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Executive Summary

Many observers have commented that the
competitive strength of US. industrial science
and technology is declining. US. industry
has already lost its leadership in several tech-
nologies that are critical to industrial perfor-
mance, and it is weak or losing competitive
strength in others. During the mid-1980s,
US. investment in R&D increased at a slug-
gish pace, and the Nation’s nondefense R&D
expenditures did not increase as rapidly as
those of many major foreign competitors.
The Nation has also experienced relatively
slow-paced product development and com-
mercialization, since the results of US. R&D
are not brought to market as effectively as
those of foreign competitors. Compared to
other countries, a high fraction of US.
Government expenditures go to defense,
rather than commercial, R&D.

These issues are of significance to the Federal
Government, and specifically affect the
National Science Foundation (NSF). Funda-
mental research supported by NSF in both
science and engineering makes an important
contribution to the competitive strength of
US. industry. -

The National Science Board (NSB), concerned
about these issues, established the NSB
Committee on Industrial Support for R&D to
carry out a study on the nature of the prob-
lems and suggest broad remedies. The Com-
mittee felt that in addition to making general
recommendations, it was important to make
specific recommendations—some directed at
NSF and other Federal agencies, others
directed at the government in general.

This report represents the culmination of the
Committee’s effort to present an integrated,
multidimensional view of the issues sur-
rounding US. industrial R&D. This report is
not intended to be a comprehensive study of
US. international competitiveness. It focuses
primarily on science and technology, particu-
larly on the impact of R&D on US. competi-
tive strength. The Committee recognizes that
improving the US. R&D system—and, conse-
quently, the US. scientific and technological
position—will not in itself remedy all the ills
of the US. economy or US. industrial com-
petitiveness.

The Committee looked at R&D inputs (expen-
ditures), intensity, content, and system out-
puts and compared them to those of foreign
competitors. It invited several prominent
authorities to express their views of indus-
trial R&D in various industry groups. The
Committee also used other recent, relevant
studies and reports that have addressed these
issues and the results of a survey conducted
by the Industrial Research Institute (IRI) in
cooperation with the Committee. The result-
ing composite picture throws new light on
the major issues and on what should be done
about them. The problems facing US. indus-
trial science and technology are complex:
there is no single problem, no simple solu-
tion. Policies and programs must address
several dimensions simultaneously.

From its research, the Committee reached the
following conclusions.
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® The US. industrial R&D system is in
trouble not only because the recent
growth of R&D expenditures is lagging
that of foreign competitors, but also
because—in the view of many
knowledgeable observers—the distribution
and allocation of those expenditures is
not optimal.

m Both Federal and corporate policies need
to be improved if the Nation is to meet
international competitive challenges.

B There are significant gaps in US. indus-
trial R&D strength (e.g., in engineering
research); further, a new threat is emerg-
ing to the country’s traditional sources of
strength—pioneering discoveries and in-
ventions.

In short, the United States is spending too
little, not allocating it well, and not utilizing
it effectively.

Findings
The Committee’s principal findings follow.

1. The real rate of growth in US. industrial
R&D spending has declined since the late
1970s and early 1980s. In addition, the
Nation’s position has deteriorated relative
to that of its major international competi-
tors whose investment in nondefense
R&D has been growing at a faster pace
than US. nondefense R&D since the mid-
1980s.

®m Domestic industrial R&D expenditures
slowed from an average annual growth
rate of 7.5 percent (constant dollars)
during 1980-85 to only 04 percent dur-
ing 1985-91. The federally supported

portion of these expenditures dropped
from a growth rate of 81 percent to
-1.7 percent over these two periods;
industry’s own support dropped from
7.3 percent to 1.3 percent. Almost all
major R&D-performing industries
contributed to this reduced growth rate.

B Since 1985, US. growth in both total
and nondefense R&D expenditures has
been less than that of many of its
major industrial competitors.

B The United States now trails Japan and
(West) Germany, its strongest competi-
tors, in nondefense R&D spending as a
percentage of gross domestic product
(GDP).

The allocation of US. R&D expenditures
is not optimal

m The balance between defense and non-
defense expenditures is disadvantageous
compared to that of foreign competi-
tors.

International data for defense and
nondefense components of total R&D
expenditures (not industrial alone) as a
percentage of GDP can be compared.
Using six countries—]Japan, (West)
Germany, France, the United Kingdom,
Italy, and Sweden—as a benchmark,
the United States in 1989 spent almost
as much as they did on total R&D, but
25 percent less on nondefense R&D.

This imbalance has been deteriorating:
the fraction of US. R&D expenditures
on nondefense decreased slightly (from
74 to 71 percent) during the 1980s,
while that of the competitor group
increased (from 90 to 92 percent).
Thus, during the 1980s, these six



competitors moved from being 22
percent ahead of the United States in
nondefense R&D expenditures to being
34 percent ahead. This increase has
been driven largely by Japan’s huge
growth in nondefense R&D spending;
today, Japan spends about 3 percent of
its GDP on nondefense R&D, compared
to 1.9 percent for the United States.

Too little is spent on process-oriented
R&D.

Several studies have found that US.
industrial R&D is weighted much more
heavily toward product technology
rather than process technology. US.
firms also allocate a disproportionately
small share of their R&D budgets to
the search for new and/or improved
processes compared to their Japanese
counterparts.

Inadequate effort is devoted to funda-
mental engineering research.

The rapid conversion of ideas into
products and processes requires com-
mand of an ever-expanding engineering
knowledge base. Yet there is an
insufficiently broad and deep funda-
mental engineering research base on
which to build.

There is insufficient emphasis on emer-
ging and precompetitive technologies.

In the IRI survey, industry’s “reluctance
to invest in new enabling technologies
because the R&D may be too expen-
sive, long-term, multi-industry, and
interdisciplinary” received the largest
number of first place rankings as a
factor adversely affecting US. indus-
try’s ability to compete in global mar-

Executive Summary [ il

kets for high-technology products under
the major category of technology man-
agement practices.

The United States faces an emerging
risk of losing its traditional strength in
pioneering discoveries and inventions.

Most pioneering advances of the past
that have created the basis for new
industries have originated in either the
corporate laboratories of private firms
or in research universities. Both of
these institutions are under severe
stress today.

3. US. expenditures are not as effective as
they should be in producing needed re-
sults.

B The US. competitive position in impor-

tant, technologically based industries is
deteriorating,.

The once strong across-the-board US.
position of a decade ago has deterio-
rated substantially. US. industry has
already lost its leadership in several
technologies that are critical to indus-
trial performance, and is weak or
losing competitive strength in others.

The US. time horizon has become too
short, and the Nation’s business deci-
sions tend not to be based on strategic
technological considerations.

In large corporations, effort is shifting
away from central laboratories toward
division-level effort with greater
emphasis on risk minimization to meet
the needs of today’s customers;
emphasis is also shifting away from
new markets toward existing markets.
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B US. R&D is not translated into bene-
ficial economic and social results
quickly enough.

Many companies trail their foreign
rivals in the commercialization of new
technology. In many US. industries,
development of new products proceeds
at a much slower pace than in other
countries.

4. The current information base on indus-
trial science and technology is inadequate:
it has gaps, is questionable in parts, and
does not provide enough detail to meet
the needs of policymakers.

Recommendations

The Committee’s findings lead to significant
apprehension about the present trajectory of
US. industrial R&D and to the conclusion
that stronger Federal leadership is needed in
setting the course for US. technological com-
petitiveness. Implementation of a national
technology policy, including establishment of
a rationale and guidelines for Federal action,
should receive the highest priority. The start
of such a policy was set forth 2 years ago by
the President’s Office of Science and Tech-
nology Policy, but more forceful action is
needed by the President and Congress before
there is further erosion in the US. technolog-
ical position.

The Committee’s recommendations focus on
areas where NSF or other agencies of the
Federal Government may be able to contrib-
ute to strengthening US. industrial competi-
tiveness. The recommendations include
policy and programmatic directions. They
fall short of what is ultimately needed, how-
ever. The current course of US. industrial

R&D demands creative policies, programs,
and initiatives beyond those devised and
examined by the Committee. Committee
recommendations are listed below.

1. Stimulate the resumption of more rapid
growth of industrial R&D to match that
of foreign competitors.

®m Adopt Federal fiscal and monetary poli-
cies that encourage strategic investment
in both tangible and intangible assets
for R&D.

B Encourage changes in Federal regula-
tions and in the regulatory process to
promote and facilitate technological
innovation.

m Establish a permanent R&D tax credit.

B Put a permanent moratorium on Treas-
ury Regulation 1.861-8 which can create
a tax benefit for US. corporations with
foreign sales that move some of their
R&D to a foreign country.

2 Encourage a reallocation of R&D expendi-
tures toward

B nondefense R&D

¢ Establish new programs to stimulate
the redirection of resources from
defense to nondefense R&D.

¢ Increase support for NSF strategic

science and engineering research,
particularly for activities that attract
industrial cosupport. These activities
include engineering research centers,
science and technology centers, coop-
erative multi-user facilities, consortia,
and individual investigator projects
with coparticipation by industry.
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* Expand programs that directly sup- * Expand the effectiveness, scope, and
port technology transfer activities in outreach of NSF’s Science and Tech-
Federal laboratories. nology Centers, Industry/University

Cooperative Research Centers, and
B process R&D other industry-related programs, and
couple these programs even more

* Expand and strengthen the Manufac- closely with future industry needs.
turing Technology Centers Program
and the State Technology Extension * Further expand NIST’s Advanced
Program of the National Institute of Technology Program.

Standards and Technology (NIST).
B pioneering discoveries and inven-

® Encourage substantial NSF involve- tions
ment in the emerging Federal Coordi-
nating Council for Science, Education, * Create more programmatic opportuni-
and Technology (FCCSET) Presiden- ties that encourage interaction of
tial initiative in manufacturing. scientists and engineers in academia
and industry to explore joint research
B engineering research interests with the potential for

pioneering discoveries and inventions.
* Encourage and assist in the expansion

of Federal support of fundamental * Support traditional and nontradition-
engineering research. al education programs that motivate
creativity, innovation, and entrepren-

® Expand and strengthen NSF’s Engi- eurship.

neering Research Center Program.
3. Improve the speed and effectiveness of

B emerging and precompetitive tech- moving R&D results from Iab to market.
nologies
® Explore the feasibility of NSF support-
® Activate a US. technology policy that ing joint science, engineering, and man-
favors Federal R&D investment in agement education programs that focus
generic precompetitive and emerging on the integration of technology and
technologies important to industry. management for leadership of both

high-tech and traditional industries.
* Encourage and assist in the expansion

of Federal support of fundamental B Encourage NSF activities that lead to
scientific and engineering research faster dissemination of knowledge and
that contributes to emerging and research results among researchers in
precompetitive technologies, including academia, industry, and other sectors.

the FCCSET initiatives in biotechnol-
ogy, advanced materials and process-
ing, and high-performance computing
and communications.

T
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B Increase the support of science and 4. Improve data quality and adequacy.
engineering research and education
programs that emphasize production m Carry out a systematic assessment that
systems engineering and the integration identifies missing information and
of product design and manufacturing. examines the feasibility and cost of

developing and tracking a set of indus-
trial science and technology indicators
that would be of value to policymakers.




Introduction

Study Purpose and Design

The preeminence of US. industrial science and technology can no longer be taken for granted.
The growing volume of evidence suggesting a relative decline in the competitive strength of US.
industrial science and technology is receiving widespread attention at all levels of government, in
the media, and in many other public forums. One of the most closely watched signals, and one
that is generating much of the alarm, is the contraction—or even the evaporation—of US. firms’
share of global markets for an increasing number of high-technology products. Another indicator,
first observed by the National Science Foundation (NSF) several years ago and now receiving
considerable scrutiny, is a slowdown in the rate of growth in US. industry’s investment in
research and development, a slowdown which began in the late 1980s. Although the United
States still leads in both government and nongovernment R&D spending, the recent rate of
growth in US. investment in nondefense R&D has lagged behind that of several other industrial-
ized nations, including Japan and (West) Germany. Additional concerns have been raised by
reports from various sources, all documenting widespread consensus among industry, government,
and academic officials that US. firms have been losing ground against foreign competitors in the
advancement and commercialization of new technology. All of these trends are particularly
unwelcome at a time when national prosperity is becoming increasingly dependent on the ability
of the industrial sector to compete successfully in international high-technology markets.

It was these concerns that led to the establishment of the National Science Board Committee on
Industrial Support for R&D. The Committee was charged by the Board with investigating the
significance of recent indicators of US. industry’s sluggish performance by performing the
following:

1. Reviewing and analyzing available statistical and other information on the level, content,
and quality of US. science and technology; and identifying what factors may be
responsible for the erosion in US. technology leadership.

2 Reporting the major findings of its investigation, especially highlighting important barriers
to improved US. industrial performance in high-technology markets.

3. Identifying the role NSF can play in ameliorating the problems and recommending
strategies that can be pursued by NSF or other Federal agencies that will help US.
industry compete successfully in high-tech global markets.

This report represents the culmination of the Committee’s work. Note that this report is not
intended to be a comprehensive study of US. international competitiveness, but rather focuses
primarily on science and technology, particularly on the impact of R&D on US. competitive
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strength. The Committee recognizes that many factors besides those discussed in this report
influence US. industrial competitiveness. Thus, improving the US. R&D system and the US.
scientific and technological position will not alone be sufficient to correct all the problems of the
US. economy or even to reverse completely the recent decline in US. industrial competitiveness.1

Part I of this report, “Analysis of Available Data,” is a compilation of available statistical and
other information on the current status of US. industrial science and technology. It also contains
the major results of a survey, “Potential Causes for the Erosion in US. Technology Leadership,”
conducted in conjunction with the Industrial Research Institute (IRI).. The purpose of this survey
was to obtain the opinions of leading industrial R&D officials to assist the Committee in
determining what factors are adversely affecting US. technological competitiveness.

The Committee also sought the expertise of several individuals well known for the research they
have conducted in this area.

m Dr. Alden S. Bean gave a presentation on his study of changes taking place in US.
corporate laboratories.

m Dr. Frank Huband described the methodology and results of the Japanese Technology
Evaluation Program.

m Dr. Maria Papadakis gave a presentation entitled “Linking R&D, Technology, and US--
Japanese Bilateral Competitiveness.”

m A panel of five experts discussed their research on several industries.”

The Committee’s analysis of the data, the IRI survey results, input from the experts, and
additional staff research led to one major conclusion—that although the United States still leads
the rest of the world in total scientific and engineering research expenditures, those expenditures
are not translating into economic leadership in the marketplace. Moreover, the ability of
lawmakers and policymakers to understand and address this issue is made much more difficult
by incomplete and often inadequate data. Part II of this report, “Recommendations,” is devoted
to identifying areas in which NSF and other Federal agencies (eg., the Department of Commerce)
may have leverage and to the presentation of specific recommendations aimed at strengthening
US. technological competitiveness.

'A report, Capital Choices: Changing the Way America Invests in Industry, released by the Council on Competitiveness
after the present report was completed,is a penetrating new study of the American system of allocating investment capital
and its effect on US. industrial competitiveness. Its findings are much broader than, but entirely consistent with and
supportiveof, the present report.

*Members of the panel were Dr. W. Edward Steinmueller(Deputy Director, Center for Economic Policy Research, Stanford
University); Dr. Kenneth S. Flamm (Senior Fellow, the Brookings Institution); Dr. David C. Mowery (Associate Professor of
Business and Public Policy, Walter A. Haas School of Business, University of California, Berkeley); Dr. Candace Howes
(Assistant Professor, Departmentof Economics, University of Notre Dame); and Dr. Henry Grabowski (Chairman, Department
of Economics, Duke University).
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Maijor Findings

After evaluating and synthesizing the information presented in part I of this report, the
Committee narrowed the scope of its investigation, to focus its recommendation on four major
findings. A brief review of these findings and the evidence supporting them follows.

1. The real rate of growth in US. industrial R&D spending has declined since the late 19705
and early 1980s. In addition, the Nation’s position has deteriorated relative to that of its
major international competitors whose investment in nondefense R&D has been growing at
a faster pace than US. nondefense R&D since the mid-1980s.

m Domestic industrial R&D expenditures slowed from an average annual growth rate of
7.5 percent (constant dollars) during 1980-85 to only 04 percent during 1985-91. The
federally supported portion of these expenditures dropped from a growth rate of
8.1 percent to -17 percent over these two periods; industry’s own support dropped from
7.3 percent to 1.3 percent.

Almost all major R&D-performing industries contributed to this reduced growth rate.

B Since 1985, US. growth in both total and nondefense R&D expenditures has been less
than that of many of its major industrial competitors.

B The United States now trails Japan and (West) Germany, its strongest competitors, in
nondefense R&D spending as a percentage of gross domestic product (GDP).

2 The allocation of US. R&D expenditures is not optimal

B The balance between defense and nondefense expenditures is disadvantageous
compared to that of foreign competitors.

International data for defense and nondefense components of total R&D expenditures
(not industrial alone) as a percentage of GDP can be compared. Using six coun-
tries—Japan, (West) Germany, France, the United Kingdom, Italy, and Sweden—as a
benchmark, the United States in 1989 spent almost as much as they did on total R&D,
but 25 percent less on nondefense R&D.

This imbalance has been deteriorating: the fraction of US. R&D expenditures on
nondefense decreased slightly (from 74 to 71 percent) during the 1980s, while that of
the competitor group increased (from 90 to 92 percent). Thus, during the 1980s, these
six competitors moved from being 22 percent ahead of the United States in nondefense
R&D expenditures to being 34 percent ahead. This increase has been driven largely by
Japan’s huge growth in nondefense R&D spending; today, Japan spends about 3
percent of its GDP on nondefense R&D, compared to 1.9 percent for the United States.
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m Too little is spent on process-oriented R&D.

Several studies have found that US. industrial R&D is weighted much more heavily
toward product technology rather than process technology. US. firms also allocate a
disproportionately small share of their R&D budgets to the search for new and/or
improved processes compared to their Japanese counterparts.

Inadequate effort is devoted to fundamental engineering research.

The rapid conversion of ideas into products and processes requires command of an
ever-expanding engineering knowledge base. Yet there is an insufficiently broad and
deep fundamental engineering research base on which to build.

There is insufficient emphasis on emerging and precompetitive technologies.

In the IRI survey, industry’s “reluctance to invest in new enabling technologies because
the R&D may be too expensive, long-term, multi-industry, and interdisciplinary”
received the largest number of first place rankings as a factor adversely affecting US.
industry’s ability to compete in global markets for high-technology products under the
major category of technology management practices.

The United States faces an emerging risk of losing its traditional strength in pioneering
discoveries and inventions.

Most pioneering advances of the past that have created the basis for new industries
have originated in either the corporate laboratories of private firms or in research
universities. Both of these institutions are under severe stress today.

3. US. expenditures are not as effective as they should be in producing needed results.

B The US. competitive position in important, technologically based industries is

deteriorating.

The once strong across-the-board US. position of a decade ago has deteriorated
substantially. US. industry has already lost its leadership in several technologies that
are critical to industrial performance, and is weak or losing competitive strength in
others.

The US. time horizon has become too short, and the Nation’s business decisions tend
not to be based on strategic technological considerations.

In large corporations, effort is shifting away from central laboratories toward division-
level effort with greater emphasis on risk minimization to meet the needs of today’s
customers; emphasis is also shifting away from new markets toward existing markets.
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m US. R&D is not translated into beneficial economic and social results fast enough.

Many companies trail their foreign rivals in the commercialization of new technology.
In many US. industries, development of new products proceeds at a much slower pace
than in other countries.

4. The current information base on industrial science and technology is inadequate: it has
gaps, is questionable in parts, and does not provide enough detail to meet the needs of

policymakers.
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Introduction

Numbers generated by the National Science Foundation (NSF) and other sources seem to indicate
that US. industrial R&D spending stagnated in the late 1980s. NSF survey data show little real
growth in industrial R&D spending after 1985, compared to the preceding 10-year period." (See
figure 1 and table A-1) These time series data, however, provide an incomplete assessment, and
are only one of several statistical indicators of the health of science and technology in US.
industry.” Other available statistics need to be examined, including ratios measuring “R&D
intensity,” and comparisons of US. R&D expenditures with those of other countries.

In addition to data collected through NSF and other surveys, information comparing the United
States with other countries in the advancement of selected technologies is available from several
research projects, e.g., the Japanese Technology Evaluation Center JTEC). These investigations
yield qualitative rather than quantitative information and provide valuable insight into the
strengths and weaknesses of US. science and technology vis-a-vis those of other countries.

This part of the report first examines three types of information useful in diagnosing the state of
US. industrial R&D. These measures are

B input measures, including aggregate levels of R&D expenditures and R&D intensity
ratios;

B R&D content, or the allocation of R&D resources; and

B output measures, including findings from the studies mentioned above.

"Industrial R&D expendituredata cited in this section of the report (unless otherwise indicated) refer to funds supporting
R&D work performed within company facilities in the United States from all sources, except the Federal Government. These
sources may include other companies, research institutions, colleges and universities, other nonprofit organizations,and state
and local governments,as well as companies’own funds. Company-financedR&D not performed within the company is
excluded. Note that foreign companies’R&D expendituresin the United States are also included. The R&D growth rate
would be even lower if monies spent by foreign companiesin the United States were subtracted from the total.

2Comprehensivequantitativemeasuresof investmentin science and technologydo not exist. Therefore, the total amount
of funds spent on R&D is commonly used as a surrogate measure.

TR
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Figure 1. Company-funded industrial R&D
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The rate of increase in company-funded industrial R&D
in the U.S. slowed during the late 1980s.

Notes: Company-funded R&D includes funds for industrial R&D work performed within company facilities
in the U.S. from all sources except the Federal Government. The 1887 GDP implicit price deflator was used
to convert current to constant dollars. (See table A-1.)

Sources: NSF, Survey of Industrial Research and Development and Industrial Panel on Science and Technology
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Because the Committee felt its evaluation would not be complete without input from leading
industrial R&D officials, the last section of the chapter contains a summary of the main results of
a survey on “Potential Causes for the Erosion in US. Technology Leadership.” This survey was
used to obtain the viewpoints of leading industrial R&D officials. Specifically, corporate R&D
directors were asked to rank series of factors thought to contribute to a decline in US.
technological competitiveness. A fuller description of the survey results is in appendix B.

Although these data on R&D are useful in diagnosing the state of US. industrial R&D, taken
together, they still leave unanswered questions. Compounding this dilemma are gaps and
deficiencies in the quantity and quality of information collected and available on industry’s
investment in, and commitment to, the advancement of science and technology.

Input Measures of Industrial R&D Performance

R&D Expenditures in U.S. Industrial Laboratories

US. industrial firms finance R&D performed in their own domestic laboratories and also support
R&D conducted in other locations, including company-owned facilities in other countries, colleges
and universities, and other nonprofit organizations. Aggregate levels of R&D funding in US.
industrial laboratories are described below.

The National Science Foundation is the major source of statistical data on US. industry’s
investment in research and development. Its information is collected with the annual Survey of
Industrial Research and Development; this survey has been conducted for NSF by the US. Bureau
of the Census for more than 30 years” NSF supplements the data collected through the industry
R&D survey with information obtained from annual polling of its Industrial Panel on Science and
Technology, which is comprised of at least 100 industry R&D officials.

Industry is the source of about one-half of the funds spent on R&D in the United States. In 1991,
industrial firms spent $76.4 billion in company funds on R&D performed in US. laboratories. (See
table A-2) In addition, US. firms spent $304 billion in Federal funds on R&D; this was
approximately half of all Federal monies supporting R&D. Thus, industry is by far the largest
performer of R&D in the United States, accounting for 71 percent of total US. R&D performance

*Data collected with this survey are published annually in an NSF series, Research and Developmentin Industry. They
are also published in other NSF reports, including National Patterns of R&D Resources,and in the National Science Board
series, Science & Engineering Indicators. During its investigation,the Committee was made aware of deficienciesin this time
series that adversely affect the quality and usefulnessof data collected with this survey. Many of these problemsare
identified in this section. Nevertheless,it is the best available source of statistical informationon industry’s performanceof
R&D. The Committee’srecommendationsfor improving and increasing the collectionof data on industry’sinvestmentin
science and technologyare included in part II of this report.
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in 1991. The Federal Government accounts for 11 percent, the academic sector 15 percent, and the
nonprofit sector 3 percent.*

During the late 1980s and into the early 1990s, company spending on R&D barely kept pace with
inflation. In real terms, the average annual increase between 1985 and 1990 was only 1.6 percent;
the 1990-92 increase is projected to be 0.1 percent. In contrast, real average annual increases of
6.1 percent and 7.3 percent were registered during the 1975-80 and 1980-85 periods. (See figure 2)
In all major R&D-performing industries except motor vehicles,” rates of growth in R&D spending
in the late 1980s were significantly below those recorded in the first half of the decade. This
trend is expected to continue into the 1990s. (See figure 3 and tables A-3 and A-4)°

The declining growth rate has been attributed to several factors including the poor performance
of the US. economy; poor sales, leading to lackluster profits, and resulting in a lack of funds
available to expand R&D programs;” reactions to high-technology import competition (Scherer and
Huh 1992); the spate of corporate restructuring, especially mergers, acquisitions, and divestitures,
that occurred in the mid- and late 1980s;® and increasing support for externally performed R&D,
including funding of R&D performed in US. companies’ foreign laboratories, at universities and
colleges, and by nonprofit organizations.

