level of the activity and the technology to market
phase of the American economy will be restrained.

I believe that the first order of business to correct this broad
problem is to take those steps which serve to reduce the imbalance
In the cost of capital for the investment in new technology, new
products, and productivity. That means coordinated and serious ac-
tions by the Federal Government which encourage private invest-
ment as much as they now encourage consumption and increase
the private savings rate in the economy. An R&D tax credit is a
single action which should be consistent with the foregoing recom-
mendation.

The Subcommittee asked for suggestions on improving the cur-
rent credit. The effectiveness of the present structure could be sub-
stantially improved. The two previous speakers have already
spoken to many of the points that I make in my written remarks,
points such as the fact that the credit Jacks certainty and consist-
ency, the credit was provided a limited life, its life has been ex-
tended several times for short periods.

Also, we note that the rules are regularly amended to reduce the
amount of the benefit. Unfortunately, this is a product of the cur-
rent tax environment. What is an incentive one year is a tax avoid-
ance scheme the next.

The above drawbacks can be corrected by establishing a perma-
nent credit that would be available to corporations that maintain a
consistently high level of R&D.

An alternative would be to provide credits to corporations to the
extent their R&D expense exceeds a certain percentage of sales.
The different R&D requirements of each industry would be recog-
nized by using the industry average as s base. Credit would be
earned on the R&D performed in excess of this base ration, and

this way a corporation would not be penalized for maintaining a
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high level of activity and the base could be adjusted at frequent,
determined intervals.

But beyond the R&D credit I think it is essential to deal with
capital availability by adopting a reduction in the cost of capital
and the encouragement of private savings as a broad objective of
the Federal tax and spending policy, and taking the hard actions
necessary to bring about the desired results.

Since I am neither an economist nor a legislator, I will not at-
tempt to prescribe a detailed program for this. The specific recom-
mendations of the Council on Comnetitiveness, the writings of Pres-
idential Advisor Boskind and the work of the American Council of
Capital Formation and others appear to me to offer reasonable spe-
cific steps.

If that recommendation comes as no surprise to you, then I'm
sure the second one won't either. We must improve the level of lit-
eracy in science and technology among our young people.

There is plenty of evidence that for the great majority of our
school children, science and technology remain subjects to b avoid-
ed, mysteries unexplained, something that they can get by without,
and if I may say so, a joy unperceived.

It is not surprising that our post-graduate schools in science and
technology are less and less hosts to American citizens and more
and more are training the best and the brightest of the citizens of
those countries which are our competitors in international trade.

It is o wonder that we find increasing difficul:y obtaining func-
tionally literate workers and managers ..r operations requiring the
level of technical skills needed in today’s world. It is no wonder
that we find it increasingly difficult to reach political consensus on
issues which involve complex technologies such as nuclear power
regulation, acid rain, and the like.

It is time to recognize that the profession of educating our young
people deserves dignity and compensation commensurate with its
importance and its difficulty.

Should Federal support of college and post-graduate ecucation be
restored at earlier levels? Most decidedly. But as with the R&D tax
credit. this action alone will not be sufficient without primary at-
tention to pre-college education.

You requested thoughts on other cost-effective ways to stimulate
R&D and its application in commerce. There are a number of areas
in which the Federal Government can immediately and directly in-
fluence private innovation. These include intellectual property law,
antitrust legislation, and of course the Government's role as a pur-
chaser of goods and services.

I believe that pooling of talent and resources in intercompany
and inter-institutional alliances is both efficient and necessary to
address the problem of dwindling resource availability. The initia-
tives of the Congress and the Department of Commerce to relax
barriers to cooperation among industrial participants are encourag-
ing and helpful, and I arge you to address all aspects of the anti-
trust law in the context of today’s global economy to assure at least
that barriers to cooperation are removed where they are no longer
necessary to protect adequate competition.
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I am also encouraged by actions taken by the Congress to encour-
age broader dissemination of ideas and technology created within
Federal programs and Federal laboratories to private industry.

Finally, let me close with a few remarks on the Federal Govern-
ment’s role as a purchaser. This a source of immense power to ad-
dress the problem before us. With all that power, there will be a
tendency to reach for quick solutions by attempting to pick out the
winners among undeveloped technical ideas and providing them
with funding to help commercialization. There are certainly a
number of areas where this is a legitimate action.

However, the market economy will ultimately choose from
among the successful commercial products. It is for that reason
that I have placed the operating environment of industry and at-
tention to capital availability and education ahead of direct Gov-
ernment program funding and priorities for Federal actions.

Nonetheless, the recommendations in the National Academy of
Sciences for the management of the Federal Science and Technolo-
gy budget deserve to be implemented, and I hope that they will be.
I sincerely hope that other cross-cutting actions include a careful
look at Government purchasing policy in high technology efforts.
You have already had a long discussion about that this morning
with the representative of Apple Computer.

It is discouraging to me in light of the seriousness of these dis-
cussions to see even occasional Government purchasing decisions
send U.S. tax dollars abroad for high technology services and prod-
ucts when these dollars could be used to stimulate innovative
action in U.S. companies.

In the case of our foreign competitors, I rarely see that action on
the part cf their government. In fact, local content is usually a go/
no-go requirement for us to operate there.

Viewing Government purchasing policy and actions in the light
of the need to stimulate research and innovation should be a very
cost effective and immediately helpful action.

I appreciate the opportunity to address the Committee. I want to
assure f'ou that the R&D managers in American industry are as
earnestly concerned about this problem as you are. I hope that
these observations will be of some help.

Thank you.

[The prepared statement of Dr. Womack follows:)
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REMARKS BEFORE HOUSE SUBCOHMITTEE ON
SCIENCE, RESEARCH AND TECHNOLOGY

Stimulating Investment in Research and Development
May 18, 1989
by E. Allen Womack, Jr., Vice President,
Research and Development, Babcock & Wilcox

Good morning. My name is Allen Womack. I am vice president for the
Ressarch and Development and Contract Research Divigions of the
Babceck and Wilcox company, a unit of McDermott International. I am
also currently chairman of the Federal Science and Technology
Committee of the Industrial Research Institute, a private national
organization of managers of industrial research and developrent for
over 250 of Arerica's major corporastions, all of which carry out
continuing programs in industrial research and development. I am a
working r&d laboratory executive.

Having given you all those credentials, I must insert the obligatory
cautionary note that my perspective does not represent the result of
a systematic policy formulation process within the organizations
with which I am associated. Rather it reflects a combination of my
own experience and those which my colleagues have shared with me in
the matters which are before you.

I appreciate being included today on such an erudite panel and
hasten to point out that the casual observer will have no difficulty
picking out the non-expert among the four of us. Doctor Lawrence,
Professor Eisner, and Mr. Eisenstadt have spoken eloquently on r&d
tax policy and its effects, so rather than attempting to dwell on
the details of that subject, I would offer you first the context of
2 few more general thoughts on the broad matter of concern of this
committee and to many of us in United States industry. This is, of
course, the apparent displaceme.at of United States industry by
overseas competitors in the manufacture and supply of commercial
goods employing high technology.

You all know the story well. Once pre-eminent in bringing the
fruits of science to market, we have watched as international
competitors produced less expensive and higher quality goods in
consumer electronics and other fields, and procseded to taks over
the lion's share of our own United States market, in many cases
entirely driving out United States producers. Accompanying these
syrptons ares Lerceived slowdowns in U.S. productivity growth, a
serious negaiive baiivce of trade, and other symptoms of a malaise
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in the primacy of United States commerce in the world economy which
goes under the name of "the U.S. compatitiveness crisis.® Jobs,
profits, and national pride have gone overseas in large sectors of
our economy and it is high time that we act on the problen.

As with most issues of large gcale, the reasons for this situation
are multiple and complex. There does appear, however, to be a
consensus that something has changed in our ability to convert good
science into good products znd sell them. fThe U.S5. is still
producing good science, although we have no reason to be complacent
about this. Somehow, hcwever, the clutch seems to be slipping
between the engine of science and the drive wheels of the econonmy.
I, fact, we watech our competitors from abroad take the developments
and inventions of U.S. science and make large successful and
profitable industries cut of them, producing goods which are sold
back to us here. As a wanager whose primary day-to-day
responsibility is to convert scientific knowledge and results into
successful business results, I have thought a lot about this and
I've talked with many others who are in the same boat.

We in industry have a lot to do to remedy this situation. 1In fact,
I believe that

. We need to work on such
issues as being more global in our thinking and putting more effort
into learning good ideas from beyond our own borders. We need to
temper our independence and competitive spirit somewhat to make
better use of our universities and federal laboratories and other
private industrial organizations. We neced to work harder and
smarter in an increasingly competitive international environment.
We need to abate our preoccupation with the short term gains which
can be had with mergers, acquisitions, and organizational
restructuring, and put more emphasis on fundamental productivity and
the ability to produce higher quality goods and services at lower
cost.

‘Clearly, I believe private industry's actions must be at the heart
oux federal

of a solution to this crisis. I believe equally that

and state governments b i e to play in
xiv.

sgectox. Just as taking these actions will require private industry

to reexamine some of its basic cultural tendencies. the actions that
I will call for below will require an unusual degree of coordination

and cooperation within the federal governm ntc.

First, we need to recognize that the spirit of free enterprise and
and entrepreneurialism is still very much alive in United Statas
industry. Every day thousands of managers and business leaders go
to work determined to produce more goods which are attractive to
customers and to do a better job of bringing them to market. we
hava already noted also that the front-end of the technology
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production process, basic science, still seems to be in reasonably
good shape. Betwecen those inventing and selling lies a pxocess of
taechnology development and marketing which requires risk and
investment. Investment is a competitive process. Each of us wants
the highest possible return for his savings. The amount of
juvestment capital which is available to fuel the research,
davelopment and application process is one of the factors which
restricts the rate at which improvemer“s are mad., at which raw
products are tried, at which new scienc. is brought to bsar on old
processes and products. At soaze point in deciding whether or not t>
improve a process, add a guality improving feature, or develop a
novel prod :ct, each technical manager aud production manager, and
marketing ianager thinks seriously alout *“e risk and return of the
actions he is considering taking. The c st, the capital investment
which nust be made, has to be weighed against the alternatives. If
alteruatives exis: which provide lower risk and higher short-term
returns, "many investments will not be made.

Our successfu) international competitors appear to have capital
costs for inv stments of this type which are but a fraction of the
costs of investment in the United States. So long as this condition
exists, the level of activity in the technolagy-to- market phase of
the ° erican economy will be restrained. J_

s t problem is to take these
mmmmmmm.mum_m_m'_
This means coordinated and gerious actions by the federal government
~hich encourage investment as much as they encourage consumption,
increasing the pr! "ate savirys rate in the wconomy. This will
require actively and aggressively lowering the level of federal dest
which now burdens nur economy and which competes for investment
dollars. Many private firms simply cannot afford to carry through
expensive investment programs which take five years or more to
recover their costs and begin payirg back the capital investment
which has been made. A competitor with a lower cost of capital can
view this decision differently. A patient investment in his case nay
not jeopardize the firms cash
flow and place it at risk of takeover and acquisition.

An red tax credit is a singie action which should be conuistent with
the foregoing recomzendation. The pubcommittee asked for
suggestions on improving the currsnt credit. The effectiveness of
the present structure could Ls substantially improved. The cvrrent
credit roquirez an increase in research expanditures each year.

This ie unrealistic for many companies a. their business is cyclical
and cannot support constant annual increases in rgd expenditures.
Thus, the credit may only provide a4 incentive for a few yeurs
before the buse . &d spending of prior years becomes a limit. Ornce
this occurs, there is an incentive to reduce the level orf research
to establish low base spending years for subsequent increasad r&d
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expenditures. In addition, the credit 1 cks certainty and
consistency. When the law was enacted, ‘he credit was provided a
«limited life. Subsequently, it3 life has been extended several
timeg for short periods.

Not only is the continued existence of the credit uncertain, but the
rules are regularly amended to reduce the amount of the benefit.
Unfortunately, this is a product of the current tax environment.
What is an incentive one year, is a tax avoidance scheme the next.
Almost as soon as a tax berefit is provided, Cengress begins to
arend the law "o reduce it. It is impractical to axpect a
corporation * :stablish a significant long term ré?t program based
upon a credi. sith an indaterminate life and a cons.antly
fluctuating benefit.

The above drawbacks can be corracted by establishing a permanent tax
credit that would be available to corporations that maintain a g
consistently high level of r&d. An alternative would be to provide
credits to corporations to the extent their r&d expense exceeds =2
certain ‘-ercentage of sales. Ths different r&d requirements of sach
industry sould be recognized by using the industry average as the
base. Credit would be earred on the r&a performed in excess of this
base ratio. In this way a corporation would not be penalized for
maintaining a high level of artivity. The baca should be adjusted

at infrequent predetermined intc.vals.

Beyond an r&d credit, capital availability mur be dealt with by
adopting the reduction of the cost of capital and the encouragement
of private savingc as & broad objective of federal tax and spending
policy and taking tne hard actions necessary to bring about the
desired results.

I am neither an economist nor a legislator, so I will not attempt to
prescribe a detailed program for the implementation of this
difficult goal. The specific recommendations c¢f the Council on
Comwpetitiveness, many of the writings of Presidentizl Advisor
poskind, and the work of the American Council on Cipital Formation
offer what app \r to me to offer reasonable specifi:- steps to
achieve this overall essential goal of reducing the :ost of capital
within the Americon industrial economy.

If that recommendation comes as no surprise to you, then I'm sure
the second one will not either. He must improve the level Jiter~~-
ody_amond our YJund veople.

A few days ago, Professor Stephen Gould delivered a commencement
address at Duke University entitled, "The Republic Needs Science.”
In this speech he draw ¢ ceaoparison betwaen the suppression of
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intellectual inquiry at the time of the Inquisition (exanmplified by
the trial of Galileo), and the situation which exists today in the
United States. "Outrageous” you say -~ "aftar all we have dcne to
protect intellectual freedoms?* Yes, unless you congider that
failing to provide the voting and working population of our
democracy with a functional understanding of the technological
principles on which modern society is founded leads to exactly the
sane result. Such a science-naive scciety will leave the economic
enterprigse of the United States without the people needed to carry
outit?a objective of re-building and maintaining our competitive
position.

While, thankfully, there are a number of yood success storias in the
United states today, there is plenty of evidence that, £+ .he great
majority of our school children, science and technology remain
subjects to be avoided, mysteries unexplrined, something that they
can get b{ without and, if I may say so, a joy unperceived. It is
not surprising that our post-graduate schools in science and
technology are less and less hosts to American

citizans and more and more are training the best and the brightest
of the citizens of those countries which are our competitors in
international trade. It is no wonder that we find increasing
difficulty obtaining functionally literate workers and panagers for
operations requiring the level of technical skills needed in today's
competitive world. It is no wonder that we find it increacingly
daifficult to reach pclitical consensus on issues which involve
complgx technology such »s nuclear power regulation, acid rain, and
the like.

Unless we act, this situation is only going to get worse. We are
graduating 700,000 per year frem high school who are not
functionally literate and another 700,000 per year naver finish high
school at all. Those who do graduate fare very poorly relative to
their international peers in tests of scientific comprehension.
These citizenr and voters ave going to have an almost impossible
task finding rewardiig work in today's society ana participating
effoctively in the political decisions which will confront then
during their lifetines.

It is tirme to recognize \ at the profession of educating our young
people deserves dignity and compensation commensurate with its
importance and its difficulty. This is a nationwide problem. Bold
federal leadership is going to be needed to correct it. The best
and the brightest of our young college graduates are not going to
choose tha difficult career of teaching until the rewards for doing
80 become more competitive with those for choosing other paths
including science in private industry, law, investment banking,
nedicine, and the other professions.

I believe that the teacher compensation issue should be addressed at
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the national levei, and decisively. At the same time, I believe
that our local schools should be held to high standards; standards
wvhich require and encourage the creation of scientiticall{ literate
graduates, the kind we have to have to restore the competitiveness
of our society. I would encourage you to consider the Project 2061
program recomrendations of the American Associatior. for the
Advancement of Science.

Should federal support of collage and post graduate education be
restored to earlier levels? Most decidedly. But as with the x&d
tax credit, this action alone will not be sufficient without
attention to pre-college education.

You requested thoughts on other cost-effective ways to stinulate r&d
and its application in comerce. There are a number of areas in
which the federal government immediately and directly influences
private innovation. These include intellectual projerty law,
antitrust legislation, ard of course the government as a purchasar.

I believe that pooling of talent and resourcas in intercompany and
inter-institution alliances is both efficient and necassary to
address the prcblem of dwindling resource availability. The
initiatives of the Congress and the Department of Commerce to celax
barriers to cooperation among industrial participants are
encouraging and helpful. I urge the Congress to address all aspects
of antitrust law in the context ¢ ! today's global economy to assure
at least thac barriers to cooper. tion are removed where they are no
longer necessary to protect adequate compstition in a free market
which includss players from around the glnbe.

¥ am also encouraged by actions taken within the Congress and the
Administration to encourage the broader dissemination of ideas and
technology created within federal programs and federal laboratories
to private industry. The Technology Transfer Act of 1986 and the
activities which it has generated certainly encourage the kind of
institutional cooperation and good utilization of available
resources which is needed to stimulate competitiveness.

Finally, lat me close w'th 2 few remar™s on the federal government's
role as & purchaser. This is a gource of immense power to address
the probler befcre us. The government directly purchases and funds
approxipately half of all research and tlevelopment performed in the
United States. Perhaps even more importnt, federal acquisition
frequently provides the initial market fcc high technology
innovations which can later become elements of commercial products.

With all this power, there will be a tendency to reach for quick
solutions of our competitivensss problem by attempting to pick out
the winners among undeveloped techrical ideas and providing them
with funding to help commerciaiization. There are certainly a
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number of areas where this is a legitimate federal action. These
are areas in which the product or innovation produced is needed to
achieve one of the objec.ives of governmen~, that is to do for our
curselves collectively w ‘3t we cannot do for ourselves individually.
These obj«ctives include the national defense and the protection of
the en: tronment, the basic sclience process which is distant from
commercial enterprise, and other areas well known to you. I think
this kird of direct support must continue in a judicious way. The
market economy will ultimately choose from among the successful
commercial products. It is for this reason that I place attention
to the anvironment in capital availability and education ahead of
direct government program budgeting in priorities for federal
action. Nonetheless, the recommendations of the National Academy of
Sciences for the management of tha federal science and technology
budget deserve to be implerented by the Administration and Congress,
and we are all looking forward to a more vigorous cross-agency
rationalization by Presidential Advisor Bromley and the Departmeat
of Commerce.

I sincerely hope these actions include a careful look at government
purchasing policy in high technology efforts. It is certainly
discouraging in the light of the seriousness of these discussions to
see even occasional government purchasing decisions send U.S. tax
dollars abroad for high technology services and products when these
could be used to stimulate innovative action in U.S. companies.
Please understand, I am not a xenophobe. No one in a global economy
can afford to Le. However, as I observe th& actions of national
governments of our competitors, I rarely see them awarding high
technology procurements to U.S. companies when local companies could
do the job. In fact, local content is almoat always a go/no-go
requirement for merican companies which wish to do business abroad.
I hope that the Congress and the Administration will implement iore
effective policy in this regard. Viewing government purchusing
policy and actions in the 1ight of the need to stimulate research
and innovation should be a very cost effective, and immediately
helpful, action.

I appreciate this opportunity to address the Committee. I want to
assure you that research and develiopment managers in American
industry are as earncstly concerned about this problem as you are. I
hope that these observations will be of some assistance in achieving
federal actions which provide the environment within which we can
together reestablish the vigor of an innovative and competitive
economy within the global market.

Thank you.
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Mr. Hayes. We'll hear now from Mr. Eizenstat.

STATEMENT OF STUART E. EIZENSTAT, COUNSEL TO THE COUN-
CIL ON COMPETITIVENESS AND COUNCIL ON RESEARCH AND
TECHNOLOGY, WASHINGTON, D.C.