“Total Federal R&D support amounted to $65.2 billion in 1991. Industry received 47 percent of that amount; 23 percent
went to universitiesand colleges; 5 percent to nonprofit organizations;and 25 percent was spent in governmentlaboratories.

*Motor vehicle companies’ average annual rate of growth in R&D spending increased from 17 percentin the early 1980s
to 3.0 percentin the second half of the decade.

sNonmanufacturing,or service, industries now account for approximately9 percent of company-fundedR&D performed
in the United States. NSF data show more than a sixfold increase in R&D spending by this sector between 1980 and 1990,
with the gain concentratedin two groups of companies: (1) computer programmingand engineering services, and (2)
communicationservices. Although many new service companies came into existence during the late 1970s and throughoutthe
1980s, the actual increase in R&D spending might not be as large as the data indicate, because part of the increaseis probably
due to improved coverage of the service sector. See Pollak (1991). Despite the apparent strength of R&D performancein the
US. service sector, the Committeediscovered that at least one industry within this group has not been doing well in terms of
R&D expenditures. According to data from the ConstructionIndustry Institute (1988), US. construction firms spend a total of
only $50 million annually on R&D, compared to $2 billion spent by Japanese firms. See Wall Street Journal(1991).

7Findings from annual polls of NSF’s Panel on Industrial Science and Technologyare described in the following Science
Resources Studies Highlights. NSF 86-314; NSF 88-311, NSF 89-310, and NSF 90-307, and special reports 91-306 and 92-306.
Also, in discussing with the Committee their research on the integrated circuit and pharmaceuticalindustries, Drs. Steinmueller
and Grabowski emphasized that increased investmentin R&D is largely dependenton cash flow availability. See Grabowski
(1989).

*The impact of mergers and other types of corporate restructuring,including leveraged buyouts, on industry’sinvestment
in R&D has not been definitivelydetermined. Several researchershave examined various aspects of the issue, employing
different approachesand methodologiesthat yielded different results. Among these studies are: “Corporate Restructuringand
Industrial Research and Development,”National Academy of Sciences, National Research Council, Academy Industry Program;
“Corporate Mergers Implicatedin Slowed Industrial R&D Spending” (unpublished NSF Paper); “The Impact of Corporate
Restructuringon Industrial Research and Development,”Bronwyn H. Hall, National Bureau of Economic Research, Working
Paper No. 3216; and “LBOs, Debt and R&D Intensity,” William Long, Center for Economic Studies, US. Bureau of the Census,
and David Ravenscraft, University of North Carolina.
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Figure 2. Real annual growth rates in company-
funded industrial R&D
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The annual percentage increase in company-funded industry R&D
(in constant dollars) is now lower than it was 10 to 15 years ago.

Note: The GDP implicit price deflator was used to covert current to constant dollars.
Source: NSF, Survey of Industrial R&D

Figure 3. Rates of increase in company-funded
industrial R&D in major R&D-performing industries
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The rate of increase in company-funded industrial R&D slowed
in all major R&D-performing industries during the late 1980s.

Note: The GDP implicit price deflator was used to covert current to constant dollars. See tables A-3 and A-4 for data on more
narrowly defined industries.

Sources: NSF, Survey of Industrial R&D and Industrial Panel on Science and Technology
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R&D Intensity

The ratio of R&D expenditures to net sales is usually used to measure R&D intensity. For all
manufacturing firms performing R&D, this ratio was 3.2 percent in 1990. During the 1970s, it
hovered in the 2.0-percent range, showing either no change or annual movements of only one- or
two-tenths of a percentage point, then began to climb in the early 1980s. (See figure 4 and table
A-5) Between 1981 and 1982, there was an unprecedented jump in this statistic—from 2.2 percent
to 26 percent. This 1-year increase was attributable to a 124-percent rise in R&D expenditures,
combined with a 6.9-percent decline in net sales of R&D-performing companies during the 1981-82
recession. Another similar leap in this statistic occurred between 1984 and 1985, when R&D
spending rose 9.3 percent and net sales fell 29 percent. The ratio has been level at about 3.2
percent during the second half of the decade when there was limited growth in R&D funding and
net sales.

Other measures of R&D intensity are the ratio of R&D scientists and engineers (S&Es) to total
employment in R&D-performing manufacturing companies, and the ratio of total S&Es to total
manufacturing employment. These ratios increased steadily throughout the late 1980s, because
employment of S&Es has been increasing at a faster pace than has overall employment in all
industries. For example, there were 40 R&D S&Es per 1,000 employees in R&D-performing
manufacturing companies in 1984 and 49 in 1990. (See table A-6.) During this period, R&D
performing companies’ total employment increased 84 percent, while employment of R&D S&Es
increased 194 percent.

Similarly, the ratio of all S&Es to total manufacturing employment rose from 37 in 1980 to 51 in
1989 (NSB 1991, appendix table 3-1). Between 1980 and 1989, total employment in the
manufacturing sector declined about 4.2 percent. The decline in total manufacturing employment,
combined with S&E employment growth, resulted in a substantial increase in the S&E proportion
of the manufacturing workforce.

Although degree of R&D intensity varies widely across industries (see table 1), these statistics
have either been steady or gradually increasing in almost every industry over the past decade.
(See figures 5 and 6 and tables A-5 and A-6.
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Figure 4. Company-funded industrial R&D as a
percentage of net sales

Percent

3.5
3 -
25 -

2-—\

15
1k

0.5 -

0
1970 1975 1980 1985 1990

Company R&D funds as a percentage of net sales increased from
2 percent in the 1970s to 3 percent in the late 1980s.

Note: See table A-5.
Source: NSF, Survey of industrial R&D

Figure 5. Company-funded industrial R&D as a
percentage of net sales for major R&D-performing industries
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R&D spending as a percentage of net sales was higher in 1990
than in 1980 in all major R&D-performing industries.

'Data unavailable for earlier years.
Note: See table A-5.
Source: NSF, Survey of Industrial R&D

e



14 O 7he Competitive Strength of U.S. Industrial Science and Technology: Strategic lssues

Figure 6. The R&D S&E proportion of the workforce

in major R&D-performing industries
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The R&D S&E proportion of the workforce increased in all
major R&D-performing industries during the 1980s.

'Data unavailable for earlier years.
See table A-6.
Source: NSF, Survey of Industrial R&D

Note:
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Table 1. Industry segments with the highest and lowest company R&D
funds/net sales ratios: 1990

(Percent)
Industry segment R&D/sales
#
Highest
Computers 154
Drugs and medicines 9.8
Scientific and mechanical measuring instruments 9.4
Electronic components 8.6
Optical, surgical, photographic, and other instruments 6.9
Communication equipment 49
Lowest
_—eeee
Petroleum refining and extraction ‘ 0.8
Paper and allied products 0.8
Lumber, wood products, and furniture 0.7
Ferrous metals and products 0.6
Food and tobacco products 0.5
Textiles and apparel 0.4

Source: NSF, Survey of Industrial Research and Development

R&D Content

Has the allocation of R&D resources been less than optimal? Data comparing US. R&D spending
to that of other countries reveal several striking differences that may help explain why US.
industry is losing ground in developing high-technology products to compete in world markets.
Figure 7 and table A-7 show changing US. and Japanese shares of global exports for eight
industries. The US. share has been eroding in five of the industries included on these
charts—computers, telecommunication equipment, aerospace, machine tools and robotics, and
scientific/precision equipment—but not in the other three—microelectronics, medicine and
biologicals, and organic chemicals. The most dramatic change depicted in figure 7 occurred in
worldwide exports of computers: the US. share of the global market dropped from 39 percent in
1980 to 24 percent in 1989. Table A-8 (prepared by Dr. Kenneth Flamm) shows the United States’
declining share of sales of information systems. In contrast, the Japanese global share increased in
all industries shown on these charts; for six of these industries—microelectronics, computers,
telecommunication equipment, machine tools and robotics, and information systems—the gains are
striking.
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Figure 7. U.S. and Japanese shares of global
exports for selected high-technology industries

United States Japan
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The U.S. share of global exports has declined in
several industries, while Japan's has increased.

Note: See table A-7.
Source: CIA Handbook of Economic Statistics, 1990
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US. R&D Investment Compared to That of Other Countries

In absolute terms, the United States spends more than twice as much on R&D as does Japan,’
4%2 times as much as (West) Germany, and over 6 times as much as France and the United
Kingdom. In relative terms, however, the picture is considerably different. Total US. R&D
spending as a percentage of gross domestic product (GDP) lags behind spending in Japan and
(West) Germany."” While the US. level of 2.7 percent in 1990 is comparable to its 1970 level (26
percent), Japan’s proportion grew from 1.9 to 3.1 percent, and (West) Germany’s proportion
increased from 2.1 to 2.8 percent. (See figure 8 and table A-9)

The prominence of defense in US. R&D strengthens the finding of a US. lag of investment in
R&D. If just nondefense R&D is considered, the United States invests 1.9 percent of its GDP in
R&D, compared to 3.0 percent for Japan and 2.7 percent for (West) Germany. (See figure 9 and
table A-10)" Perhaps the most striking indicator of Japan’s escalating strength in science and
technology is depicted in figure 10. Japan’s investment in nondefense R&D has been increasing
dramatically.

These data suggest that government plays a more prominent role in the US. R&D system—and in
particular, in the US. industrial R&D system—than it does in the systems of its major trading
partners. But if the US. Government invests more heavily in R&D, it directs that investment
almost entirely toward government missions such as national security, space exploration, and
health rather than to industrial purposes.

Defense accounts for about three-fifths of US. Government R&D spending and two-thirds of the
growth in that spending between 1980 and 1992 In contrast, in 1989, 9 percent of Japan’s
government R&D spending went to defense; in (West) Germany, this proportion was 19 percent,

°A controversyrecently surfaced over internationalcomparisonsof R&D expenditures—ie.which country is spending
more on R&D, the United States or Japan? The answer depends on what formula is used to convert yen to dollars. If
currency exchange rates are used, Japanese industrial firms appear to be spending more on R&D than US. firms. NSF follows
the international,long-establishedconvention of using purchasing power parities to convert yen to dollars. Therefore, the data
in this report show US. firms spending considerablymore on R&D than Japanese firms (although expendituresby the latter
have been growing a much faster rate). For discussions of this issue, see National Journal(1992) and New York Times (1992).

"*The Federal Governmentis now using gross domestic product instead of gross national product because GDP measures
productionof goods and services in the United States only, thus providinga more precise indicator of the country’seconomic
condition.

"In 1989, government funding of R&D accounted for 45 percent of total US. R&D, 19 percent of R&D in Japan, 33
percent in (West) Germany, 49 percentin France, and 37 percentin the United Kingdom. Governmentfunds accounted for 31
percent of US. industrial R&D, but only 2 percent of industrial R&D in Japan, 11 percentin (West) Germany, 21 percentin
France, and 20 percentin the United Kingdom.

“Growth in Federal R&D spending slowed significantly after 1987. Defense, as a percentageof total federally funded
R&D, reached a peak of 69 percentin 1986 and 1987. Since then, the share of defense-relatedR&D outlays has fallen to (an
estimated) 59 percentin 1992
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Figure 8. International comparisons of R&D expenditures
as a percentage of GDP
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Japan and Germany have surpassed the U.S.,
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Note: See table A-9.
Sources: NSF, Organisation for Economic Cooperation and Development, international Monetary Fund, and national sources

Figure 9. International comparisons of
total and nondefense R&D as a percentage of GDP
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Note: See table A-10.
Sources: NSF, Organisation for Economic Cooperation and Development, International Monetary Fund, and national sources
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Figure 10. International comparisons of growth
in nondefense R&D
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Note: See Appendix Table 1-10.

Sources: NSF, Organisation for Economic Cooperation and Development, International
Monetary Fund, and national sources
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in France, 42 percent; and in the United Kingdom, 55 percent. (See figure 11 and table A-11)
Thirteen percent of the US. Government R&D budget is directed at health (compared to between
4 and 6 percent for the trading partners); 7 percent to civilian space applications (roughly
comparable to [West] Germany and France, and higher than the United Kingdom, but lower than
Japan’s 11 percent); and 4 percent to energy (comparable to the United Kingdom and France, but
much lower than Japan’s 39 percent and lower than [West] Germany’s 9.5 percent).

Except for a few programs—including some in the Department of Commerce’s National Institute
for Standards and Technology (NIST) and arguably, a small proportion of NSF’s budget—almost
none (0.2 percent) of the US. Federal R&D budget is directed at R&D of direct relevance to
commercial technology. In the other countries, government support of commercially oriented R&D
is considerably higher, ranging from 8 percent in Japan' to 19 percent in (West) Germany.

Government-sponsored R&D has, however, played a major role in US. industrial competitiveness
in some instances. The billions of dollars for research conducted in National Institutes of Health
laboratories, although not specifically earmarked to help US. firms build competitive advantage,
nevertheless contributed to the leadership position of the US. pharmaceutical and biotechnology
industries.

In the past, byproducts or spinoffs from government mission R&D had a significant impact on
US. industrial technology. The jet engine, computer, and integrated circuit received a jumpstart in
the United States precisely because R&D funding was linked to defense missions. Defense needs
drove development of these technologies that then found widespread application in the
commercial sphere. But spillover benefits from defense-oriented R&D no longer seem nearly as
strong as they used to be (Nelson 1990 and Alic et al. 1992). In many technology areas,
performance requirements of military and commercial systems have diverged dramatically since
the days of the postwar technology spinoffs. According to Kenneth Flamm (1988), “Relying on
accidental spillover from military R&D may have worked out just fine in an era in which the US.
had no serious technological competitors. That was also a time when the sums the US. spent on
technology vastly exceeded all foreign expenditures, a time that has clearly passed.”

Whether the heavy role of government in R&D is, on balance, now a source of advantage or
disadvantage is open to debate. In fact, an opposite perspective is gaining in popularity—many
are now claiming that “the military sector increasingly builds on civilian [technological]
development|s], rather than the other way around” (Bloch 1991)."

13Althoug,h direct governmentsupport of commercial technology developmentappears to be relativelylow in Japan, the
Japanese Government provides extensiveindirect support, including various tax incentivesand low-interestloans to industrial
firms to encourage them to invest in R&D and commercializenew technology.

*see Council on Competitiveness(1991), table 4, “The Defense Department’sChanging Role in Technology Development.”
The advantagesof DOD-supportedtechnologyin the 1950s, contrasted with the disadvantagesapparentin today’s DOD-
supported technology development,are listed in this table.



Part I. Analysis of Available Data 0 21

Figure 11. International comparisons of governmental
R&D budget priorities
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In general then, the US. R&D system exhibits a strong presence by the Federal Government in
industrial R&D, but that R&D is oriented toward government rather than commercial objectives.
For example, in manufacturing, “many of the DOD- and NASA-funded efforts in robotics deal
with mobility and navigation, the areas deemed least important in a recent Robot Industries
Association survey of American manufacturers” (Hanifin 1988).

This issue was also addressed by a Presidential Advisory Panel formed to assess the Nation’s
effort in high-temperature superconductivity. In late 1988, the panel concluded the following
(Committee to Advise the President on High Temperature Superconductivity 1988, p. 8).

While there is a high level of activity in US. industry today, much of it is scattered and in
monitoring groups and is unlikely to survive in what we believe will be a long distance race.
And while there is a high level of activity by the US. government today both in government
labs and in support of universities, the work is primarily structured around government rather
than commercial applications.

In contrast the Japanese governmentlaboratories have a long tradition of materials work done
closely with industry, and the Japanese government has put in place . . . a structure that will
support, coordinate and sustain the various individual industrial efforts in Japan as the Japanese
companies work their way through the early stages of this new technology and look for
applications.

US. industry’s inability to commercialize technology rapidly and effectively is the focus of almost
all recent literature on competitiveness. This failing is frequently attributed to a lack of attention
to improvements in process technology. Studies on individual industries conducted by the MIT
Commission on Industrial Productivity revealed “that the lax attitude toward process
improvement is widespread in US. companies but not universal” (Detouzos et al. 1989, p. 76).

Edwin Mansfield of the University of Pennsylvania found that US. companies differ significantly
from their Japanese counterparts in R&D organization and mix of activities. In particular,
Mansfield’s research revealed striking differences in emphasis on process technology between US.
and Japanese firms (Mansfield 1988b).

The American firms . . . devote about two-thirds of their R&D expendituresto improved product
technology (new products and product changes) and about one-third to improved process
technology (new process and process changes). Among the Japanese firms . . . the proportions
are reversed, two-thirds going for improved process technology and one-third going for
improved product technology.

Results from another study show US. companies devoting only 19 percent of their R&D budgets
to process innovation (Caravatti 1991).

Mansfield’s research provides evidence of another significant difference between US. and Japanese
R&D investment. He found that nearly one out of every two dollars spent on R&D by US.
companies is used to support projects seeking new products and processes. In contrast, a smaller
percentage—approximately one-third—of Japanese R&D expenditures is devoted to discovering
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new products and processes, while the remainder is directed toward perfecting existing
technologies (Mansfield 1988a, table 4).

How Are U.S. Firms Adjusting to Meet Increasing Foreign Competition?

Alden S. Bean’s 1988 survey of R&D executives from 140 firms affiliated with the Industrial
Research Institute (IRD)'"® provides some insight into this issue (Bean 1989).

The survey results showed that the distribution of effort between relatively centralized corporate
laboratories and technical centers and relatively decentralized division and group labs changed
markedly during the 1980s. According to the survey respondents, there was a shift away from
centralized R&D and toward more divisional R&D. This trend implies a change in lead times as
well as the mix of R&D actually undertaken by US. firms.

The survey revealed a shift in emphasis toward the “customer” end of the pipeline in all
industrial R&D laboratories—the distinction between central and division work has been fading.
A strong drive is under way to make central laboratories more responsive to business units.
Thus, a greater emphasis is being placed on risk minimization; R&D has a more short-term focus:
to meet the needs of today’s customers. '

Two important changes appear to have occurred in the 1980s, both of which are consistent with
the trend away from corporate, central labs.

1. In the 1970s, exploratory research and research aimed at complying with government
regulations were emphasized. In the 1980s, these two types of research, while still viewed
as significant, were considered less important than research aimed directly at product and
process innovations for commercial advantage.

emphasized during both the 1970s and the 1980s. Where there has been a change is in
the relative emphasis on existing markets as opposed to new markets. “Central labs
appear to have become more involved in some form of applications development research
for existing markets in the 1980s. This appears to be a striking contrast to their role in
the 1970s, when they emphasized diversification and programs for new markets over
programs for existing markets” (Bean 1989).

2 Among corporate or central R&D labs, new product and process development was

The survey also found that:

1. Cost-based factors and efficiency considerations determine whether R&D is performed in
central or other research facilities. For example, the high cost of using supercomputing

US-based firms in the IRI fund roughly 85 percent of total US. industrial R&D. See IRI (1992).
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facilities requires performing work using a supercomputer in a central research
laboratory.'®

2 The advantages of centralization include intellectual synergy and cost-effective use of
facilities; the disadvantages are management difficulties in transferring research technology
from the central laboratory to other parts of the company.

3. Companies under less competitive pressure are able to devote more resources to central
research laboratories than those facing intense foreign and domestic competition.

Data from NSF’s annual industry R&D survey appear to confirm the findings from Bean’s survey;
they show basic research, as a percentage of total R&D expenditures, declining in the late 1980s
from 5.8 percent in 1986 to 4.3 percent in 1990, applied research staying about the same (around
25 percent of the total), and development rising slightly.” In addition, a recent survey of chief
executive officers (CEOs) representing electronics companies revealed a shift in that industry from
basic to applied research. According to the respondents, the change is largely attributable to an
increasing emphasis on accommodating customers’ needs in product development (Electronic
Business 1991).

R&D Output

Several recent studies have yielded information helpful in examining and evaluating the quality
and effectiveness of US. industrial R&D and in comparing US. research, applications, and
commercialization of new technologies with those of other countries. Unfortunately, there has
been only a scattering of attempts to quantify output indicators—e.g., degree of innovation and
speed of product development—and the feasibility of collecting such data has yet to be
established.® Thus, almost all of the information available on R&D output is derived from the
observations of industrial, government, and academic experts.

"“This situation is changing rapidly because of improved network access to supercomputers.

"Two problems seriously affect the quality of NSF’s data on industry-performedbasic research, applied research,and
development: (1) lack of response to the item on the survey questionnaire,and (2) respondents’varying interpretationsof the
definitions of the three categories. The first problemis far more serious than the second. Until 1986, NSF estimated that
industry spent 3 to 4 percent of its own funds on basic research and slightly over 20 percent on applied research; about three-
fourths of the monies supported developmentof new productsand processes. NSF and Census staff refined the methodology
used for estimating nonresponse beginning with the 1986 data. These revisionsresulted in basic research accounting for 4 to 5
percent, applied research about 25 percent,and developmentabout 70 percent of industry’s R&D expenditures. See NSF (1990a
and 1990b).

"*One such attempt was made several years ago; the results appeared in an unpublishedreport, “A Survey of Industrial
Innovationin the United States,” prepared by Audits and Surveys for NSF’s Division of Science Resources Studies.
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Deterioration of U.S. Technology Leadership Position

There have been at least three recent efforts to evaluate and rate the quality of other nations’
research and advancement in selected technologies vis-a-vis those of the United States: (1) the
Japanese Technology Evaluation Center;"” (2) a Commerce Department evaluation, Emerging
Technologies: A Survey of Technical and Economic Opportunities; and (3) a Council on
Competitiveness report, Gaining New Ground: Technology Priorities for America’s Future. The
Committee did not independently assess the US. position relative to other nations in technologies
so it cannot substantiate the validity of these assessments. Moreover, the studies differ slightly in
some details. Nevertheless, the general conclusion emerges strongly and repeatedly: a decline in
relative strength of US. industrial technology.

The purpose of the JTEC project is to bring together experts from industry, universities, and the
government to evaluate the strengths and weaknesses of both the Japanese and US. systems that
facilitate and hinder the exploration and commercialization of technology. Findings of these
studies are based on the experts’ perceptions of performance in each of the examined technologies.

The Japanese and US. approaches to the performance of research and development have
traditionally differed in several major respects. In the United States there has been greater
emphasis on basic research, while in Japan the emphasis tends to be on focused development
work with specific commercial applications. Also, academic institutions have different functions
within the scientific and technological apparatus of each country.

Factors responsible for the high quality of science and technology in Japan appear to be the
practices of sending students and professionals to other countries for study, Japan’s longer time
horizon, lower capital costs due to higher savings rates, Japanese manufacturing excellence and
attention to engineering, and—in some industries—the role of the Ministry of International Trade
and Industry (MITI). MITI has been particularly successful in inducing companies to translate
generic into proprietary research, thus facilitating the development of new and/or improved
products (Gamota and Frieman 1988, pp. 5-9).

One of the weaknesses of the Japanese system is that because it is customary to employ workers
for life, Japanese companies have difficulty acquiring outside expertise. Existing staff must be
used to gain access to new developments.

Another conclusion from these studies is that numbers on Japanese investment in certain
technologies often understate the actual amount of investment, because several costs (which are
included in US. calculations) may be excluded from the figures compiled in Japan.

"J-TECH became JTEC in February 1989 when managementof the program was transferred from Science Applications
International Corporationto Loyola College in Maryland. J-TECH stood for Japan Technology;JTEC stands for the Japanese
Technology Evaluation Center.
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Completed and ongoing JTEC studies are listed in table 2 These studies cover a large number of
technologies including computer sciences, advanced computing, opto- and microelectronics,
mechatronics, telecommunications, biotechnology, advanced materials, advanced sensors,
superconductivity, space propulsion, space robotics, and nuclear power.

Table 2. Japanese technology evaluation reports

Report title Date
JTECH Panel Report on Computer Science in Japan Dec. 1984
JTECH Panel Report on Opto- and Microelectronics May 1985
JTECH Panel Report on Mechatronics in Japan May 1986
JTECH Panel Report on Biotechnology in Japan May 1986
JTECH Panel Report on Telecommunications Technology in Japan May 1986
JTECH Panel Report on Advanced Materials May 1986
JTECH Panel Report on Advanced Computing in Japan Dec. 1987
JTECH Panel Report on CIM and CAD for the Semiconductor Industry in Japan Dec. 1988
JTECH Panel Report on the Japanese Exploratory Research for Advanced Technology Dec. 1988
(ERATO) Program
JTECH Panel Report on Advanced Sensors in Japan Jan. 1989
JTECH Panel Report on High Temperature Superconductivity Nov. 1989
JTECH Panel Report on Space Propulsion in Japan Aug. 1990
JTECH Panel Report on Nuclear Power in Japan Oct. 1990
JTECH Panel Report on Advanced Computing in Japan Oct. 1990
JTECH Panel Report on Space Robotics in Japan Jan. 1991
JTECH Panel Report on High Definition Systems in Japan Feb. 1991
JTECH Panel Report on Advanced Composites in Japan March 1991
JTECH Panel Report on Construction Technologies in Japan \ June 1991
JTECH Panel Report on X-Ray Lithography in Japan Oct. 1991
JTECH Panel Report on Machine Translation in Japan Jan. 1992
JTECH Panel Report on Database Use and Technology in Japan April 1992
JTECH Panel Report on Bioprocess Engineering in Japan May 1992
JTECH Panel Report on Flat Panel Display Technology in Japan june 1992

The evaluations have revealed that in a significant number of technology-intensive industries, US.
firms
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B are losing, or have lost, their edge in research;

B continue to lose ground in the transition from research to product development/diffusion;
and

B are losing still more ground in transition from product development to product
implementation.

For example, a JTEC evaluation of factory automation showed that the United States was behind
in development and product implementation of most of the technologies crucial to the industry.
(See table 3.

Table 3. Comparison of United States and Japan in development
and implementation of factory automation technologies

Product
Research Adv. Development implementation
Software
US. AHEAD | Vision Software
Software
Flexible mfg systems
Non-vision
Assembly
US. EVEN | Intelligent mechs. Intelligent mechs.
Standards
Manipulators
Precision mechanism Non-vision
Vision
Manipulators
Precision mechanism
Intelligent mechs. Manipulators
US. BEHIND Flexible mfg system
Precision mechanism
Assembly Assembly, vision

Source: Prepared by J. Morone from the JTECH Panel Report on Mechatronics in Japan, june 1985
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" In another recently released study on the construction industry, the JTEC panel reported that

Japanese construction companies have well-established,in house research and development
programs, generously funded mainly from their own internal sources, and including well-
equipped laboratories, on a level that is almost absent in US. construction companies. Partly
through the application of their research findings, they have moved ahead of their US.
counterpartsin many areas.

Recent figures from the Construction Industry Institute (1988) indicate that US. construction
companies have been losing their share of the global market; they show US. companies holding
one-quarter of the worldwide major construction contracts in 1988, down from one-half in 1980.

A Federal study on the semiconductor industry described a similar situation. US. firms are
lagging behind Japanese companies in the development of most semiconductor products. (See
figure 12) For example, in advanced processing of electronic materials in the United States and
Japan, the experts found that “At present, the Japanese are ahead of the United States in the
development and application of advanced process technologies. At least ten of the major
semiconductor companies in Japan have vigorous programs targeted for projects with an expected
payoff 7 to 10 years later. There are only a few, perhaps two, US. firms similarly involved” (NSF
1987).

The panel also found that the United States has lost the lead in more than three-fourths of the
critical semiconductor technologies included in the study.”

As noted by the MIT Commission on Industrial Productivity study (Detouzos et al. 1989, p. 250)

The loss of US. leadership across a wide range of semiconductortechnologiesin the short span
of about a decade has enormous implications. Semiconductorsare the basic building blocks for
a rapidly expanding spectrum of high-growth, high-technologyindustries that touch every
market sector: business, industry, consumer products, and defense. They are the most critical
components for computers, telecommunications,factory automation and robotics, aerospace,
radar, and many consumer products. They provide controls for still more products, including
automobiles, appliances, machine tools, and military equipment.

The consumer electronics industry is probably the best example of a high-technology industry that
has been almost completely annihilated by foreign competition. Data compiled by the Council on
Competitiveness and presented in figure 13 show a dramatic contraction in US. consumer
electronics companies’ share of the domestic market.

Fortune magazine recently used a group of experts to put out a “scorecard” for 13 key industries.
Five of these industries were given a grade of C or lower, with a C “connoting] vulnerability
and the risk of continued decline, [and a] D meanling] a business is basically on its back.”

®See NSF (1987). For a national strategy that would benefit not only the semiconductorindustry but also a broad set of
industries that depend on technology for a competitiveedge in the marketplace,see National Advisory Committeeon
Semiconductors(1992).




Figure 12. Between 1980 and 1987, the U.S. lost the lead
to Japan in most semiconductor technologies
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Figure 13. U.S. share of selected technology
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The computer, industrial and farm equipment, motor vehicles, and metals industries all received
grades in the C range; the electronics industry received a D (Fortune 1992).

Recently, three agencies of the US. Government (Commerce, Defense, and the Office of Science
and Technology Policy [OSTP] in the White House), several private organizations (e.g., the Council
on Competitiveness, the Aerospace Industries Association, and the Computer Systems Policy
Project), the Japanese Ministry of International Trade and Industry, and the European Community
all identified similar sets of critical technologies that currently, and will continue to, foster
economic growth during the decade. Although Federal agencies, including NSF and Commerce,
are supporting research programs that focus on most of these critical technologies, the amount of
money going into these programs is small, and there is currently no systematic tracking of the
levels of funding and the results of investment in each of the technologies. A limited amount of
information has been prepared on an ad hoc basis to respond to congressional and other requests.
For example, table 4 contains a few dollar figures for investment in critical technologies at NSF’s
Engineering Research Centers and Industry/University Cooperative Research Centers. Table 5 lists
the first and second year awardees of Commerce’s Advanced Technology Program.

Table 4. NSF support of critical technologies at Engineering Research Centers
and Industry/University Cooperative Research Centers: 1992

Funding
Technology (in millions)
Materials $12
Manufacturing 12
Information and communications technologies 20
Biotechnology and medical technology
Energy and the environment 5

Source: National Science Foundation, Directorate for Engineering
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Table 5. 1991 and 1992 Advanced Technology Program awards

7991 Single Applicants (6)

Precision Optics for XRL, AT&T Bell Laboratories

Computer Interface—Cursive Handwriting Recognition, Communication Inteligence Corp.
Nonvolatie MRAM Semiconductors, Nonvolatile Electronics, Inc.

Tunable UV/VUV Solid State Laser, Light Age, Inc.

Machine Tool Compensation Techniques, Saginaw Machine Systems, Inc.

Thallum Superconductor Thin Film Processing, El. du Pont de Nemours & Co.

79917 joint Ventures (5)

=
PWB Interconnect, National Center for Manufacturing Sciences

Holographic Mass Storage, Microelectronics and Computer Technology Corporation (MCC)

FPD Manufacturing, American Display Consortium

Solid State Laser—Point Source XRL, Hampshire, Inc. & McDonnell Douglas Electronic Systems Company
Short Wavelength Sources—Optical Recording, National Storage Industry Consortium

1992 Single Applicants (18)

Polymeric Switches for Optical Interconnects, BM Corporation

Thermal Insulation Materials—Morphology Control and Processes for the Next Generation of
Performance, Armstrong World Industries, Inc.

Autonomous Navigation in Quasi-Structured Environments, Transitions Research Corporation

Synthesis and Processing of Nanocrystalline Ceramics on a Commercial Scale, Nonphase Technologies
Corporation

High Fidelity Digital Image Compression, Iterated Systems, Inc.

US. Self-Sufficiency in High-Quality Pyrethrin Production, AgriDyne Technologies, Inc.

Development of Cost-Effective Routes to Compatibilize Polymers in a Commingled Waste Stream,
Michigan Molecular Institute

X-Ray and Neutron Focusing and Collimating Optics, X-Ray Optical Systems, Inc.

Low-Temperature Viral Inactivation, Bio-Eng, Inc.

Manufacturing Technology for High Performance Optoelectronic Devices Based on Liquid Phase
Electro-Epitaxy, AstroPower, Inc.

High-Temperature Superconducting Racetrack Magnets for Eectric Motor Applications, American
Superconductor Corp.

A Three-Dimensional Database for Visualization of Human Physiology, Engineering Animation, Inc.
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Table 5. 1991 and 1992 Advanced Technology Program awards
(Continued)

71992 Single Applicants (continued)

Novel Near-Net-Shape Processing of Engineered Ceramics, Garret Ceramic Components, a unit of Allied-
Signal Aerospace

Development and Applications of Density Functional Software for Chemical and Biomolecular
Modelings, Biosym Technologies, Inc.

Human Stem Cell and Hematopoietic Expansion Systems, Aastrom Biosciences, Inc.

Advancement of Monocrystalline Slicon Carbide Growth Processes, Cree Research, Inc.

Integrated Force Array, Center for Microelectronics at MCNC

A Feedback-Controlled Metalorganic Chemical Vapor Deposition Reactor, Spire Corporation

7992 Joint Ventures (9)

Ultra-High Density Magnetic Recording Heads, National Storage Industry Consortium

Neural Network Control and Sensors for Complex Materials, Honeywel/Hercules Aerospace/Sheldahl/3M

NCMS Rapid Response Manufacturing, National Center for Manufacturing Sciences

Hybrid Superconducting Digital System, Conductus, Inc/TRW Inc/Hewlett-Packard/Stanford U/U.C. Berkeley

Monolithic Multiwavelength Laser Diode Array Spanning 430 to 1100 nm, Spectra Diode Laboratories,
Inc/Xerox Corp.

Development of Advanced Technologies and Systems for Controlling Dimensional Variation in
Automobile Body Manufacturing, Auto Body Consortium

Cyclic Thermoplastic Liquid Composite Molding for Automotive Structures, Ford Motor Co./General
Electric

Scalable High-Density Electronics Based on MultiFim Modules, The American Scaled-Electronics
Consortium

PREAMP—Pre-Competitive Advances Manufacturing of Electrical Products, South Carolina Research
Authority

Source: US. Department of Commerce, NIST

The Commerce Department (1990) issued a report containing a diagram and some “report cards”
that depict where the United States stands, vis-a-vis Japan and the European Community, in the
research and exploitation of emerging technologies. Figure 14 and tables 6 and 7 are taken from
this report. The outlook these experts predict is not particularly favorable for US.
competitiveness. For example, table 7 shows the United States falling behind Japan in all but 3 of
the 13 critical technologies addressed in the report. The authors concluded that, “If current trends
continue . . . before the year 2000, the United States could lag behind Japan in most emerging
technologies and trail the European Community in several of them.”
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Figure 14. A Commerce Department evaluation revealed
an erosion in US. technology leadership
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Table 6. Relative performance of the United States in several critical technologies

Behind

Even

Ahead

Versus Japan
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Versus Europe

Advanced materials

Advanced semiconductor devices
Digital imaging technology
High-density data storage
Optoelectronics

Digital imaging technology

Superconductors

Flexible computer-integrated mfg
Semiconductors

Artificial intelligence
Biotechnology

Flexible computer-integrated mfg
High-performance computing
Medical devices and diagnostics
Sensor technology

Advanced materials

Advanced semiconductor devices
Artificial intelligence
Biotechnology

High-density data storage
High-performance computing
Medical devices and diagnostics
Optoelectronics

Sensor technology

Source: US. Department of Commerce, Technology Administration
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Table 7. Future trends for United States in several critical technologies

Versus Japan Versus Europe
Advanced materials
Losing Badly | Biotechnology Digital imaging technology
Digital technology Flexible computer-integrated mfg
Superconductors

Advanced semiconductor devices
High-density data storage

Losing | High-performance computing Medical devices and diagnostics
Medical devices and diagnostics
Optoelectronics

Sensor technology

Advanced materials
Advanced semiconductor devices

Holding | Artificial intelligence High-density data storage
Flexible computer-integrated mfg Optoelectronics
Sensor technology
Superconductors

Artificial intelligence
Gaining Biotechnology

High-performance computing

Source: US. Department of Commerce, Technology Administration

The National Critical Technologies Panel (1991), sponsored by OSTP, issued a report on the results
of its work. In this document, the panel identified and defined 22 critical technologies, gave the
reasons each was selected, evaluated their status in the United States vis-a-vis other countries, and
reported on international trends. Table 8 shows a list prepared by the panel comparing its 22
critical technologies with those identified by the Departments of Commerce and Defense.
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Table 8. Comparison of national critical technologies with Department of Commerce
emerging technologies and Department of Defense critical technologies

National critical technologies

Commerce emerging
technologies

Defense critical technologies

Materials

Materials synthesis and processing
Electronic and photonic materials

Ceramics

Composites
High-performance metals and alloys

Advanced materials
Advanced semiconductor devices

Superconductors

Advanced materials

e ————

Manufacturing

Composite materials
Semiconductor materials &
microelectronic circuits
Superconductors

Composite materials

Flexible computer integrated mfg
Intelligent processing equipment
Micro- and nanofabrication

Flexible computer integrated mfg
Artificial intelligence '

Systems management technologies

Information and communications

Machine intelligence and robotics

Software
Micro- and optoelectronics

High-perf. computing & networking
High-definition imaging & displays
Sensors and signal processing

Data storage and peripherals
Computer simulation & modeling

High-performance computing
Advanced semiconductor devices
Optoelectronics

High-performance computing
Digital imaging
Sensor technology

High-density data storage
High-performance computing

Biotechnology and life sciences

Software producibility

Semiconductor materials and
microelectronic circuits

Photonics

Parallel computer architecture

Data fusion

Data fusion

Signal processing

Passive sensors

Sensitive radars

Machine intelligence and robotics

Photonics

Simulation and modeling

Computational fluid dynamics

Applied molecular biology
Medical technology

Biotechnology
Medical device and diagnostics

e

Biotech materials and processes
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Table 8. Comparison of national critical technologies with Department of Commerce
emerging technologies and Department of Defense critical technologies
(continued)

Aeronautics and surface transportation

Aeronautics Air-breathing propulsion
Surface transportation technologies

_—

Energy and environment

Energy technologies
Pollution minimization, remediation,
and waste management

No national critical technologies
counterpart: high-energy density
materials, hypervelocity projectiles,
pulsed power, signature control,

weapon system environment

Note: National critical technologies were designated by the National Critical Technologies Panel; emerging
technologies were designated by the Department of Commerce; defense critical technologies were designated by
the Department of Defense.

Source: Report of the National Critical Technologies Panel, Office of Science and Technology Policy, March 1991

The recently released Council on Competitiveness (1991) report contains

B a list of critical generic technologies and assessments of the US. competitive position in
each technology;”

B a comparison of critical technologies lists prepared by the Department of Defense, the
Department of Commerce, the Japanese Ministry of International Trade and Industry, and
the European community; and

B recommendations for government, academia, and industry.

'The Council has also published “competitiveprofiles” providing detailed evaluationsof the competitivestrengths and
weaknessesof nine industries: aerospace, chemical and allied products, computersand software, construction,drugs and
pharmaceuticals,electroniccomponentsand equipment, machine tools, motor vehicles,and telecommunications.
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The Council’s categorization of technologies in which the United States is either strong,
competitive, weak, or losing (or has lost) is shown in table 9. The authors emphasize that even
in technologies where the United States is strong or competitive, its position has been eroding,
and there are no technologies in which the United States is gaining on its competitors. According
to the Council, “Many of the areas where the United States is weak reflect the effects of high
capital costs; the lack of cooperative relations between equipment, materials and components
suppliers and their customers; and an underemphasis on manufacturing” (Council on
Competitiveness 1991, p. 33).

These various panels comprised of government and nongovernment experts assembled to evaluate
the status of the United States, vis-a-vis other countries, in technology advancement and
application agreed that the preeminent technology leadership position enjoyed by the United
States for decades has been eroding. To identify the factors adversely affecting US. industry’s
ability to compete in global markets for high-tech products, the Committee requested the
assistance of the Industrial Research Institute” to secure input from leading industrial R&D
officials.

Potential Causes for the Erosion in US. Technology Leadership

Based on its own discussions and review of external contributions, the Committee was able to
identify five major categories and 6 to 10 factors under each of the five categories that may be
responsible for the erosion in US. technology leadership. The list prepared by the Committee was
used by IRI to conduct a survey of its membership to gauge how industry officials perceive and
rate the categories and factors. IRI agreed to share the results with the Committee. The five
major categories were

general management practices,

external financial pressures,

changing global technological environment,
technology management practices, and
Federal technology policy.

The survey was mailed to the 237 members of IRI with US. mailing addresses. Completed
questionnaires were received from 139 members. Survey recipients were asked to rank both the
five categories and the factors under each of the categories from highest to lowest in

ZIR1 is an association of more than 250 companies. Its major function is to coordinate the study of problemsconfronting
managers of industrial research and development. A company may join IRI if it (1) maintainsa technical staff and research
laboratoryin the United States, and (2) engages primarily in industrial production. The IRl membershipincludes R&D directors
from most large US. R&D-performingcompanies. IRl member companiesaccount for approximately85 percent of industry-funded
R&D in the United States.



‘pe-1¢ "dd ‘aaniny s, 01wy 10f SAUOU

ABojouyoe | pseog undY peluld

sAejdsig UBISOI0N|4 WNNJBA PUB BWSE|d
ebeiois uonewsoyu; [eondo

swejsAg Buibexoed diyony

sdiyp liowepy

shedsig |eisAi pinbiy

sAeidsiq Ju8IsEUILIN|OND8|]

sjusuodwo) 2juod8|3

ewdinb3 pejewoiny pue s0qoy
juewdinb3
IS8 pue uonesuqe4 undu) pejesbeiu)

sejBojouyde) uojanpoid pus Bujieeu;Bugz

SoIweI8) [eINONS
uoans

8pIuesiy wnijjes

sjeuejepy Buibesyoey o1u01108|3
SOIWeIe) 21u0JI8|3

sjeusjepw Aejdsiq

sojBojouyde)
Bujsse20.1d Pe}B|O0SSY pUB 6|B|I8lBW

1507 SVH HO A1aV8 DNISO1 SI S31VIS

Q3LINN FHL HOIHM NI S3I90TONHI3L

seuibug Ansueq 18mod/Awouod3 |end ybiy

uojsindoid pue ujgsuemod

so1uoloyd
$821A8(] J8se
$2118]S01108|3
Aydeibojoyd 0108|3
si0jenjoy

sjueuodwo) 2juos1o9|3

Juswebeuep Anjenp [eio|

Buiwio4 pue Buiuiyoey uoisid8ld

sBuueeg uoisioeld

sjuswnisu) oyueins ebp3-6uipes
Buunoejnueyy

pue uBiseq ‘ydseesey jo uoneibeju|

. Buluyoepy pesds-ybiH

Buunjoejnuep 8|qixe|4

$8558201d Buunjoejnuey jo ubiseq

Buunioejnuep oy ubiseq

so|Bojouyoe] uojionpoid pue Bupesu|Bugz

Buneo) uoisioeid
seueIquBKy
S[eley peduBApY

sejBojouyoey
Bujsse201d Pe}B|O0SSY puB §|BlIOJB N

MV3IM SI S3LVIS
@31INN 3HL HOIHM NI S3I90TONHO3L

S8ALQ pue SIOJOW dU108|3
seiBojouyoe | ebeiols |eOUI08|3
sauibu3 jan4 eAneusaly
uojsjndoid pue ujesuemod
seiBojouyde | wnioeds
Buixeidninp
uonesBaju| esempiey
swejsAg ondo Jeqiy
Buissesoid |eubis jeubiq
esnoniisesu| [enbiq
Buiyoumg pueqpeosg
sojBojouysaj uojpBwIOU|
ABojouyde| uosouqng
sJ0SU8S
sdiyp 21607
sjuauodwo) 2juo1d9|3

soiweuAQ [eanPNAS

senbiuyse | Juewesnsesyy
seiBojouyoe] Buiusise4 pue Buuiop
Buuseuibu3 siojoe4 uewny
Buunioejnueyy pejesBeju) seindwo)
Buiplepm pedueapy

s9|Bojouyda] uojponpoid pue Bupeaujbuz

siojonpuodiedng
S|0J)U0) SS820id
selisodwo) xulep JewAjod
siewAjod
SISIS810l0Yd
sjeusjeyy |eando
Buiwio4 edeys 18N
sejisodwo) xulep |elep
sjeusjeyy oneubepy
SIS8yjuAg [ealwey)
sishjeien

se|Bojouyde)

Bujssad014 poje|o0sSsy puB §|B|IdjBY

3AILILIAWOD SI SILVIS
Q3LINN 3HL HOIHM NI SIIDOTONHIIL

(8ojouyday :punoi maN Suv ‘ssauaannadwo) uo [uno) HJIANOS

uoisjndoid 18%00Y

seuiBu3 uoissiwg moT

uoisindoid Buyiesiquy
uojsinduid pue ujBsHamod

S18A1808Y puk Siejjiwsuel |

Buuesuibug esemyos

uonejesdielu| pue Buijepoy dnuewes

9IN}98lIYdIY 10SS82UId

uoniuBooay selesey?) 1edando

swajsAg BuneiedO

SHIOMIBN [eINeN

ebenbue) [einjeN

sebenBue- 81emyyog |8A87-ybiHy

uonuBooey yoseds pue BunumpueH

8JEM}jOS pue 81eMpIEH Soydes

swejsAg pedx3

ejepdn pue |eAsuley eleq

uonejuesesdey eieq

uonejnuis pue Buiiepopy Jeindwon

eouebijelu| ey

8semyjog suoedlddy

08PIA UOHOW |IN4 PUE uolBWIUY
so|Bojouyde) uojjeuLIOju|

$10558201d01INy

eBeiols uonewsoju) meubey
sjusuodwo) 2ju0129i3

Buueeuibul sweisAg

Buueeuibu3 pepiy-ieindwo)

s9|Bojouyoel uoIdINpoId pus Bupesu|Bul

Buissed0:d eisem/Buohoey
BuuesuiBu3 Jneuen
uoIONPaY SuoISSIWI
senbiuyoe] Aieaoasig Brug
Buissesoidoig
sjeusiepy e]quedwooolg/eAndeoig
so|Dojouyde)
Bu|s$020.1d PIB|o0SSY PUB §|BlI81BNY

ONOHLS S1S3LVLS
QG3LINN 3HL HOIHM NI S3ID0TONHI3L

sar8ojouyday [eond ur uonisod aannRdwod ‘g Yy JO
juawissasse ,ssaudanipdwo) uo [PUNO) ‘6 d[qeL




Part |. Analysis of Avaiable Data O 41

importance” In addition, they were provided space to add other factors they felt were
important but may have been omitted from the Committee’s list. They were also asked to
provide recommendations for addressing the problems responsible for the erosion in US.
technology leadership and to identify their companies’ major industry (or industries) and domestic
employment size group.

According to the industrial R&D officials who participated in the survey, general management
practices and external financial pressures are more at fault for the erosion in US. technology
leadership than are the other three categories. Federal technology policy was ranked last (closely
behind technology management practices). Although Federal technology policy was ranked below
the other categories, it cannot be inferred that the R&D directors consider it to be unimportant in
contributing to the decline in US. technology leadership, only less important than the other four
categories.

Nevertheless, it would appear that there is a strong consensus among industrial R&D officials that
general management practices and external financial pressures are more to blame for the erosion
in US. technology leadership than Federal technology policy. This finding, however, does not
lead to the conclusion that increasing Federal support of technology development or other new
Federal policies and programs would be ineffectual in strengthening US. industrial
competitiveness. The issue is far too complex and multifaceted to downplay the role of any
sector. As stated in the recent Council on Competitiveness (1991, p. 44) report, “Each sector has a
responsibility. Government must work with the private sector to make the development and
application of technology a new national priority. Industry must improve its ability to
commercialize technology. And universities must make sure that their research and education
programs adequately address the technology needs of industry.”

It is also important to emphasize that the survey results reflect the views of a single set of
industry representatives. Although this group of leading R&D officials is a particularly relevant
and appropriate group for this study, their opinions may not represent the composite views of
other industry leaders. For example, the rankings might have been quite different had the
respondents been CEOs, chief financial officers, or manufacturing leaders. Also, with respect to
the role of Federal technology policy, many CEOs of major high-technology companies have
voiced their support for a larger role for the Federal Government in fostering industrial
competitiveness; their views are reflected in reports such as Gaining New Ground: Technology
Priorities for America’s Future (Council on Competitiveness 1991).

The industry R&D officials’ ranking of the five categories, however, is consistent with the
observations of leading experts. For example, Rosenbloom and Abernathy (1982) contend that
general management practices are at least partially to blame for some of the difficulties US.
consumer electronics companies encountered in competing successfully with their foreign

*Not all respondentsranked every category;some did not rank all factors within a category;and a few gave identical
rankings to some of the factors. Missing and duplicativerankings were imputed using statistical proceduresdesigned to
maximize respondents’ordinal placementof categoriesand factors and minimize bias.
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counterparts. It should be acknowledged, of course (and several IRI officials noted this) that the
two categories of general management practices and external financial pressures are closely linked:
external financial pressures constrict, to a great extent, general management decision-making.