Mr. Eizenstat. Thank you, Mr. Chairman.

I am testifying on behalf of the Council for Competitiveness, an
organization of chief executives from business, labor and higher
education, and on behalf of the Council on Research and Technolo-
gy, CORETECH, which is a corporate university high-tech coali-
tion.

The Councii on Competitiveness does not endorse specific legisla-
tion, while CORETECH does.

I am going to address, if I may, Mr. Chairman, four topics which
form a major parl of a coherent strategy to continue to expand re-
search and development of the United States.

First, enactment of a permanent R&D tax credit with a modified
base period, and coverage for the first time of start-up ventures, as
well as a permanent basic research cradit to enccurage greater co-
operation between corporations and universities; enactment of a
compromise of a long-standing 861-8 regulations controversy which
acts as a significant barrier currently to R&D; full funding of the
academic research facilities modernization provisions ecstablished
by the NSF Authorization Act of last year, which this Committee
took the leadership position in passing, so that cutting edge re-
search can be done in modern facilities on university campuses and
non-profit institutions; and the improved training of America’s sci-
entific work force.

A faw very brief introductory remarks before touching on each of
the- o four very briefly.

iore R&D, Mr. Chairman, is not an end in itself, but rather a
aeans to stimulate innovation, which ir. turn is a key ingredient in
boosting productivity and competitiveness. This country has no
longer a monopoly on quality. We cannot compete based solely on
unit labor costs. We have to do so by being oa the cutting edge cf
new product development, and that heavily depends on more R&D.

It is important to emphasize why the Federal Government has
an important role in fostering more R&D. Private firms will not
perform all the R&D which it is in this country’s interest to have
them perform because of the inherent risks of R&D, the low rates
of commercial return, and the long lead times involved.

It is well established, Mr. Chairman, that society get somewhere
between two and three times the payback from a successful R&D
project than the company performing the resesrch.

My last introductory point is this: Consistency is absolutely criti-
cal in the implementation of research and development pelicy. For
Goevernment incentives to be effective, private industry requires as-
surance that they do not now have that the incentives will remain
in place throughout the course of a project.

1 urge the Congress, Mr. Chairman, with this Committee in the
lead, to adopt a comprehensive program to stimulate research and
development, first on the perman. t R&D credit and basic univer-
sity cecearch credit. The rate of increase of U.S. productivity has
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declined in recent years. The U.S. spends 2 smaller percentage of
its GNP on non-defense R&D than its major competitors, and to
stimulate additional non-defense R&D the R&D tax credit and the
university basic research credit should be made permanent.

Since first enacted in 1981, the R&D credit has been subject to a
number of short-term extensions and to cutbacks as well. From its
original 25 percent figure it was cut back to 20 percent and as Mr.
Lawrence indicated, a deductional disallowance was passed in 1988.

We live in a global economy, Mr. Chairman, and other nations
provide substantially stronger tax incentives for research and de-
velopment. For example, 25 percent of all the tax benefits in the
Japanese tax system are allocated to research and development in-
centives.

To the extent that we provide less than our major competitors,
our own domestic companies operate at a competitive disadvantage.
Some economists including Mr. Eisner have criticized the current
base period for undercutting the full incentive effect on the credit.

Responding to his critique, CORETECH supports the work of the
Treasury Department in developing a new fixed based period.
Under this proposal incorporated in the Jenkins-Frenzel Bill, H.R.
1416, there is a fixed base period for a company’s 1984 to 1988 ex-
Eeﬁgitures. The base is then indexed to the growth of the nation’s

This bill has a number of additi.aal advantages. Start-up ven-
tures would be covered for the first time, the new R&D credit
would have a 7 percent credit for so-called “slow growers” and in
addition there would be a permanent extension so that certainty
could be provided.

I would like very briefly to mention the basic research credit
which has not been discussed. This is intended, Mr. Chairman, to
encourage corporate university cooperation. One of the great ad-
vantages the Japanese have in the world market is how quickly
they are able to translate basic research into commercial products.

In our country, it takes on average a much longer time for this
Krocess to occur. A significant reason for that is that the Japanese

ave the advantage of very close corporate-university cooperation
in the research field.

The basic research credit first passed in 1936 is designed to close
this gap. If corporations are involved, Mr. Chairman, «..d helping
to structure the basic research products carried on by universities
and non-profit institutions, we believe those products and projects
will have more of a marketplace orientation.

Second are the 861-8 regulations. Tax regulations issued in 1977
require U.S. corporations with foreign operations to allocate a per-
centage of their domestic R&L expenditures to income earned
abrozd. The effect is to deny a full deductibility of R&D costs to
U.S. companies and to impose a penalty on domestic research and
development for companies in an excess foreign tax cradit situa-
tion.

TkLe effect of this, M~. Chairman, is to encourage our own compa-
nies to relocaie R&D efforts abroad. We are the only company in
the indu rial world which discourages the conduct of R&D in *his
manner. Every other industrial nation permits a fuil deductirn of
corporate domestic R&D against their own domestic income.
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Congress, recognizing the unfairness of these regulations has
passed four moratoria since 1977. It is important that we have a
permanent solution. Treasury’s own study concluded that the regu-
tation would reduce R&D conducted within the United States by «n
arnount equal to the revenue raised by the new regulation.

Fortunately, there is a solution. In 1987, the Treas.ry, the Ways
and Means Committee and the Finance Committee came up with a
so-called 67 percent compromise, which permits 67 percent of a -or-
poration’s U.S. R&D expenditures to be set aside and deducted
against domestic source income. President Bush’s budget amend-
ments specifically include a 67 percent compromise dating back to
the time of the last expiring moratorium, and we, CORETECH,
strongly endorse that solution.

I would also add that President Bush’s budget includes the per-
manent extension of R&D in university b:sic research credits.

Third is full implementation of the academic research facilities
modernization provisions this Committec had so much to do with
having passed to begin with. The authorization has been passed,
Mr. Chairman, there is no appropriation, there is no request for ap-
propriation ia the Bush budget, this Committee has demoncirated
ite cornmitmei.t to modernizing academic research facilities.

In your own report accompanying the bill you coxncluded thay $10
billion in expenditures over the next ten vears was required to
modernize the crumbling buildings and obsolete equipment in vari-
ous scientific facilities.

The simple fac. is that we cannot conduct the most sophisticated
research in outmoded and obsolete facilities. Indeed, the mc ‘ern-
ization shortfail every year is escalating. To reverse this downward
epiral of academic research facility conditions, we urge full funding
of the Act you did so much to help pass last year.

Fourth, and last, is training America’s scientific and engineering
work force. Our country’s ability to expand its R&D 1s dependent
upon the availability of skilled technical workers to carry out the
necessary experiments. A well-trained science and engineering
work force is essential if we are to become more competitive.

Yet, shockingly, there are between 1,300 and 1,800 engineering
faculty positions in our own colleges which are vacant. The com-
bined shortfall exceeds 18 percent of the necessary engineering fac-
ulty. In addition to the shortage of faculty, engineering schools are
simply unable to attract sufficient numbers of qualified U.S. citi-
zens into their graduate programs.

A decreasing percentage of U.S. students are interested in pursu-
ing careers in engineering and science. Foreign students represent
some 40 r>rcent of the total enrollment in U.S. engineering gradu-
ate schools and receive more than half of the U.S. doctorates in en-
gineering. Yet many of these foreign students return home to their
own countiries, as you would expect, rather than staying here and
providing long-term benefits to our country.

The National Science Foundation found that approximately
60,000 of :cday’s math and science teachers .n our secondary
schools are not fully qualified, and by 1995, which is just around
the corner, the U.S. will need an estimated 30,000 additional sec-
ondary math ¢ d science teachers, and wit.. fewer kids coming
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through wanting science and math, Mr. Chairman, where are we
going to get the pool from?

This is not a problem of the future, however. It is a problem of
today. We suggest that the Federal Government encourage pro-
grams to upgrade the skills of science and math teachers and
create incentives for talented science and engineering students to
become teachers.

The Federal Government should increase support for undergrad-
uate and graduate education in science and engineering by revers-
ing the loan/grant imbalance in undergraduate and graduate edu-
cation.

It should expand programs to raise the percentage of women and
minorities in these fields by graduate fellowships and research
intern programs and that it stimulate career-long continuing edu-
cation programs.

Even at time of severe budget pressures, Mr. Chairman, it is im-
perative that the Government find the means to support research
and technology. By investing in R&D today, we will create a
healthier, more vibrant, more competitive economy and we will get
back many times fold the investment that the Government puts
into R&D.

Thank you, Mr. Chairman.

[The prepared statement of Mr. Eizenstat follows:]
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Mr. Chairman and Members of the Committee:

Thank you for inviting me to testify before you today on
methods of stimulating research znd development in the United
States. I am testifying on behalf of the Council on
Competitiveness and the Council on Research and Technology
(COREBTECH). The Council on Competitiveness is an organization of
chief executives from business, organized labor, and higher
education, including representatives from many of the major
corporations in the United States and the most prestigious
educational institutions. It is headed by John Young of
Hevlett-Packard. CORETECH was established in 1987 to increase
the U.S. commitment to research and development. CORETECH is
comprised of 51 major corporations, 78 univeraities, 7
independent research institutes, 17 trade and professional
associations, and 9 affiliates. Both of the organizations care
deeply about stimulating additional U.S. research and
development. In gome cases, there are slight differences in
their areas of emphasis and I will attempt to indicate those in

my testimony.

My testimony will address four specific topics which will
provide an effective stimulus for the continued expansion of

research and development in the United States:
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o The enactment of a permanent research and development
tax credit with a modified base period and coverage for R&D
expenditures by start-up ventures to stimulate greater industrial
research and development, and a permanent basic research credit
to encourage greater cooperation between corporation3 and

universities and basic research institutes.

o The enactment of the "67 Percent Compromise” solution
to the long-standing §61-8 Regulations controversy, which is a

significant barrier to R&D.

o The full funding of the Academic Research Facilities
Moderanization provisions established by the National Science
Foundation Authorization Act of 1988 so that cutting edge
research can be done at moderr, facilities on university campuses

and at non-profit institutes.

o The improved training of America's scientific work
force so that the U.S. has a sufficient number of well-trained
scientists and engineers tc perform research 2:ud development in

the U.S.

By way of introduction, the Council on Competitiveness
wishes to emphasize that these targetted efforts to stimulate
research and developm2nt can be fully successful only in the
context of gound macro-economic policies designed to bring down

the Federal deficit to balance over the next four to five vears.
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The huge debt burden of the Federal government, the need to
fina.ce triple-digit deficits heavily from foreign investors due
to the low U.S. savings rate, spending one of every seven Federal
dollars just to pay interest on the debt, all work contrary to
efforts to stimulate R&D and starve the government of the
resources neede. to encourage greater private sector R&D.

»
In sddition, more R&D is not an end in itself, but rather a

means to stimulate innovation in America, which is a key
ingredient in boosting American productivity and competitiveness.
We no longer have a monopoly on quality. We cannot compete based
on unit labor costs. We must do so by being on the cutting edge

of new product development--and that depends heavily cn more R&D.

Likevise, it is important to emphasize why the Federal
government has a~ important role in fostering more R&D. Private
firms and institutions will not perform all of the R¢(D it is in
our country's interest to have them perform because of the
inherent risks in R&D, the low rates of commercial return, and
the long le2d times involved. It is well established tha*
society gets two to three times the payback from a successful R&D
project than the company performing the research, due to
imperfect patent protection and the ripple effects of innovation.
Thevefore, if the government stimulates sdditional R«D at the
margin, society as a whole benefits. It is estimated that

twvo-thirds of the gains in productivity In the United States from

[
XD
[ 3

O

ERIC

Aruitoxt provided by Eic:



O

188

1929 to the current date resulited directly from technological

innovations.

The last introductory point is this: consistency is
critical in the implementation of research and development
policy. Research and development looks to the {. re. Research
projects often take years to complete. For goverimes® incentives
to be effective, private industry requires assurance that the
incentives will remai: .n place throughout the course of a
project. Temporary and sporadic policies lack effectiveness in

inducing the desired behavior of the private sector.

Congress should adopt a comprehensive apprcach to
stimulating research and development. Research programs require
facilities, people, projects, =nd funds. If you have a p~“ject,
but no laboratory in which to work, or too few scientists and
engineers to conduct the experiments, the project is doomed to
failure. Accordingly, Congress should seek to ensure that a
trained scientific and engineering work force is available for
the conduct of research and development, that modecn facilities
capable of accommodating the most recent technological advances
are in place, and that private industry has sufficient
stimulation to fund the further expansion of our resecarch and

development Ziforts.
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A PERMANENT R&D TAX CREDIT AND BASIC RESEARCH CREDIT

There is no question that the rate of increase of United
States productivity has deciined in recent years. The United
States spends a smaller percentage of its gross national product
on non-defense R&D than France, West Germany, or Jsvan. These
two facts are clearly related. To stimulate additional
non-defense research and development within the United States,
the R&D tax crecit should be made permanent. Furthermore,
CORETECH feels strongly that the improvements and modifications
to the R&D credit that are contained in H.R. 1416 and S, 570

should bo enacted.

Strong support for making the R&D credit permanent is found
on both sides of the aisle, as wvell as in the Administration.
President Bush's budget for Fiscal Year 1990 specifically
endorses a permanent extension of the 20 percent incremental R&D

credit, with a modified bsse period to provide an enhanced center

for R&D. Since it was first enacted in 1981, the R&D credit has
been subject to 2 number of short-term extensions. Greater
certainty is essential to stimulate the vigorous research and
development critical to the innovation in technology and
productivity that ~ill maintain and enhance the United States'

leadership in the world marketplace.
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The R¢D credit is the linchpin of the effort to stimulate

research and development within the United States.

A study conducted in 1987 by two eminent economists, Marcin
Neil Baily and Robert C. Lavrence of the 3rookings Institution,
concluded that the R&D credit resulted in & 7 percent increase in
research and development expenditures conducted by United States
corporations. They further estimated that additional research
and development has added $8 to $13 billion to the gross national
product. Increases in the gross national product produce
additional tax revenues. If the current 1 to 5 ratio of Federal
tax revenues to the gross national product holds true, each
incremental $8 billion in gross national preduct generates an
additional $1.6 billion of tax revenue for the Pederal
government. Over time, the ReD tax credit will generate net

revenue for the government.

In addition to increasing total R¢D expenditures by
approximately 7 percent, the Baily-Lawrence study concluded that
corporations which qualified for the credit increased their R&D
expenditure by an amount greater than corporations that did ;ot
qualify f-r credit. In 1983, for example, corporations which
qualified for the R¢D credit increased their research and
development expenditures by 30.4 percent as compared to an 1l1l.1
percent increase for corporations that did not qualify for the

credit. The significance of that differential further
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demonstrates the effectiveness of the credit. So, too, it

represented a large rise in R&D despite the most serious

recession since the end of the Great Depression.

Yet, in the face of the success of the R&D credit in the
U.S., it has been consistently cut back. In 1981, it was
originally passed as a 25 percent incremental credit. The R&D
tax credit cannot be taken unless a company exceeds the average
of its past three years R&D expenditures. It was cut back to 20
percent and the definition of qualified R&D was tightened in the
1986 Tax Reform Act. In the 1988 Tax Reform Act, the credit's
value was reduced by another one-sixth by passage of a 50 percent
deduction disallowance. This is a perverse result at a time of

increasingly fierce international pressures.

Other nations provide substantial incentives for research
and development. Twenty~five percent of the tax benefits in the
Japanese tax system are allocated to research and development
incentives. France maintains a system of cash grants for
research and development in addition to a research and
development tax credit similar to the United States system.
ireland allows full deduction of R&D expenses in the year
incurred as well as providing favorabite capital allowances for
machLinery, equipment, and buildings for research and development.
Purthermore, if R&D activities result in patentable products,

Ireland exempts royalty income arising from the licensing of such
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producis from tax. Canada provides a 20 percent flat rate tax
credit for R&D activities while also permitting the immediate
expensing of both current and capital expenditures for RgD
purposes. West Germany proviaes a 20 percent direct cash payment
on the first $170,000 and 7.5 percent on the balance spent in any
given year on depreciable assets used for R&D purposes. 1In
addition, West Garmany allows full deduction of Rl expenditures
in the year in which they occurred. These incentives are only a
sampling of the substantial tax benefits available to support
research and development expenditures throughout the
industrialized world. To the extent that we provide less, our

domestic companies operate at a competitive disadvantage.

Some economists have criticized the current base period for
undercutting the full incentive effect of the credit, since a
company's current year R&D is built into the rolling three-year
RtD base average. Responding to that critique, CORETECH supports
the vork of the Treesury Department to develop a new fixed base
period. 'Under their proposal, incorporated into the
Jenkins-Frenzel bill (H.R. 1416) and the Danforth-Baucus bill (s.
570}, there is a fixed base period of a company's 1984 to 1988
expenditures; the base is then indexed to the growth of the

nation's GNP,

These bills have a number of additional advantages:




a. Start-up ventures would be covered for the first time. The
current R&D credit covers R&D expenditures only for "existing®
businesses. It was a major oversight not to cover new ventures,

for vhom the R&D credit would be of particular benefit.

b.  The new R&D credit would have a 7 percent credit for
companies whose R«D is increasing but not at the rate needed for
the 20 percent credit. This "slow-grower's" credit would have a

base 75 percent of the regular credit's base.

c. Some 10 percent more of the country’s R&D intensive
companies would be able to take advantage of the new credit
compared to the existing one--covering some 37 percent of

America's Ri&D companies.

A major feature of H.R. 1416 and S. 570 is the permanent
extension of the basic research credit first passed in the 1986
Tax Act. The basic research credit provides an encouragement for
corporations to contract out their basic research to universities
and non-profit research institutes. Like the R&D credit, the
basic research credit is also incremental and provides a 20
percent tax credit for basic research contracted to eligible
institutions above a historic base period. !0 change would be

made in the basic research credit except to make it permanent.

There is abundant evidence that one of the great advantages

of the Japanese in the world market is how quickiy they are able

1§87

ERIC

Aruitoxt provided by Eic:




194

=10~

to translate basic research into commercial products. 1In our
country it takes, on avivage, a much longer time for this process
to occur. A significant reason for the Japanese xdvantage is the

close corporate-univerasity cooperation in Japan.

The bazic research credit is designed to close this
important gap. If corporations are involved in helping to
structure basic research projects carried on by universities and
non-profit institutions in the U.S., ve believe that those
projects will have more of a marketplace orientation and will
lead to a shortened time period between basic research anc

commercialization.

CORETECH supports & permanent extension of the hasic
research credit to provide certainty and predictability in this

important area.

861-8 REGULATIONS: ENACT THE® 67 PERCEAT COMPROMISE

7ax regulations issued in 1977 under Section 861 of the
Inter:..al Revenue Code require Uniteu States corporations with
foreign operations to #allocate a percentage of their domestic
research and development expenditures to income earned abroad.
Under the regulations, a decreasing amount of domestic R&D
expenses can be set aside against Jdomestic incomc, down
eventually to 30 percent. The effect of these regulations is to

deny full deductibility of Re¢D c.3ts. Obviously, the inability
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to deduct research and development expenses incurred within the
Unrited States effectively imposes a penalty upon domestic
research and development for companies in an excess foreign tax
credit situation. While some tax theorists believe it
appropriate to allocate expenses by reference to the source of
the income generated by those expenses, thn effect of denying
United States companies deductions for research and development
expenditures will be to encourage them to relocat2 their research
and developﬁent efforts abroad. If, for example, a product sold
in West Germany is allocated an RiD expense incurred in the 0.s.,
the R&D night as well be conducted in West Germany, where a full
deduction can be obtained. Such a relocation would be welcomed
with open arms by the governments of other countries in the
world. The United States i3 the only country in the industrial
world that discourages the conduct of research and development in
such a manner. Bvery other industrial nation permits a full
deduction of their corporate domestic RiD against domestic

income.

The controversy over the allocation of research and
development expenditures to foreiyn source income began in 1977
with the issuance of proposad regulations by Treasury. Twelve
years later the controversy still rages after Congress, on five
separate vccasions, imposed a moratorium on the effective date of

those regulations, recognizing their unfairness. The last of
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these moratoria ended in May, 1988, leaving R&D intensive 11.S.
compenies with foreign source inqoue subject to the full brunt of
the old, discredited 1977 regulations. A permanent solution is

needed.

The purpose of these hearings is to identify those policies
which will stimulate research and development in the United
States. Pure common sense dictates that any policy which
increases the cost of research and development discourages its
conduct. Nothing is clearer than tne fact that we must stimulate
domestic research and davelopment. Research and development
conducted within the United States is most likely to “e tailored
to our domestic needs and to our domestic markets. When R&D

movvs abroad, jobs move with it,

Our history teaches us that research and development
ccnducted within the United States produces substantial spin-off
effects. Improving existing products and creating
technologically innovative new ones generstes benefits not only
to the develcper of the new or improved product but also to the
users of taat product and to others who find new applications for
the technological innovation. The spin-off effects of regearch
and development frequently are produced by people directly
involved in the new technolcgy--people at the site of the

development. Accordingly, we must encourage United States
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companies to conduct their research and development within the

United States.

viewed from another perspective, boosting domestic research
and development increases the critical mass of traineu personnel
within the United States and acts as a continuous magnet to
attract foreign scientists and engineers to our shores. Research
conducted within the United States trains United Stites
scientists and engineers. It produces high wage jobs within our

country.

Treasury's June 1983 study of the effezt of the 861-8
Regulations, produced at the request of Congress, concluded that
the regulitions would reduce research and development conducted
vithin the United States by an amount equal to the revenue
raised. Treasury estimated that the regulation, if effective for
1982, would have increased the tax liability of United States'
companies by €100 to $240 million. The study then estimated that
United States research and development expenditures would have
been reduced by $37 million to $260 million. The Treasury study
vas written to support the 861-8 Regulations and used
conservative estimates of its adverse affacts. A dollar for
dollar reduction in United States QD spending is nothing short

of a disaster. One can hardly imagire a more pecrverse tax

policy.
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Eveh when viewed from a technical tax perspective, the 861-8
Regulations are inconsistent with the provisions of the 1986 Tax
Act. The "Super Royalty" provisions of the Tax Reform Act of
1986 insure that United States corporations will be taxed within
the United States on the value of the fruits of their domestic
research and development efforts. Under the “Super Royalty"
provisiory, foreign income is recharacterized as domestic socurce
income and taxed by the United States. Given that sourcing
magic, artificially allocating research and development
deductions to foreign source income puts a double-vhammy on
United States corporations; they cannot deduct within the United
States the expenditures which generate United States gource
income. Accordingly, the very mismatching that the 861-8
Regulations vere designed to eliminate is created by the
combination of the 861-8 Regulations and the "Super Royalty"

provisions,

Fortunately, the solution to the 861-8 Regulations disaster
has already been developed. In 1987 Treasury, the Senate Pinance
Committee, aid the House Ways and Means Committee, with industry
Support, agreed upon a solution to the 861-8 Regulations problem.
In brief, the "67 Percent Compromise® reached permits 67 percent
of & corporation's United States research and development
expenditures be set aside and deducted against domestic source

income. The remaining 33 percent of the research and development
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expenditures would be allocated as provided in the current 861-8

Regulations.

The Reagan and Bush Administraticns have strongly endorsed a
permanent solution to the 861-8 Regulations problem along the
lines of the 67 Percent Compromise. President Bush's budget
amend&ents specificelly include a permanent 67 Percent Compromise
dating back to the time of the last expiring moratorium.

CORETECH strongly endorses that solution.

FULL IMPLEMENTATION OF THE ACADEMIC RESEARCH PACILITIES

MODERNIZATION PROVISION

To conduct research, a scientist must have facilities in
which to experiment. This Committee recognized that fact in
initiating the University Research Facilities Revitalization Bill
in the 100th Congress, led by Chairman Bob Roe. Ry passing the
National Science Poundation Authorization Act of 1988, the House
and Senate authorized the expenditure of $80 million in fiscal
year 1989 for the modernization of academic research facilities.
That authorization increased in subsequent fiscal years--$125
million in 1990, $187.5 million in 1991, and $250 million in
1992. Unfortunately, the authorization has not yet been followed
by actual funding. Neither the Reagan nor the amended Bush
budget for fiscal year 1990 contains funds for the modernization

of academic research facilities either within or in addition to
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the proposed--and welcome--14 percent incrementsl increase in the

National Science Foundation budget.

This Committee has demonstrated its commitment to
modernizing academic regearch facilities. House Report 100-649
to the National Science Poundation Authorization Act of 1988

eloquently stated that:

"Throughout our nation's history the . :alth of our
economy and the strength of our national defense has
been coupled with that of colleges and universities.
This country looks to its colleges and universities for
both new knowledge as well as training for :lientists
and engineers. This linkage is truly unique. There is
no coincidence that the 0.S., with its foundztion of
academic research and training, has led the world in

all measures of achievement in srience and techncloyy.®”

House Report 100-549 then concluded that $10 billion in
expenditures over the next ten years was required to modernize
the crumbling buildings and obsolete equipment in various
scientific fields. fThe White House Science Council and the
Bromley-Young report during the Reagan Administration came to a
similar conclusion. Frank Press, the president of the National

Academy of Sciences, has called for the expenditure of $1.25
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billion per year for the next five years to replace crumbling and

decaying facilities.

The simple fact is that we cannot conduct the most
sophisticated and most productive research in outmoded and
obsolete facilities. Our universities and non-profit research
institutes cannot attract outstanding scientists and engineers if
they must perform their research in out-of-date facilities.
Moreover, young scientists and engineers must receive training on
the most modern equipment, which often cannot be used in
antiquated research facilities, if our country is to achieve the

next generation of technological innovation.

Recent scientific breakthrcughs have depended upon new
instruments--nev instruments which typically are more
sorhisticated and expensive than their predecessors. The
scanning tunnel microscope for visualizing atoms and technigues
sucn as capillary e‘ectrophoresis that can follow chemical
changes ir gingle neurons are exciting and open new worlds te
explore, but they are exprnsive. Without state-of-the-art
equipment and laboratories, prog.ess will be slow anc the bect
engineers and scientists will migrate to positions elsewher¢,

even abroad, that remain on the cutting edge..

The facility modernization shortfall is escalating. For

every $1 spent on new construction, $2.50 was deferred. For
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every $1 spent cn repair and renovation, $3.60 was deferred. To
revirse the downward spiral of academic research facil.ty
conditions, full funding of the Academic Research Pacilities
Modernization provisions of the National Science Poundation

Authorization Act of 1988 must be made.

TRAINING AMERICA'S SCIENTIPIC AND ENGINEERING WORK FORCE

america's ability to expand its research and development
effort is dependent upon the availability of skilled technical
wvorkers to carry out the necessary experiments. A well trained
science and engineering work force is essential for America to
become more, competitive. It is the “human infrastructure* upon

which growth in U.S. rr- arch and development must depend,

Today, 1,300 to 1,800 engineering faculty positions ac
United States' colleges and universities are vacant. Fever
positions exist than are needed to maintain and restore the
quality of graduate engineering programs. The combined shortfall

exceeds )8 percent of the necessary engineering faculty.

In addition to the shortage of faculty, engineering gchools
are unable to attract sufficient numbers of qualified United
States students into their graduate programs, A decreasing
pearcentage of United States students are interested in pursuing
careers in sc.ence and engineering. Of the 4 million high school

aophomores in 1977, onlv 206,000 had received Bachelor of Science
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degrees in natural sciences and engineering by 1984. Only 46,000
of thoge had received Masters of Sciences degrees in natural
sciences and engineering in 1986. Of those 46,000, it is
anticipated that only 9,700, or less than one-quarter of 1
percent of the 1977 high school sophomore class, will receive
doctorates in natural sciences and engineering in 1992. Nine
thousand seven hundred new engineering docturates are not enough

to meet our research and development needs.

The downward trend continues. In 1982, over 12 percent of
entering college freshmen showed an interest in majoring in
engineering, but the percentage declined by one-quarter, to a

little over 9 percent, in 1987.

Fortunately, the skortage of qualified United States'
students has been offset to some degree by the increasing number
of foreign students enrolling in United States' universities and
pursuing studies in science and engineering. Foreign students
represent approximately 40 pe.cent of the enrollment in United
States' engineering grsduate schools ard they receive more than
half of the United States' doctorates in engineering. without
foreign student participation in these programs, the shortage of
qualified engineering personnel in both industry and United
States' universities would be devastating. But many of these

foreign students return home to their own countries and the
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training.

The National Science Poundation hag found that approximately
60,000 of today's math and science teachers in America's
secondary schools are not fully qualified and that, by 1995, the
United States will need an estimated 300,000 additional secondary
school math and science teachers. With a decreasing population
of students entering science programs, the United States will
have a difficult time meeting this need. Ultimately, in light of
the potentially decreasing number of college age students in the
United States and the declining percencvage of those students
choosing to pursue careers in science and engineering, the
shortage of qualified scientists and engineevs may reach 500,000
by the year 2010.

|
|
|
|
United States does not get the long-term benefit of thair
The shortage of qualified scientists and engineers is not a
problem of the future, it is a problem today. Between 1969 and
1982 the rate at which the United States residents patented their

dis dveries abroad decreased by 50 percent. At the same time,

foreign applicaats increased their share of United States patents
from approximately 35 percent in 1975 to 46 percent in 1987.

Most of this growth is accounted for by the increased number of
Japanesae patents. Without sufficient numbers of scientists and
engineers to conduct research, it is o certainty that the United

States' share of world-vide patents wiil continue to decline.

e 205

Al L




205

-21-

To reverse the trend, the Federal government should:

1. Bolster elementary and secondary science and mathmatics
education by supporting pre-school programs such as Head Start,
funding programs to upgrade the skills of science and math
teachers, and creating incentives for talented science and

engineering students to become teachers.

2, Substantially increase support for undergraduats and
graduate education in science and engineering by expanding the
funding of basic university research and reversing the loan/grant

imbalance in undergraduate and graduate education.

3. Zxpand programs to raice the percentage of women and
minorities in our scientific and technical work force by
establishing graduate fellowship and research internship programs
A‘rected towards minorities and women, and providing matching
grants to develop and replicate successful recruitment and
retention programs for underqraduate and graduate women and

minority students.

4. Support or stimulate career-long continuing education
wrograms by providing tax incentives for industry to offer
continuing education, and re-enacting and making permanent

Section 127, particularly to include graduate education.
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5. Poster communication and collaboration among governaent,
industrial, and educational partners by reviewing and updating
Pederal programs that support training and retraining the
scientific and technical work force; convening a national
conference of state level forums and institutions that are
working to enhance the skills of their scientific and technical
vork force; ircluding as part of major Pederal scientific or
technical projects the assessment of its work force requirements
and direct investment in tregining the needed personnel for those
projects; and ensuring that immigration laws allow foreign

nationals with needed skills to remain in the United States.

CONCLUSION

Mr. Chairman and Committee members, I cannot over-emphasize
the need for a predictable and stable research and developement
policy, both with respect to Federal income taxation and
governmental expenditures. A permanent solution to the 861-8
Regulations problem and a permanent R&D credit, as well as
sustained funding for the Acadenic Research Facilities
Modernization program and increased support for training the
American scientific and engineering work force must be a
centerpiece in our nation's research and development policy. The
revards from stimulating rese>vch and development are clear.
Even in times of severe budget pressures, it is imperative for

the government to find a means to support research snd
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techaclogy. By investing in research and developaent today, we
vill create a healthier, more vibrant, more competitive American

economy.
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Mr. Haygs. Thank you. There are a coupie of things, especially
in light of the last panel, that I would like to inquire about without
keeping you here all afternoon. It occurs to me that there is per-
haps less of a difference between Mr. Lawrence and Dr. Eisner as
the concise statements would indicate.

Let me give this illustration: There was a major banking institu-
tion with which 1'.n familiar as a former regulator, that had the
largest R&D budget \n my state. I. did so because of tax planning
corsiderations. I suggest in accordance with what Dr. Eisner men-
tioned ' arlier, that the ase of automatic financial service terminals
would have come abouv anyway as a response to the marketplace.

Yet there is no doubt you could not have stopped the automatic
teller machines from being established. And yet all of this was
under R&D, primarily because a. that time there was tax consider-
ations that guided them.

I represented a law firm not dissimilar to Mr. Eizenstat’s. My
role was to look at the code with the geal of finding opportunities
to serve our clients by giving them the best benefit of our advice on
ways to avoid paying higher taxes. That’s our motivation.

And yet, with the example given, 'm certain that the intent of
R&D, the motivation, did not result in any baxk activity, nor was
it what we were attempting to inspire, legislatively, by the creation
of those code provisions.

Yet, after having said this, I assure you, I am a strong proponent
of the R&D tax credit because we have got to get to where we need
to go. It is clear. It is undeniable statistically that the rest of the
world is using research and development in civilian areas, though
we still need it in military development, that outstrip ours, and
that they are gaining an economic benefit from doing so that is
visible by any objective person.

Would it not perhaps be correct to say, that in a blend of your
statement, Dr. Eisner, with Mr. Lawrence's, what we really are
asking is to more pinpoint our R&D legislation so as to reach the
areas that need encouragement, and to do our best to avoid those
provisions that can lead to subsequent abuse, or to incentives based
solely upon paying or not paying taxes, rather than guidance
toward research and development.

One of the suggestions contained in your statement is a base av-
erage for different industries. In light of this, can’t we improve our
legislative goals, and accomplish what Mr. Lawrence is saying, and
at the same time, avoid some of what Dr. Eisner ic saying? I'll ad-
dress that to both of you.

Dr. Eisner. Well, there are ways to improve the current propos-
als—" have th  outlined briefly in my statement—to make them
somewhat more effective. The basic problem is that everything
economists say has an opportunity clause, and of course, everybody
would like to have more of everything. Just within the field of
R&D itself, of research, the question is where is the role for Gov-
ernment? Where can the Government—should it encourage things
that would not otherwise be done because it is not in the interests
of private companies to do them?

The difficulty is that everybody would like to have his taxes
down. The Tax Reform Act of 1986, 1 think, wisely moved in the
way of eliminating some of these special codes, including in par-
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ticuler the investment tax credit where many of the same argu-
ments were made, I think, even all the more fallaciously. The
notion we have in a competitive free enterprise capitalistic econo-
my is that business should do what is profitable for it. if you
cannot show that it would not do something profitable for it—if
you can show it won’t do something profitable for it, you’re in a
rather queer indictment of the entire system. If it’s profitable by
itself, the tax advantage is just extra gravy. If it’s not profitable by
itself, then you have to make sure that the tax advantage of get-
ting them to do it is really in the interests of society.

I would say that applies where we have what are know as public
goods, where we have things where the benefits to the rest of the
country exceed the benefits to that company, so that it pays to do
it. That is true in regard to education, the basic preparation of sci-
entists.

Dr. Lawrence. Well, I would pick up where Dr. Eisner left off, I
would agree exactly with what he said, and I would argue that in
fact, it has been certainly well established that there are public
good aspects to commercial research and development. The spil-
lovers that result, and I'm stressing here coramercial, that the spil-
lovers that result from commercial R&D result in a return to socie-
ty vs}hich is two to three times as large as the return to the firm
itself.

This is on the basis of studies which have looked, let me stress
again, basic research and development expenditures. So I do be-
lieve that this i an area which meets the appropriate criteria,
which is to say, there are social benefits that far exceed those that
are available to the private decision makers themselves.

Let me say secondly, that we’re trying to design something and it
is a very tough problem. Because it's what my late colleague
Arthur Oaken once called the “leaky bucket.” What we’re trying to
do is create an incentive at the margin and design it in such a way
that we will not reward people for doing something they would
have done anyway. We want to get them to add that extra dollar
without wasting money on all the intra-marginal doliars. That’s a
tough design problem. I don’t think there is a simple, single
answer.

Now, the R&D tax credit, the original one, was one effort at
trying to do that. The idea of the base was indeed to try to get
away from spending which would have been carried out anyway.
As Professor Eisner pointed out, among others, unfortunately in
that design, although it did provide some incentive, it was not as
large an incentive as you could have by making the base independ-
ent of the individual’s decision.

So we have now moved to a second formula. Now, I personally
think it is an empirical matter as to whether we shouldp go to the
industry level or whether we should go to some other basis. I think
using the GNP is a reasonable base. But I would not be wedded to
that. If you could show me that there is a better way to do it, I
think we could do it that way. I think by and large, it is important
when ve make this permanent, and I think the provisions of the
bill do provide it, that we look again in five years, say, as to how
that base is doing.

IToxt Provided by ERI
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Is it totally unrealistic? Has spending far exceeded that base or
is it falling behind it? In some sense it's going to be crude because
we're trying to do something that’s very difficult to do. I think that
the GNP is a reasonable number, but I don’t think there has to be
a single obvious alternative that dominates.

Mr. Eizenstar. Mr. Chairman, may 1?

Mr. Haves. I was just about to say, if either of you gentlemen
wouid care to jump in—

Mr. E1ZENSTAT. Yes, thank you. First, it is important to recognize
when this was originally designed back in 1981 it was designed as
an incremental credit. You don’t get the first nickel of credit
unless you exceed the base.

The second point is that in response to the critique of Mr. Eisner
and others, the Treasury Department, and I worked with them on
and off for a good while, came up with this fixed base concept pre-
cisely so that we would have the full value at the margin of the 20
percent credit.

The third point is Jhat, of course private firms did research and
development before there was an R&D credit and of course they
would do it if there were no R&D credit. What we are trying to do,
and what I believe we’ve conclusively demonstrated by Dr. Eisner’s
studies and others, is that because there is a gap between what the
market encourages companies to do, with all the risks inherent,
with all the long lead times for projects, with all the failures that
occur from R&D, and what is in society’s ir*-rest to have them do,
that you can encourage more R&D than _..e market would other-
wise encourage by this incentive.

That’s what we’re trying to do and that’s what, in fact, the R&D
credit has done. We think that with the new base period it will be
an even better incentive.

Mr. Hayes. Dr. Womack, I believe, if I am not a victim of my
own handwriting, that you had made one of the references to anti-
trust in a portion of the conversation today. I would like to carry
that through in light of the previous panel.

It seems from what we hear on this committee and almost uni-
versally, from almost any source, that we're dealing with competi-
tors who, from whatever structure, in the interrelationship of their
government and husiness, and universities, even, can cross through
some of our bounds of antitrust relationsh’ns, and are able to put
together larger joint efforts. So there is a pressure always to say
“let us be more cooperative at that level.”

That’s a legitimate concern and certainly one responsive to a
competitor who can do things you can’t do. On the other hand, as
someone who is elected by very small business people, and individ-
ual consumers, let’s take Dr. Caulder’'s comment earlier about his
small company.

So if we're sitting there talking about how to facilitate IBM and
Apple to do a worthwhile project, and if the reference made by Bill
Poulos of 9,000 similar companies—we're suddenly going to be at
that crossroads where, on the one hand, attempting to do a better
governmental service, we have 8,995 other people locked outside of
the door, saying “wait a minute, granted we're not your size, but
we're in that business, and suddenly we don’t care to compete with
John Rockefeller all over again.”
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How do we balance that interest and how do we select those
areas of participation where we cross that line, and at the same
time, how do we preserve Dr. Caulder’s company from unfair com-
petition when these selections are made?

Finally, how do we avoid doing whe* we just said didn’t look too
good for the Air Force in s design specificaiions. By designing an
entity that shuts the door on others, isn’t that the equivalent of
making the request for a design that shuts the door on others?
How o we balance those things?

Dr. Womack. I wish I had both the wisdom and the experience to
answer that question in full.