Under the category general management practices, survey respondents placed greatest emphasis on
“short time horizons” and “management by the numbers rather than by strategic vision.” “Failure
and/or inability to integrate technology into business strategy” and “corporate executives’ lack of
scientific and technical insight and lack of experience in the management of science and
technology” were also frequently mentioned. A common theme of numerous studies is that “US.
firms [are] less willing than their rivals to live through a period of heavy investment and meager
returns in order to secure a foothold in a growing market” (Detouzos et al. 1989, p. 53). For
example, “The short-term orientation of US. firms and their unwillingness to commit resources to
the development and commercialization of new technologies is a critical factor in explaining the
failure of US. firms to compete in the fast changing electronics industry” (Sanderson 1989, p. 44).
Japanese companies’ success in developing and manufacturing a videocassette recorder for the
consumer market is frequently cited as an example of how perseverance eventually paid off. In
contrast, US. companies failed to capitalize (on what was initially a US. invention) because they
were unwilling to make the long-term commitment of resources necessary to perfect a product for
the consumer market.® The need for financial incentives that would induce management to

adopt a longer term perspective was mentioned by one-third of those IRI members who added
recommendations to their questionnaires.

Survey respondents overwhelmingly selected “growing dominance of institutional investors in
equity markets and their demand for short-term returns on their investments” as the most
important factor in the category, external financial pressures. “High cost of capital” finished a
distant second in the ranking of factors under this category.

Although it is widely assumed, and several studies have suggested, that Japanese companies’
greater propensity to invest in long-term R&D, process technology, and capital equipment can be
attributed to a lower cost of capital, the issue—whether there is truly a significant difference in
the cost of capital between the United States and Japan—is still being debated. In addition, there
is disagreement over how much this difference, if it exists, is responsible for the longer time
horizons of Japanese companies compared to those of US. firms. In a recent study concucted for
the National Academy of Engineering’s Committee on Time Horizons and Technology Investment,
Joseph Morone and AS. Paulson (1991) assert that “While there is heated dispute about whether
or not the cost of capital in the United States is higher than it is in Japan, there is a growing
consensus that Japanese firms behave as if their cost of capital 1s lower.”

%A Clarificationis needed at this point. The Committeeis not here advocating more investmentin long-termresearch.
Rather, the point being made is that because of their short time horizons, companiesare more willing to spend their earnings on,
for example, paying out large dividends or acquiring other companies, rather than on developingand, more importantly,applying
technologyto perfect and create new productsand processes. Indeed, long-term research is not the issue in the US. electronics
industry; what is lacking is perseverance,the patience needed to tinker with available technology,and speed of commercialization.
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Their interviews with 15 corporate executives revealed widely differing opinions on whether the
cost of capital is having a significant impact on US. competitiveness. Officials who felt that the
cost of capital was having a minimal effect on their firms’ ability to compete tended to represent
companies in better financial condition and at the forefront of technology leadership in their
respective industries than those who contended that the cost of capital was a major handicap,
limiting their companies’ ability to take on more risky investments in capital equipment and
R&D.

There was less consensus in the IRI members’ ranking of factors under global technological
environment than was displayed in their ordering of the factors under general management
practices and external financial pressures. “Growing difficulty of controlling enough technological |
competitive advantage to sustain an entry barrier” was ranked highest, marginally ahead of the

factor ranked second, “declining lead times and faster product turnover cycles.” These two factors

received almost the same number of first and second place rankings and are closely related. Both

are prominent characteristics of the electronics industry where rapid advancements in technology

are continuously shortening product and process cycles, thus increasing the risk that companies

will be unable to fully recover their investments and make a profit before their products become

obsolete.

Several of the experts invited to discuss their recent research with the Committee spoke about the
contrast between US. free market policies and the protectionist policies of competitor nations and
emphasized the negative effect that this difference was having on US. companies’ ability to
compete in global markets. For example, Candace Howes (forthcoming) stressed that Japan’s
export-based development strategy, a key component of which is the export of motor vehicles,
precludes US. automobile manufacturers from competing on a “level playing field.”

In a recent article, Edward Steinmueller (1988) described how the Japanese Government’s policies
were successful in protecting the domestic computer industry.

A major factor in the rapid growth of Japanese computer manufacture has been the support of the

Japanese government for this industry . . . The prohibition of direct investment may have been the

most effective means of isolating the Japanese market from the competitive influences prevailing in

international markets. This prohibition prevented US. and European companies from setting up the
coordinated manufacturing, distribution,and support systems in Japan that have been shown to be

important to competitive success in the international computer industry.

“Relative slowness in product development and commercialization” was ranked first in the
technology management practices category and “reluctance to invest in new enabling technologies
because the R&D may be too expensive, long-term, multi-industry, and interdisciplinary” was
ranked second, although it received the highest number of first place rankings.

A standard conclusion of recent studies on competitiveness is that US. companies trail their
foreign rivals in the commercialization of new technologies. They fall short of their foreign
competitors by being slow to digest and respond to market information and by missing crucial
opportunities to be first on the market with low-cost, high-quality products. As stated in a
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Council on Competitiveness report (1988, pp. 1, 9), “The speed with which firms are able to
translate innovations into commercial products and processes often spells the difference between
success and failure . . . By rapidly translating new technology into new products and processes,
firms in other countries have gained access to new markets and reaped considerable commercial
rewards.”

In many US. industries, development of new products proceeds at a much slower pace than in
other countries. For example, a study of the automobile industry revealed that Japanese
companies required on average only half the number of engineering hours and two-thirds the
time of US. companies to transform a concept into a product ready for the sales floor (Clark and
Fujimoto 1986). The need for more rapid commercialization of new technology was cited by ten
of the IRI officials in their recommendations.

The need for speedy conversion of ideas into products requires firms to have access to an ever-
expanding, relevant engineering knowledge base and the techniques of translating that base
quickly into practice. Two of the primary reasons US. companies are relatively slow in
translating innovation to products and processes are (1) the lack of a sufficiently broad and deep
fundamental engineering research base, and (2) inadequate fundamental engineering research. In
addition, “reluctance to invest in new enabling technologies . . .” is linked to underinvestment by
industry in engineering research.” The level of Federal support for basic engineering research
actually declined in constant dollars from 1989 to 1991 and the Federal support for applied
engineering research declined gradually over the decade (see NSB 1991, figure 4-6, p. 97).

Two-thirds of the respondents gave first or second place rankings to “lack of long-term strategies
for expanding the economy (and tax revenues) through technological competitiveness” under the
Federal technology policy category. The importance attributed to this factor can be interpreted as
a statement (from most respondents) in favor of a comprehensive national technology strategy
aimed at improving industrial competitiveness. Twenty-five of the IRI members mentioned the
need for such a strategy in their recommendations. The two factors that refer to education, “too
little attention to the training of future scientists and engineers” and “too little attention to pre-
college education,” were ranked second and fourth, respectively. The need to strengthen the US.
educational system was mentioned more frequently than any other in respondents’
recommendations.

The results of the IRI survey are discussed in greater detail in appendix B.

BThese concerns were addressed in detail in NRC (1987).
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Recommendations

Introduction

The Committee related its recommendations to its four major findings. The recommendations
focus on areas in which the Federal Government, and especially the National Science Foundation
(NSF), may be able to contribute to strengthening US. industrial competitiveness. Although NSF
can play a key innovative role—and one in which its skills in building partnerships can be
particularly used—its support of relevant research is but a small fraction of the total R&D
industrial enterprise. The most important contribution NSF can make, in fact, is to continue to
concentrate on what it does best and for which it is especially qualified—the support of basic
research and education. Investment in these two areas is critical to successfully maintaining US.
technological leadership, even though, unlike other Federal programs and policies aimed at
bolstering US. competitiveness, the benefits may not be visible for several years.

In addition to making general recommendations, the Committee also made several specific
recommendations—some directed to individual Federal agencies, others to the government in
general. Both the general recommendations and those specific ones not directly related to NSF are
listed below under each of the four findings. Following these general and specific
recommendations, NSF programs and policies are discussed, with particular emphasis on those
that now affect—or have the potential to affect—industrial competitiveness; specific
recommendations to the Foundation are also included in this discussion.

General Recommendations

1. The real rate of growth in US. industrial R&D spending has declined since the late 1970s
and early 1980s. In addition, there has been a deterioration in the US. position relative to
that of its major international competitors, whose investment in nondefense R&D has been
growing at a much faster pace than US. nondefense R&D since the mid-1980s.

General Recommendation: Although industry must take the lead in the resumption of more
rapid growth of industrial R&D to match that of US. competitors, the Federal Government has a
direct, crucial role in establishing a healthy economic environment conducive to R&D investment.
Monetary, fiscal, and regulatory policies are important determinants of the climate for investment,
and therefore can enhance or impede US. industry’s ability to compete successfully in the global
marketplace. Presidential and congressional action should include adoption of fiscal and monetary
policies that encourage strategic investment in both tangible (e.g., plant and equipment) and
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intangible (eg., training) assets for R&D and changes in Federal regulations and the regulatory
process to promote and facilitate technological innovation.

Organizations such as the Council on Competitiveness and the Competitiveness Policy Council
have issued recommendations addressing these factors. Although the Committee has nothing
significant to add to their lists, it strongly endorses such recommendations, including urging the
President and Congress to do the following (Council on Competitiveness 1991, p. 4).

Make the cost of capital . . . competitive with that of America’s major competitors by
accelerating depreciation schedules for manufacturing equipment, making the R&D tax credit
permanent and broadeningit to include manufacturingengineeringand process R&D, and
placing a permanent moratorium on Treasury Regulation 1.861-8, which creates a tax benefit for
US. corporations that move their R&D facilities to a foreign country [and] promote capital
formation, antitrust reforms, regulatory guidelines, export policies and foreign market-opening
measures that are conducive to US. manufacturing,investmentin technology and quality of life.

2 The allocation of US. R&D expenditures is not optimal

The balance between defense and nondefense expendmm is disadvantageous
compared to that of foreign competitors.

Too little is spent on process-oriented rather than product-oriented R&D.
Inadequate effort is devoted to fundamental engineering research.
There is insufficient emphasis on emerging and precompetitive technologies.

The United States faces an emerging risk of losing its traditional strength in pioneering
discoveries and inventions.

General Recommendation: Federal support of R&D directly relevant to industrial
competitiveness should be increased. The primary need is to reorient Federal R&D budgets away
from noncivilian government missions and toward the needs of industry. More programs should
be created that encourage the interaction of scientists and engineers in universities and industry
in exploring joint research interests that hold the promise of pioneering discoveries and
inventions. In addition, traditional and nontraditional education programs that motivate
creativity, innovation, and entrepreneurship should be supported.

The Committee is not alone in making this type of recommendation. Others have noted, for
example, that “when it comes to technology, US. public policy can no longer afford to be
preoccupied with basic research and military issues; economic security and industrial
competitiveness are also vital considerations” (Inman and Burton 1991). The recent reports on the
deteriorating position of the US. industrial sector vis-a-vis other countries emphasize the need to
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elevate technological competitiveness to an equal footing and integrate it with other national
priorities such as improving the state of the economy, national security, and health care.

An appropriate first step would be for the President and Congress to implement the national
technology policy that was set forth by the President’s Office of Science and Technology Policy
(OSTP) in a document entitled US. Technology Policy. A key component of the OSTP statement
is the advocacy of Federal participation “with the private sector in precompetitive research on
generic, enabling technologies that have the potential to contribute to a broad range of
government and commercial applications” (OSTP 1990). Several Federal programs that contribute
to this goal—eg., NSF’s Engineering Research Centers and Commerce’s Advanced Technology
Program and Manufacturing Technology Centers—have already been established. The Committee
believes, however, that more needs to be done by strengthening and fine-tuning these and other
ongoing activities and by creating selected new programs.

US. industry’s relative slowness in product development and commercialization is clearly a related
issue in the debate on competitiveness. The Japanese Technology Evaluation Center and critical
technologies assessments and the results of the Industrial Research Institute (IRI) survey, all of
which were discussed in part I of this report, document the magnitude and seriousness of the
problem. Many IRI members and other corporate leaders, as well as government legislators and
policymakers, advocate increased Federal support of programs and policies designed to promote
the rapid commercialization of technology. Their agenda includes the provision of incentives and
assistance to companies to

B integrate their approach to research, design, manufacturing, and maintenance;

B maximize the use of concurrent engineering, total quality management, just-in-time
production, and other modern techniques;

B invest in more process and manufacturing R&D; and
B identify and acquire technology from outside sources.

A related issue, and one that the Committee believes to be a pervasive problem in the United
States today (although a lack of systematic data has precluded detailed discussion of this topic to
this point) is the insufficient attention given to fundamental engineering research in industry,
government, and universities. Every firm must have an ever-expanding, relevant engineering
knowledge base—and the hardware and software techniques for translating that base quickly into
practice—in order to convert ideas into products rapidly and efficiently. The often-ited lack of
emphasis on process improvement and manufacturing, along with excessive time delays from
concept to available product, attest to a pervasive lack of understanding of, appreciation for, and
sufficient attention to the vital role of fundamental engineering research by US. industry,
government, and universities. Yet there is no sufficiently broad and deep fundamental
engineering research base on which to build; furthermore, there are an inadequate number of
engineering researchers in US. industry who are equipped to, and called upon to, extend that
base as needed. The greater the storehouse of fundamental engineering research, and the greater
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the ability in industry and government to extend it as needed for proprietary or national reasons,
the better able the qualified engineer is to innovate in an integrated system of design,
manufacture, and maintenance.

The Committee makes the following recommendations:

m Several fledgling programs within the Department of Commerce’s National Institute of
Standards and Technology (NIST)—including the Advanced Technology Program, the
Manufacturing Technology Centers Program, and the State Technology Extension
Program—should be expanded. In addition, the strong NIST budget proposal by the
Administration, which calls for doubling the agency’s budget by 1996, should be
supported. Such an increase is needed to “allow NIST to conduct research and provide
laboratory support for manufacturing technologies, information technologies, and other
emerging technologies that are extremely important to the US. economy” (US. Congress
1990).

B Federal agencies, where appropriate, should incorporate the following elements as either
primary or secondary criteria in evaluations for awarding R&D support: (1) relevance to
the critical technologies in which the US. lead is slipping, and (2) relevance to US.
industrial competitiveness.

m New programsshould be established that stimulate the redirection of governmentresources
from defense to nondefense R&D.

B Activities that directly support technology transfer activities in Federal laboratoriesshould be
expanded.

3. US. expendituresare not as effective as they should be in producing needed results.

m The US. competitive position in important, technologically based industries is
deteriorating.

B The US. time horizon has become too short, and the Nation’s business decisions tend
not to be based on strategic technological considerations.

m US R&D is not translated into beneficial economic and social results quickly enough.

General Recommendation: Traditionally, Federal R&D agencies have played no role with respect
to factors that influence the managerial context for technology. This report suggests that the
business context for technology is such an important determinant of the strength of US. industrial
technology that it may be time to reexamine this traditional isolation from business issues. The
Committee also believes that support should be increased for science and engineering research and
education programs that emphasize production systems engineering and the integration of product
design and manufacturing. Activities should also be encouraged that lead to faster dissemination
of research results among researchers in academia, industry, and other sectors.
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Some US. companies have managed to succeed in the high-technology arena despite inherent
disadvantages. These companies have made the adjustments necessary to thrive within the
prevailing financial investment climate. Operating under the same financial pressures as other
companies to produce quick profits to satisfy impatient stockholders, their leaders continue to
have long-range vision and to support risky projects in which returns may not be realized for a
relatively long time.

Why are some US. firms successful in the global marketplace, when others have not been?
According to Morone and others, these firms share a “style of general managerial decision making
that is driven by strategic imperatives . . . rather than by financial objectives”' (Morone
forthcoming). There is now a considerable body of evidence (including the IRI survey results)
suggesting that general management bears much of the responsibility for the United States’
lackluster performance in high-technology markets. More research is needed to determine how
some companies have mitigated the constraints imposed by external financial pressures.

4. The current information base on industrial science and technology is inadequate. The
current knowledge base has gaps, is questionable in parts, and often does not provide
enough detail to meet the needs of policymakers.

General Recommendation: Although policymakers could use more informative, integrated, and
better quality, data on industrial technology and the role of R&D investment in economic activity
than are currently available, the feasibility and/or the costs of collecting such data are frequently
not known. The Committee recommends that a systematic assessment be carried out that
examines the feasibility and cost of developing and tracking a set of industrial science and
technology indicators that would be of value to policymakers concerned with technology policy,
US. industry’s involvement in high-technology markets, and R&D investment in emerging
technologies.

In the course of its investigation, the Committee discovered gaps in the government’s databases,
including a lack of, or incomplete, information on

B international comparisons of industrial R&D performance;

B R&D investment in narrowly defined product areas and emerging technologies;

B comparisons of the content and allocation of R&D resources;

B the R&D performance and achievements of nonprofit organizations, including R&D
consortia;

'Dr. Morone’s list of “strategicimperatives”includes “striving to be first to market, with the best performing products, at
the lowest costs, and with the highest quality, in every market segment and price tier, in every region of the globe.”
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B R&D contracted to or sourced from outside organizations;
m foreign companies’ R&D investment in the United States;
B independent research and development; and

® R&D performed in the service sector.

The Committee recognizes that it may not be possible or feasible to collect data in all of the areas
noted above. For example, companies may be unwilling, or perhaps unable, to compile and
provide more disaggregated data; nonresponse to NSF (and other) surveys has been a major
problem for many years. Also, collection of data on some topics of interest, including emerging
technologies, is likely to prove especially difficult because survey respondents sometimes use
varying definitions when supplying the requested data (even though NSF provides detailed
instructions and definitions along with its questionnaires).

NSF Recommendations

What NSF Is Currently Doing

NSF contributes in many ways to US. scientific and technological leadership. It contributes
through its science and engineering basic research and education programs and through programs
specifically focused on industry competitiveness. Fundamental research in science and engineering
has made important contributions to the competitive strength of US. industry. In recent months,
there has been a major effort throughout the Foundation to enhance industrial participation in
NSF programs.2 One of the principal outcomes of this outreach effort should be an increase in
the amount of NSF-supported research providing a foundation for the most important and
immediate industrial needs.

Many NSF programs and projects have high rates of industry involvement:
B The Industry/University Cooperaﬁve Research Centers Program provides “seed”

support for more than 50 centers to work in collaboration with industry on research
relevant to industrial needs.

’NSF is already demonstratingserious commitmentin addressing the question of how it can increase interaction between
academia and industry to speed the deploymentof new knowledgeand technologiesto industry. The NSF Director recently
established an internal NSF Committee—thelndustrial Programs Coordinating Committee—to(1) coordinate programs that focus
on industrial collaboration;(2) provide recommendationsfor a substantivelong-term program of activities to strengthen NSF’s
interactions with industry and the latter’s interactions with academia; (3) developa brochure focused on industry, especially smaller
firms, depicting the benefits of industry-universitycollaboration;and (4) developa strategy for improved outreach to industrial
organizations.




Part Il. Recommendations (1 51

B The Engineering Research Centers Program is designed to focus cross-disciplinary teams
on research and education on engineering systems important for competitiveness.

B The Science and Technology Centers Program is designed to team scientists and
engineers to focus on research with a long-term technological horizon and promote
linkages with industry and other sectors.

Other center programs also foster industry-university collaboration. The Supercomputer Centers
have close links with industry to facilitate the use of supercomputers. The Materials Research
Laboratories, because of their focus on interdisciplinary programs in materials research, have
proven attractive to industry. The National Center for Atmospheric Research has developed
an active program of research in atmospheric phenomena relevant to aviation technology that
receives considerable industrial support. The new State University/Industry Cooperative
Research Centers program aims to enhance local economic development and actively focuses on
technology transfer and knowledge deployment, especially with regard to small firms.

A number of programs under the jurisdiction of NSF’s Engineering Directorate support research
aimed at developing and/or perfecting manufacturing technologies and/or improving the speed
and efficiency by which the results of NSF-sponsored (and other) research and technology are
transferred to the marketplace. Included in this group (in addition to the already noted
Engineering Research Centers program) are the Industrial Innovation Interface Programs,
Design and Manufacturing Systems Programs, the Strategic Manufacturing Initiative, the
Small Business Innovation Research (SBIR) Program, and a newly revived Management of
Technology Program. The SBIR program, which originated in NSF, has served as a model for
the national congressionally mandated program. Many SBIR awards utilize academic personnel
and have generated process and product advances having considerable market impact.

NSF also funds small groups of investigators collaborating across disciplines. For example,
participants in the Biotechnology Group and the Strategic Manufacturing Group perform research
likely to produce technological advancements important to industry. There are also four relatively
new initiatives in the single-investigator programs which focus on industry-university
collaboration at the individual investigator level. Two of these programs—the Management of
Technology Program and the Strategic Manufacturing Initiative—were identified above. The other
programs are the Decision, Risk, and Management Science Program in the Social, Behavioral,
and Economic Sciences Directorate (SBE) and the Environmentally Benign Chemical Synthesis
and Processing Initiative between the Chemistry and the Chemical and Thermal Systems
Divisions.

The Decision, Risk, and Management Science Program supports research aimed at improving
decision-making under conditions of risk and uncertainty. Within this program is a Joint
NSF/Private Sector Research Initiative wherein matching funding is available to investigators
with private sector support to conduct research in the areas of operational control, management
systems, and strategic planning. The Economics Program within SBE also supports research on
corporate behavior.
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The Division of Science Resources Studies in SBE sponsors several surveys that produce both
funding and personnel data on industrial science and technology. Part I of this report contains
information collected with these surveys.

In addition, SBE divisions fund and support the dissemination of research

B in the economics, public policy development, social impact, and management of
technological change, and the building and testing of theories, models, and methodologies;
and

B on the interrelationships among industry R&D and competitiveness, international
technology transfer, international interdependencies, and the development of additional
critical science and engineering indicators.

Recent examples of these programs are Research on Methods to Estimate the Supply and
Demand of US. Scientists and Engineers, a new Center for Survey Methods, and a new
program on Research on Science and Technology. The latter will support studies of particular
interest to the industrial community, including studies of processes, inputs, outputs, and impacts
in areas such as industrial research, university-industry interactions, the payoff to industrial
innovation from academic research, knowledge/know-how/technology transfer, utilization, and
diffusion.

NSF also participates in the Federal Coordinating Council for Science, Engineering, and
Technology (FCCSET). A number of the interagency initiatives coordinated through FCCSET
target technologies of key interest to industry, including high-performance computing and
communications, advanced materials and processing, biotechnology, and a soon-to-be-started
initiative, Advanced Manufacturing Technologies.

In addition, NSF will be monitoring the new Critical Technologies Institute that will be
responsible for identifying near- and long-term R&D objectives and for providing options for
achieving those objectives.

What More Needs to Be Done

As the above examples indicate, within its mandate to support science and engineering education
and academic basic research, NSF includes a broad range of programs and initiatives that
contribute both directly and indirectly to industrial needs. The Committee fully endorses this
broad range of programs and initiatives and NSF’s recent efforts to further enhance industrial
participation in its programs.

The Committee believes that NSF can further strengthen the direct impact of academic research
on industrial competitiveness through the following actions.
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m Creating new fundamental science and engineering research initiatives that
contribute to emerging and precompetitive technologies. While the Directorates of
Engineering and of Computer and Information Science and Engineering will be the likely
home of many such new initiatives, other Directorates—including Education and Human
Resources, the new Social, Behavioral, and Economic Sciences Directorate, and the
traditional research directorates—are also likely candidates for programs that would
benefit the development of emerging and precompetitive technologies.

m Increasing support for strategic scientific and engineering research programs and
initiatives, particularly for activities that attract industrial cosupport. These include
centers, cooperative multi-user facilities, consortia, and individual investigator projects with
coparticipation by industry.

m Following through on the recommendations of a National Academy of Engineering
(NAE) evaluation of the NSF Engineering Research Centers Program, especially “a
renewed effort to achieve original funding targets of the program.” According to
the evaluation, “if the Federal Government is to assist industry in its fight to remain
competitive, this is precisely the kind of program that it should support” (NAE 1989).

m Significantly expanding and enhancing the effectiveness, scope, and outreach of its
Engineering Research Centers, Science and Technology Centers, Industry/University
Cooperative Research Centers, and other industry-related programs and coupling
these even more closely with future industry needs.

m Promoting activities that specifically encourage more rapid knowledge transfer
among researchers in academia, industry, and other sectors. Efforts could be made to
advance the capabilities of NSFNET (the Foundation’s nationwide computer network) for
scientific and technical information exchange.

B Increasing support of research and education on engineering design, manufacturing
processes, and programs that emphasize systems integration in engineering
education.

® Encouraging and assisting in the expansion of Federal support of fundamental
engineering research.

While the managerial context for technology has not been a subject within the traditional realm
of NSF responsibilities, NSF has identified a new Management of Technology Program as an area
where it can make a meaningful contribution. In the context of this new program, NSF may
want to broaden its traditional focus on the education of future scientists and engineers to
include the education of future corporate leaders of both high-technology and traditional
industries. NSF could support business and engineering schools in expanding their curricula to
include integrated instruction in technology and management that would provide students with a
better understanding of the R&D process and the importance of skillful technology planning and
management to commercial success. A program also could be established to encourage and
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facilitate the introduction of courses tailored to meet the needs of recent engineering and business
graduates by providing them with the management skills necessary to lead technology-based
companies. NSF could also assist corporate leaders by supporting and disseminating research
conducted to determine how some companies have mitigated the constraints imposed by external
financial pressures.

The Committee therefore recommends that

B The Director examine NSF’s role with respect to the managerial context for technology.
For example, should NSF encourage the development of new kinds of university programs
that integrate engineering and management education programs? Any significant changes
in this direction would represent a substantial departure from NSF’s traditional role, and
thus should be given careful examination.

Both NSF and the Department of Commerce should anticipate increased demand for information
on science- and technology-related subjects from policymakers in the Office of Management and
Budget, OSTP, and other executive branch agencies and from Congress, and should begin
developing and instituting procedures and mechanisms for responding to such requests as
- expeditiously as possible.
The Committee therefore recommends that
B NSF should develop an integrated program to

e explore ways of correcting existing deficiencies in ongoing data collection activities;

e identify missing information of value to policymakers and develop valid indicators of
that information; and

e determine the feasibility of collecting, analyzing, and disseminating the information.
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Table A-1. Trends in industrial R& performance, by source of funds: 1953-90 and 1991-92 (est.)

[Dollars in millions]

Total R&D Federal Company(1)
* Constant Constant Constant
Year Current 1987 Current 1987 Current 1987
dollars dollars dol lars dollars dol lars dollars
V983 ooiom asioin s wiwsin siesidin sisie sas $3,630 NA $1,430 NA $2,200 NA
DG orochis nroson iicn simiste wioisierdi diece 9die's 4,070 NA 1,750 NA 2,320 NA
NIST o5 smeremars sraialabioiaisie visiaypisis 4,640 NA 2,180 NA 2,460 NA
AI06Y cuisannssitienans sonsam wets nEes 6,605 NA 3,328 NA 3,277 NA
V957 s vssvamanse siosis sas wae sials et » 7,731 NA 4,335 NA 3,396 NA
TIIB L as o s somawan swoinsms eus sl oeis s 8,389 NA 4,759 NA 3,630 NA
VI59 . snvenninenvis nnns smwsne sen soe s 9,618 37,585 5,635 22,020 3,983 15,565
DO o i Saisn sinire ninidis aibsa 035 ook diady & 10,509 40,388 6,081 23,370 4,428 17,018
APETd o600 000 0 10 wraeli sisis siie wimis s 10,908 41,554 6,240 23,771 4,668 17,783
1 - A 1 S 11,464 42,712 6,434 23,972 5,029 18,737
Ve diaisssnnins snmninanes sme s 12,630 46,451 7,270 26,738 5,360 19,713
V6 csisonisins vias swns wnsans wwe saiss 13,512 48,868 7,720 27,920 5,792 20,948
19654 cia oo siin s umn ssism snis vios binis sen e 14,185 49,930 7,740 27,244 6,445 22,686
AD66: sain s smnares oo et i e 15,548 52,974 8,332 28,388 7,216 24,586
V96T § sviv o viiis s wivs smvssion il sieiw o & 16,385 54,130 8,365 27,635 8,020 26,495
POBY siiv s v sorem smeis wieis vias siaje waie s 17,429 54,894 8,560 26,961 8,869 27,934
APED soinimiors s ninis mucsls mwm wiors wreve Sike 18,308 54,897 8,451 25,340 9,857 29,556
ARTOY civsp ssiiigidion sivele seomaibioe digses 18,067 51,429 7,779 22,143 10,288 29,286
VTN & 50208 wroresm aavs wmsas wimm airn 51808 1 5 18,320 49,527 7,666 20,725 10,654 28,802
AT d s w00 ssinis vcws wsrels sins siors sioi6 Fains 19,552 50,353 8,017 20,646 11,535 29,706
APTDY s raisia sigmn-diers wrginss wibnibah bl sdlats 21,249 51,488 8,145 19,736 13,104 31,752
IRIR S srvnnmasiis satic ok sansiss sass 22,887 50,996 8,220 18,316 14,667 32,680
AITD danidie srmins s 5066 5ims Si6Le Wi Sisie & 24,187 49,17 8,605 17,493 15,582 31,677
HDTOd sscais v vouss, siesis. o ol min it Fidiusk 26,997 51,649 9,561 18,292 17,436 33,358
AP snvssnisiini sni bombasame paith 29,825 53,383 10,485 18,767 19,340 34,616
VOB & svais sisius ovom swsls siswais s Sisw 33,304 55,240 11,189 18,559 22,115 36,681
VITD daisio siemerniais vsis niows s s@s pois's 38,226 58,316 12,518 19,097 25,708 39,219
1980..ccveuen. S O S 44,505 62,062 14,029 19,564 30,476 42,499
1981 ssvs v siiie ssmn s o S SR 51,810 65,699 16,382 20,774 35,428 44,925
ADB2 L s o056 sisive wowie sivreis s Srnis 5750 §EE e 58,650 70,021 18,545 22,141 40,105 47,881
AIBB L wsieim srommnins rsreln s viaw wiot gwe s 65,268 74,883 20,680 23,726 44,588 51,156
s L, L) R T . i . | 74,800 82,153 23,396 25,696 51,404 56,457
AIBE L ssissanms swa atianesan sie vame 84,239 89,265 27,196 28,818 57,043 60,446
1986 | sviv isnin ssnwnnis wsione - siuis Se s 87,823 90,614 27,891 28,777 59,932 61,837
AIBT L oo hiemain iiee wibseis sniscaisions ox Smwe 92,155 92,155 30,752 30,752 61,403 61,403
AIBB L savs snn cvm amnres soleie s sais 97,889 94,260 32,117 30,926 65,772 63,334
AIBY [an oo areas snmeditlvesniies s sens 101,854 93,944 31,292 28,862 70,562 65,082
1990 cevevnnnn. o mialew mietn Win S wral 104,344 92,446 30,580 27,093 73,764 65,353
1991 (NSF eSt.)ececnccccccncaanas 106,750 91,161 30,400 25,961 76,350 65,201
1992 [CNSF @8t . )i suiiani isavmavss 110,300 91,346 31,300 25,921 79,000 65,424

(1) Company funds include funds for industrial R& work performed within company facilities in the U.S.
from all sources except the Federal Government. These sources may include other companies, research
institutions, colleges and universities, other nonprofit organizations, and state and local governments,
as well as companies’ own funds. Company-financed R&D not performed within the company is excluded.

NA = Not available

NOTE: The 1987 GDP implicit price deflator was used to convert current dollars to constant dollars.

SOURCES: National Science Foundation, Survey of Industrial Research and Development and NSF Panel on
Industrial Science and Technology
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Table A-4. Rates of change in industrial R&D spending: 1975-80, 1980-85, 1985-90, and 1990-92
Average annual real change
in industrial R& spending
[percent]
Industry SIC code 1975-80 1980-85 1985-90 1990-92 (est.)
TOLBloeeeoreonecaceansaassssssanccssssonnnssoass esssecncscsssans 6.1 % 7.3 % 1.6 % 0.1 %
Chemicals and allied products..... P s O o AR 28 3.3 8.2 4.7 3.2
Industrial and other chemicals......ccccvevescecanse 281-82,284-89 2.4 (1) 7.9 3.5 -0.8
Drugs and mediCineS.....cceeeeececnaccccecacaccancas 283 4.2 (1) 8.5 6.3 7.8
Petroleum refining and extraction....ceceeeeecccacnes 13,29 6.8 (1) 3.5 -4.5 -1.7
MaChiNery. .ccceesseeceesneesnsacasssassssacannnnsnsans 35 6.0 9.2 15 -0.2
office, computing, and accounting machines......... 357 6.3 13.2 1.9 -0.4
Other machinery, except electrical......cccceccnaces 351-56,358-59 5.5 -0.8 0.0 0.4
Electrical equipment.......ccccveescccccccccnacnccans 36 5.9 5.3 1.2 -1.8
Communication equipment.......ccceceecccecscancnans 366 4.1 10.7 -2.2 NA
Electronic COMPONENtS....ccveeeecssaccscncnssasnncs 367 17.4 (2) 13.0 7.0 NA
Other electrical equipment.......ccceeecccecccncans 361-65,369 2.7 (2) -12.6 -0.4 NA
Transportation equipment.......cceceececenarennascncs 37 7.3 5.7 0.7 NA
Motor vehicles and motor vehicles equipment........ 3n 7.8 1.7 3.0 -0.5
Aircraft and missiles....cceeeciiineceeccancnccccnne 372,376 6.5 10.8 =1.9 -1.0
Professional and scientific instrumentS....c.ccceeeee 38 110 7.4 1.9 NA
scientific and mechanical measuring instruments.... 381-82 22.3 3.9 1.7 -1.0
optical, surgical, photographic, and other
INSErUMENES.ccococcassssossascccsnassssssssssscnss 383-87 5.9 9.6 2.0 NA
Nonmanufacturing indUSTrieS....cccceececccansccnneces 08,10-12,14-17, 10.9 26.4 4.4 NA
40-67,72-73,
806-07,891

(1) Estimated by NSF staff.
. (23 Average annual real change for 1974-80.

NA = Not available

NOTE: The 1987 GDP implicit price deflator was used to convert current dollars to constant dollars.

SOURCES: National Science Foundation, Survey of Industrial Research and Development and NSF Panel on Industrial
Science and Technology
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Table A-8. Worldwide sales of information systems, by producer base region:
1984 and 1988

1984 1988
World World
sales sales
Regional distribution Regional distribution

‘ (dollars (dollars
Information in N. in N,
system bilions) | Amer. | Europe | Japan | bilions) | Amer. | Europe | Japan | Korea | Taiwan

I

All products 137 77 11 12 261 61 16 21 1 1
Mainframe 226 77 6 16 304 53 .9 37 0 0
Mini 16 79 13 8 25.5 72 13 15 0 0
Micro 14.8 86 74 7 313 64 12 16 4 4
Datacomm 9.1 52 32 16 17 42 21 36 1 0
Peripherals & 75 10 14 659 53 15 29 2 1
Software 10.3 76 14 10 23.1 70 17 13 0 0
Services 9 86 7 7 24 78 14 8 0 0
Maintenance 14.4 81 10 9 29.8 72 18 10 0 0
Other 34 68 14 18 13:2 48 43 9 0 0
revenues

Notes: Compiation is from Datamation 100 and was supplemented by other industry sources. "0" means < 1
percent after rounding. Distribution of information system revenues by product segment has occasionally used
1987 data when 1988 data were unavaiable. Compiations were based on data for 151 largest information
systems companies. Workstations were counted as minicomputer sales. Amdahl, NAS, Zenith, and Wyse were
counted as US. firms. Nihon Univac was counted as a Japanese firm. 1984 data cover 104 largest US.
companies, 33 European companies, and 14 Japanese companies. 1988 data cover 100 largest US. companies
plus Northern Telecom (Canada); 30 largest European; 19 largest Japanese; Acer & Mitec (Taiwan), and Samsung
(Korea). The remainder of Taiwan and Korean computer industries were estimated and added in.

Source: Kenneth Flamm, Globalisation in the Computer Industry, Organisation for Economic Cooperation and
Development, Paris, December 1990.
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Table A-9. International R& expenditures and R&D as a percentage of GDP: 1961-90

R&D expenditures (1) R&D expenditures as a percentage of GNP

Uni ted United United United

States Japan Germany France Kingdom Italy Sweden States Japan Germany France Kingdom [Italy Sweden

---------- Billions of constant 1987 dollars-------+--ccceee | ccccccccccccnccccaccca-Percent------~=--c=cccccccccccccan
1961.... 54.6 NA NA NA NA NA NA 2.7 1.4 NA 1.4 2.5 NA NA
1962.... 57.3 NA NA NA NA NA NA 2.7 1.5 12 1.5 NA NA NA
1963.... 62.7 6.2 NA - 4 NA 2.0 NA 2.8 1.5 1.4 1.6 NA 0.6 NA
1964.... 68.2 7.0 7.3 7.1 10.5 NA 0.9 2.9 1.5 1.6 1.8 2.3 NA 1.2
1965.... 70.6 T 8.7 8.2 NA 2.2 NA 2.8 1.6 1.7 2.0 NA 0.7 NA
1966.... T74.4 8.4 9.5 8.8 11.2 NA NA 2.8 15 1.8 By 2.3 NA NA
1967.... 76.5 9.7 10.1 9.7 11.5 2.8 1.0 2.8 1.6 2.0 2.2 2.3 0.7 1.3
1968.... 77.5 11.5 10.9 9.9 11.7 3.2 NA 2.8 1.7 2.0 2.1 r 4 0.8 NA
1969.... 76.8 13.4 1.7 10.1 11.8 35 1.1 2.7 1.7 1.8 2.0 2.3 0.8 1.2
1970.... 74.4 16.0 13.8 10.1 NA 3.9 NA 2.6 1.9 241 1.9 NA 0.8 NA
97...; 7.1 171 15.2 10.5 NA 4.1 1.4 2.4 1.9 2.2 1.9 NA 0.9 1.5
1972.... 73.3 18.8 15.8 10.7 11.6 4.3 NA 2.4 1.9 2.2 1.9 2.1 0.9 NA
1973.... 74.4 20.7 15.8 10.7 NA 4.3 1.6 2.3 2.0 2.1 1.8 NA 0.8 1.6
1974.... T73.2 21.2 16.2 11.2 NA 4.2 NA 2.2 2.0 . 1.8 HA 0.8 NA
1975.... T71.6 21.6 16.7 11.3 12.2 4.6 1.9 2.2 2.0 2.e 1.8 L. 0.8 1.7
1976.... T74.6 22.4 17.0 11.5 NA 4.5 NA 2.2 2.0 2.2 1.8 NA 0.8 NA
1977...{ 76.6 23.1 17.4 11.8 NA 4.7 1.9 2.2 2.0 2.2 1.8 NA 0.8 1.8
1978.... 79.8 26.3 18.7 12.1 13.5 4.6 NA 2.1 2.0 2:3 1.8 2.2 0.7 NA
1979..., 83.8 26.8 20.5 12.9 NA 4.9 2.1 2.2 2.3 2.4 1.8 NA 0.7 1.9
1980...4 87.3 29.3 21.4 13.3 NA 5.1 NA 2.3 2.2 2:5 1.8 NA 0.8 NA
1981.... 91.1 32.0 21.1 14.6 15.4 6.0 2.5 2.4 23 2.4 2.0 2.4 0.9 2.3
1982.... 95.5 34.5 21.8 15.6 NA 6.2 NA 25 2.4 2.5 2.1 NA 0.9 NA
1983.... 102.3 37.1 22.0 16.0 15.0 6.6 2.9 2.6 2.6 2.5 24 2.3 1.0 2.6
1984...4 111. 39.6 22.4 16.8 NA r NA 2.7 2.6 2.5 2.8 NA 1.0 NA
1985.... 120.6 43.5 24 .4 17.3 15.9 8.1 3.4 2.8 2.8 2.7 2.3 2.3 1.1 2.9
1986.... 123.3 43.9 24.9 G T 16.8 8.3 NA 2.8 2.8 2.7 2.2 2.3 1.1 NA
1987.... 125.4 46.9 26.5 18.1 16.9 9.0 3.7 2.8 2.8 2.9 2.3 2.3 1.2 3.0
1988.... 128.8 50.3 27.2 18.8 17.4 9.5 NA 2.7 2.9 2.9 2.3 2.2 1.2 NA
1989.... 129.8 54.5 28.2 19.9 18.0 10.0 3.6 2.7 3.0 2.9 2.3 2.3 1.2 2.9
1990...4 129.5 59.2 28.8 20.9 NA 1.1 NA 1 4 3.1 2.8 2.4 NA 1.4 NA

(1) Conversions of foreign currencies to U.S. dollars are calculated with OECD purchasing power parity exchange rates.
Constant 1987 dollars are based on U.S. Department of Commerce GDP implicit price deflators.

NA = Not available

SOURCES: NSF, Division of Science Resources Studies; Organisation for Economic Cooperation and Development (OECD);
International Monetary Fund; and national sources
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Table A-10. International nondefense R&D expenditures and nondefense R& as a percentage of GDP: 1971-90

Nondefense R& expenditures (1) Nondefense R&D expenditures as a percentage of GNP

United United United United

States Japan Germany France Kingdom Italy Sweden States Japan Germany France Kingdom Italy Sweden

---------- Billions of constant 1987 dollars=+c<ccccssccccns | venevecccssensesacncenepoaprcents~so==ccsrccnsscccsscssccs
197 enes, - 50.2 17.0 141 8.0 NA 4.0 NA 127 1.9 2.4 1.4 NA 0.8 NA
1972.+0  50.4 18.7 15.0 8.4 8.5 4.2 NA 1.6 1.9 2.1 1.5 1.5 0.8 NA s
1973.... 52.6 20.5 14.7 8.4 NA 4.2 NA 1.6 2.0 2.0 1.4 NA 0.8 NA
Whesus - 9321 21.0 1551 8.9 NA 4.1 NA 1.6 2.0 2.0 1.4 NA 0.8 NA
1975 ..0ime 25319 .5 158.7 9.1 8.5 4.6 1.6 1.6 2.0 24l 1.4 1.4 0.8 1.4
197605 <54 22.3 15.9 9.4 NA 4.4 NA 1.6 2.0 2.0 1.4 NA 0.8 NA
1977 eanv: 55.3 23.0 16.4 9.6 NA 4.7 1.6 1.6 2.0 2.0 1.4 NA 0.8+, 1.5
1978.... . B84 26.1 17.6 9.7 9.6 4.5 NA - 1.6 2.0 2l 1.4 1.5 0.7 NA
1979.... 62.8 26.6 19.3 10.1 NA 4.8 1.8 1.6 2.1 2.2 1.4 NA 0.7 156
1980.... 66.5 29.1 20.4 10.3 NA 5.1 NA 1.7 2.2 23 1.4 NA 0.7 NA
1981..... 67.8 31.9 20.2 10.9 11.4 5.8 2.3 1.8 2.3 2.3 1.5 1.8 0.8 2.1
1982..+: . 69.2 34.3 20.9 12.0 NA 6.1 NA 1.8 2.4 2.4 1.6 NA 0.9 NA
1983 ccne T30l 36.9 21.0 12.6 1.1 6.4 2.6 1.9 2.5 2.4 1.7 1.7 0.9 2.5
1984.... 78.9 39.3 21.4 13.3 NA 6.7 NA 1.9 2.6 2.4 17 4 NA 1.0 NA
1985.... 84.9 43.2 23.2 13.7 11.8 7.6 3.0 2.0 2.8 2.6 1.8 48 4 1.1 2.6
1986,:: ~ 85.2 43.6 23.6 13:7 13.0 7.9 NA 1.9 2.7 2.6 1.8 1.8 1.1 NA
1987.... 86.2 46.6 25.2 14.2 13.3 8.6 3.3 1.9 2.8 2.7 1.8 1.8 | B ks P 4
1988.... 90.2 49.9 26.0 14.6 14.1 8.9 NA 1.9 2.8 2.7 1.8 1.8 1.1 NA
1989.... 92.3 54.1 26.9 15.6 14.7 9.4 3.2 1.9 3.0 ol 1.8 1.9 1.2 2.6
1990.... 94.1 58.8 2r.3 16.0 NA 10.7 NA 1.9 3.0 2ol 1.8 NA 1.3 NA

NA = Not available

(1) Nondefense expenditures estimated here as total R&D expenditures, generally reported by the R& performers, minus
goverment R& funds for defense purposes, generally taken from national budget documents; that is, as reported by the
R& funders. Conversions of foreign currencies to U.S. dollars are calculated with OECD purchasing power parity exchange
rates. Constant 1987 dollars are based on U.S. Department of Commerce GDP implicit price deflator.

SOURCES: NSF, Division of Science Resources Studies; Organisation for Economic Cooperation and Development (OECD);
International Monetary Fund; and national sources
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Table A-11. Government R& support by socioeconomic objective: 1989

United United
States Japan Germany France Kingdom
---------------- PEPCMNt s s v ressssoncnas
-1 <. | AP A, 100.0 100.0 100.0 100.0 100.0
Defenge.ccvsnsssnmes somenssas 65.5 9.0 19.0 41.9 55.2
Civil space...ccceecnccenanns 7.3 1.3 8.5 8.7 3.8
Advancement of research...... 3.8 13.8 20.7 17.5 5.8
HEBLER G o v vincia v sinmcis Smvesonios 12.9 4.8 5.2 3.7 6.2
Industrial development....... 0.2 8.1 19.0 15.0 10.3
ENBrOY. v oinans seswii suimessnss 3.9 39.2 9.5 4.0 4.0
Agriculture, forestry,
and (fishing. ccceessesssssas 1.9 6.5 3.1 4.6 5.5
Other..ceceeecncncnecnccanas 4.5 7.6 14.9 4.5 9.2

NOTE: Data adjusted to exclude general university funds for Japan (43
percent of the government-funded R& total), West Germany (33 percent),
the United Kingdom (18 percent), and France (12 percent).

SOURCES: Organisation for Economic Cooperation and Development, NSF,
and national sources for Japan




Appendix B
IRl Survey: Questionnaire and Results

IRl Survey Purpose and Design

To identify the factors adversely affecting US. industry’s ability to compete in global markets for
high-tech products, the Committee needed input from leading industrial R&D officials.'
Preparatory to receiving this input, the Committee first identified potential factors in the erosion
of US. technology leadership. It identified these factors based on

B presentations by Dr. Arden Bement, Dr. Joseph Morone, and others;’
B discussions among Committee members; and
B a review of recent literature.

Subsequently, the Committee identified five major categories with 6 to 10 factors under each that
may be responsible for the erosion in US. technology leadership.

The Industrial Research Institute (IRI) was contacted, and it agreed to work with the Committee.’
The Committee and IRI were interested in determining the relative importance of each of these
categories and factors in maintaining US. technology leadership. IRI used the list prepared by the
Committee to survey its membership; it agreed to share the survey results with the Committee.

The survey questionnaire, entitled “Potential Causes for the Erosion in US. Technology
Leadership,” was mailed in June 1990 to the 237 members of IRI with US. mailing addresses. (A
copy of the questionnaire appears at the end of this appendix) Completed questionnaires were
received from 139 members.*

"The information the Committee obtained is thus limited by the fact that it is based on the opinions of industrial R&D
officials only; chief executiveofficers and other industry officials may perceive the problemsdifferently.

’Dr. Bement prepareda list, “Potential Root Causes for the Decline in Technology Leadershipof US. Industry.” Dr.
Morone, Assistant Professor, School of Management, Rensselaer PolytechnicInstitute, was a consultant to the Committee.

*IRl is an association of more than 250 companies. Its major function is to coordinate the study of problemsconfronting
managers of industrial research and development. A company may join IRI if it (1) maintainsa technical staff and research
laboratoryin the United States, and (2) engages primarily in industrial production. IRI membershipincludes R&D directors
from most large US. R&D-performingcompanies. IRI member companiesaccount for approximately85 percent of industry-
funded R&D in the United States.

“Instead of returning the survey forms, two IRl members wrote letters. One member wrote that his company was based
in another country and he didn’t think it appropriatefor him to complete the questionnaire. (Other IRl members representing
foreign-owned companies did respond to the survey, however.) Another IRl member, representinga company in the petroleum
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IRI members were asked to rank both the five categories and the factors under each of the
categories from highest to lowest in importance.’ In addition, they were provided space to add
other factors they felt were important but may have been omitted from the Committee’s list.
They were also asked to provide recommendations for addressing the problems responsible for the
erosion in US. technology leadership and to identify their companies’ major industry (or
industries) and domestic employment size group. The main survey results are described below.

The Five Categories

The five major categories identified by the Committee that may be responsible for the erosion in
US. technology leadership were

general management practices,

external financial pressures,

changing global technological environment,
technology management practices, and
Federal technology policy.

General management practices and external financial pressures are more at fault for the erosion in
US. technology leadership than are the other three factors, according to the industrial R&D
officials who participated in the survey. General management practices and external financial
pressures received 91 and 86 first and second place rankings, respectively, and 61—or 44
percent—of the respondents ranked these two categories first and second. (See table B-1.)

Table B-1. Ranking of the five major categories

Average No. of 1st | No. of 2nd No. of
Rank Category rank places places last places
1 General management practices 20 50 41 1
2 External financial pressures 22 45 41 9
3 Changing global technological environment 34 18 11 31
4 Technology management practices 38 5 18 44
5 Federal technology policy 38 6 14 46

Sources: Industrial Research Institute and NSB Committee on Industrial Support for R&D

industry, wrote that his industry was not losing technologyleadership.

*Not all respondentsranked every category, some did not rank all factors within a category,and a few gave identical
rankings to some of the factors. Missing and duplicativerankings were imputed using statistical proceduresdesigned to
maximize respondents’ordinal placement of categoriesand factors and minimize bias.
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Federal technology policy, which received only 6 first and 14 second place “votes,” was ranked
last (closely behind technology management practices). Although Federal technology policy was
ranked below the other categories, it cannot be inferred that the R&D directors consider this
category to be unimportant in contributing to the decline in US. technology leadership; they only
consider it less important than the other four categories.