Obviously, none of these issues is black and white. All I was at-
tempting to do was point out that at the time, as in so much of our
business culture in the United States, we had a view, perhaps that
lasted even as late as the mid-197v.,, that we were a law unto our-
selves, that the entire world ended at our borders or the Atlantic
and Pacific and with Canada and Mexico, since our market was so
large, and since our %roductive capacity was so large, and since we
were good at everything. And we needed to speak primarily in
order to protect those small companies—a principle, by the way,
which I thoroughly advocate—to protect those small companies and
to avoid collusion in pricing, to avoid the kinds of things that I
think we would all deplore, to create laws within the United
States, antitrust laws in the United States, some of which have sur-
vived, and in many of which deserve to survive.

All I was attempting to point out is that the economy now in-
cludes a much larger playing field and a much larger number of
players, some of whom are not subject to the same restrictions; and
furthermore, because of the larger number of players, some of the
reasons for the original restrictions may no longer be valid. It’s not
a subject which I'm prepared to answer in detail. I would certainly
agree with you that it’s a difficult subject. It requires some balance.

I did want to point out that it is very encouraging to see some of
the barriers, which might 10 or 15 years ago have made it very dif-
ficult, or at least would have made me very hesitant, to sit down
and talk with counterpart R&D managers in my industry about the
possibility of joint programs in procompetitive development, to see
these barriers relaxed by action on the part of the Congress and
the Administration.

And I think it’s usetul with more time and more effort to exam-
ine the other phases of the commercial development process and
see if pushing, or removing or limiting, those kinds of barriers in
later phases in the near commercial phases and perhaps even in
tt)llue production phase of the process, with restrictions, is not desira-

e.

R&D consortia, which would enable us to pool what we've al-
ready spoken of as limited resources around the table, I think are
going to have to be done in this country if we're going to work
within the box of the availability of those resources.

Mr. Haves. If any of you would care to jump in that’s fine. I
would also like to add the concept before I ask anyone to jump in,
of the same thing, the university- corporate cooperation. | had an
0 portunit{l only a few months ago, through being in Japan for a
short length of time to be able to see first-hand that you cannot tell
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the personnel that are corporate from the graduate students. They
are idertical, they intermingle and they are a cohesive work force
that does precisely what you said, and that is accomplish a conver-
sion from beginning to end much more rapidly than we can.

The one problem I see, while at the same time suggesting that is
effective and efficient, is there is not an equal competition among
major universities in the case I used of Japan, where Government
adds itself as a third player in that university-corporate structure,
and in effect details roles of, not the university as a community, as
ia genecelric term, but The University upon which the facility will be
ocated.

The equivalent of that would be to ask this panel with its rather
broad background when it is in ful! Committee of Science and
Tech, to take Johns Hopkins and Cal Tech and MIT and the Uni-
versity of *lichigan, and add two or three more, to the exclusion of
the rest of the community and say, they are awfully well prepared
for this project. I know it’s the same box, but I would be most inter-
ested in any of your observations, because it’s the one in which we
find ourselves. Certainly, the goal is enviable and certainly the
structure of our competitor requires a reaction.

But the reaction has to be something, in my opinion, different
from emulating it. It’s got to be a variation of it. What's the best
way to create that variation without giving up the uniqueness of
our society that allows small businesses to create themselves, and
allows universities with individual research projects to go forward?

Mr. Womack. Let me just seize on the last remark you made
that the emulating our competitor is not the easy solution that it
may appear. Obviously, he has strengths which make some of those
fhings work for him which are born of the culture in which he

ives.

We have a culture which values independent action, personal in-
novation, and competition. It’s the strengths of that culture that I
feel we need to reinvigorate in order to solve the problem we've
been discussing.

It’s on that basis that I ain suggesting, certainly not suggesting
that the Government get into the business of picking winners and
losers, but yather to enrich the resources and the tools which
enable that structure to function well, and which are now in some-
what sad repair.

The fact is that a commercial enterprise in the simplest form re-
quires four things. It requires a customer, it requires an idea for a
product, it requires skilled people # .d it requires production tools.
Three of those four things are in questionable repair in the United
States. The only thing that nobody has challenged is that we're
very good at being cus.umers, we’re very good at being consumers.

We can stand tc look carefully at the idea production process, at
the process of producing skilled people, and at the process of
making available the capital, that is the savings, which go to form
the production tool. If we do that, and if we do it effectively, I
think our culture will do the rest.

Mr. Eizenstat. There are, Mr. Chairmran, at least two activities
which I think go to your point. One is that the National Science
Foundation has been creating, and I certainly think they’ve done a
good job, the Centers of Excellence which are bringing together
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businesses, small and large, and universities. I think that needs to
be expanded.

Second, as I indicated, the university basic research credit is de-
signed specifically to encourage corporations to contract ou. their
basic research to universities and non-profit institutes, so that that
kind of collaborative effort is encouraged.

It’s too early to say what impact that has had. It was only passed
in the 1986 Act, but anecdotally, at least, our companies are very
encouraged by how it’s working.

Dr. ErsNER. I would just pick up one of Dr. Womack’s points. I
think again, industry will lack skilled persons, skilled people, and
that’s the one place you can’t expect industry to help itself. Be-
cause we’re not a slave economy, it doesn’t pay an individual com-
pany to adequately educate and train people, because they can'’t
kecp those people, they can go elsewhere.

It’s a basic responsibility of government and society te invest in
human capital. That is where I believe this Committee should look
for ways to proceed, and to proceed effectively.

Mr. Haves. Thank you. I want to thank 111 of you. I am going to
roughly adhere to the time because this is one of those occasions
where I think there is some pressure for this room.

So we're a little bound today by constraints that we won’t always
be bound by. I do want to add a few things to this record, however,
before closing, the submissions that were made, and I will just
state the record will be open.

Also, what we'll do, if there are any additional materials that not
only any of our panel members but other interested parties would
wish to subrr.t, then the record will be open for that purpose.

I thank all of you for coming, and as I said earlier, one thing I
have learned in a short time is that more people read what you
submit that I suspect you believe read it, and it has a broader
impact than you might think it has.

As illustration of that I will assure you that the present amend-
ments involving Section 89 of the Internal Revenue Code came
about almost entirely because of staff reading letters, comments
and documents from accountants and small businessmen across the
country that gave graphic examples of their opinion of the imprac-
ticability of that legisiation.

Likewise, much the good we can do is in the same fashion as
your specific examples and the only thing I would further encour-
age that we are always in short supply of, is alternatives.

While we don’t expect them to be perfect, and while anyone who
offers any suggestion opens themselves to criticisms from their col-
leagues, it’s still the best source of information for us, to see people
who are intimately dealing with issues to make suggestions, while
not perfect, are improvements. I would certainly urge and encour-
age you to please continue doing so. From that criticism alone
comes a constructiveness that we can’t duplicate elsewhere.
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Thank all of you for being a part of this hearing. I certainly ap-
preciate your coming and I can only tell you that this is an issae
that is evidencing itself in such magnitude that our country needs
your continued input to improve our past and hopefully to better
plan our future.

Thank ycu very much.

[Whereupon, at 1:12 p.m., the subcommittee was adjourned, to re-
convene at the call of the Chair.]
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enough to encourage significant
cost reduction througl
competition betw een suppliers.
Aspetts of tins technology, such
as lower structural weight and
greater component heat resistance,
iake advanced comipuosites a
reqquired area of deyclopinent for
future acrospace applications, such
as high-speed alrcraft and advanced
propulsion systems. Currently,
development s concentrating on
improving the performatce of the
basie materials and identitying
cost «Mective applications. Due to
th  aplexities of composite
materdals, such as their direct onal
properties, their low cuctili'y and
fiber/matrix interface problems,
there 18 a need for advanced
automated design and
manufacturing techniques, as well

as more highly shilled engineers
who are fanutisr with the
developrnental problemns of
composites technology:

Encouragement of this R&D
effort would nelp the US.

f industry maintain its
Jead Future program requiremerits
demand that immedate attention
should be given to the fabrication
of matenals exhibiting even
greater toughness, utility and

. 3

I to higher

With a sufficient effort, a 25% to
50% reduction in production custs
for mort aerospace structures could
be realized before the yrar 2000,
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Innovative Deslyns
Arceelartlc Dilering
H5ZBAspect-Rath "esgy

ADVANCEMENT INHIBITORS

® Materlals and processes are still evolving

u {Questions of long-tenn dursblily

8 Raw material and processing cosss are high

B More skilled enginecring rescurces 2re needed

229

REQUIRED DEVELOPMENT

o High-temperatur® materials

# Refined structural analysts methods

® Unifled rechinical data base

®» Improved environmental duraisticy

. €, low-cost f3 ing methods
& Simplified repalr methods

» Ad d 1 design technlg
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RECOMMENDATIONS

Institute a maor national
program to accelerate
development of a broad
technology base wath active
gor erument. dustry and
s ersity support

Demonstrate wamtaiaabiluy
and costeflectiveness of
advanced composites

Parsue new and inovame
matenal forms and processes to
exploit potential of adsy anced
cCOmnposes

Contime Jevelopment of

ady anced automaterd desygn and
analysis methods for effective
and efficient fulfillment of
aysten requIrenien’s

It ordl
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The revolutionary advances
made in serospace clectronics have
been driven by the advances in
Integrated clreults, The stagiering
amount of expertisc focused on
electronics micromniaturization
has provided very large scale
Integrated (VLSY) circuits. By the
turn of the century, the number of
transistors per chip will reach into
the tens of millions. Additionally,
new materials are emerging,
particularly gallium arsenide
(GaAs), that have the promise to
further increase the electronic
speed on a chip by a factor of
three or more. Recently
announced achievements in
supercontiuciivity might provide
further advances in VLSI ctreuit
performance.

Such compact cirauty will
provide computers with an even
greater computatior:al capahiity,
and ¥zt they will be smaller, more
reliable and easier to maintai.

They will give unprecedented
performance in eerospace and
many other fields, providing the
“brains” for Mreraft, satellites and
weapons, Additionally, they will
play a pivotal rote in the
development of other newly
emerging fields, such as artificial
intelligence, and wall be applied
broadly throughout the civil
economy.

Although the U.S. ploncered
integrated dircuits, foreign

urers now domi

production of commercial
sericonductor devices and have
rapidly implemented new
technology, including VLSt The
DOD VHSIC and MIMIC programs
arc promoting significant advances
in U.S. capability, and a recent
industry/government progrsm,
SEMATECH, is helping to ensure
domestic manufacturing sources.

1t is essential that these Initlatives
be sustained. Major new emphasis

232

is nceded so we can achieve
improved design simulation;
submicron scale device fabrication;
cnhanced acrospace attributes such
as ruggedness, testability and

llation hardaess; ad d
semiconducior materlals; and
interconnecting and packaging.

These challenges can be met by
key, focused programs Jesigned to
cooperatively advance these vital
arcas. Without such inutiatives, the
U.S. may not achleve its essential
techuological goals and leadership
will continue to reman with
foreiyn Interests.
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Appllcation Development
Advenced V138 and MMOU-VISL Packaging

Wn!um}gn lmmnum
Ineullehn ikobariy parineccbip
ind: Ty and gov
I Regim ofm !ethnolagy arcas
“Uhits application -

e

cpedﬂaﬂom $ahiblt commerclal
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REQUIRED GEVELOPMENT

» ConUnued ad In subami process
technology

A Major, rapld sdvances lo inanufacturing
processes and equipment

® Advances In speciflc arcas: witegrated clreult
deslim, packaging, Intercommsection, printed
wiring boards, bulltda tess, Cads and other
advanced materials
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RECOMMENDATIONS Co s MAJOR BENEFOS ..o

3
® Major new emphasis on . . - ]
submicron process development . I

gt hahiys it LR h

u Increased emphasis on new, t
improved materialsand _ .
procecs such as galllum 2w
arsenide and superconductivity

= V1SI
s VLS! builtin test
» GaAs materials, design and

8 Yocused programs on:
packsging

= Interconnections
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Comyputer systems are currently
generating more data thian we el
proaess, Witheut sigoificant gains
fn software development, the sheer
volume of information and the
increasing Tomplexity of computer
systems will become lahilities
rather than asscts. Toerefore
software, the language and logic of
compurer operation, is repldly

the key to the
automated world of the 25t
century. The ultimate usefulness of
such futuse U.S. projects as the
space station and steategle defe

Because of their interrclatedness
and versatility, sume software
technology arcas offer particularly
high psyoffs. These areas include
support envirounents, very high
level Janguages and computer
alded software recuirements and
design capabilities, [The recent Adx
Initiative has provided a
foundation for imaking progress in
these areas. Other importart
software technologies, in terms of
their leverage on aerospace
capabilities, are data base

systems vAll be crucially
dependent on our ad d
software crpabilities. Furiher, the
success of a1 -omated factories, air
traffic condrol networke, banking
systems and numerous other
complex computer applications is
dependent on software for control
and support. A vigorous, sustained
software research effort is essential
to meet tne requirements ot the
future.

g systems, multilevel
security and artificial intelligence
(Al). Recent expericnce with Al
applications has indicated that
major payoffs require
combinations of Al and
couventional software capabilities.
This imphes that greater
inv in convent
software tecknologies are needed
to realize fidly the payofls from
in in Al technalogy
Development of advanced

236

software technology Is curreatly
lumited by the level of fanding,

the degree of formal understanding,
the lack of focused research cfforts
and the availability of key
personnel. While the United States
isin the forefront of this
technology, majee foreign
consortium. already exist, and
Iumptan countries are currently
leading the Unlted States in certain
areas of software development. An
R&D thrust centered on advanced
software could lead to an

orderof magnitude increase infae
productivity of computer sysi .o
and an equal decrease in error
rates before the end of the century.
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Asisasated Safinare Generation

nersetive Programmlag
Saftware Bupport Lin ireament

‘)!‘::g.

ADVANCEMENT INHIBITORS

B Lack of foctised developmental efforts

to accelecate advatices by softwware sapport
environments and very high level anguages
Lack of personnel skilled In varfous technology
devclopment areas

Interoperabllity betw cen Al

and conveativnal cofivare capabllities
Ineffectlve cooperatlon betw cen

acaderala and induetry

1OD sofiw are acqulsition practices

Mlteple Spow
L AnEer aetioge

REQUIRED DEVELOPMENT

R Software for paraliel and disteibuted processors
W Software support ravironurents

B formal principles for shultlevel securiny,

data base inferenciog aud proof of corrvctn
3 Acrospace-orivited very high level langu,
B 1y brid Alcons entional soltw are sysscs
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dn!brce Software mgincenng

- lnsmutc‘s role as technology
transfe= agert

a Create incentives for academia
and industry to work
cooperatively on different
aspects of the same problem
or idea

@ Expandand reorlent
softwarc/Al R&D program

s Take gma!cr advnntzge of
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S
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Within 20 years, advancements
in propulsion technology could
result in the design of subsonic
transports requiring 30% less fuel
and Sghter slreraft with sustained
Mach 33 cspability. New

s devel 4

Launch System (ALS) and the
Integrated High Performance
Turbine Engine Technology
(RIPTET) programs. The AlA
sgrees with the goals of these
programs and views their

rver the naxt decade

are critical to fisture dasigns such
as an advanced supersonic civil
transport and hypersoniz or
transatmospheric vehides. For
space flight, improved durabillty
and performance capability of
rocket engines could ensble an
order-offmsgnitade cost reduction
for placing payloads into low ecarth
orbit. Advanced technology will
also enable more versatile aad
cost-effective missile systems.
Concepts already extst that would
ensble many of he clied
advancements, but capability is
yei to be proven.

Current propulsion programs
Include the National Aerospace
plane (NASP), the Advanced

as csventlal, Fowever, sven though
these programs will provide
substantia} benefit to aircrait

« propulsion requirements, they will

not provide answers in a'l key
areas.

Yor example, a dedicated
initiative is necded for further
development of gas turbine power
plants, the mainstays of
ccmmercial and milltary aircraft,
and to explore the potential of
much higher flight soeeds. Rocket
engines also need accelerated
development to reestabhsh the
U.S. position of preeminence in
space. Current and planned spaoe
propulsion systems are based on
20-yearold technology. A sustained

24

national commitment is required
to investigate and demonstrate
new designs that wall benefit US.
missions.

Advances forecast fcr both
airbreathing and rocket engine
types make it clear that a complete
recvaluation of engine
architecture, fucls and materials
must take place. The schedule of
progress in propulsion technology
development may hinge on the
ability to fabricate complex
propuision systems from
high-temperature composite
materials. This is one more
indication of the criticality of key
technologies and the benefits to be
ganed by focusing on thar
developtnent.
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Methods R&D

up«i mm Applicstions
Advasced Avtsmated Desigo
sod Mannlocturing Techalques

Component and Matecials R&D
Tt Vectortng

Iutegoated 2ectrodie »nltnhusd&cmnrk_u
P " 3

ADVANCEMENT INHIBITORS

» Ab of natlonat plan for ad { subsoni
and sup } nercial alroraft proput
development

¥ Unavaitability of advanced high-temperature materials
€ Insullicient developraent funds
8 Lack of skilled englaeering resources

O
&
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-

e

e # U

a mrbomnchlmry - ey
- Oombmtordaugmﬂnorl e T s
G Inlets and ﬂbaun lyx!mu N :‘:
& Control 1os and mechankcal

¥ Advanced automated methods -
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DATIONS

Continue planned technolog
buase programs for IHPELL
NASP and ngh speed
comnicraial transport (HSCT)

Pursue new and nuovatne
matenal forms and processes in
all tenperature ranges

Develop Anowledge baed
computer systems for
propulsion appheations

Explait technology
demonstrator vehieles wath
challenging systems objective as
a key development strategy

Develop advanced automated
design, manufacturing. test and
analysis methods

8€¢
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Engine Demonstrators

High-Presure Baygen and Hydrocarben Eagine
Advanced Space Metar
Lew-Cost

ADVANCBMENT INHIBITORS REQUIRED DEVELOPMENT
-i P««lwd s technlcally mature # Advanced automsted nrethods
. a lnldeqmtt development funds u Cost-cdriven deslgn methods
o7 :G:mﬂng forelo competiticn @ Improved waterials
: L] lmprovrd manufacturing methods
2 th e testing techn!
i l-ndnolum&lned sitpport snd specitic, u Technology demonstrators

R lon(nngc VS space goals
® tnadeqoate fadt Tocilttles
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RECOMMENDATIONS

Reestablish a national
commitment to foster the
advances necessary to maintain
technglogical excellence

£xpand national propulsion
technology programs to
advance analytical and
computational methods

Investigate new materials and
fuels, methods of manufacture
and inspection techniques

Expand health monltoring and -
contro} systems to enhance
low-cost operations

Investigate combustion *

phenomena and advanced
heat-transfer techniques

Test engine demorstrators to
verify technology galns

Develop advanced sutomated
design, manufacturing, test and
analysis mcthods

wilf pr;n—tutl'- 4

< andéruisgninde W s retta-ortiit and
- N "

x| tiv fonis HIFHBpTOTED peHrmame .
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As the operational einvironment
beeonies mereasingly complex,
sensors will have to deteet and
relay more and more inlormation
related to flaghepath selection,
Certamly futuve scenarios tnply «
critical need for more effectin e and
affordable sensors Stragge
systenis, including the Strategic
Defense ttiative, demand sensors
that automatically detect and
identify very distant thrvats, For
survivability of aireraft operating
at low attitude, all threats must be
sensed, recognized and countered
autotnaicelly or presented to the
pilot for verification and
immedlately counteraction.