One respondent suggested that the reason Federal technology policy was ranked last is because
the United States lacks a national technology policy. According to this R&D official, it is not
surprising that the IRI members gave less consideration to something that has never existed and
therefore has never influenced their decision-making.

Response by Industry and by Size of Company

There was relatively little variation in response by industry and by size of company. (See tables
B-2 and B-3)

General management practices and external financial pressures were ranked first and second,
respectively, by all but three industries. Respondents from the transportation equipment and
instruments industries gave first place rankings to changing global technological environment
(ranked third overall); those from the computer industry ranked technology management practices
first.

No industry ranked Federal technology policy first. It received one second place ranking—from
the communication services industry. This relatively high ranking is probably attributable to
judicially imposed restrictions on companies in this industry. One respondent stated that his
company was “precluded from major R&D investment” because the Modified Final Judgment
imposed by the Federal judiciary prohibited his company’s access to certain markets. (The ban
was recently lifted.) Federal technology policy received third place rankings from the drug; other
machinery; instruments; and research, development, and testing services industries.
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Table B-2. Ranking of the five major categories by industry

Industry

No. of
responses*

Gen'l mgmt
practices

External
financial
pressures

Changing
global tech.
environment

Tech. mgmt
practices

Federal
tech. policy

All industries
Food, tobacco
Lumber, paper

Drugs

Other chemicals
Petroleum
Rubber

Ferrous metals
Fabr. metal prod.
Other machinery
Computers
Electrical equip.
Transport. equip.
Instruments
Comm. svcs
Research, devel.,
and testing

127
11
6

Industrial chemicals 27
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*Two respondents did not identify their industries; six other respondents represent industries having fewer than

three respondents.

Sources: Industrial Research Institute and NSB Committee on Industrial Support for R&D

Size of company made little difference in the ranking of the five categories. Almost all size
groups gave general management practices and external financial pressures first and second place
rankings.
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Table B-3. Ranking of the five major categories by size of company

External Changing
No. of domestic No. of Cen'l mgmt financial global tech. | Tech. mgmt Federal
employees responses* practices pressures environment practices tech. policy
-
All companies 127 1 2 3 4 5
Less than 1,000 5 1 2 3 4 5
1,000 - 4,999 21 1 2 4 3 5
5,000 - 9,999 14 2 1 4 5 3
10,000 - 24,999 36 1 1 3 4 5
25,000 - 49,000 26 1 3 2 4 4
More than 50,000 24 1 2 3 4 5

*One respondent did not select a company-size group.

Sources: Industrial Research Institute and NSB Committee on Industrial Support for R&D

General Management Practices

Survey respondents placed greatest emphasis on “short time horizons” and “management by the
numbers rather than by strategic vision,” ranking these two factors first and second, respectively,
under the general management practices category. (See table B-4) “Short time horizons”received
89 first and second place rankings, and “management by the numbers” received 81; 51—or 37
percent—of the respondents gave first and second place rankings to these two management
practices that are usually associated with external financial pressures.

Several factors—e.g., “over-concern for shareholder value”—added to this category by the
respondents allude to the interrelationship between this category and the external financial
pressures category. Institutional investors’ large and growing dominance in equity markets (and
their impatience for quick returns), the high cost of capital, and the threat of unwelcome
takeovers all create a financial environment in which long-term strategic investments in
technology are likely to be sacrificed when there is an exaggerated emphasis on short-term
profitability. The need for financial incentives that would induce management to adopt a longer
term perspective was mentioned by one-third of those IRI members who added recommendations
to their questionnaires.

“Failure and/or inability to integrate technology into business strategy” and “corporate executives’
lack of scientific and technical insight and lack of experience in the management of science and
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technology” were fairly consistently ranked third and fourth® Other factors cited by the
respondents are closely related to these. These other factors are as follows:

m inability of marketing and top management to recognize opportunities based on new
technology,

m domestic myopia—do not see the “globe” as a marketplace,
B too many lawyers and finance people in management positions, and
m “MBA syndrome” which encourages going for the top job—with little or no apprenticeship

in understanding the nature of the company business and products.

Table B-4. Ranking of general management practices

No. of 1st No. of 2nd

Rank Factor Average rank places places
1 Short time horizons 2.3 47 42
2 Management by the numbers rather than by 23 47 34

strategic vision

3 Failure and/or inability to integrate technology into 30 22 30
business strategy

4 Corporate executives' lack of scientific and technical 3.5 18 21
insight and lack of experience in the management of
science and technology

5 Executive talent reward structure 46 6 9

6 High rates of executive tumover 5.6 0 0

Sources: Industrial Research Institute and NSB Committee on Industrial Support for R&D

External Financial Pressures

Survey respondents overwhelmingly selected “growing dominance of institutional investors in
equity markets and their demand for short term returns on their investments” as the most

*Several respondentsadded factors similar to these under the technology management practicescategory.
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important factor in the category of external financial pressures. (See table B-5) More than four
out of five of the IRI members ranked this factor first or second.

Institutional investors—e.g., mutual funds and pension funds—have become a large and growing
source of financing for US. firms. Their interest in maximizing the current value of their
portfolios usually takes precedence over their interest in the long-term investment needs of the
companies they are financing. The need for tax and other financial incentives to induce long-term
holding by US. investors was frequently mentioned by the respondents in their recommendations.

“High cost of capital” finished a distant second in the ranking of factors under external financial
pressures. Twelve IRI members addressed the cost of capital issue in their recommendations; most
of these mentioned that reducing the budget deficit and increasing the savings rate would lower
the cost of capital in the United States.

“Pressure to reduce debt accrued through leveraged buyouts and hostile takeovers,” ranked fourth
overall, was given high rankings by IRI members from companies that had experienced or were
threatened by unwelcome raiders. This factor received 17 first place rankings, more than
“growing costs of compliance with environmental, OSHA [Occupational Safety and Health
Administration], and other Federal and state regulations,” which was ranked third overall
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Table B-5. Ranking of external financial pressures

No. of 1st No. of 2nd
Rank Factor Average rank places places

1 Crowing dominance of institutional investors in b g 80 33
equity markets and their demand for short term
retums on their investments

2 High cost of capital 29 26 35

3 Growing costs of compliance with environmental, 34 10 30
OSHA, and other Federal and state regulations
that compete with and displace R&D investment

4 Pressures to reduce debt accrued through 35 17 22
leveraged buyouts and hostile takeovers

5 Investment of ‘patient” capital inhibited by 46 3 10
statutory separation of the managements of
industrial and financial corporations (Class-Steagal
Act)

6 High cost of US. labor relative to that of other 49 4 2
countries

Sources: Industrial Research Institute and NSB Committee on Industrial Support for R&D

Changing Global Technological Environment

There was less consensus in the IRI members’ ranking of factors under global technological
environment than was displayed in their ordering of the factors under the two previously
discussed factors. Table B-6 shows a relatively small difference in the “average” rankings of the
factors in this category. “Growing difficulty of controlling enough technological competitive
advantage to sustain an entry barrier” was ranked highest, marginally ahead of the second-ranked
factor, “declining lead times and faster product turnover cycles” These two factors received
almost the same number of first and second place rankings and are closely related. Both are
prominent characteristics of the electronics industry where rapid advancements in technology are
continuously shortening product and process cycles, thus increasing the risk that companies will
be unable to recover their investments fully and make a profit before their products become
obsolete.
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“Increasing number of skilled workers, including scientists and engineers, in other countries,”
ranked third overall, was considered to be the leading contributor to the changing global
technological environment by 29 of the IRI officials. Several respondents added a factor referring
to the “increasingly effective collaboration between other countries’ governments and industries to
foster national economic growth.”

Table B-6. Ranking of changing global technological environment

No. of 1st No. of 2nd

Rank Factor Average rank places places
P = - ——————————— |
1 Growing difficulty of controlling enough 29 36 27

technological competitive advantage to sustain
an entry barrier

2 Declining lead times and faster product turnover 30 35 27
cycles
3 Increasing number of skilled workers, including 34 29 23

scientists and engineers, in other countries

4 Fragmented structure of some US. industries (e.g., 34 20 , 25
semiconductor equipment manufacturing) not
conducive to efficient and effective R&D and its
commercialization

5 Shifts from leadership to fast-follower technology 3.7 13 18
development strategies

6 Intensifying efforts of foreign companies to derive 49 6 6
income from the licensing of intellectual properties

Sources: Industrial Research Institute and NSB Committee on Industrial Support for R&D

Technology Management Practices

“Relative slowness in product development and commercialization” was ranked first overall in the
technology management practices category. (See table B-7.) This factor received 68 first, second,
and third place rankings—Iless than the 74 received by “reluctance to invest in new enabling
technologies because R&D may be too expensive, long-term, multi-industry, and interdisciplinary,”
which was ranked second overall
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“Failure to integrate R&D and marketing” was ranked third overall; it received 57 first, second,
and third place votes. Nine respondents gave identical rankings to this factor, “failure to
integrate R&D and manufacturing,” and “failure to integrate design and manufacturing”; these
three were listed sequentially on the questionnaire. (Five of the nine respondents gave first place
rankings to these three factors) Overall, “failure to integrate R&D and manufacturing” and
“failure to integrate design and manufacturing” were ranked fourth and seventh, respectively.
Respondents recommended that “general and technology managers demand a closer linkage
between design and manufacturing using techniques such as concurrent engineering and design
for assembly.”

A recurrent theme of recent literature on the erosion of the US. position in high-technology
markets is “weakness in process technology.” Apparently, however, the IRI officials do not
perceive this as a major problem, compared to the other factors, because it was ranked sixth
overall. Only 37 respondents gave this factor first, second, or third place rankings, and 13 of the
69 respondents who assigned rankings to all factors in this category ranked “weakness in process
technology” last. Only three respondents mentioned the need to invest more in process R&D in
their recommendations. “Weakness in process technology” may have been ranked hlgher if the
survey had included a larger number of R&D officials representing electronics compames.
According to Steinmueller, continuous improvements in process technology are crucial in the
integrated circuit industry where companies must be quick to implement state-of-the-art
manufacturing innovations to remain competitive.

“Reluctance to commit significant resources to cooperative research for acquiring new technology”
was ranked eighth overall. Only 33 respondents thought it was a major factor, ranking it first,
second, or third. Also, 13 of those who ranked all 10 factors put it in last place. It can be
inferred from the relatively low ranking of this factor that few major barriers prevent companies
from participating in consortia, “centers of excellence,” engineering research centers, joint ventures,
and other cooperative activities to further the development of new technologies. The relatively
low ranking of this factor is not surprising, because in the last few years (after passage of the
National Cooperative Research Act of 1984), the number of joint ventures between domestic firms
and with foreign partners has increased dramatically.’” About one-fifth of the respondents
recommended the establishment of more mechanisms to facilitate—and greater opportunities
for—cooperation between industry, the government, and the academic sector. Several respondents
recommended elimination of the “us versus them” attitude between government and the business
community.

7 Also, more IRI members represent central corporate laboratories; process technologyand R&D are seldom undertakenat
such locations.

®The Office of Technology Administrationof the US. Departmentof Commerce maintainsa Research and Development
Consortia Register under the National CooperativeResearch Act of 1984.
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Table B-7. Ranking of technology management practices

Rank

10

Average | No. of st

Factor rank places
Relative slowness in product 39 24
development and
commercialization
Reluctance to invest in new 39 47
enabling technologies because the
R&D may be too expensive, long-
term, multi-industry, and
interdisciplinary
Failure to integrate R&D and 47 21
marketing
Failure to integrate R&D and 55 12
manufacturing
‘Big hit” mentality instead of 5.8 10
focused, incremental development
Weakness in process technology 5.8 8
Failure to integrate design and 59 8
manufacturing
Reluctance to commit significant 6.1 3
resources to cooperative research
for acquiring new technology
Bias toward internal development 6.9 4
High-performance/high-cost 70 2
mentality

No. of 2nd
places

26

14

22

11

14

13

10

18

No. of
No. of 3rd last
places places
=
18 2
13 3
14 1
10 0
12 5
16 13
11 3
12 13
11 16
7 13

Sources: Industrial Research Institute and NSB Committee on Industrial Support for R&D
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Federal Technology Policy

Two-thirds of the respondents gave first or second place rankings to “lack of long-term strategies
for expanding the economy (and tax revenues) through technological competitiveness.” (See table
B-8) The importance assigned to this factor can be interpreted as a statement (from most
respondents) in favor of a comprehensive national technology strategy aimed at improving
industrial competitiveness. Twenty-five of the IRl members mentioned the need for such a
strategy in their recommendations.

The two factors that refer to education, “too little attention to the training of future scientists and
engineers” and “too little attention to pre-college education,” were ranked second and fourth,
respectively. The need to strengthen the US. educational system was mentioned more frequently
than any other respondent recommendation.

Two factors frequently included in discussions of competitiveness issues—“too much investment in
defense, too little investment in civilian R&D activities” and “hands-off attitudes of government
officials”—were ranked third and fifth, respectively. Eleven respondents mentioned the need to
channel the revenue saved from any cutbacks in defense spending into the educational system
and/or nondefense R&D. Twenty-eight respondents thought the Federal Government should take
a more active role in arresting the decline in technology leadership by providing (1) support for
emerging technologies or critical industries and (2) more financial incentives and opportunities for
cooperative research by government, industry, and the academic sector. (Two respondents
explicitly stated that the government had no role in industrial research and development.)
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Table B-8. Ranking of Federal technology policy

No. of No. of
Average | No. of st 2nd last
Rank Factor rank places places places
= =
1 Lack of long-term strategies for expanding the 24 58 31 3
economy (and tax revenues) through
technological competitiveness
2 Too little attention to the training of future 38 16 23 5
scientists and engineers
3 Too much investment in defense, too little 40 23 17 15
investment in civiian R&D activities
4 Too little attention to pre-college education 40 15 21 15
5 Hands-off attitudes of government officials 4.2 23 14 11
toward joint government-industry investments in
emerging or endangered technologies and/or
lack of sufficient funding for newly created
mechanisms, e.g.. the National Institute of
Standards and Technology's Advanced
Technology Program
6 Inability to support emerging technology areas 48 0 15 15
that cut across government agencies
7 Lengthy, ineffective enforcement of Federal 5.2 5 7 31
laws against patent infringement and dumping

Sources: Industrial Research Institute and NSB Committee on Industrial Support for R&D

The respondents added more factors to this category than to any of the others, as follows:
m ineffective enforcement of reciprocal free and fair international trade practices;
: B regulatory laws that slow technology commercialization and new product clearance;

® laws that permit high product liability exposure;
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m lack of state and local strategies for expanding the economy through the technological
infrastructure;

m tax laws that discourage investment in capital-intensive industries (in other countries,
companies can write off their investments faster and install new technology sooner);

m lack of tax incentives for research;

m instability of Federal funding and increased insistence on annual funding such that too
much time is spent in winning and reporting on contracts and not enough on doing
creative R&D;

B antitrust laws; and

B Modified Final Judgment restrictions on Bell operating companies.

Summary

The overwhelming majority of IRl member officials participating in the survey held general
management practices and external financial pressures responsible for the erosion in US.
technology leadership. Changing global technological environment and technology management
practices were ranked third and fourth, respectively. Federal technology policy was judged to
have the least impact on maintaining US. technological supremacy compared to the other four
categories.

“Short time horizons” and “management by the numbers rather than by strategic vision” received
far more first and second place rankings than any of the other four factors listed under the
general management practices category. Under external financial pressures, “growing dominance
of institutional investors in equity markets and their demand for short term returns on their
investments” was ranked first by most respondents; “high cost of capital” finished a distant
second. Compared to the categories ranked first and second, there was a weaker consensus in the
ranking of factors under the categories changing global technological environment and technology
management practices. “Growing difficulty of controlling enough technological competitive
advantage to sustain an entry barrier” and “relative slowness in product development and
commercialization” were ranked first under each of these two categories, respectively. “Lack of
long-term strategies for expanding the economy (and tax revenues through technological
competitiveness)” was an easy winner under the Federal technology policy category. :

There was little variation in response by industry and size of company, with the following
exceptions:

m Based on the ranking of factors under Federal technology policy, it would appear that
respondents from the largest companies are more likely than those from smaller companies
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to believe that the US. Government’s hands-off policy toward investment in emerging
technologies is a major impediment in the race to develop and commercialize new
technologies.

Similarly, respondents from several of the major R&D-performing industries—i.e., electrical
equipment, computers, instruments, and communication services—were more likely than
those from less R&D-intensive industries to favor an expanded role for the Federal
Government in assisting industrial science and technology.
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Dear IRI Colleague:

Concern is growing over the threat to U.S. technology
leadership from other industrialized nations. Unfortunately,
instead of increasing investment in R&D to meet this
challenge, the rate of growth in U.S. industrial R&D spending
slowed considerably during the late 1980s (according to
National Science Foundation data). Although there has been
extensive coverage of this issue, no one to my knowledge has
attempted to identify and rank the crucial factors
responsible for the deceleration of R&D spending and gradual
erosion in U.S. technology leadership.

The enclosed questionnaire was developed as a quick,
painless way of gathering your opinions on this important
issue. I urge you to take a few minutes to respond by
ranking the listed factors in Part A and/or by adding others
you feel may be more important. 1In addition, in Part B you
have an opportunity to provide your recommendations on how
the problem could best be tackled by those of us in industry
and/or by government policymakers.

IRI has agreed to share the information from this survey
with the National Science Board's (NSB) Committee on
Industrial Support for R&D which, in conjunction with
Commerce Department officials, has been exploring this issue.
The NSB Committee will include the results of this survey and
issue recommendations for NSF, other executive agencies,
Congress, and the private sector in its final report on this
subject. The Committee's Co-chairmen, Dr. Roland Schmitt and
Dr. Arden Bement, are looking forward to having your input
before the recommendations are finalized. Therefore, it is
important that you return your questionnaire as soon as
possible, but no later than July 15th.

Your cooperation on this project is important for IRI
and the NSB to obtain a thorough understanding of the factors
behind the erosion in U.S. technology leadership. Thank you
in advance for your response.

Sincerelyy,

Wayneml i

President
Industrial Research
Institute

Enclosure




POTENTIAL CAUSES FOR THE EROSION IN U.S. TECHNOLOGY LEADERSHIP

The purpose of this survey is to identify the most important
factors responsible for the erosion in technology leadership of
U.S. industry. We would greatly appreciate your contributing to
this project by

: i ranking the 5 major factors in Part A, using #1 for the
factor you believe is most important
(You may include others you feel are important that may
have been omitted from this 1list.) Please rank them:

General management practices

Technology management practices

External financial pressures

Federal technology policy

Changing global technological environment
Other

2. ranking the items (using the blanks next to the items)
under each of the 5 categories
(Please use the "other" category, if necessary.)

3. commenting on the implications and consequences of
continued erosion in U.S. technological leadership and

listing your recommendations to improve the situation
in Part B

| 4. identifying the industry classification(s) and domestic
| employment size-group of your company in Part C.
:

PART A
I. GENERAL MANAGEMENT PRACTICES

failure and/or inability to integrate technology into
business strategy

management by the numbers rather than by strategic
vision

short time horizons
. N IS high rates of executive turnover
executive talent reward structure
corporate executives' lack of scientific and technical

ingight and lack of experience in the management of
science and technology

other




I1. TECHNOLOGY MANAGEMENT PRACTICES
weaknesg in process technology

relative slowness in product development and
commercialization

failure to integrate R&D and manufacturing
failure to integrate design and manufacturing
failure to integrate R&D and marketing

"big hit" mentality instead of focused, incremental
development

high performance/high cost mentality
bias toward internal development

reluctance to commit significant resources to
cooperative research for acquiring new technology

reluctance to invest in new enabling technologies
because the R&D may be too expensive, long-term, multi-
industry., and interdisciplinary

other

III. EXTERNAL FINANCIAL PRESSURES

growing dominance of institutional investors in equity
markets and their demand for short term returns on
their investments

investment of "patient" capital inhibited by statutory
separation of the managements of industrial and
financial corporations (Glass-Steagal Act)

pressures to reduce debt accrued through leveraged buy-
outs and hostile takeovers

growing costs of compliance with environmental, OSHA,
and other federal and state regulations that compete
with and displace R&D investment

high cost of capital

high cost of U.S. labor relative to that of other
countries

other




1V. FEDERAL TECHNOLOGY POLICY

lengthy, ineffective enforcement of federal laws
against patent infringement and dumping

hands-off attitudes of government officials toward
Joint government-industry investments in emerging or
endangered technologies and/or lack of sufficient
funding for newly created mechanisms, e.g. the National
Institute of Standards and Technology's Advanced
Technology Program

tooc much investment in defense, too little investment
in civilian R&D activities

lack of long-term strategies for expanding the economy
(and tax revenues) through technological
competitiveness

inability to support emerging technology areag that cut
across government agencies

too little attention to the training of future
scientists and engineers

too little attention to pre-college education

other

V. CHANGING GLOBAL TECHNOLOGICAL ENVIRONMENT

increasing number of sgkilled workers, including
scientists and engineers, in other countries

intengifying efforts of foreign companies to derive
income from the licensing of intellectual properties

shifts from leadership to fast-follower technology
development strategies

declining lead times and faster product turnover cycles
fragmented structure of some U.S. industries (e.g.,
semiconductor equipment manufacturing) not conducive to
efficient and effective R&D and its commerciaslization
growing difficulty of controlling enough technological
competitive advantage to sustain an entry barrier

against competing companies around the world

other




PART B

IMPLICATIONS AND CONSEQUENCES

Please comment on what you think may be the implications and

consequences of continued erosion in U.S. technological

leadership and prioritize some specific recommendations (say, 4- y
6) to improve the situation. If you need more space, please

attach an additional sheet.

Please comment:

Please list your recommendationg in order of importance:
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By WILLIAM J. BROAD

A Federal panel said yesterday .
that scientific research by Americen *
business was in a perilous state of-~
stagnation and recommended tough®.
steps to strengthen industry agains( -
foreign rivals, including a series Qf.-
actions by the Federal Government. «

While many experts have issued®
such calls to action, this one is un-
usual for its breadth and authority.,
Its author, the National Sciences
Board, is the policy-making arm qf*
the National Science Foundation, a
Federal agency that supports general,
science research in the United States-
and is responsible for monitoring the
nation's overall scientific health.

Without saying so explicitly, the
panel's report seems to repudiate the
laissez-faire approach of the Reagan
and Bush Administrations, which dis-
dained Government involvement in'
industry research in favor of reliance
on market forces. Lately the Bush
Administration has softened its
stance on this issue, and Gov. Bill
Clinton has strongly backed new Féd-
eral policies to increase industrial
innovation.

The National Science Board in its
report, released yesterday in Wash-
ington, detailed American declines in
research spending by business and
setbacks in high-technology markets
and called for a plan in which Govern<
ment would play a leading role in'
riding to industry’s rescue. !

U.>. Panel Urges Bolstering Scientific Research in Industry:-

Artof Fostering Innovation

Among the proposed Federal steps
were increasing the money for indus-
trial research; changing tax, fiscal
and moneltary policies to promote sci-
entific investment, and creating Fed-
eral education programs to train fu-
ture corporate leaders in the art of
fostering innovation.

The report “‘paints a grim picture,”
Dr. Roland W. Schmitt, the president
of Rensselaer Polytechnic Institute,
in Troy, N.Y., and co-chairman of the
report panel, said in a statement,
adding that stronger Federal leader-
ship was needed. '‘Implementation-of
a national technology policy, estab-
lishing a rationale and guidelines for
Federal action, should receive the
highest priority," he said.

The situation was especially dan-
gerous, he said at a news conference,
because the erosion of America's in-
dustrial edge was steady rather than
precipitous, leading to insufficient
alarm being given tothe issues and
markets at stake.

“We're waving a warning flag," he
said. “There's an emerging risk'’ that
the United States is losing its inven-
tive and competitive edge, threaten-
ing a series of significant losses and
setbacks.

The report, ““The Competitive
Strength of U.S. Industrial Science

and Technology: Strategic Issues,”
was done by the National Science
Board's five-member committee on
industrial support for research and
development. Besides Dr. Schmitt, a
former head of corporate research
for General Electric, the committee’s
co-chairmen are Dr. Arden L. Be-
ment Jr., director of science and tech-
nology at TRW Inc., a leading high-
technology company engaged in civil-
ian and military work.

Reaction to the report was swift
and appeared to be overwhelmingly
positive. Daniel F. Burton, executive
vice president of the Council on Com:
petitiveness, a private-sector group,
said the report was important be-

cause it came from a nonpolitical

arm of the Federal Government.
Charles F. Larson, executive direc-
tor of the Industrial Research Insti-
tute, a trade group based in Washing:
ton, praised the report and said it
codified an emerging consensus.

“Whoever is in the White House |
eventually going to see the light and
realize that industry and government

"have to work together on this .as a

team," he said.
From Teflon to Transistors

Traditionally, America's main
source of innovation and technologi-
cal leadership has been scientific re-
search by private industry. People In
corporate research invented nylon,
Teflon, the transistor, the computer
chip, fiber optics and instant color
film. But now industry faces rising
competition from abroad. In 1991, tog
honors in the award of sheer numbers
of United States patents went to three
Japanese companies: Toshiba, Mit.
subishi and Hitachi.

In its report, the National Science
Board panel, echoing past alarms,
found that American spending on in
dustrial research and development
had stagnated in the 1980's and early,
1990's, even as foreign rivals in-
creased their investments.

In the last three years, it said, six
competitors — Japan, Germany,
France, Italy, Sweden and Britain —
significantly increased their support
of civilian research so that it cumu.
latively rose from being 25 percent
larger than similar work in the Unit.
ed States to being 34 percent greater.

The report noted that American
spending on industrial research
slowed from an annual average
growth of 7.5 percent in constant dol-
lars from 1980 to 1985, to only four-
tenths of 1 percent from 1985 to 1991.

At Risk of Decline

As a result, it said, many American
industries were at risk of decline.
including computers, factory auto-
mation, motor vehicles, metals and
electronics.

The report, citing a survey of 13¢
leading high-technology companies
sald the main cause of the financia)
pullback was not Federal policy, tech-
nology management or the changing
global economy. It was, the report
found, general management prac
tices and external financial pres-
sures.

Corporate laboratories, it said
were under severe financial stress
and were being forced to shift tc
shorter-term research for existing
markets. It found that the mountain
of corporate debt accumulated dur-
ing the takeovers, mergers and acqui-
sitions in the 1980's had squeezed
research to some extent, but that the
top financial pressure was the ‘‘grow-
ing dominance of institutional invest-
ors in equity markets and their de-
mand for short-term returns on their

,investments."

It added that many top corporate
managers lacked the skills and in-
sights to tie technology into business
strategy. In summary, the report said
the United States ‘‘spends too few
dollars'" on industrial research and

makes poor use of the ones it does.

It called for a tax credit for re-
search and development to be made
permanent and a moratorium on a
Treasury regulation that induces
American corporations to move re-
search overseas.

Perhaps most important, it called
for a sharp reversal of priorities in
the overall Federal research budget,
shifting the focus from the military to
the commercial. Currently, some 60
percent of the $70 billion or so Wash-
ington is spending this year on sci-
ence research goes to the Defense
Department and other agencies en-
gaged in military research.

Industry research sponsored by the
Federal Government should be a
team effort with business that focus-
es on generic, precompetitive tech-
nologies that have a broad range of
commercial applications, the report
said.

In a recommendation likely to pro-
voke controversy, the report also
called for Federal efforts to improve
how industry performs its own re-

The New York Times

search. For instance, It called on tha..
National Science Foundation, the:
Government's main sponsor of gen
eral scientific research and educatiop
programs, to consider broadening its-
mission to include *‘the education of.
future corporate leaders of both high-
technology and traditional indu
tries."

Copies of the report can be ob-
tained from the National Science
Board, 1800 G Street N.W., Washing-.
ton, D.C. 20550. >

Kohlberg Buys Stake

By Bloomberg Business News %

STERLING, Ill,, Aug. 12 — Koh}
berg & Company, the investment
firm run by the buyout specialist Je:
rome Kohlberg, has bought a 52 per~
cent stake in the Northwestern Steel
and Wire Company for about $35 mil-
lion. The transaction marks a finan2
cial restructuring for 113-year-old
Northwestern, a closely held makef.

nf stenl nraducte
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INDUSTRIAL R&D

National Science Board
Sounds a Wake-Up Call

The US. economy as a whole may still be
struggling to lift itself out of a recession-in-
duced funk, but one industry, at least, has
experienced remarkable growth: the publish-
ing of reports that predict dire consequences
for economic competitiveness if domestic
firms don’t invest more in research and de-
velopment. Over the past 3 to 4 years, groups
as varied as the Carnegie Commission, the
National Academy of Sciences, the Council
on Competitiveness, the Office of Science
and Technology Policy, and several congres-
sional committees have produced a pile of
literature on the subject that a strong man
would be hard-pressed to lift. Now comes a
new report,* this time from the National
Science Board, warning that without con-
certed government action the United States
risks losing its technological leadership.

While this report echoes the concerns of
many of its predecessors, it is unusual in at
least two respects. First, it forthrightly lays
part of the blame for U.S. industrial decline
at the door of industry itself, although its
authors also argue that corporate CEOs are
merely responding rationally to hostile fi-
nancial conditions. Second, while the report
recommends a stepped-up federal role in sup-
porting industrial technology, it does not call
for the creation of a civilian agency analo-
gous to the Defense Advanced Research
Projects Agency to coordinate this work, as
have a number of other reports.

Furthermore, the report highlights the gen-
erally poor quality of statistics on industrial
R&D, particularly in terms of assessing the
quality and commercial results of R&D spend-
ing, and explicitly recommends upgrading the
collection of such data. Asaresult of these data
gaps, the report’s authors are reduced to argu-
ing that trends in aggregate R&D spending
translate directly into trends in innovation—
anassumption that several R&D analysts have
criticized. Still, members of the science board
committee—co-chaired by Rensselaer Poly-
technic Institute president Roland Schmitr and
TRW vice president for science and technol-
ogy Arthur Bement—say their report is an
important wake-up call to the policy establish-
ment. “We are spending too little, not spend-
ing it the right way, and getting too little for
our money,” Schmitt says.

Shrinking investment. The new report
cites an array of statistics to support that

*The Competitive Strength of U.S. Industrial
Science and Technology: Strategic Issues,
NSF-92-138, August 1992.

notion. For instance, while U.S. industrial
R&D expenditures grew at an average, infla-
tion-adjusted rate of 7.5% a year from 1980
to 1985, such investments tapered off in the
late 1980s, growing by only 0.4% a year from
1986 to 1991. The report doesn't directly
compare U.S. industrial R&D with indus-
trial R&D in other Western nations. But it
notes that growth in total U.S. R&D spend-
ing—that is, research performed in the United
States by industry, government, and academ-
ia—has been slower than in many of the
nation’s major industrial competitors. Japan,
in particular, has in-

"G‘m
-~ =3

the report recommends expanding existing
programs such as the Commerce Department's
Advanced Technology Program, which pro-
vides federal assistance for technology devel-
opmentat small and medium-sized companies.
Many of these programs were resisted by the
Reagan Administration and have only recently
won the support of the Bush Administration
(Science, 20 March, p. 1500).

Sour notes. While some in Congress and
academia were quick to applaud the report,
others have given it mixed reviews. Arno
Penzias, director of research at AT&T Bell
Labs, faults it for emphasizing an apparent short-
fall in corporate R&D and for blaming the
failures of management on the investment cli-
mate. “The problem is not one of not invent-
ing enough stuff, it's how we invent stuff, how
we use it, and how we get it to the market,”
Penzias says. Furthermore, he says, it makes no
sense to argue that a hostile financial climate

creased spending on r

total nondefense-re- & 80 u

latedR&Dmuchfaster § 790

than the United States: g 60 -

In 1990, the United E L

Statesspentonly 1.9% © S0

of GDPon nondefense £ 40 |-

R&D and Japan spent © 54 [

3.0%, whereas in 1980 I w0l
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What's worse, the
report argues, is that
U.S. firms haven't been
investing wisely. For in-
stance, the report notes that U.S. firms allo-
cate a much smaller fraction of their R&D
budgets to process technology than do their
Japanese counterparts, a trend that has slowed
the conversion of innovations into products
and widened the Japanese lead in a variety of
industrial technologies. Similarly, it cites a re-
cent survey of corporate R&D managers as
evidence that U.S. corporations have overly
short time horizons that hinder the develop-
ment of technologies with long-term payoffs.

“Our overriding concern was that these
trends are fatal to the technological competi-
tiveness of the United States in the long
run,” Bement says. To reverse them, the re-
port endorses a national technology policy
that would: Offer a grab bag of tax incentives
to improve the financial investment climate
and consequently boost corporate R&D; re-
orient defense research toward industrial
needs; and provide direct government sup-
port for the development of process technol-
ogy, basic engineering research, and generic
technologies. “The private sector can be
nudged [into increasing R&D investment|
by fine-tuning existing programs and through
fiscal policies,” says Bement.

Where direct federal spending is necessary,

SCIENCE » VOL. 257 « 21 AUGUST 1992

M Current Dollars
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Cause for alarm? R&D expenditures by corporations in the United
States have barely grown since the mid-1980s.

forces managers to make “rational” decisions
that slight R&D. “If people don’t know how to
drive and they run their car off the road, you
can'’t say they're irrational—they just don't
know how to drive.”

Harvard political economist Robert Reich
also argues that the report misses the point in
focusing on a perceived gap in R&D expen-
ditures. “Two measurements are more appro-
priate [than levels of R&D funding]—the
speed of new innovations and the speed at
which they're utilized.... There we do have a
problem, and not one that’s necessarily recti-
fied by throwing more money into R&D.”

But Harvard professor of science and tech-
nology Lewis Branscomb says the report is
remarkable as a watershed in the evolution of
technology policy. When he was director of
the National Bureau of Standards more than
20 years ago, he says, he tried to get the
National Science Board to consider funding
applied research with industrial potential.
“They didn't want anything to do with the
idea.” Whether or not the new report has a
major influence on national policy, its re-
lease by that same National Science Board is
a clear sign that those days are long gone.

—David P. Hamilton
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Gene-F ragment
Patent Request |
Is Turned Down

By HiLARY StouT
Staff Reporter of THE WALL STREET JOURNAL

WASHINGTON — The U.S. Patent and
Trademark Office rejected an applica-
tion by the National Institutes of Health for
patents on thousands of human gene frag-
ments.

The rebuff, the office’s first ruling on
the government'’s controversial attempt to
patent human genes, isn't likely to put the
issue to rest. NIH Director Bernadine
Healy told a Senate committee that the
NIH thinks it can address the patent
office’s reservations. “Our outside attor-
ney says this is common and is confi-
dent that most concerns raised in the
preliminary finding could be met,” she
told the Senate Judiciary Committee.

The NIH roiled the scientific world by
seeking patent protection for some 2,700
segments of DNA, the substance of which
genes are made. While patenting genes
and other biological material isn't a new
idea, the NIH effort has been enormously
contentious because the agency’s scien-
tists have identified only the gene frag-
ments’ existence, not their function. Gen-
erally, something can be patented only if it
is found to be unique and to have a specific
application.

Human genes are enormously valuable ,
because they hold the key to understand- '

ing many diseases. Many people believe
that without patent protection on the dis- }
covery of genes, companies wouldn’t have
an incentive to invest the resources needed
to develop medicines and treatments for
such diseases. The NIH says it would
license patented genes to private compa-,
nies, effectively giving the companies
exclusive right to market medicines based
on the genes. ;
The patent office was concerned that
the NIH was seeking patent protections for
gene sequences whose uses it doesn't
know. Dr. Healy, who disclosed the ruling
at yesterday's. hearing, said the patent
office questioned whether the fragments
were “‘novel, useful and nonobvious." o
The patent office said the gene frag-
ments weren’t novel because they were
derived from publicly available libraries of
gene sequences, according to Dr. Healy. It
also said the fragments didn't have a
practical use, or patentable utility. And it
said the discoveries failed to meet the
criteria of ‘“‘nonobviousness” because
some of the gene sequences contained
smaller sequences that were already pub-
lished. :
The last concern, Dr. Healy said, is
Please Turn to Page B7, Column 3

U.S. Rejects Request
By NIH for Patents
On Gene Fragments

Continued From Page Bl

precisely why the NIH decided to file the
patent applications even though it didn't
know the gene fragments’ functions. The
NIH, which routinely publishes informa-
tion on the sequence in which genes occur
in DNA, was worried that doing so might
jeopardize the possibility of obtaining pa-
tents later, when the function of the genes
is known.

Dr. Healy said the patent office’s posi-
tion *‘suggests the need to at least consider
a legislative remedy and international
agreement that the prior publication of
partial gene sequences not preclude a
subsequent patent on the full genes and/or
partial genes with known function.”

The NIH has three months to amend its
application to address the office's ques-

_ tions, but that period might be extended. A

spokesman for the patent office declined to
comment on the ruling, saying the agency
is forbidden by statute to discuss pending
applications.

NIH officials have said they filed the
patent applications as a preventive meas-
ure, while the government discusses
whether the patenting of genes is appropri-
ate. The NIH isn't seeking patents to
make money, Dr. Healy told the Senate
panel. “It is doing this as a socially
responsible way to ensure that products
that are life-saving remedies that can be
derived from these [gene sequences] will
be developed.”




ENVIRONMENTAL POLICY

War Over the Wetlands:
Ecologists v. the White House

How wet must a wetland be? That may sound
like a riddle, or a scholastic question of inter-
estonly to conservation biologists, but in fact
it has political implications. At this moment,
Vice President Dan Quayle’s Council on
Competitiveness, using what scientific crit-
ics call outdated ecological concepts, is de-
veloping regulations for wetlands that would
protect only areas that are wet continuously.
And that’s a mistake, say ecologists, who are
alarmed by a 1990 government inventory
that found that the nation’s total of 104 mil-
lion acres of wetlands is declining—despite
President Bush’s promise that it would be
protected.

Near the heart of the set-to between the
White House and its ecologist-critics is a pro-
found paradigm shift that has taken place in
ecology in the past decade. Beginning in the
late 1970s and 1980s ecology shifted away from
the view that most ecosystems, when they
mature, tend toward a steady state. In place of
this “balance of nature” view, ecologists adopted
a “flux of nature” view, in which an ecosystem
is seen as a mosaic of variegated pieces that
change character and function over time.

This “patch dynamics” paradigm has criti-
cal consequences for understanding wetlands,
which are among the most changeable of
ecosystems. “A functional wetland—and 1
emphasize functional—is one in which some
patches are indeed wet all year long, but in
which other connected patches are wet only
part of the year and some patches aren’t wet
at all in some years,” says Leigh W.
Fredrickson, director of the School of For-
estry, Fisheries, and Wildlife at the Univer-
sity of Missouri, Columbia. In other words, a
wetland isn’t always wet—and ecologists
think the Administration is making a mis-
take in seeking to protect only the wettest
areas. They argue that protecting the nation’s
wetland’s requires setting aside a much larger
area—including the sometimes dry patches
needed for these ecosystems to function.

Perhaps it isn't surprising that the Ad-
ministration is relying on the static view.
After all, even though patch dynamics was
formulated in the late 70s, it was applied
initially to problems in forest ecology that
traditional methods couldn’t solve. And
though the concept was rapidly embraced by
the ecological community, it takes time for a
conceptual shift to have consequences for
policy. Not until 1989 did Michael Soulé of
the University of California, Santa Cruz, and
David Western of the New York Zoological

Society call on conservation biologists to

make the new paradigm central to species
and ecosystem preservation.

Once patch dynamics began spreading
through the ecology community, wetlands
ecologists found it of great help in understand-
ing their subjects of study, which are unstable
because rain and snowfall are among the most
variable of all climatic phenomena. That vari-
ability translates into large shifts in the degree
of soil saturation in wetland patches. Thus,
while a 1- or 2-year inventory might identify
certain patches as wet, seasonally wet, or dry,
an inventory several years later might find that
the patches have changed categories entirely.
And with those shifts, the type of species

i s RESEARCH NEWS

where. But creating new wetlands has yet to
succeed on a large scale—indeed, a report is-
sued by the National Research Council last
November stated that, in fact, it may be impos-
sible to recreate a functional wetland. Part of
the problem in recreating the system is its dy-
namic, patchy nature. Says Joy B. Zedler, di-
rector of the Pacific Estuarine Research Labo-
ratory at San Diego State University, “youmay
create something that looks like a natural wet-
land in one year, but it may not be functional
in other years because it is not connected to
the other patches that together make up a
functional wetland.”

The bottom line of patch dynamics for
policy, says Zedler, is that preserving the
nation’s wetlands will require setting aside
far more land than most policy makers want
toacknowledge. Estimates of how much range
from 10% to more than double the acreage of
wetlands now protected. Worse, patch dy-
namics suggests that in states such as Califor-
nia, which has lost more than 90% of its

changes. In the wet-
lands south of San
Diego, for example,
several endangered
plantspecies show up
only in certain years,
when the arrange-
ment of patches is
suitable—otherwise
they remain dormant
in the soil.

Critics of the
Bush Administra-
tion's efforts to re-
write wetlands regu-
lations argue that
this ecological dyna-
mism is being ig-
nored. In response to
White House criti-
cisms of the 1977
Clean Water Act,
the Environmental
Protection Agency,

Is wetter better? An eagle nesting area on Taylor’s Island, Maryland, on
the Chesapeake Bay. How to protect wetlands is at the center of a dis-

the Fish and Wild- pute between policy makers in the Bush Administration and ecologists.

life Service, the

Army Corps of Engineers, and the Agriculture
Department Soil Conservation Service drafted
regulations limiting federal protection to wet-
lands that are permanently saturated. “Under
the new regulations, a wetland would have to
pass the so-called duck test: If a duck splashes
when it lands, it must be a wetland,” scoffs
Peggy L. Fiedler, wetlands specialist and direc-
tor of the conservation biology program at San
Francisco State University. In some parts of
the country, this could declassify as much as
75% of wetlands currently protected by the
Clean Water Act.

The draft regulations also contain a mitiga-
tion provision: Developers can fill in low-pri-
ority wetlands for construction as long as they
create an equal amount of similar wetland else-
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wetlands, the few wetlands remaining may
be in serious danger. “There’s not much area
surrounding these wetlands to allow the
patches to be dynamic. As a result, we're left
with trying to force these patches to be static,
and that's just not going to work in the long
run,” Zedler says.

The 1991 regulations were denounced by
a broad range of environmental groups, in-
cluding the Sierra Club, the National
Audubon Society, and the National Wildlife
Federation. But Zedler and others worry that
things could get even worse after the Council
on Competitiveness gets through modifying
the regulations. Jonathan B. Tolman, the
MBA who heads the wetlands office at the

Council on Competitiveness, says the coun-
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THE WHITE HOUSE

WASHINGTON

August 21, 1992

MEMORANDUM FOR WALTER E. MASSEY

FROM: D. ALLAN BROMLW

SUBJECT: PCAST REPORT ON HIGH PERFORMANCE COMPUTING
AND COMMUNICATIONS

I am pleased to present a PCAST report on the High Performance Computing and
Communications Program. The report was prepared by a PCAST panel chaired by Dr.
Solomon Buchsbaum. The panel consulted with industrial and academic professionals,
and has the concurrence of all PCAST members.

In my opinion, it is an excellent assessment of the state of the program. The report
presents a program analysis based on strategy, balance, management and vision. It
provides constructive recommendations for program improvement and positive
reinforcement of successful program elements. It is my hope that the PCAST
recommendations will be given serious consideration by the HPCC participants, and that
the recommendations will lead to improvements in the HPCC program.

To further this end, may I suggest that this report be distributed at the next meeting of
both the FCCSET Chairmen and Vice Chairmen on Tuesday, September 1, as well as
the full FCCSET meeting on Thursday, September 3, 1992.

Thank you for your assistance, and I look forward to seeing you in September.

Attachment
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President’s Council of Advisors on Science and Technology
High Performance Computing and Communications Panel Report

Introduction

In FY92, a Presidential initiative was launched, aimed at securing U.S. preeminence in
high performance computing and related communication technologies. The initiative,
entitled High Performance Computing and Communications (HPCC), is one of five
initiatives coordinated by the Federal Coordinating Council for Science, Engineering,
and Technology (FCCSET) process. Nine federal agencies are currently involved, with
the Defense Advanced Research Project Agency (DARPA), the Department of Energy
(DOE), the National Aeronautics and Space Administration (NASA), and the National
Science Foundation (NSF) providing the principal program funding and direction.
Lesser but important roles are being played by the National Oceanic and Atmospheric
Administration, the National Institute of Standards and Technology, the Environmental
Protection Agency, the Department of Education, and the National Institutes of Health.

The stated goal of the initiative is threefold: extend U.S. technological leadership in high
performance computing and computer communications; provide wide dissemination and
application of the technologies; and spur gains in U.S. productivity and industrial
competitiveness, all within the context of the mission needs of federal agencies. The
strategy for accomplishing the goals and the program components are highlighted in the
report "Grand Challenges: High Performance Computing and Communications,"
published as a supplement to the fiscal year 1992 and 1993 budgets.

Because of the importance of the HPCC program to the national well-being, especially
its potential implication for industrial competitiveness, the Assistant to the President for
Science and Technology has asked that the President’s Council of Advisors in Science
and Technology (PCAST) establish a panel to advise PCAST on the strengths and
weaknesses of the HPCC program. The Panel, which includes two PCAST members
and experts drawn from industry and academia, has conducted several fact finding
meetings, interviewed HPCC program managers from the key participating agencies,
and was briefed by the Computer Systems Policy Project, a private sector organization
representing all the major American computer and information systems corporations.
On this basis, the Panel offers the following observations and recommendations.




Panel Observations and Recommendations

The Panel believes that, in general, the program has important objectives and is
structured to achieve the objectives. The Panel also finds that the HPCC program is
making excellent progress towards achieving the program objectives.

The Panel’s observations and recommendations relate to the following issues: the
program strategy; the program balance among technology, applications, and
infrastructure; the program management; and the program vision.

Strategy

The HPCC program has certain explicit technology goals. The two best known goals
are to implement by 1995 a tera-ops (10" operations per second) computer and a
skeletal gigabit (10’ bits per second) National Research and Education Network.

The Panel finds the strategy of using scalable, massively parallel architectures to achieve
the tera-ops goal convincing. Evidence to-date lends credence to the viability of the
approach. The potential of the scalable, massively parallel computer architectures
exceeds that of any competing choice.

The National Research and Education Network (NREN) approach of coupling diverse
existing networks, for example, the DARPA, NSF, and DOE networks, is also proving
to be effective. The Panel supports the strategy of making NREN both an infrastructure
goal and a testbed for technology development.

The integration of computing and communication as manifested in the program is
viewed by the Panel as a critical part of its strategy. It will do much to accelerate the
Nation to a "digital society." However, the integration of computing and
communication also creates enormous challenges for data handling and analysis.
Therefore, the Panel recommends that special attention be given to database
standardization for ease of utilization.

An effort should be made to encourage additional federal agency participation in the
program. The participation of the National Oceanic and Atmospheric Administration
(NOAA), the Environmental Protection Agency (EPA), the National Institute for
Standards and Technology (NIST), the National Institutes of Health (NIH), and the
Department of Education (DoEd) is important, and their role should be continually
expanded.



The purpose of NREN is threefold: to satisfy the Government’s critical needs for
networked computing, to provide a high speed data communication service for the
research and education community, and in doing so, serve as a testbed for the
development of network technologies and services. The NREN is not intended to "grow"
into a commercial network, nor is NREN designed to serve as an all-inclusive
educational network. Here, the meaning of "network" is functional, not physical. The
optical-fiber physical medium and broadband switches will be owned by common
carriers, and the "network" will be implemented by purchasing services from common
carriers and other commercial vendors of communications services.

Because of this close relationship with the private sector, there is a special opportunity
to stimulate commercial exploitation of products and services developed in conjunction
with the NREN program. The panel recommends that a comprehensive study be made
on the technical, financial, legal and regulatory problems associated with the
commercialization of a nationwide high-speed network to maximize the catalytic effect of
NREN. Furthermore, it is critically important to be paying attention to ways in which
the common carrier industry can be involved now, along with the other players, in
planning how to help a nationwide high performance information infrastructure become
effective and commercially viable as soon as possible.

In order to position the United States to take advantage of the evolving computing and
communications infrastructure, we must develop a broad approach to the use of and
familiarity with high performance computing and communications. In addition to the
program of increased support for research and graduate education contained in the
original HPCC program plan, the panel recommends increased emphasis on programs
to foster the growth of computational science research and education. These programs
will need not only to foster capability in traditional computer science, but also to
stimulate the use of HPCC in the computational solutions to problems in science,
engineering, and other fields.

A dialogue between the HPCC program and industry is essential to the success of the
initiative. Without program acceptance by the various industrial constituencies, the
results of the program will have little impact. Acceptance by industry depends on
strong industrial participation. The HPCC program has successfully included input
from industry to date, and the panel recommends that the dialogue between the HPCC
program and industry be continued and strengthened as the program evolves.




Balance

Comments on the distribution of funds among the four program components are limited
by the Panel’s inability to discriminate between hardware purchases and other program
tasks. Furthermore, since the program is in the early stages of implementation, it is
expected that significant funds earmarked for Advanced Software Technology and
Algorithms (ASTA) and Basic Research and Human Resources (BRHR) are being used
for one time purchase of hardware. Therefore, the Panel’s comments do not address
the balance of spending between the various program components.

The panel believes that the High Performance Computing Systems (HPCS) component
overemphasizes processing speed relative to other computing needs, for example,
memory storage, visualization, and user interface. These technologies enable the user to
manipulate the vast amount of information generated by the enhanced computational
capabilities of scalable, massively parallel computers. Steps should be taken to ensure
that all computing components receive adequate emphasis to allow for the full
exploitation of the tera-ops processing capability.