Advanced sensors can ad both
commnercial and military aviation
by providing increased flight safety
and performance, Further
develop of this technology
could also enable the design of
wuch lighter weight, more
afforcdabls andd relable onboart

equipntrt for avaneny of
apy hations

sigmficant advatiees have
revently bevn made m both
gl performanue mtrant d
d('“(TOX\. 1adar transeener
cotpponents and laur senson
Prootof voneept work ueeds to
proceedd, Tmpros ol seticor umay s
have not yet been prxduced m
great coough punibers o
aceurately muasure theit rehalnhty
Yot those components to be
broadly used, production costs
nust be sigmficantly decreased,

Lmphasis is being placed on
lovar gallium arsemde through
the MIMIC programn, and infrared
has been highligbted by the
Defense Projects Enguvenng
Standards Office thrust. However,
a conbnuing focus 1s recquired
across a broader front, especially
m infrared and fined senon
«ystems, to seaze and waden our

246

Compared to the level of sensor
techoology development Lold by
several other snajor workd powers,
U's development » laggug For
crample, as 4 result of advances m
IR ard radar sensor technologies
made by Fraee and the Umted
Kugdom, we no longer have a
competitive edge withi NATO
The 1.8 .R and cortam other Tron
Curtan countoes anpourced
sigulicant b sakthroughs m other
sensor technologies 1n the early
part of this decade: they have since
halteu publication of thar
reseacch, but we must assume that
they are at least competitive, If the
United States is to be a leader in
mmbitary and commercal sensor
dr elopment, ininediste vinphasis
must be placed on this techuology:

(444
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ADVANCEMENT INHIBITORS REQUIRED DEVELOPMENT
8 Requlred material quality fs expensive L% 4 h on {al and
. ¥ Mest systems are affordable only by derice procesaing .t
the govercment ® Derign for produ-iditiy 3 e
B Manufactu ing cost s . axffordable with ® Device deslgn an.  or predictable j)erﬁ‘vl;mtgce
current s tnology and mauvufacturing yleld . .
B Small custoraer bace wves not encouraye ¥ CAD tools to ensure first-tlme succesy
suppller .4 estment B Autornated manufacterig and in procens tes

® \Multisensor fused systeina
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RECOMMENDATIONS

v elop advanced systems
architecture dareeted at
nmuliiensor soluttons to

o ercome basie linntations of
standar? sensors

Derelop multiapphication
nucrowave mlhmeternave
wmteg ated arants veeded to
support the multisensor
SUStems

Develop multiapphication,
rgh-performance focal plane
arrays based on recent
breakthroughs

Lxplore and broaden sensor
spectral limits bey ond current
areas, including future
breakthroughs antiapated
through developmcats 3n
togh-temperature
superconductive materiais

Incorporate the new arrays and
witegrated crcuits into
integrated avionics systems for
stealth, forve muluplication «nd
affordabshity

P
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Earlv in the 21st century,
aerospace infurination Procesinig
requireinents niay cveved the
practral pertormance and
reliabalezy Imuts of comventional
dextrames Tartunatdy, the wwe of
optical IOrMation processitig, as
compared to current elecronyg
methds, 1s expected o provide a
thousandfold improvement m
performance and pasibly
rehababity as well

Ophual infarmation processmg 1n
converned with the storage and
martipulation o date by eptial
deviees, This technology micludes
signal, inage, nunieriad data and
wirbolie data processimg The
Rey to thi new tedhvology v
the use of lighh as opposed to the
charged electron flow used in
conventional el etronies, Yhe
clertromagnetn abv neutzal light
particles, or pho ans, move much
taster and are unaffected by
electromagnetic suerference or

strang electronngoetic pulees
sinee virtually all types of future
acrospace systems wall requaze
mu ' faster real tinne mforation
Processmig, opti al mformation
processing s of global mterest

Current tedmology development
1s focusing on two approaches for
the near tenn, optoelutronies, 4
bletid of optical miethodologes
clectronne methodologes and
optical interconnection technuques,
otters the potential 0f a smooth
technologacal transation from
eledinumes to pure optics Tor the
longies tarn, researchers are
working on the developinent of an
“optical transistor”” 1his device
wall fann the basis for optieal
mtegrated circwats and memory
devees,

Recent advances 1n the three
amager areas of nutersals and
devices technolog . algonthm
development and system
architectures should help to

251

produce nmadunes capabie of
Hrvaten Intormation processing
wapability 10 the next several years
[he surcesful mtegration of
aptica data processors mto
voruueraal and smbitary systems
vl depend heavtly on contimmed
research Wath an merease in
resourees, the development tme
could be reduced by 25% or
more 1his cauld provide an
optoelecttand wlutzon wathim, 10
vears and an all-opticad solut o
withmn 20 vears.
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ADVANCEMENT INHIBITOKRS

2 Techakes! maturation is slow

» Materfaliprocess slll evsiving
n Customers slow to acoeyt

- lncmdml t«hnow trander
x Lach tompany tends to “do thelr own thing”
» DOD data transfer to industry

® Nighcoats

iy Spcdﬂized material compotnds
@ Construction of clesn rooe facllities
® Shorisge ofskilled englncery and technicians

Opteal Luhqmlm‘ e

e Spe Hmcn

REQUIRED) DEVELOPMENT

n 1 d material § da with nentf
opﬂnl pmpfrﬂu

® Creation of optical system architectures

L thve, & ing methods

2 Simplified repair methods

a New, | ve devi p designs
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RECOMMENDATIONS

w Incresse R&sD emphasis on both

uptoelectronics and optical
approaches

u Develop skilled luman
- rescurees for sil levels: R&D,
gineering and facturing

o

8 Attemnpt integration with real
systems that require optical
{nformation processing beyond
the capabilities of conventional
electronic processors

& Estsblish and prioritize real-
system requirements that go
requests for “‘more

speed and parallelism”

= Form private U.S. consortiums
to address specific technical
tssues but with direct tics to:
» Key DOD agencies
« Key technical universities

8¥¢






History mav Judge . nfical
mitcihgenee (AN to be the most
priotal techuolog, ot this cenuny,
The satces of tany Us efforts s
dependent upon computers tha
evaluate conplex atuations,
therefore, the progress of Al
development s crucial

This advanced wehnrolegy
concet ied with comphicated data
provessiegg problems and the
development of problen sahving
capalnitties that claborate an 2
model of human wtelhgenee,

Al cor ers a number of
computer-hased adnaes, one of
the most comivon bung the desym
of "expert” svstems, Traditonal
compunng tee hmgues rvqum:(l
bours of laborious progranuning
@ load a data base wath all possible
solutions 1o cach problem, In

todin "s eapert sustetis, conpriters
e seleeted koo ledge from pue
ar more hunean experts to sobve
x‘ﬁ)hh’nl\ m ll"“h the e way

R

as . hman unght The onhy
drav buack 1s that such asustem
only learns’ from new haman
wpnt Tutire Al svstemis w it be
capable of madine dearng, they
datu bases will be contmansh
upxated by the outeome of then
own problon salv g apetations

e umipact of AL tchoology o3
both muhtany and cinvaban
acrospace svstems will be
consderable Hunan producnan
will be ncreased, system
performance and tehabihey w 1 be
unproved aud hfe evde costs wall
be teduced By the tum ot e
contuny, apphoons of Alae
eapretud 1o revolutiomze a vanty
0 actospace proedutts o well w
(b wav i which those prochiets
ary manufactured

Applicanons ot AT tedmolegs
ae by depondenton the
avarabihy of otlier vow by
unergng kv e hnologies, such
o advanced compater software

" 3
254
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Ty ey
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A wall also be easter to yaplement
with futher deyelopusent of
computer hardware, very Tinge
sl ml(‘gl'al\‘d arantey and
optical ifanraion processing We
need 1o encoutage further
advances 1 both compunng
tardware and theary, as well as
dey clop demonstiatns o llustrate
Al apphealnhity as the techuology
mioves from theory to pracice
Despote strong challenges from the
sonviets and the Japanese, the
United States still enjovs o lead i
thus technology. but wathant

fix it d attennion this lead witl
undoubtedhy disappea,

e

08¢



1980 1890 2000 N -
ADVANCEMENT INHIBITORS REQUIRED DEV ELOP\"INT
® fnsufficlent knowledge of human L W) Hable softsware valldstion methods for
problmwlving process expert ey atemn
B _New A tcchno!ogka suffer from; ¥ Advanced computer system for problem
formulations, solution " talgn and software
deslgn, development ! maintenance
» Different risk perceptions between Al 1 d by y
and system developers % Sofiware capahle of commonsense reasonlng
= Divergence between scedenile and
noascademb techoclogy trendts
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S gt VAM'WJ and proven . lmpmvcd techniques for modeling and processing
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RLGCOMMENDATIONS

Place more emphasis on

relevant, real demonstrators to

cnconrage accepiance by systent

developers and enable Al to

become speafic in real systems
.

Fucourage Al content
selected aystems, as with
automatton and robatics, for
space staton

Expand gnvcmmcnl-smnwn‘d
wdustry wternshp programs
for nmversdy faolty members
on sabbatical

Using the Software Engincermg
Institute as model, orgamze
stnilar etlorts to encourage
conpmumeation betw een Al
data basext management systzms
and software engincetng
techr.ologhes

;\pi)lhj.mi
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a Cuinulng dependence ypon costly und
masslve redundaocy
% Lack of quentiiative understanding of
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key:to intérnational
compefitiveress,

W see three major esults as
potential payoffs of 1 nationudly
focased techinology program.
First, there will obvusly be a
inote rapld maturatim of
prtorlty tcchnalogm. Second,
better and marc “coheni.»
palidea will be established to
enhance the entire natlonal
teclinology development
process. Finally, murkedly
superior, new products will
Lecome nmllable by the turn
qf the century.

263

_ Only if government and industry
move pron.ptly, as members of 3
team, will these statements become
realities.

This £ & long-terma effort, and
more than a decade will pass
before most of the major
technological benefits are avadible
to new products, Considering the
rate of thelr technology expansion,
the position of our foreign
competitors in the world market
will most likely continne to
improve. The Aerospace Technical
Council offers immediate
leadership to inftiate aid sponsor
Joint meetingy hetween
government, industry an.l
university representatives, If we
av to accept this international
challengy, a dynzmic and
cooperstive new natlonal effort
must be initlated inmediately.

693



To meet tize goal of regaining worldwide U.S. aerospace product
superiority by the turn of the century, the AIA Aergspace
Technical Council recommends that:

A national accospace key technology program, led
by industry, cndnrsed by gavernment and
supported by academia, be immediately undertaken

2

Al parties should assign high priority to this
national program, at both policy and technical levels

Cooperative ways should be sought to facilitate and
encourage this unique technology development
effort through new actions and approaches

The aerospace industry should provide its collective
design and manufacturing experience and lts
fong-term focus on international competitive
challenges
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“A strategic focus on key technologies is
critical to U.S. leadership in the competition of
new products in the global marketplace. As a

nation, we must get started now.”

Don Puqua, President
Aerospace Industries Association

26
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"TECHNOLOGIES |

ESCLUTIONS

YWHEREAS: Development of advanced technologics is kep to the future global
competitiveness of U.S. aerospace products, and

YWHEREAS: th aerospace industry has declared its firm commitment to
Joster and support a bolder national research and development program, and

E%IEEREAS: Immense benefit to U.S. national security and international trade
can be realized through a cooperative national technology development proyram
endorsed by U.S. government and supported by academia.

RNow, THEREFORE, BE IT RESGUVELD: That the Board of
Governors of the Aercspace Industries Association of Amercia kereby endorses and
supports the preposal for national action initiated by the AIA Aerospace Technical
Council and eniitled Key Techniologles for the 1920s.

Br It FURTHER RESQGILVEID: That the aerospace industry will
provide its avallable resourccs and leadership to work ccoperatively with government

and academia to cttain the Key Techniologics for 142 1850s goal of ensuring worldwide
U.S. aerospace product saperiority by the end of this czntury.

Unanimously adopted by the AIA Board of Govcrnm? I{@vfﬁlber 21, 1987,
BBV
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A Detailed Technsiogy
Rozdmap for.

ROCKET
PROPULSION
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Rocket Propulsion Technology Roadmap

FOREWORD TO THE
AIA KEY TECHNOLOGIES FOR THE 1990s
INMATIVE

Background

The United States technological superiority In asrospace products and military capability Is
belng severoly challangsd. Although the Industry has consistently malintained a substantlal positive
trade balance of over $10 bitlion In recent Years, asrospace Imports are growing rapldly and U.S,
asrospace compatitiveness Is eroding.

Our natlona! defense requlres atfordatle systoms and a robust industrial capabliity to support
it. Our naiional economic wall-belng deponds on internationally competitive, high-quality, techno-
loglcally superior products which creato li'dustrial heaith leading to more Jobs, a larger tax base,
and positive trado balances. An Important and viablo option for achleving these goals Is a boid In-
povative national asrospace tachnology develor .nent program which bulids on the technological
superlority we now enjoy.

ABR202a)
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Rocket Propulsion Technology Roadmap

The AIA Proposal

Thz Aerospace Industries Assoclation (AlA) Initiative, calied Key Technologles for the 1890s.
proposes a threo-prongad natlonal strategy with tho goal of ensuring U.S. technological superior-
ity In asrospace products and miiitary capabliity well Into the 21st century. The first eloement of
this thrust Is to craate a cooperative natlonal offort umong Industry, govemment, and acsdemla to
focus on tho development of seiocted key {ochnologies. The second Is to cooporatively mold in-
novative policlas that will st'mulate technology development and facliitate its rapid application to
naw commorcial and military producis. Tho third element will focus on davalopment of msthodolo-

gles, tools, and disciplines required to Increase the competitive sdventage of oui technology base.

AlA Is committed to a leadsrship role, working coopsratively with governmont and universitios.

892
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Rocket Propulsion Technology Roadmap

Koy Tachnoloolos List

Over the past fow years sonlor technologlats in the AIA member compsnies (representing
over $100 billion In sales In 1987) reviswed over 100 technologlrs for future sppiications to
systems. During the psat ysar, they achleved & consensus on eight key technologlos which
have the greatost potentlal for Increusing tha technological competitiveness of the U.8. Thase
olght technologies ware selscted on the basls of highest loverage, greatest potentlal payoff,
and broadest agplication, both commeorcial and miiitery. it national focus can be attainad, ard
if they can be protected from savers budgetary parturbations over the long haul, these elght
key technologlos wilt result I markedly superior products for the global marketplace. They
are:

Composito Materials

Very Large-Scals Intograted Clrcuits
Software Davelopment

Propulsion Systema

Advanced Sensors

Optical Information Processing
Artificlal iIntelligencs

Ultrarelishie Elastronic Systems

692

AlA representatives havo propared a draft Rosdmap for each of the eight key
technologles. Working with govsmiment and univorsity reprosentatives, the Roadmaps are
belng validated, and thon will bo refined into Technology Davalopmont Plans. Thess Plans
wlil give a joint parspective of tho state of each technclogy, the plans for progress, ro-
sourcos currently boing used, and thoss required to mast fuiuro goals.
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Rocket Propulsion Technology Roadmap

|mplementation

AJA anvisions & long-term effort to emphasize national devolopment of the Key Technologios
for the 1950s. Concurrent with the Roadmap evolution, & jolnt policy level group cailed the Aero-
space Technology Policy Forum will oversee the technology team efforts and roview regulations,
polictes, and legisiation necdsd to facllitate technology development.

AIA neeods and sollcits strong logislative and executive dopartment support for this program
for natlonal action. This proposal bullds upon the technological lesdership of the aerospace
Industry. U.S. worldwido competitivenoss can be moaningtully enhanced If loaders of Indusiry,
govemment, and acadomia all work together toward renswing the national splrit of cooperation
and partnership. The challenge I8 to make such an organized natlons! technology developmant
effort work as nover before In poacetime.
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Rocket Propulsion Technology koadmap

ROCKET PROPULSION

ROCKET APPLICATIONS iN THE 21st CENTURY

@{\ﬁ
< L
Orbit transfer vehiclos W Ty, 0v

Hyporgonic vehicte propulsion
and steering

Interplanetary vehicles
Space statlon/satellite steoring

e

Alr defenso missiles

-

Jlcal missilos

Strategic defonse weapons Hypersonlc cruiss missiios
Launch vehicles < Taudcal migsiles

=

ICBMs
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Rocket Propuision Tech ology Roadmap

lotreduction

In Its simplest form, rocket propuision is a type of Jet propulsion vhere reaction (thrust) Is
devsioped by tho momortum of ejected matter. As contrasted to gas turbine and ramjet propul-
slan, rocket propulsion carrles, as an integral part of each system, its required fue! and oxldizer.

The majority of rocket propulsion systems can be subdivided into two cat. gories: liquid or
solld propeliant. This Roadmap doals with each categoiy soparately. While both these forms of
rocket propulsion share comm~n tujectives, thelr technology needs (except for some common
materials) aro different. Gther ..rms of rocket propulsion, such as hybrid propulsion—combining
various aspects of both solid and F-uld propeliant rockets—nuclsar rocksts, and combinad-cyclo
systems, are not covered. However, tho solid and liquld rocket technology gains wiil benefit other
ferms of rocket propulsion.

Since tho oaity 1970s, most of our natlon's rocket cngino developmont programs have been
forced to develop 2nd/or valldate critical technology during the full-scale sngine dovelopmant/
production/operation phases or regort to 19608 tochnology, which Increased devalopment, pro iuc-
tion, and total life-cyclo coats, or compromised mission capablity. Natlonal goals for space and
defen3e or<o &gain will deir.and continued Improvement and dovelopment of rocket propulsion
through the 1903 and bsyond.

ihe objactive of both tho Liguld Rocket Englne and Solid Rocket Motor Technology
Roadmaps Is to establish 2nd focus attentlon on generic, core tachnology programs which will
yleld validated design = i fabrication advances for the netion's rockat programs prier to embark-
ing on full-sczlo development programs. Producing the needed core technologles in this manner
minimizes the risk in future rockst developments. In additlon, forelgn competition Is res} and In-
croasing In viabllity. U.S. tochnology baso support has eroded since the 1970s 80 that such sup-
port is currently Inadoquate and inconsistent. The natlon's rockat prepuislon supremacy Is now
tireatened. Obtalning core tochnology In this timely fashlon &isc snsures that tho ultimate objec-
tives In speciiic dovelopment programs of redlable, safe, high-performance, and cost-effectiva
flight oporation wiil be achisved and U.S. supremacy maintained.
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Rocket Prepuision Technology Roadmap

ROCKET PROPULSION

TECHNOLOGY ADVANCEMENT FLOW

—

Generic, Core Technology Programs/“Tachrology Base” (6.1, 6.2, 6.3A offort/NASA equlvale‘r%

s —— =
. ation 6  Jemonstration I/
8:3A Domongr Validated Naw Technologios
vy

NN\
Validated Rew Tech iologlos

LY

Propuision CoRt Full-Scale Production/
System B Ht Development Qualification Operation
N i
Propulsion Concept Full-Scale . roduction/
System A Validation Development Qualification Operation
T
Payofis:

ERIC
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® Strong technology base
® Reduce development risk, cost, schedule

® Maximize operationa!l success
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Rocket Propulsion Technology Roadmap

ROCKET PROPULSION

Activities Payotfs
1 |
[ R/& Ordar of magaitude reduction
AF::: r:fed ?ethods b in cost to orbit
A High Temp © Modsling Expert Systomy Improved safety/insensitive
Manu!/ tng ang Pr bility A It systems
Advanced tnspection Tochnigues \ Extenced engine operating life
(20 years)
High ,,,e"u,f:::'::: eg:vis;? ] Reduced environmentat affecls
o Low &m Nozzles and Cases / Higher safety and reliability
Low Cost Clean Propeliants High Encrgy improved performance
Composite Materials Fuel / Heavior orbital payloads
i 200,600 pounds)
Engine Demonstrators/Validation (200,
High Prossure Oxygen-Hydrocarbon Engline Low cost, low risk, shorter FSD
Advanced Space Motor cycles
Low Cost Advanced Hydrogen- Strong technology base
Booster Motor Oxygen Engine U.S. supremacy
i [
1980 1987 1980 2000

O
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Requiret Development:

e Advanced automated methods

® Cost- and rellabllity-driven design methods
e Improved materials

o improved manufacturing metheds

o Improved safety/insensitive systems

e Nondestructive testing techniquss

* Yechnoiogy demonsirators

275
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Rocket Propulsion Technology Roadmap

ROCKET PROPULSION

BENEFITS, APPLICATIONS, AND RECOMMENDATIONS

Application
Benefits Space Launch|  Orbita! Batiistic and Space On-Nrhit
Vehicies Transfer | Tactical Missilos|Interceptors! Ple ..
Vehicles Vehicles

Improved Payload/Range o
Reduced Maintenance o
Improved Safety ]
Reduced Life-Cycle Costs L4
Extended Opsrating Life/Rousability L]
Reduced Development Tima [

°

Reduced Environmental Effects

Recommaendations:

# Reastablish & national commitment to foster the advances necessary to maintain techno'ogical exceiience
¢ Expand national propulsion tec.anology programs to zdvance analytical and computational methods
@ Investigate now materials and fueis, methods of méanufacture, gnd Inspection techniques

® Expand hoaith monitoring and control systems to enhance low cost operations

© investigate combustion phenomena and advanced he t-transfer techniques

© Test engino demonstrators to verity technology gains

© Develop sdvanced automated design, manufactur ag, test, and analysis method

o D3velop relishility- and cost-driven design methodology

© Establish “spocialized™ naticnal test facliities

® Establish 3 national materials data base

ADI2M40 @
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Rocket Propuision Technology Roadmap

Satety and Eavironmental Congerns

The achievoment of national objsctives for rocket propuision requires that both futuro liquid
and solid propallant propulsion systems exhibit improved safely and esvlronmental characterls-
tics In manutacture, testing, and oporations. Th's wlii require an exiensive effort and must o2 2
signiticant itom In propulsion system design. The Pershing il incldent in Germany (January 1983)
and the Peacekeopsr Stego | ignition during manufactura (December 1987) underscore the noed
to make safety o zrimary dosign consideration. In recognition of suck considerations, hazard
analyses must becoma a8 way of lifel The emerging armed forces requiroments for inssusitive
munitions must aiso ba addressed.

9.3

in mary respects and Jor some organizations, this wili require a “design culturo” chango—
the hazard anslyst and safety enginoes must be an integral part of future design teams every bit
as imporiant as the structural analyst, thermal analyst, propellant chamist, etc.

ANt
10
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Rocket Propulsion Tachnology Readimap

ROCKET PROPULSION

SAFETY AND GNVIRONMENTAL CONCERNS

© Materlal compatibliity

© !mpact/shock sensitivity

© Friction gsensitivity

© “Fire” gensitivity

® Eloctrostatic discharge senslilvity

¢ In-process sensitivity

e Deflagration to detonation characteristics
¢ Liquid propellant leaks and spills

@ Rocket exhaust environmental effscts

© Payload contamnation from rocket exhaust

DO
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Rockot Propuision Technology Roadmap

Bollablilty versus “Cost of Fallure”

Cost of failure Is the prico paid Ly the nation for « flight fallure. There ere sevaral major ele-
ments of this cost othsr than the lost payload end flaunch vehicle. Falluro Investigations, dolays in
continuing oporations, correction, and/or qualtiication of design changes necessary to resume
fiight operation can ba a substantlsl percentage ¢’ the original DDT&E costs. Those facts of He
wiere clearly drivon homo by the 1935-88 Shuttle and Titan Il vilght fellures with the aggregate
costs bsing measuras In billons of dclars.

Rollabiilty and co:t of faliure have a major Impact on system life-cycle costz. Avoldsnce or
minimlization of cost o fajlure requires designing roliebllity into tho propuision systom. Designing
to minimizd or aliminate fallure modes must be en Intogra! part of each now system development.
As with safoty, tho ro'labity enginier must bs a part of the design team. Fallure effects analyses
must help guido desiyn, not just documsant posaible problem areas.

Although there are several reflabliity approaci'es to assist the developer, thoy are unavenly
applied. Tho Air Forco R&M 2000 program is one etfor. cirected at Increasing and Improving thelr
application. Succosstul “relisbllity” Implsmentation wiil require "culture™ changos. This Technology
Roadmap process Is one vehicls to fanliiawe suun chengs, Without proper and significant atten-
tion to safety and reliabllity improvemant, ui» value of cther technology efforte Is groatly
diminighed.

N
N
12

\) AR 1

ERIC

Aruitoxt provided by Eic:

8L%



ERIC

Aruitoxt provided by Eic:

Rocket Propulsion Technology Rozdmap

ROCKET PROPULSION

RELIABILITY CONCERNS

© Materlal/manufacturing process variability

e Tolerance interaction

¢ Component Interaction(s)

o NDE capabiilties/limitations

e System ervironment

@ Aging effects

o Damage/defect/flaw tolerance

¢ Rallabllity deslgn methodology, prediction, and validation
© Design margins

¢ Component redundancy

- AQ1Z23648 1) -
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Recket Propulsion Technology Roadmap

Backet Techinoleqy Drivers

The technology drivers for tho 19908 are established from orojected misslon requirements.
Spaclfically considared were mislons such as:

o Low cost/high relizbllity launch vahicles
© Orbit transfer vehicles

@ Space ststlon/satollite steering

o interplane. :y vohiclos

o Hypersonic vehicios

o Hyporsonic cruise missties

o Fast buming ICBMs/SLBMS

e Strateglc defenze wespons

o Tactlcal misslies

o Thoater defonco misslics

Majer driver will be, dapending on migsion:

o High parformance

® Long life

e High rellabllity

o Multl-puiss oporation

¢ Low cost
o insonsitivity
e Varicblo thrust
w7
£ G2
&) 14 AN428-13
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Rocket Propuision Technology Roadmap

ROCKET PROPULSION

ROCKET TECHNOLOGY DRIVERS FOR THE 215t CENTURY

High performance, low woight,
tong itfe OTV propulsion
with on-cvbit maintenance <

EJ On-orbit steasing rocket
E{ performanco for space Nuclear/c'ectric Interplanstary

Hulti-mode alr-braathing rockots with stations/sateliites propulsicn with long Lie and
zero-flight-1silure rollability, over twice the performance
long lite, and hyparsonic performenca of chemica! rackots

plus

ong lite, high retlabiity stesring
rockets for hypersonic vohicles

Alr-trosthing rockets with hypersonic '
ormance end low cost for air
pert or air defenzo Lo o o s ture %;
elisb?, ruitipie-burn i, los Variable thrust, hyparsonic perfonmance
i air-broathing crul lo rockets

?z!g?o-tauur;t)y Low cost. high performance propuision 9 crulss misy)
cisan bumlﬂo’ and stoering rockets Jor strategic dofonse
tsunch vehicle misslies

propuision yie*ding low
payload dalivory costs E/
2fg

h&

£ o
Fast bumning, low cost High porformance,
thoator defonss misshes

ICB# propulsion

h - ADVZMAY 15 «
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Liguid Rocket Engine Technology Roadmap

LIQUID ROCKET ENGINE TECHNCLOGY ROADMAP

17
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Liquid Rocket Englne Technology Roadmap

Lefintilon

Liquid rocket engines are heat machines which produce thrust by buming liquid
propoellants {n a chemical reaction or by oxpelling pressurized gas9s which have been heatod
by nuclear reaction or electrical anorgy.

iiquid rock .t englnos may use ona, two, or three propeliants. The two basic types of
onglnos are prossure-fed, in which propsiants aro delivered to the englne thrust chamber 5%
prassu-ized tanke, and pump-~fed, In wnich turbine-driven pumps provida propeliant flow for
the thrustors. Pump-led engines havs many variations depending on tho methods used to
generate end route the flulds which drive the turbines.

Koy components of all liquid rocket englnos are thrust chambors, thrust nozzlas,
propaiiant vatvos with actuators, propeliznt ducts, and thrust takeout stnicture. Engines may
also Includs thrust vector control (TVC) apparatus, engine sensors, siestronic controls, and
propellant pumps with drive turbines.

This Technology Roadmap describos the nosded core tochnologles which ero gonoric
and applicable to ail forms of kquld rocket &ngines. The Roadmep 8130 includas tachnologles
tor chemical Al of propeliants (ccmbustion and catalylic dovices), but doss not cover
the technclogles tor nuciear reaction or sioctrical onsrgy heat sources.

Completsd and ongolng government studize rolated to d proputsion t
noeds for fulure U.S. space and defense programs have baen considered during the
preparation of thiz Roadmap

- ARS2a18 -
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Liquid Rocket Engine Technology Roadmap

LIQUID ROCKET ENGINES

DEFINITION

Oxydizer Fual

[Liquid Rocket Engines |

[k okt |
Energy Sourco = | Chemical i Nuclear
Combustion Devices
Cataiytic Devices
.,

Ve

Injector

COMPONENTS
injector
Thrust Chamber/Nozzie
Thrust Nozzles

Al Enginos Valves/Actuators
Ducts
Structure

Chamber

Thrust Vecior Control
Some Englnes Sensors

Controllers

Turbopumps

o~ M - AD12I68a 8 -

Q. 2o
ERIC

Aruitoxt provided by Eic:

¥8¢



Liquid Rocket Englne Technclogy Roadmap

Tochnology A.vancemeont Flow

Most of our nation’s previcus gerospaca development programs have been forced to
dovelop and/or validate critical technology during the full-scale englne development,
production, and operation phases, which frequently Increased development, production, and
totai lifo-cyclo costs, or compromisad mission capabliity.

The objective of the Liguld Rocket Engine Technology Roadmap Is to establish generic,
core technoley, “rograms which yleld & valldated tochnology baso for the natlon's rocket
engine programs Qriar to embarking on fuli-gcale development programs. Froducing the

needed capabllittes In this ma iner minimizes tho risk In future engino programs, yisiding
significant bensfits In reduce J cost and schadulo and In safe, reliable flight operations.

20

Aruitoxt provided by Eic:

- AI2418 -

g8¢



Liquid Rocket Engine Technology Roadmap

LIQUID ROCKET ENGINES

OPTIMUM TECHNOLOGY ADVANCEMENT FLOW

1

Generic, Core Technology Programs / *“Technology Base” (6.1, 6.2. 6.3A effort/NASA equivalent)

r \
6.3A Demonstration

N\
validated New Technologles

?:u Domonstration
valldated New Tachnologles

X

J

cropusion (LN orthiscam, | oueaton | Tipireien g
e L\
rropuson [ coocomt | outiscte | owaanon | "0ENY
Payofts: '

e Strong technology base
» Reduco devolopment risk, cost. scheduls
» Maximizo opurational success
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Liquid Rocket Engina Technology Roadmap

Jechnology Elemants

These elements constitute aroas which will provide the high leverags necessaty for the
advancement of this tachnoiogy area. System concepts exist to produce the advances
demanded by the challenging missions now being defined. However, the sophistization of the
rocket engine solutlons unds: study requires costly analytical techniques, making research
and development (R&D) Increasingly expensive. Algorithm development io simplity the
analytical p:ocesses would greatly accelorate the entire developmsnt cycle. Similarly, new
prcpeliants and operating regimes have stressed our understanding of combustion stabliity,
emphasizing ths nesd to coalesco tluld dynamic and combustion analysls,

The cost ¢! tallure and natlonal pressure for taliure-free nperation of large rockot
vehicles demand that wo assure tho public, as well as ourselves, that new propulsion systems
are highly rellable. To do this w2 iust Incorporate rellabllity Into design, development, and
manufacturing processes. This will require adaptation and use of statistical methods, such as
those proven to be successfil for automotive and electronic products, and a new omphasls
on “rellabliity thinking” on the part of rocket design, development, and manufacturing
enginesrs.

Tha remalning elements are hardware-oriented, conslisting of basic bullding blocks of
llquid rocket design and fabrication. Although high-strength, high-temperature, and hezt-
conductive matorials exist, few aro avallable that possess all three properties simultanoously.
In add!tion to development of the materials themeelves, determination of a broad range of
proporties is necassary to support the analytlca! pracesses discussed above. Tho seemingly
mundane sublect of hearings and seals I8, Instoad, a technology driver for the contomporary
fiquid rocket ongine’s high-spee~, h “-pressuro turbomachlinary. Heaith monitoring and
control will apply electronlc »:d sensor technology for seif~lagnosls and correction of
proflight and flight anomatles. Fabrication pr , primarily ntlonal welding and
brazing, are no longar capable of supporting tho Joining requirements of liquld rocket ongines.
Finally, systom components and integration covers advances In tank materals, prossurlzation
systems, and loading, chiling, and vent systems.

- AZN20-20 =
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Liquid Rocket Engine Technology Roadmap

LIQUID ROCKET ENGINES

TECHNOLOGY ELEMENTS

o Analytical representations

@ High pressure combustion dynamics

¢ Reliabllity techniques

© Materials technologies unique to liquid rocket engines
o Bearings and seals

o Fabrication processes

o Engine health monitoring and control

o Systam componenis and Integration

23
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Liquid Rocket Engine Technology Roadmap

Tochnology Elements, Tronds, and Milestones

The first three olemonts Invalve analytical techniques, which, as they advance, extend our ability
to try out ideas on paper, allowing us to move Into the more oxpencive hardware activities witls
Increased confidence. Tha thrust of this work Is twofold: to expand the application cf technlques
such as reliabliity analysis and computational fild dynamiics, and to combine disciplines such as
combustiun stablilty and heat transfer Into an Integrated model. Another example Is the Intagration of
high-temperature nonlinsar material stress/strain behavlor into finite element structural analysis
coraputer codes. Currently, these are done serlally, at considerable cost 1a resources and time.

The next {lva areas are hardwsre and Integration elements related to the temperature end
pressure strosses of rocket ergines and the system aspects of propulsion. As angine performance
improves, the tomperatures and pressuros drive materials toward composites. Tne increased
capabliities thus enabled overstress convantional bearings and seals, requiring a shift to noncontact
concepts which avold the wear associated with rolling contact designs. The health monltcring task Is
intended to enable real-time assessment of engine status and, ultimately, to provido for real-timo
corraction. As new matsrials evolve, joining processos—weiding and brazing—are moving In new
diractions to remaln abreast of rocket engine requirements. Tho remaining elemants of the propuision
system aro noted In the fiith aroa and thelr contribution I3 critical of the overall system effectiveness
in the 1990s.

The validation element Includas the demonstration of technology devalopments In test-bed
enplnes and components,

All eloments, trends, and mileposts shown pertain to technology devetopment with cument
stato-of-the-art propeliants. Tho Key Technologles program will also Include an altemate propeliant
technology element which includes slush hydrogen, gelled propeliants, siurried propeilants, high-
energy/high-density propeliants, and altornato stato propeilants. As alternate propeliant technologles
prove practical, they will be Incorporated into the appropriate analyticathardware technology element.
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Liqu:d Rocket Engine Technology Roadmap

LIQUID ROCKET ENGINES

TECHNOLOGY
ELEMENIS

Anatyticst
Represent~tions

Pump!Turbine
Flow Analysis

Combustion
Dynamics
Uquld Rocket
Materials

Bearings
and Seals

Fabrication
Procosses

Engine Health

TECHNOLOGY ELEMENTS, TRENDS, AND MILESTONES*
AT

IRENQ

Increased applicalion of
computer-aided modeling
techniques

Navier-Stokes CFD codes

Duvelopment of coupled
combustion and gas-~
Jynamic analyses

Moetal matrix for heat
transter

High strongth composite
turbopumps

Fluid-tilm bearings
Solid tubricatlon
Near contact face seals

Robotics and adaptive
conlrot
L.

Low cost elecironic

Controt

Propuiston Sysiem
mponents and
Infegration

Validalon

A/v Indicates completion ol & 2 and § 3 effort or

)
Engine condition monlloting

It tegrated condition moniloring/
conlirol

Low cost hardware

Eas mbly

High reliabillty

tow malntenance

Demonsisation enyines/componenis
Mission simutated conditions

1995

2000
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Liquid Rocket Englne Technology Roadmap

TECHNOLOGY ELEMENTS AND MILESTONES

Automazted grid generatlior, 1989

2D and 3D chemistry codes, 1990

Integrated deslgn/models analysls, 1992
Advanced graphlcs, 1993

Dynamic grid genoration, 1994

Nonlinear material stress codes, 1996
Advanced physlcal medels in 3D codes, 1997

Anaiytical
Represantations

NN HWN =

Pump/Turbine Flow 8 Time-averaged codes, 19£9
Analysls 9 Time-dependent codes, 1993
10 Improved turbulence models, 1996
11 Dlrect design code, 1998

168

Combustion Dynamics 12 2D stability model, 1989
13 3D stability model, 1991
14 2D code verified, 1992
15 3D code verified, 1994
16 Performance/stability/heat transter model, 1999

Liquid Rocket Materials 17 Copper~X alloys, 1989
18 Composite nozzies, 1930
19  High temperature metal matrix composites, 1991
20 Compasite propellant vessels, 1993
21 Defect tolerant desigr mothods, 1994
22 Ceramlc matrix composites. 1996

28 = ACI20688 28 -
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Liquid Rocke! Encii.e Technology Roadmap

TECHNOLOGY ELEMENTS AND MILESTONES (Cont)

Bearings and Seals

Fahrication Processes

Engire Hoalth
Monitoring/Control

Propulsion System
Components and
Integration
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26

27
28
29
30
3
32
33

34
35
8B
37

38
39
40
41
42
43
44

Hydrostatlc boarings, 1989
Face seals, 1990

Solid lube bearings, 1992
Magnetlc bearings, 1995

Robotics, 1233

CO2 1ase”, 1990

Fibor transmitted laser, 1691
Inteqmetaliic and ceramic joining, 1992
Walding In space, 1934

Advanced laser welding, 1858
Advanced ceramic Jolning, 1897

Advanced architecture engines, 1980
Advanced sensors/signal controllers, 1934
Integrated health monitor/controller, 1895
YExpart systems” controlier, 1959

Al propeliant tanking, 1889

Low cost, iarge scale propeilant tankage, 1891

Large scals alactromechanical actuators, 1892

Al pressurization ccmponents, 1893

Integratad health monlitoring/sma-t bit propeliant system, 1895
Low-g design software, 1898

Orbitsl propellant tiansfer devices, 1939

no
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Liquid Rocket Engine ‘fechnology Roadmap

Jechnology Projoctions

The technologles dic-ussed In this Roadmap ere basically tools rather than end-item hardware.
However, those tools provide the capabliity to significantly reduce cost and risk, and to Improve
operating life. rellabliity, and vehicle performance. Unfortunately, In the press of allocating limited
engine program resources, improved tools are often considered expendable because nelthCr rescurces
nor time are avallable to determina requirements, synthesize concepts, and develop, characterize, and
demonstrate them to tho point of usefulness to the program.

Fortunately, these techn!quas and materials lend themselves to cooperative activities and
development can proceed without assoclation with any particular spplication. The activities cited are
Intended to s!implify the technlques by which analytical methods aro applisd to a development projact
and 1o develop ways In which analytical methods may be combltied to solve complex combustion
problems. Such analyses provide Insights to tho designers, with resulting economies In hardware
fabrication and testing. The materlals and fabrication process offorts prcposed will enable performancy
and reliability Increases necessary for an order of magnitude reduction In the cost of payload in orbit.
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Liquid Rocket Engine Technology Roadmap

LIQUID ROCKET ENGINES

TECHNOLOGY PROJECTIONS

Technoiogy Eloments

Application

Benefits

Analytical Representations

Pump and Turbine Flow
Anglysls

Combustion Dynamics

Liquld Rocket Materlals

Bearings and Seals

Engine Health Manitoring
and Control

Fabrication Processes

Strength and life prediction

Turbomachinary

Combustion stabliity and efficlency
analysis

Improved thrust chamber cooling,
lightwelght turbopump, composite
thrust chambers

Turbomachinery

Reusable, long life engines

Component fabrication, engine
assembly and In-space joining

Longer operating life,
greater rellabiiity, reduced cost

Lower ilife-cycle cost, reduced
deveiopment risk and schedule,
Increased reilabliity, improved
performance

Reduced development risk, time,
and cost; Increased periormance

Longear operatiny lifa,
increased performance
Longer oparating life,

Increased rellabllity cnd performance

Lower life-cycle costs; improved
reliabiiity, safety, and maintainability

Reduced production and operation
cost, increased reliability, repairs on
space-based hardwaro
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Liquid Rocket Engine Technology Roadmap

Benefits and Acolicutions

U.S. space snd defonse objectives create the noed to develop 8 number of now Hiquid rocket
engines for use in the next century.

By conducting the Liquld Rockat Engine Technology Roadmap program in the 1950s, tho natlon

wil} be able to achleve the technical propulsion objectives for our next century space and defense
programs with the lowest possible life-cycls costs.

‘ - ANG20-28 -
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LIQUID ROCKET ENGINES

BENEFITS AND APPLICATIONS

AR = Anaiytical Representations

D : B e

CD » Combustion Dynamics
T = Matorials Technolngles

SB = Seals and Bearings
HM = Health Monitor

FP = Fabrication Processes

!
-

Probable Outcome/incre

« Reduction In Space

e U.S, pre-em

s Defense effactiveness

N

Appilcation
Benefits Space Or+ital On-Orbl | Ballistic and Strategic
taunch Transter Pianetary | Tactical Defense
vehlicles Vehicles vehicles Missllos Missiles
improved Payload/Range AR,CD,MT | AR,CD,MT MT AR,MT MY
Reduced Maintenance MT.SBHM | MTFP MT,FP
Lower
lél;z;e Eliminate Operations Fallures $B,HM SB.HM HM MT AT FP
Costs
Extended Operating Life/Reusablity SB,HM $B,HM HM MT.FP
AR,CD, AR,CD,
Reduced Davelopment Cost/Time P MTL.FP

ased Resources:
trancportation costs
@ Low englne life-cycle cos.e

inence in liquld rocket technology
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Liquid Rocket Engino Technology Roadmap

EY 1987 Extimated Expenditures

The major sources of lquld rocket englne technology fundlng are the Alr Force Astronautics
Laborstory (AFAL), the NASA Marshail Space Flight Center (MSFC), Army Missile Command (MICOM),
the HASA-Lewis Research Centor, Strategic Dafeise inltistive Office (SDI0), and Industry Independent
resscrch and development (IRAL). in FY 1637, the estimated Isvel of contract expenditures by these
organtzstions wes 350 mitiion. FY 1587 contractor-funded technology sxpanditures are estimated at $20
milion.
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Liquid Rocket Engine Technology Roadmep

LQUID ROCKET ENGINES

FY 1987 ESTIMATED EXPENDITURES*®

*Includes DoD 6.1, 6.2, 6.3 type funding, doas not Include end-item development
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Materials
FY 1987 tong Low High High
Annual Lovel Ute Cost Performance |  Rellability ',}fgé'gg}gg{}y"""
MSFC/lLowls- AFAL-KEW
2$5M/yr Advanced MSFC-
Reusable Engine STBE/STME
AFAL~-XLR-132
|_Storabla Engini
$3-5Myr NASA/Lewis
OTV Propuision
AFAL-XLR-134 | MSFC/Lowis~
AFAL-0,/HC
$2-3| Cryogenic Advanced Health
M Englno Engine Monltoring
AFAL Condition
$1-2miyr Monitoring
<$1Myr ~«——— Many Individus! Government and Industry Programs+———— —-» |8
. Totaling $20-30 Mililon Annually
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Liquid Rocket Engine Technology Roadmap

The Foreign Cempetitive Threat

From the 1950s th.ough the 1970s the U.S. was clsarly the world leader In liquid rock technology.
tiowever. In the 1980s, the USSR, the European Space Agency (ESA), Japan, and the Pec 3 Republic of
China have been rapidly closing ground on the U.S. technology position. By the 1990s, U.S. leadership could
be seriously challenged by advanced propuision deveiopments currently under way or planned by for~ign
competitors. Chamical propuision System advances #re belig vigorously pursued for a broad rangs of
applications, such as launch vehicies, upper stages, apogee kick motors, attitude control motors, satellite
propuision. etc., and Include cryogenics, atorablas, hydrocarbons, bipropsilants, and tripropellants.
Capabilities that In the past resided exclusively in the U.S. could be matched, or perhaps exceeded, over
the next few years. In Japan, gas genarator, staged combustion, and expander-cycie oxygenhydrogen
engines are operational or under development. For example, the 265,000-Ib vacuum thrust, stey 0d
combustion cycle LE-7 engine, that will approach the Space Shuitie Main Englne (SSME) capabliity, Is belng
developed as the firs* stage engina for the new H-2 core vehicie, with the LE-5 as the second stsge
engine, The ESA Arlane tamily of launch vehicles has already made extensive use of storable propeliant
propuision systems (Viking engines) and uses an HM7 oxygenhydrogen engine as the third stage propulsion
system. A new cryogenic upper stage englne development is planned to be used on the second stage of
Ariane 5. The propulsion Systems being developed by foreign compatitors will lead to launch capabilities in
the 1990x that wili encompass most, If not ail, of those of the U.S. family of {sunch vehiclas at competitive
costs and wili provide them with the abliity to compote for a large share of the worid's space trafflc,
particularly to geosynchronous orbit.

The principal focus of liquid propulsion technology in the past has been on performance issuas, such
s achleving high engine thrust-to-welght ratios and high specific impuise (isp) In order to maximize launch
vehicle payload delivery capablilty. With chemicai propulsion systems beginning to approach theoretical
performance limits, technological advancea need to focus on moans for reducing propulsion development,
production, and operation costs in order to help achieve a cost-compatitive U.S. space transportation
system. Engine development cost reductions should focus on means for minimizing development and
certification hardware and testing, engine production cost reductions should focus on lower cost design
and manufacturing techniques for both expendable and reusable engine designs, end operaticn cost
reductions should focus on diagnostic techrilques that will provide automated Inspection techniques for
reducing maintenance costs, sutomated prefiight servicing, and checkout as well as automated [nflight
operations. Liquld propulslon technology focused In these diractions will play a major role in reducing future
launch vehicle lifo-cyclo costs. - ANZE2-32 -
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Liquld Rocket Englne Technology Roadmap

LIQUID ROCKET ENGINES

THE FOREIGN COMPETITIVE THREAT

e 1950s-1970s: U.S. clearly the leader
o Today: U.S. leadership sariously chailenged
o USSR leading In launches/year and payload to orbit
& Japan
2 1988 10C for H-1 booster
© LE-5 LO,/LH, engine for 2nd stage
e LE-7 engine (for H-Il Stage 1) approaches SSME capabliities
e ESA
e Arlane family operational
® HM7 3rd stags engine employs LOs/LHy

o A new cryogenic engine replaces storable Stage Ii In Arlane 5

The Technology Roadmap provides direction for a technology foundation
necessary to maintain the United States’ competitive edge

Q 36
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Liquld Rocket Engine Technology Roadmap

Ischnology Chellenges

Any technology as physlically stressing as liquld rockat englines is wide open to technical
edvances. The tromendor . forces and temporatures involved have bsan harnessed, of recessity, by
essentlally brute force, since suitable materials and analytical toois were not avallable Unfortunateiy,
tho resources demanded by this approach have iimited the attention given to the development of joss
consplcuous, high-leverage techniques, which often have 2 long maturation period and, thus, delayed
payoff. The technologies here are o3sentlally bullding blocks, underpinning the broad spectrum of
liquid rocket engine technologies. Operatior.al iimitations are often ultimately traceable to such causes
a3 a lack of understanding of a fiuld dynamic process or the Intibliity to adequately cool or [ubricate a
bearing. Developing and verifying advancements in the areas proposed hereln will provide the tools
and materials necessary to continue advances in Hiquid propellant rocket engine capabliities.

Achleven:ent of natlona! propulsion objectives for $pace sctivitles and for etfective military racket
systems wil; require demonstrated levels of fiight -ellability In all aspacts of rocket operations, from
manufacturing and test through launch procedures and flight. Although there are well-developai
reliat ‘lity mvinods (such as that by Taguchl) to asslst ths developer, they are unevenly spplled. Future
success will hinge on the Integration of such practices throughout the development community. Since
the techniques Introduce additional partic.pants and Increased dasign iteration to the development
process, successful Impler ientation v.. entall “cosit’ ral” changes within the community.
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Liquld Rocket Englne Technology Roadmap

LIQUID ROCKET ENGINES

TECHNOLOGY CHALLENGES

e Computation of coupled combustion and gas-dynamic processes

o Dynamic and staady loading/stress on high energy turbomachinery

o Soiution methods for flow-structure coupling

o Modaiing of flow-associated physics (.g., turbuience)

© Thermal and dynamic modeling of bsarings and seals

» Combustlon stabliity prediction limited by understanding of combustlon physics
o Material compatibility with p:opellants in the engine Internal operating environment
¢ High strength, high temperature materlals possessing high thermal conductlivity
o Materials structurai characierization

e Long-life propeliant-cooled and lubriczied bearings

e Propellant~compatible, high pressure, high temperature statlc and dynamic seals
o Fabrication processes, particularly materlal Joining

® Use of reilabllity technlques In the development process

SCH
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Uiguid Rocket Engine Technology Roadmap

Program Goal

The goal of the Liquld Rockst Engine Technology Roadmap Is to provide a technical base for
rellable, high-performance, low life-cyclo cost liquld rocket engines into the 19903 and beyond. The
programs proposed vill achleve this goal thr. .gh development and validation of advanced capabilitios
prior to Initiatlon of full-scale development. 1t Is Important to the success of this endeavor that the
support activitiss—materials data base, engine test bads, and continuing commitment—be fully
embodied In the program sramework, as they constitute critical tools In the pursult of this goal.
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Liguld Rocket Engine Technology Roadmap

LIQUID ROCKET ENGINES

PROGRAM GOAL

« Provide core tachnologles prior to
fuil-scale development

{ Y

Essentict Support: Result:
o Expanded material dita bases ¢ U.S. pre-eminence based on

lowered life-cycle costs
o Engine test bed valldation of Roadmap

resuits
o Conslistent core technology funding

o Extenslon of program beyond the 19805 C i~
oo
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Solid Rocket Motor Technology Roadmap

SOLID ROCKET MOTOR TECHNOLOGY ROADMAP
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Solld Rocket fotor Technology Roadmap

Dofinitlon

Solld rockot motors are a family of rocket propulsion systems characterized hy use of a
mucroscopically homogeneous solld propellant grain contalning both fuel and oxidizer
constituents. Gonerally, the fus! Is & hiydrocarbon binder with metal powder, sometimas. but not
always, contalning 2 plasticizer and other additives, e.g., hydroxyl-terminated polybutadliene
(HTPB) polymer and gluminum powder. The most widely used oxldizer Is ammonium perchiorate
(AP), although other oxidizers are used In several applicaticns. Typlcally, by welght, a solid
propellant Is 10 to 15 percent binder and 60 to 70 percent oxidizer with the remainder being
snotal powders. The fuel, oxidizer, and other ingredients are mixed 28 & slurry thon cast and
cured directly In the rocket motor combustion chamber (case) in various goeometric Shapes
(grain).

Baslcally, a solld rocket motor consists of flve components—igniter, insulation, liner, case,
propellant grain, and nozzie. For many applications TVC devices are also used.

Solld rocket motor tachnology, which also inciudes gas generators, Is focused on improving
the performance, producibility, and atfordabliity of both components and solid rocket motors 28
a whole.
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SOLID RQCKET MOTORS

SOLID ROCKEY MOTOR

Case |

Igniter / / nsulation
AN
%\ \'\\\ L\ \&‘\&{\\\l“\g\‘}\\ e a2

Nozzle

A 3

[ Propoliant

Liner Propeliont Grain
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Technology Advancement Flow

During the past decade, technology has generelly been application oriented, Le., technological
offort nas been focused on providing solutlons assoclated with the development and production of
specific motors. This type of research and development makos use of proven technology and methods
to develop and produce the motor, but doas not greatly advance the genoral understanding of solld
rocket propulsion. 1t is also expensive and does not address the fundamantal Issues Involved.

The most etflclery: and least expensive means of doveloping new motor concepts and deslgns Is
to have a dediceted force of sclentlsts and engineers embarked In resesrching fundamental Questions
of solld rocket motor pr~pulsion. There s a strong need for increased englneering technology which
couples well-validated models with predictions and adequately Instrumented tests, as well as strongly
Increased understanding of the processas used to mske soild rocket motors, Including the impact of
processing variablas on performance and rellability. These generic or core technology programs would
be pushing beyond the current schedule of a spaclilc motor program, but thelr results would be
applicable to all motor developmant programs, solving problems in advance and making a higher base
level of technolcgy avallabie.

Beginning a motor development Program with 8 higher technologlicel base means & higher quailty
motor for lass cost In a shorter time. A better undersanding ot core technologles will decrease
te-cycle and operational costs and maximize flight reliabllity and safaty becsuss the technology has
been proven in advance.
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Solld Rocket Motor Technology Roadmap

SOLID ROCKET MOTORS

OPTIMUM TECHNOLOGY ADVANCEMENT FLOW

A
? Generic, Core Technology Programs / “Tochnology Base” (6.1 £.2, 6.3A effort/NASA equivalent)

L4

R
6.3A Demonstration

*\} trat!
6.3A Domonstration Validated New Technologios

N\
Validated New Technologles \

Propuision et Full-Scale Production/
System B ’(@ @ ‘ Davelopment Qualification Opoeration 3

L4

A

Prc “ulslon Concept Full-Scale Production/
Systom A Vaiidaticn Development Qualitication Operation 2
!
Payoffs:

e Strong technology base
» Reduce development risk, cost, schodule
« Maximize oporational success
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Soikd Rocket Motor Technology Rosdmaep

Acronyms

As with any technology area, soild rocket motors hiave a wide rangs of acronyms. Tho
most widaly used acronyms and thoss used in this paper gre glven in the glu3sary. Acronyms
generaily epply to compotients, Intended applications, or organizations.
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Solid Rocket Motor Technology Roadmap

SOLID ROCKET MOTORS
ACRONYMS
AFAL Alr Force Astrongutics Laboratory Isp Specific Impuise
ALS Advanced Launzh System Kinetic Energy Weapon
AMI Advanced Motor Instrumentation “K" SERIES KEW Serles Programs
ASRM Advanced Solld Rocket Motor LCC Life-Cycle Cost
AP Arrmonlum Perchlorate MSFC Marshall Space Flight Center
CAl Computer-Alded Inspection MICOM U.S. Army Misslle Command
CAM Computer-Alded Manufacturln? NASA Natlonal Aeronautics & Spuce Administration
CIM Computer-integrated Manufacturing NDE Nondestructive Evaluation
CMDB Composite Modified Doublo Base ND! Nondestructive Inspection
CTPB Carboxyl-Terminated Polybutadiens NWC Naval Weapons Canter
ENEC Extendible Noxzle Exit Cone SPC Statistical Process Control
HCl Hydrochloric Acld SRM Solld Rocket Motor
Hi/Lo High Performance/l.ow Observable STAS Space Transportation Architecture Study
HLLV Heavy Lift Launch Vehicle TOD Technical Objective Documani
HTPB Hydroxyl-Terminated Polybutadiene TPE Thermoplastic Elastomer
IDC Insulation Design Code TVC Thrust Vector Controt

Ingensitive Munltions
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Technology Elsments

These elements cunstitute arsas which will provide the high ieverage necessary to
significantly advance soiid rocket motor technology.

Shuttle and Titan faliures In 1988 und~rscored the national nesd for higher rellabiiity,
for space vehicie taunch propuision. Future solid rocket motors for space launch
vehicies must have rellabilities in exceas of 0.999 at 95 percent confidence and at the same
umoboupabhofbmgmanuumnslgnhbmwmeonmgodhtondau
soﬂdmdcotmotwendmodatodoponﬂngcomaoﬂnﬂhow«ﬂuounhgconof
hmdﬂmpayloadobdmaodbymom«ofmgmmdonmmwomﬁmsﬂusmuh
mmmmmmmmtonmamn%mmmﬂ«m.

The cost of faliure and public pressure for fallure-free operation of large rocket vehicles
domandﬂutwoumthopubﬂc.umﬂumho&ﬂmmwpmwlﬂmsyﬂmm
mgmnum.naows.mmmmomomonwwmodmm.mwpm:nd
mmuhohnhgpmnu.ﬂﬂawﬂuquhudaphﬂonmduuof:hﬂsﬂeﬂmﬂw&.wchu
motaprovmtobosueeonhﬂforamomﬂnmddommpmdm,mdamomphuh
m“mhbmyﬁwdng"mmmamdmuoﬂgn.dcmopmom.mdmmmmdng .

Other apeiications, sateifite and KEW propulsion, will r=4uire significant
Improvements in motor pert isp, lower inert welgi, and e~y
mang ~ament. Delivered Isp greater 315 ih-sec/ib, mass factions exceuding 0.85, and
multi-puise operation are realistic goals. in addition, many future propulston systems,
particuiarly for smart and brilllant tactics! systoms, will require energy management.

To achieve the above will require a better understanding of materials and processes
mumblotoday,hmuoduuefeomm“-qmdmmm.mdw«moof
automatod manufectuting andquamyusmgo;qynm.
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SOLID ROCKET MOTORS

TECHNOLOGY ELEMZNTS
e Improved safety
o High reliabliity
«. naliability techniquus
® Low cost
¢ High performance
o Automated manufasturing
o Quality assurance
® Enorgy management
¢ Low ¢ ,uvables
¢ Insansitive systems

® Combustion dynamics

AQV1D452 48

49
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Sulld Rocket Motor Technology Roadmap

Technology Elsments, Tronds, and Wiiestones

Therv are two paths being pursued in advancing the stats of the art of solid rockot motors. One
smphasizes rallabliity and cost, accepting some reduction In achlevable pertormance, while the other
seoks mesns to improve psrtormance. Both must be supported by automated manufacturing and quality

systems.
Solld rockat motor problems ancountared in the past have resulted from inadequata design/
snalysls, unexpected combustion process control, and/or axtrema environmantal/aging

dynamicd,
degradation. As en axample, Insulation design is 8 critical ares for which an adequate designsnalysis
methodology does not currently exist. Relationships between nozzie materisls, processes, and
performance sre also not sutficlently well understood. Improvaments in dasigivanalysls mathodnlogy and
w' are ryeded for all motor components, along with more reliable and representctive laboratory
te! methods.

Low cost will require use uf lower cost materials, o.g., TPE bindsrs, and more producible designs
for components and the motor as & whoia, For space taunch vehicles, low cost mey place greater
emphasis on reusablity. hnddtﬁon.mducﬂonanco‘focﬁwuuof atomated process, on-line

mom“mﬁsﬁcdmmsmﬂohaMmmwwmbommndtoam}anthoom
anmmmmmmwwwmmm

mnorpodonuncowmboroqmdfofmom.. Ew.wvomm.bum;ﬂcmddr—uumhw
missiis propuision. For spsco nndKBNpmpuhlon.mmonmmaumcﬂom in axcess of 0.95, very
compsct lightweight TVC systems, and dalivered igp greater than 315 Ib-secib, Energy managemsnt will
be required for speclatized applications. Tactical and strategic alr-launched misslies will need improvod
mmmmmwmwwmmmwmodmwmvodnmwmhwucon
Combinations of high-energy propeilants, compact fightweight TVC pulse motors, and reduced
observables will be usea to achieve these requirements. The emerging reguiremants for insensitive
tactica) systems must be sddressed. Batiistic misslles will need advanced compact configurations for
high-performance, high-acceleration operations. High rellabiiity and fow cost remain koy !ssuss.
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Solid Rocket Motor Technology Roadmap

SOLID ROCKET MOTORS

TECHNOLOGY ELEMENTS, TRENDS, AND [AILESTONES

TECHNOLOQY ang
ELEMENIS IREND / 1990 1995 2000
High Reliabitty Incressad applicaiion of 9 4 % l

;;:mnulu-ur od mode!s and % 7

REE PRl va TS

ballistix data base 10 1 12 3

Oynamios Standard bailistlo {631 o é 6 \vd 6 v 6

13 ! naw Ing =

) o
Improved mode's/codes

Low Cost Low cost inert components y V‘? 69

Low cost propeltant pd
14 X[ [TYAN
0 1 5
High Ughtwelght Inart compeonant:
P:quormmu H oh':nugy p:opo ” ns ‘; & 6
Energy mlugomom Z

e Systoms incronted sbuler é ~ 3:‘ gy ¥ %

bullet
increased "cookoli” resisianze y4

32
Qu.in ‘r‘v'\:o:u”no CAMICIM low cost inethods ‘L &

Quslity CAI technigues 172

Auurmc. n-line procese monitors axn B’ p
amlmcu rocess control
In sity quality m?mlou

{heaith monitors 37 38 39 40 4 42
Av4 Y Av4 Av4 AY4

Vaildation Demonstration motors
Mission simutated eondnlcnl ya

A 1 Indicates completion of 8 2 and § 3 effort of equivalent

0118482 $1
51

319

g1g



Solid Rocket Motor Technology Roadmap

TECHNCLOGY ELEMENTS AND MILESTONES

High Retiabllity Improved 2D code, 1980

Advanced motor instrumentation, 1991
Existing materlals and processes, 1992
insulation design code, 1993

Improved 3D codes, 1995

Advanced materlals and processes, 1999
Expert codes, 2000

Combustlon Dynamics Data base 1, 1990

Standard ballistic tests, 1992

Data base W, 1994

Advanced measurement tools, 1935
New [nstabliity model, 1897
Modelcode verifi.ation, 1989

P
BN - O W N UL

Low Cost TPE propeliant, 1390

Low cost case, 1991

Clean prepeliant, 1982
Low cost nozzie/TVC, 1993
Contlnuous mixing, 1895

Component reusabliity, 1998

- b b b b b
DO~NOO S

-~

| [
3 4%
52 AD11M4Sa 82

O

ERIC

Aruitoxt provided by Eic:

91¢



O

ERIC

Aruitoxt provided by Eic:

Solid Rocket Moto, Technology Roadmap

TECHNOLOGY ELEMENTS AND MILESTONES (Cont)

High Performance

{nsensitive Systems

Automated Manufacturing

Quality Assurance

Valldaticn Motors

20
21
2
23
2%
25

26
brg
28
29
30
31

2
33

3
5
36

Lightwelgnt case, 1990
Lightweight nozzle, 1992
Compact TVC, 1993
Multi-putse, 1994
Ultra-energy propellants, 1995
Low observables, 1997

Threat studles analysis, 1991

Test methods, 1992

Zombustion mechanisms, 1995
Mitigating devices, 1997

Insensitive propellant baseling, 1998
insensitive system, 2000

SPC existing processes, 1950
SPC new processes, 1999

On-fine monltors, existing processes, 1991
On-iine monitors, new precosses, 1997
In situ monltors, 2000

3742 Every two years starting in 1990

Configurations to be datarniined
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Solid Rocket Motor Technoiogy Roadmap

Berefits and Acolications

The technologles discussed In thiz Roadmap aro & mixture of snalytical tools, Improved automated
manutacturng/quality assurance mathols, Improved materials, and component improvements with wide
application to ail systems that use solid rocket motors, For all applications, the following benefits wili

be realized:
o improved payload or range
o improved reliak.lity
o Improved safoty
@ Reduced fife-cycle costs
o Racuced davelopnent tune

Other benefita, such 33 reduced environmental Impact resutting from fiitle cr no HCl in the plume
for spece launch vohicie motors, as weli ¢s extended opsrating fite, wili aiso resuit for most other

applications.
oy
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Solid Rocket Motor Technology Roadmap

SOLID ROCKET MOTORS

BENEFITS AND APPLICATIONS

Application
Space Strateglc
Benofits Launch Satellite Defense Ballistic Tactical
Vehicles { Propulsion Misslles Missiles Missiles
improved Refllabllity AY,MT,AOQ, | AT,MT,AQ, | AT, MT,AQ, | ATMT,AQ, | AT,MT,AQ ’
FP FP FP FP
Lower improved Safety MT,AQFP | MT,AQFP | MTAQFP | MTAQFP| AQFP
Ute-
gycle Extended Operating Uife MT,AQ MT,AQ MT,AG MT,ACQ MT,FP
osts

Reduced Development Cost/Time | AT,MT,AQ, | AT,MT,AQ, | AT,MT,FP AT.%’.FP. AT, MT,FP
FP FP

Reduced Environmental impact MT,FP FP

AT = Analytical Tools/Design Methodology
MT = Materiais Tochnology

Probahle Outcome/increased Resources:

AQ = Automated Quality ¢ Rsduction In space transportation costs
FP = Fabricatlon Processes ¢ Increaced rel'ablity and safety

o Lower life-cyc's costs

¢ improved defen.e effoctivenoss

e U.S, pre-eminence In sclid rocket industry

AOT1045 88
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Solld Rocket Motor Technology Roadman

FY_1987 Estlnated Exponditures

The major sources of solld rocket motor tachnology funding are the Alr Force Astronautics
Laboratory (AFAL), Marshall Spsce Fiight Center (MSFC), Army Missits Command (rAICOM), Naval Sea
and Alr Systsms Commands (NAVSEA and NAVAIR), and Strateglc Defense Initlative Office (SDIO). In
EY 1987, the estimated lsvel of contract expenditures by these orgenizations was $40 million for 6.1,
6.2, and 6.3 type programs. FY 1887 contractor-funded technology expendituras sre estimated at $30
million (primarily IR&D). As can be seen, the majority of etfort is in $1-2 million efforts,

M
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Solid Rocket Motor Tochnology Roadmap

SOLID ROCKET MOTORS

FY 1987 ESTIMATED EXPENDITURES*

ERIC

Aruitoxt provided by Eic:

FY 1987 High Low High Automated Quality
Annual Lovel Reilability Cost Performance Manufacturing Assurance
MSFC-Nozzls
285y Integrity
$3-5Myr MSFC-ASRM
A Advanced Rocket
FAL-Low o
$2-3Myr 8 ost Propsfiant N%tltla%a Inspaction
AL-KEW
$1-2Mryr AF
AFAL-HIPALO
«———+ Many Individust Government and Industry Programs—————»
<SiMyr Totaling $20-30 Million Annually

* Includes DoD 6.1, 6.2, 6.3 type funding, does not Include end-item development
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Solid Rocket Motor Technology Roadmap

The Foralqn Competitive Threat

There tias been 8 significant increase during the last dacade In foreign capabllities through
com. Wny/govemment-sponsored efforts and Infusion of U.S. technology. At present, 22 countries have
variou. Zegrees of soiid rocket capability.

England, France, West Germany, Norway, Haly, and Japan are now fimily entrenched in the tactical
missile propulsion area through compary/government-sponscred effort and U.S./MOU programs, e.g.,
Maverick, Patrio?, Sidewinder.

ttaly, France, and Japan are also firmly entrenched In the large motor area (up to 90 In. diameter)
through company/govemmant-sponsored efforts, 6.9., Arizne, “N,” “H” vehicie strap-ons.

France and Japan aro now flrmly entrenched In the sateilite proputsion erea through sompany/

government-sponsored efforts, e.0., STAR motor “look allkes”—STAR 30, 37.

Internatisnal compatition, although varying from country to country (Japan and France considared
the most zdvanced), ls judged on a part with U.S. state of the art in design, quality control, snd
producibliity of Inert components. France Is considered ahead on carbon-carbon component
technology since that technology is now belng Imported into this country by Hercules and Kelser, for
example. Competing countrias are rated betind the U.S. In propellant technology, particularly for high
energy systems. in lower onergy systems they sre approaching ths level of the U.S. with CTPB, HTPB,
and CMDB propefiants.

U.S. tochnology is obtained by other countries through numerous forums, ©.g., AlAA, SAE, and
SAMPE meetings, and MOU Programs.

A%
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Solid Rocket Motor Technology Roadmap

SOLID ROCKET MOTORS

THE FOREIGN COMPETITIVE THREAT

Significant increase in both European and Japanese capabilities I the last decade

Engiand, France, West Germany, ltaly, Norway, and Japan entrenched in tactical missiie
propulsion

fialy. France, and Japan entrenched In space launch vshicle propulsion area
Erance and Japan entrenched In satellite propulsion area
International competition Is increasing

international competition is judged on a par with U.S. state of the art in design, quality
contro!, and producibility of most Inert components

France considered ahead on carbon-carbon component technology

International compstition approaching par on propeliant technology except for hign
energy systems

U.S. technology Is transferred through numerous forums, o.g., AlAA, SAE, and SAMPE
meetings, and MOU programs

AD110458 80
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Solid Rocket Mator Technology Roadmap

Technology Challenges

The iist of technology challenges is long. Each represents an essentiai area of effort to meet
future national needs. Each should be pursi:ed. Unfortunatsly, the resources demanded by such an
approach have previously Himited the attention given to devslopment of less conspicuous, high-
leverage technology which has a fong maturation eriod and, therefors, delayed payoff.

Achlevement of national propulsion objectives for spacs activities and tor affective miiitary rocket
systems will require demonstrated levels of fiight rellabllity In ail aspects of rocket operations, from
manufacturing and test through lsunch procedures and fiight. Aithough there are weli-developed
reliabllity methods (such as that by Taguchi) to assist the developer, they are unevenly applled. Future
success will hinga on the integration of such practices throughout the devsiopment community. Since
the techniques introduce additional particlpants and Increased design iteration to the development
process, successful implementation wii entall “cultura” changes within the community.

Doveloping and demonstrating the advancements In the areas listed will provide the tools,
materlals processes, and quality techniques necessary to continue advances in solld rocket motor
technology.
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Solid Rocket Motor Technology Roadmap

SOLID ROCKET MOTORS

TECHNOLOGY CHALLENGES

¢ insensitive systems

o Improved bond systems

o Improved nonlinear 20/3D computer codes
o improved insulation design codes

o Expert computer codes

o Strain-Induced combustion effects

o Comprehensive materia! and process data base
* Materlal process/property Interrelationship
o Structural material failure criteria

¢ Low cost Cases

o Low cost nozzle/TVC systems

® Low cost propeliants

e "Clean" propoliants

o Compact TVC systems

» Ultra-energy propellants

o Automated NDI/NDE

o On-line process monitors

o Lahoratory/subscale niotor Interrelationships
o Der onstration ryotors

o Improved in situ Instrumentation

o Use of rellabiiity techniques In the development F-ucess
o Improved rellabllity demonstration procedures
o Low observables

¢ Energy management

A2 61
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Solld Rocket Motor Technology Roadmap

Comparison with Government Studios
The effort proposad is In substantia) sgreement with & number of NASA, Navy,
studies.

and Alr Force
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Solid Rocket Motor Technology Roadmap

SOLID ROCKET MOTORS

COMPARISON Wiii! GOVERNMENT STUDIES

The effort proposed Is in substantial support of the following
government studies:

o Alr Force/NASA — Space Transportation Architecture Study (STAS)
o Alr Force/NASA — Heavy LIt Launch Vehlcle Study (HLLV)

e Alr Force/NASA — Advanced Launch System Study (ALS)

o Air Force — Rocket Propulsion Technical Objsct Document (TOD)
o NASA — Solld Propulsion Integrity Program Technical Plan (SPIP)

o Navy — NAVAIR Ali Weaponry Analyses

ERIC 337
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Solld Rocket Motor Technology Roadmap

Program Gosls

Over a 10-yoer porind, with adequate resourcas, the listed prograin goals aro congidered a
challenge, but achlevabls,
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Solld Rocket Motor Tochnology Roadmap

SOLID ROCKET MOTORS

Parameters
High Reilablilty
Low Cost

High Performance*
Mass Fraction
Nozzle Expanslon Ratlo
Deliverad Igp

Automated Manufacturing

Quality Assurance

Opeorational Life
Safety
Misslon Flexibliity

PROGRAM GOALS
Goal

>0.99¢ at 95 percent confidence

Order of magnitude redrction in
recuriing cost per pouna delivered
to orbit

Significant reduction in tacticai and
strateglc propulsion costs

>0.95
>100:7
>315 ih-sechb

60 percent reduction in nonvalue~
added iabor
Significant safety and quality improvement

Automated measurement, recordlng
of attributes against “accept/reject”
standards
20 years +
Insensltive

Multi-pulse operation

*Upper stage and space-launched motors

AD1145a 85
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Rocket Propulsion Technology Roadmap

ROCKET PROPULSION ADDED EFFORT REQUIRED,
CONCLUSIONS, AND RECOMMENDATIONS
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Rocket Propulsion Technology Roadmap

Added Etfort Required

To achisve the goals cutiined In this Technclogy Roacmap, & consistant expenditure of
approximately $300 miliion per yaar over ten years from all sources Is required. In order to
realize the goal of lowered [He-cycie costs by emphasizing research that Is not
program-specific, the expenditure and the numbar of personnel must be consistent from year
to year.

We recognize tha\ significant tinding Is planned under the Advanced Launch System
(ALS) program. Howevsr, this Is “focused technology” and, although “faifout” will rosult, the
gensric output of such programs Is, of necesslty, ssidom of sufficient breadth to be of wide
bonokﬂ:.d.TMNASActvt'Spaco Technology Intiative (CSTI) Is an example of the type of effort
requl

Both govemnment and Industry test bed facillties nesd to be upgraded and put into
operation and there must bo a greater use of demonstration/validation engines and motors
and _vanced Instrumentation to valkiate the concepts that result from a consistont core
tachnology research program. There also nyeds to be more cooperstion betwesa
government, Industry, and the academic community In establishing snd utlilzing
supercomputer centers. The NASA-Ames supercomputer and the NSF Supercomputer
Centers around the country are notable achlevements towerd the realization of this goal, but
additions! faciilties are nesded.

Tha establiahment and maintenence of a rocket materlal data bese Is also a necessity
and will require a working group consisting of industry, universitias, and government, as wefl
&3 groups such as Betteile, ASTM, DoD Information Analysls Centers, SAMPE, etc., to ensurs
the proper crganization and upkesp.

There noeds to be Increased recrultment of new sclence and engineering graduate
students and greater cooperative Involvement with academis.
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Rocket Propuision Technology Roadmap

ROCKET PROPULSION

ADDED EFFORT REQUIRED

« Consistent annual expenditure cf $300 million per year dovoted to generic
cora technologies and thelr demonstration®

o Tost facliitles capable »f mission simulation

e Speclal component schnology test stands (e.g., turbopumps)

o New methodology for rellablilty demonstration and validation

o Expanded governmenMndustrylacademlc suparcomputer cooperation
o Order f magnitude expansion of engineering data base

o Natlonal material data base

o Greater academic involvement, cooperatlve vantures

*The ALS “focused” technolog¥ has applicabliity; the NASA CSTI
program will provide a good start
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Rockat Propuiglon Technology Roadmap

Conclusions

Tho stated natlonal goals of reducing space transportation costs by an order of magnitude, having
a viable space dafense system, and maintaining a streng defense posture cannot be supported by
todsy’s technology. “Business ae usual” FY 1887 level funding and faciitiss wil not obtain the anabling
technology to support natlonal needs. At least a threefold, lorg-term commiiment compared to FY 1887
is required. Without such a commiiment, the country wiil toso Its pre-eminence '~ rocket propulsion
technology sarly in the next century and will fall to meet naticnal needs. The recommended
technologies can provide significant leverage to rocket propulsion development programs by enabling
performance sdvances without gacrificing cost and rellabliity goals.

70
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Rocket Propulsion Technology Rogdmap

ROCKET PROPULSION

CONCLUSIONS

There are supporting technologiea which can provide conslderable
tevarage to the development of advanced rocket propuision systems

These technologies, when validated by teat bed demongstrations, wiil
provide a firm base for confident Initiation of development programs

Formulation of the apecific technology development plans to be pursuad
must involve government, industry, and the academic community. Plans
should Include consideration for rocket materlals and processes data
basos and textbooks for rocket deslign and safety practices

Continued and consistent support of generic technology advancement is
necessary to realize Roadmap goals

The benefits derived from these areas can provide the edge to retain
our leadership in rocket propuision In the International marketplace
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Rocket Propulsicn Technology Roadmap

Recommendations

Whereas DoD and NASA have plans for development of rocket propulsion systeras and their major
components, there i3 no such sivangement for the technologies proposed herein. Since they are of
universal application to the rocket propulsion industry, they ere a logical cholcs for cooperative
offorts. However, commercial revenues are not sutficlant to support the range of technology required,
and with current cellings on IR&D, industry funds are severely limited. Therefore, it is recommended
that government sgencies undertake to foster this work to resp the banafits of the leverage that it
provides. In addition to providing dlrect support, this should Include eating the IR&D cellings to enable
expanded industry participation. More scademic Involvement is also essantial to mesting the
tschnoiogy goals. Demonstrations of the new tachnologles in test beds pricr to full-ccale development
is cruclal to gaining confidence that the technologles are ready for app¥cation.
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Rocket Propulsion Technology Rozimap

ROCKET PROPULSION

RECOMMENDATIONS

o Establish a long~term commitment to téchnology advances necessary
to maintain technological excellence and meet national needs

o Formulate specific technology development plans which yleld necessary
tachnologles that support natlonal miasions and goals

o Involve Industry, government, and the academilc communlty in the

planning to ensure incluglon of other ongolng programs

o Embody these technologles In test bed programs prior to full-scals

development to ensurc that the advances evolved are validated In a
system environment. Utllize existing government facliitles as
appropriate., Modify or bulld new facllities as necessary to satlsfy
future misslon needs

- ANESI4ARY -
73

9gg



337

May 25, 1989

The Honorable Doug Walgren, Chairman
Subcommittee on Science, Research and Technology
2319 Rayburn House Office Building

U.S. House of Representatives

Washington, D.C. 20515

Dear Mr. Chairman:

As a witness before the Subcommittee on Science, Research and Technology
on May 18, 1989, Congressman Tom Campbell asked me for my comments
on Treasury Regulation 1.861-8. On line 2121 of Page 93 of the hearing
transcript, I indicated that I was not prepared to address the question. In this
letter I would like to respond to Congressman Campbell's question and
submit it for testimony in the form of an appendix.

Under the 861 regulations, Apple must treat a portion of our domestic R&D
expenditures as if it were conducted abroad. While domestic R&D efforts do
indeed benefit our sales worldwide, it is impossible to get a foreign
jurisdiction to consider R&D conducted in the U.S. as an expense against
sales income in the foreign country. These countries argue that if we
conducted the R&D in the U.S., then we should get the tax break from the
U.S., not from their country. Moreover, they are trying to leverage off of
such U.S. tax policy to force U.S. companies to invest R&D facilities in their
country. They argus that if U.S. tax policy treats U.S. R&D as if a portion of
it were performed abroad, then we should move that portion to their country
where we can at least get the tax benefit from it!

Apple already faces tremendous pressure from foreign countries to increase
investment abroad in exchange for market access. Currently, India is
denying us market access for microcomputers unless we set up a joint-
venture with an Indian firm. In Australia, 8 new law now requires that
foreign firms conduct research and development in Australia in order to
maintain market access. In Canada, we cannot sell to certain government
agencies unless we increase Apple's investment there. Consequently, our
employees look for local technologies that Apple can support in lieu of
building an R&D facility there. With foreign governments coercing U.S.
companies to move R&D to their country, we do not welcome the 861
regulations which act as a disincentive to conducting R&D at home.

Appie Computer, ¢
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Recognizing the onerous effect of these regulations, Congress has repeatedly
adopted temporary moratoriums to prevent the implementation of the 861
regulations. But a permanent solution has yet to be adopted. It is the
permanent solution to this regulation that we are seeking in legislation soon
to be introduced by Congressman Beryl Anthony.

If you have further questions on this issue and how it affects Apple
Computer, Inc., do not hesitate to call me.

Sincerely
A SRS~

Bill Poulos
Manager, Government Affairs

20-736 (344)