Some agencies may be overemphasizing support for existing constituencies over program
objectives. Optimal achievement of program objectives should be the primary
determinant of implementation tactics.

In particular, the Grand Challenges should drive the technologies. Agencies should be
encouraged to choose Grand Challenges and support them to ensure success. Because
the implementation of the Grand Challenges will uncover program deficiencies, these
data should be used to assist in the redirection of the program objectives, in particular,
with the HPCS and NREN components. Indeed, several of the panelists believe that the
successful realization of the Grand Challenges constitutes a more important goal than
the development of the supporting technologies.

NOAA, EPA, NIST, NIH, and DoEd engage in research and development which would
be substantially advanced by the application of HPCC technology. These agencies
should continue to identify and undertake Grand Challenges appropriate to their
missions.



Management

The Panel believes that the level of coordination during the planning phase of the
initiative was commendable. For example, the HPCS technology development effort,
jointly implemented by DARPA, DOE, NASA, and NSF has very little overlap and is
effectively addressing the major problems in a coherent manner.

It is the Panel’s view that there are no formal structures to expedite program review
and to discuss program changes during the implementation phase. Program execution is
not reviewed collectively to permit timely program modifications. An effort should be
made to implement the level of program coordination during implementation that was
achieved during program planning.

The Panel suggests, as a test case to foster more tightly coordinated execution, that each
agency could contribute a small portion of their budget, perhaps five percent, toward
the funding of a single, coherently-managed project. The project should be
well-defined, and in support of a highly visible Presidential initiative, e.g., a model of
ozone degradation for the Global Change initiative.

Vision

The panel believes that, successfully implemented, the HPCC initiative will significantly
accelerate the advance toward a "digital information society" in which computing and
communications are combined in a seamless manner to change our lives in profound
ways. The panel believes that this vision has a good chance of being realized. This
vision is widely shared even among those who do not understand the technical details,
and accounts for the strong interest and support that HPCC enjoys.

A unification of computing with communications is inherent in the HPCC strategy. In
NREN, networking makes the power of a single computing resource available to many
users. In massively parallel computing systems, speed is achieved by making it possible
for many processors to work on a single problem in an efficient way through
sophisticated inter-processor communication. Thus, computing is made available in
both "one for many" and "many for one" modes of operation, thanks to effective
communication technology.

The long awaited synthesis between communications and computing technologies will
have an impact that transcends the development of the technologies themselves. It will
be another significant step in the transformation of our society through information
technologies.




THE WHITE HOUSE

WASHINGTON

May 28, 1992

MEMORANDUM FOR THE PRESIDENT’S COUNCIL OF ADVSORS ON SCIENCE
AND TECHNOLOGY

FROM: D. ALLAN BROMLEY
SUBJECT: Briefing Materials for June PCAST Meeting

In preparation for the June 4-5 PCAST meeting, here are copies of several documents
for your review. '

1. Revised June meeting agenda.
Z, First draft of the report from the Panel on Bioscience and
Biotechnology.

3. Draft Executive Summary and Outline of the revised report from the
Panel on Megaprojects in the Sciences.

If you have any questions regarding the draft reports or the agenda, please contact Dr.
Alicia Dustira. I look forward to seeing you at the June meeting.

Attachments




THE WHITE HOUSE

WASHINGTON

May 21, 1992

Dear Dr witters:

I am delighted to hear that you have agreed to join us for the meeting of the
President’s Council of Advisors on Science and Technology (PCAST) on Thursday,
June 4, 1992. As you are aware, the PCAST was established by the President to
provide him with private sector advice on science and technology issues of national
importance. For your convenience, I have enclosed a list of the PCAST members along
with the Agenda for the June 4 meeting.

If you can provide us with handout materials by Friday, May 29, we will include
them in our briefing books. Finally, please note that the meeting will be open to the
public and we expect that 10 to 15 members of the press will attend.

My office will be in contact with you shortly regarding your travel arrange-
ments. If you should have further questions regarding the meeting, please feel free to
contact Dr. Alicia Dustira, Executive Secretary for PCAST, at (202) 395-4692.

The PCAST and I look forward to seeing you on June 4.

Sincerely yours,

llan Bromley
Assistant to the President
for
Science and Technology

Enclosures

Dr. Roy Schwitters

SSC Laboratory

2550 Beckley Meade Avenue
Dallas, TX 75237



EXECUTIVE OFFICE OF THE PRESIDENT

OFFICE OF SCIENCE AND TECHNOLOGY POLICY
WASHINGTON, D.C. 20506

March 16, 1992

DETERMINATION TO CLOSE
PORTIONS OF THE APRIL 2-3, 1992 MEETING OF THE
PRESIDENT’S COUNCIL OF ADVISORS ON SCIENCE AND TECHNOLOGY (PCAST)

The President’s Council of Advisors on Science and Technology (PCAST) will meet on
April 2-3, 1992. This meeting will be held at the Conference Room, Council on
Environmental Quality, 722 Jackson Place. The Council will start its deliberations at
9:00 AM on Thursday, April 2, and conclude at approximately 12:00 Noon on Friday,
April 3.

The proposed agenda for the meeting of the President’s Council of Advisors on Science
and Technology is as follows:

1. Briefing of the Council on the current activities of the Office of Science
and Technology Policy.

2. Briefing of the Council on current federal plans, programs, activities and
policies in science and technology.

3. Discussion of progress on working group panels.

Some of the priority business of the PCAST should be open to the public, and the
background non-sensitive material should be fully available. Therefore, I have
determined that the agenda should be ordered to group material together and to permit
public access to that part of the meeting.

Certain activities of the PCAST and certain of the panel studies concern matters which
are entirely or inseparably classified under formal national security classification
procedures. Other portions of the PCAST activities relate solely to internal personnel
procedures of the Executive Office of the President.

A portion of the discussion on federal plans and programs will necessarily involve
discussion of agency budget preparation plans which, if prematurely disclosed, would
frustrate the purpose for which the PCAST was established and would significantly
complicate and frustrate the implementation by Federal agencies of recommendations
arising from the PCAST. The important purposes, distinguished membership, and
unique context of the PCAST amplify greatly the effects which public disclosure of
these presentations and deliberations would have.




Therefore, I have concluded that in this instance many matters to be presented to the
PCAST and discussed by it permit the meeting to be closed under Section 10(d) of the
Federal Advisory Committee Act, Public Law 92-463, as amended, principally, 5

U.S.C. 552b.(c)(1), (2), (6), and (9)(B).

for
Science and Technology

ichelle K. Van Cleav
General Counsel



SCHEDULE PROPOSAL

TO:

FROM:

REQUEST:

PURPOSE:

BACKGROUND:

PREVIOUS
PARTICIPATION:

DATE AND TIME:

LOCATION:
PARTICIPANTS:

OUTLINE OF EVENT:

THE WHITE HOUSE

WASHINGTON

April 16, 1992

KATHERINE L. SUPER
Deputy Assistant to the President for Appointments and
Scheduling

D. ALLAN BROMLEY
Assistant to the President for Science and Technology

To meet with the President’s Council of Advisors on Science
and Technology (PCAST).

The PCAST will brief the President on several pending
Science and Technology issues that will be especially
relevant in the upcoming months. In particular, the council
would like to advise the President on recent Panel findings
regarding Technology and the American Standard of Living
as well as Science, Technology, and National Security.
PCAST will also present to the President plans for the
Council’s upcoming study of the Health of U.S. Colleges and
Universities, chaired by David Packard.

The PCAST was established by President George Bush, in
Executive Order 12700 on January 19, 1990, and meets with
the President. The PCAST consists of twelve eminent
American scientists, industry leaders, and distinguished
members of the academic and research communities
appointed by the President to advise him directly on issues
involving science and technology. PCAST panels are
subgroups of the full PCAST, created to focus on single
areas if interest in science and technology.

In 1991: February 8, May 2, and July 12.
In 1992: none

Friday, May 8, 1992 between 9:00 AM and 12:00 NOON is
optimum. Also, between 1:00 PM and 5:00 PM May 7,
1992 is a good opportunity.

The Roosevelt Room

list attached

The President joins the meeting in progress. He then asks
the Chairman to proceed with the discussion.




REMARKS REQUIRED: None

MEDIA COVERAGE: White House Photographer only
RECOMMENDED BY: D. Allan Bromley

OPPOSED BY: No one



PARTICIPANTS

The President

D. Allan Bromley, Chairman, PCAST

PCAST Members

Norman Borlaug
Solomon Buchsbaum
Charles Drake
Ralph Gomory
Mary Good
Peter Likins
Thomas Lovejoy
John McTague
Thomas Murrin
Daniel Nathans
David Packard
Harold Shapiro

White House Senior Staff (Invited)

Richard Darman
Samuel Skinner
Brent Scowcroft
Michael Boskin
Michael Deland

OSTP Staff Members

Karl Erb

D. A. Henderson

J. Thomas Ratchford
Eugene Wong

Vickie Sutton
Charles A. Dickens
Alicia Dustira

Ralph Brescia
William Snyder




THE WHITE HOUSE
WASHINGTON

April 22, 1992

1

[
]

MEMORANDUM FOR DR. BROMLEY / v,zg,b“/

FROM: KATHERINE L. SUPER |,
DEPUTY ASSISTANT TO THE PRESIDENT
FOR APPOINTMENTS AND SCHEDULING
SUBJECT ATTACHED SCHEDULE PROPOSAL

The attached request was declined due to time constraints on the
President's schedule on the requested date.

I am forwarding a copy to you for your information and any
further follow-up you deem appropriate.

NOTE: THE PRESIDENT WILL BE OUT OF TOWN ON THE REQUESTED DATES.




SCHEDULE PROPOSAL
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FROM:

REQUEST:

PURPOSE:

BACKGROUND:
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LOCATION:
PARTICIPANTS:

OUTLINE OF EVENT:

THE WHITE HOUSE

WASHINGTON

April 16, 1992

KATHERINE L. SUPER
Deputy Assistant to the President for Appointments and
Scheduling

D. ALLAN BROMLEY
Assistant to the President for Science and Technology

To meet with the President’s Council of Advisors on Science
and Technology (PCAST).

The PCAST will brief the President on several pending
Science and Technology issues that will be especially
relevant in the upcoming months. In particular, the council
would like to advise the President on recent Panel findings
regarding Technology and the American Standard of Living
as well as Science, Technology, and National Security.
PCAST will also present to the President plans for the
Council’s upcoming study of the Health of U.S. Colleges and
Universities, chaired by David Packard.

The PCAST was established by President George Bush, in
Executive Order 12700 on January 19, 1990, and meets with
the President. The PCAST consists of twelve eminent
American scientists, industry leaders, and distinguished
members of the academic and research communities
appointed by the President to advise him directly on issues
involving science and technology. PCAST panels are
subgroups of the full PCAST, created to focus on single
areas if interest in science and technology.

In 1991: February 8, May 2, and July 12.
In 1992: none

Friday, May 8, 1992 between 9:00 AM and 12:00 NOON is
optimum. Also, between 1:00 PM and 5:00 PM May 7,
1992 is a good opportunity.

The Roosevelt Room

list attached

The President joins the meeting in progress. He then asks
the Chairman to proceed with the discussion.
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The President
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PCAST Members
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Charles Drake
Ralph Gomory
Mary Good
Peter Likins
Thomas Lovejoy
John McTague
Thomas Murrin
Daniel Nathans
David Packard
Harold Shapiro

White House Senior Staff (Invited)

Richard Darman
Samuel Skinner
Brent Scowcroft
Michael Boskin
Michael Deland

OSTP Staff Members

Karl Erb

D. A. Henderson

J. Thomas Ratchford
Eugene Wong

Vickie Sutton
Charles A. Dickens
Alicia Dustira

Ralph Brescia
William Snyder




THE WHITE HOUSE

WASHINGTON

February 18, 1992

MEMORANDUM FOR THE PRESIDENT’S COUNCIL OF ADVISORS ON SCIENCE
AND TECHNOLOGY

FROM: D. ALLAN BROMLEY Qﬁ A
SUBJECT: Revised 1992 PCAST Meeting Calendar

As promised during the February PCAST meeting, I have asked my staff to revise our
1992 PCAST meeting schedule (attached). This revision of the calendar has led to the
reinstatement of meeting dates in May, August, and November. These additions are in
response to the Council’s general consensus that more meetings will be necessary in
order to accomplish the robust agenda we are setting for ourselves.

In addition to these changes, I have also asked my staff to schedule six additional sets
of tentative meeting dates between now and November. These six additional dates will
allow for any additional Council meeting time necessary to complete work on the
Health of U.S. Universities project. Thus, these dates will only be used as necessary.

I would ask that you please have someone contact Dr. Alicia Dustira, the PCAST
Executive Secretary, at (202) 395-4692 to let us know your availability for each of these
1992 dates.

Finally, please note that we have attached a bound copy of the President’s FY 1993
R&D Budget for your future reference. This is identical to the photocopied version
that was included in your February briefing book.

I am looking forward to a most productive year for PCAST.

Attachments:
Revised 1992 PCAST Meeting Schedule
Bound Copy of the President’s FY 1993 R&D Budget
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EXECUTIVE OFFICE OF THE PRESIDENT

OFFICE OF SCIENCE AND TECHNOLOGY POLICY
WASHINGTON, D.C. 20506

January 24, 1992

DETERMINATION TO CLOSE
THE FEBRUARY 7, 1992 MEETING OF THE PCAST PANEL ON
HIGH PERFORMANCE COMPUTING AND COMMUNICATIONS

The Panel on High Performance Computing and Communications of the President’s
Council of Advisors on Science and Technology (PCAST) will meet on February 7,
1992. The meeting will begin at 9:00 a.m. in the Room 180 of the Old Executive
Office Building, Washington, DC. The meeting will conclude at about 5:00 PM.

The purpose of the Panel is to advise the PCAST on issues related to high performance
computing and communications that have a bearing on long-range national goals,
government regulation, the transition of Federal programs to industry, and on foreign
access.

Proposed Agenda

8 Briefing of the Panel by expert witnesses from industry on high
performance computing and communication issues.

2. Briefing of the Panel by agency personnel on ongoing Federal activities in
high performance computing and communications.

The briefing of the Panel by expert witnesses will necessarily involve exchanges of
potentially sensitive proprietary commercial information. Also, the briefings of the
Panel by agency personnel will necessarily involve presentation and discussion of
detailed Federal agency budget information which, if prematurely disclosed, would
significantly frustrate the implementation of agency budget decisions.

Therefore, I have concluded that in this instance the matters being presented and
discussed by the Panel permit the meeting to be closed to the public under Section
10(d) of the Federal Advisory Committee Act, Public Law 92-463, as amended,
principally, 5 U.S.C. 552b.(c)(1), (2), (6), and (9)(b).

Do fpesdoy,

D. Allan Bromley
The Assistant to the President
for
Science and Technology

M&lﬁgﬂ,e K. Van Cléave
(0] ‘General Counse



THE PRESIDENT’S COUNCIL OF ADVISORS ON
SCIENCE AND TECHNOLOGY

The President’s Council of Advisors on Science and Technology (PCAST) reports
directly to the President and is the Nation’s highest level, independent advisory body
in science and technology.

Established by the President in 1990, PCAST is designed to provide the President and
senior members of his Administration with direct input from 12 distinguished
members of the private sector spanning a very wide range of expertise, background
and experience. The members are listed in Attachment A.

Beginning with its first meeting with the President at Camp David in February 1990,
the Council with Presidential participation has held monthly one and one half day
meetings. Additionally it has established a number of panels, each chaired by a
Council member, but drawing widely on the private sector for membership, to address
both questions raised by the President as well as issues that, in the opinion of the
Council members, merit Presidential attention.

In addition to this input to the President, PCAST serves to provide vitally important
validation and calibration from the private sector for a wide range of issues and
decisions that are under consideration at Presidential level.




THE WHITE HOUSE

WASHINGTON

January 15, 1992

MEMORANDUM FOR THE PRESIDENT'S COUNCIL OF ADVISORS ON
SCIENCE AND TECHNOLOGY

FROM: D. ALLAN BROMW

SUBJECT: PCAST MEETING BRUARY 6

A copy of the agenda is attached for the next meeting of the Council on February 6,
1992. As was indicated to you earlier, this will be a one day plenary meeting

followed by Panel meetings on Friday, and will include a cocktail reception and
dinner in the evening on Thursday.

Most of this meeting will focus on the President's FY1993 Budget. This year the
Budget includes five crosscuts prepared by the Federal Coordinating Council for
Science, Engineering and Technology (FCCSET). Copies of the crosscut booklets will
be sent to you when they are first released immediately following the Budget.
Although there will be an extremely short time between receiving the crosscut reports
and the PCAST meeting, your evaluation and critique of the reports will be
exceptionally valuable to us, particularly in preparing our presentations for
Congressional hearings in February.

Therefore, I am asking each of the PCAST members to read one crosscut document
carefully before this meeting, and to bring 1 - 2 pages of comments on the assigned
crosscut to the meeting. I will be asking for your thoughts concerning the content as
well as the process outlined in the proposals. The assignment for each PCAST
member is indicated on the attached page.

At the meeting, you will hear very brief presentations on each of the five crosscuts
and then we will be discussing your evaluations of each one. After our discussions, I
will ask the Council to prepare a short (2-3 page) critique of each crosscut for
several possible uses within the Executive Office of the President.

I look forward to seeing you on the sixth.

Attachments



July 8, 1991

|| To : Dr. Bromley

Re: Your report to me of July 2nd

1. Read it with interest.

2. I think it is important that Dept. Of Education stay
informed on any deliberations having to do with Education.
Maybe Lamar Alexander sould send over a representative when &
L education is on you agenda. This is good stuff and I want to be 3
sure that evryone knows what you are doing on, for example, math
and Science. Just a thought !! L

G2

ki

cc: John Sununu

¥ FROM THE PRESIDEN'f J
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THE WHITE HOUSE
 WASHINGTON e
gi ML -5 i 05
July 2, 1991
MEMORANDUM FOR THE PRESIDENT :
T

FROM: D. ALLAN BROMLEY
SUBJECT: Your Council of Advisors on Science and Technology

Mr. President, I would like to summarize the current activities of your Council of
Advisors on Science and Technology.

Since Febru ' ¢ President’ i of Advisors on Science and Technology
(PCAS as w es and hel ssions with you. During our meetings,
jrdicated a ndrber of topics you Wotld like PCAST to consider. Also, the

ncil has had extensive discussions with various senior officials within the
xecutive Office of the President, including the Vice President, Michael Boskin,
Robert Gates, Michael Deland, and Roger Porter, to help better understand the
Administration’s goals and how the PCAST could be most helpful. Further, the
Council talked in detail with many agency and department heads including James
Watkins, Richard Truly, Donald Atwood and others to get their views on how the
PCAST could be responsive to you and the Administration.

Mr. President, as Chairman I can report that the PCAST has been listening and is
working intently on addressing many issues raised during these discussions. Seven of
the most important are briefly described below. Each has been given to separate, ad
hoc, discussion groups within PCAST for further discussion and at an appropriate
time we would look forward to reporting to you on these deliberations.

The first issue is mathematics and science education. The importance of this issue
was touched upon in nearly every PCAST discussion. Council member Peter Likins,
President of Lehigh University, has taken the lead in this area with the goal of (1)
providing an extragovernmental perspective on the work of governmental groups,
including the Committee on Education and Human Resources of the Federal
Coordinating Council for Science, Engineering, and Technology (FCCSET); and (2)
undertaking specific studies to address such relevant questions such as: how best to
approach the very serious problems in US precollege education, are undergraduate
and graduate enrollments in engineering and the sciences appropriate society’s needs
and the talents of our population? Are Ph.D. recipients likely to be available to meet
demands for faculty in engineering and the sciences in the coming decade? How can
enrollments in these areas best be altered?



A second issue involves the global environment and natural resources. Council
members Thomas Lovejoy of the Smithsonian, David Packard, and Nobel laureate
Norman Borlaug, are taking the initiative to: identify areas of potential interaction
and collaboration with the Private sector in global change research; provide private

was asked to lead a group considering the areas of new technology, product
improvement, and the technical workforce, Ralph will then work to identify ways to
enhance the Partnership between the government and the private sector with the goal
of improving our competitive position intemationally.

member Sol Buchsbaum, Senior Vice President for Technology System at AT&T Bell
Laboratories, and Johnny Foster, Chairman of the Defense Science Board, together
with David Packard and others to define and discuss the role science and technology
are expected to play vis-a-vis national security during the decade of the 1990’s and
beyond in a vastly changed world environment, They will examine how effectively
science and technology frontiers are being integrated into our national security
activities; identify gaps or deficiencies, and where appropriate, propose alternative
mechanisms and approaches,

Because of its promise for improved health care and American quality of life, and
because the global market holds many promises for American industry, the area of
bioscience and corresponding biotechnology is a fifth PCAST topic. Council member
and Nobel laureate Daniel Nathans, Professor of Molecular Biology and Genetics at




investigator-initiated science projects. They will examine the potential for greater
international cooperation in the megaprojects, and suggest the most appropriate fora -
governmental and scientific, national and international - in which such cooperation
could be further discussed and coordinated.

A seventh topic being addressed by the PCAST is high performance computing and
communications. Your Presidential Initiative in the 1992 budget in this very
important area laid the groundwork for maintaining and extending U.S. leadership in
both the research and education communities. Here, Sol Buchsbaum is taking the
lead to build upon current Federal activities and to explore ways to encourage the
private sector participation and leadership that will maintain and ensure future U.S.
competitiveness in this field.

The Council is pleased to respond to the challenge you have given it in examining
these issues, and values the opportunities it has had thus far to provide advice. We
look forward to providing you with additional private input on each of these seven
areas and on others of importance to yYou and your Administration.



¢ FRESIDENT HAS SEE*

EXECUTIVE OFFICE OF THE PRESIDENT A\
OFFICE OF SCIENCE AND TECHNOLOGY POLICY ‘ J
J

WASHINGTON, D.C. 20506
| o - pM S
July 3, 1991 ‘}/J ’\

MEMORANDUM FOR THE PRESIDENT ) ’L

FROM: D. ALLAN BROMLEY A“

SUBJECT: FEDERAL COORDINATING COUNCIL FOR SCIENCE,
ENGINEERING AND TECHNOLOGY m

I would like to update you on t progress of the Federal Coordinating Council for
Science Engineering and nology (FCCSEX). As you may recall, in February of
this year, I provided you with reports ( al Climate Change, Math and Science
Education, High Performance Computing and Communication) that were prepared by
FCCSET. These reports described three integrated, coherent, national programs
which you recognized as priority areas for research and development in the FY 1992
Budget to the Congress.

/\‘oﬁ' FY 1992 Budget initiative in High Performance Computing and Communications

(HPCC) has drawn much attention in the Congress. Though the HPCC program
requires no further legislation, authorization committees in both Chambers are
proceeding in this direction. The Office of Science and Technology Policy continues
to work closely with the Economic Policy Council, White House Legislative Affairs,
Counsel and FCCSET member agencies to negotiate acceptable Congressional

nguage which endorses your Administration’s proposal. The House of

/l;epresentatives is due to take the measure to the Floor on July 11; Senate Energy
and Senate Commerce Committees are nearing a compromise measure, with Floor
action likely to occur shortly thereafter. We anticipate an enrolled bill in the early
fall.

I am pleased to be able to report to you that there is an excellent fit between
America 2000 and the specific priorities identified by FCCSET for mathematics and
science education strategies within the Federal agencies. Lamar Alexander, David
Kearns, Jim Watkins, and I have met personally to discuss these issues and I am
pleased that the Secretary of Education will be joining the FCCSET as a member of
the Council. Deputy Secretary of Education Kearns has accepted an invitation to
serve as Co-vice Chairman of the FCCSET Committee on Education and Human
Resources (CEHR), thereby helping provide leadership to interagency efforts to
develop the FY 1993 Budget options.

Progress continues on your initiative to create regional environmental research
institutes to advance global change research, a result of your leadership during the
White House Conference on Science and Economics Research Related to Global
Change. Through the work of member agencies of the FCCSET Committee on Earth
and Environmental Sciences, the United States will convene a workshop from July 15




to July 19, 1991 in San Juan, Puerto Rico to discuss a draft agenda for the Western
Hemisphere Institute’s scientific and economic research program. The National
Science Foundation has played a key role in organizing the workshop and working
with the international scientific community. I shall be giving the keynote address and
we expect the workshop to result in a report containing a series of options and
recommendations on the overall functions of such an institute, identification of the
capabilities and facilities required, options for organization, structure, management,
funding and criteria for site selection. A second meeting will occur later this year, at
which time we anticipate formal agreement on Institute plans and commitment of
resources to establish and operate the Institute. This initiative for global change
research, which you began, will assist the countries of the Western Hemisphere by
promoting development of a global network of regional institutes thereby aiding in our
understanding of the very important processes which underlie global change.

As you will recall, Mr. President, on July 17, 1990 you issued the Decade of the Brain
Proclamation calling upon all public officials and the people of this country to

serve the decade with appropriate programs and activities. Subsequent legislation,
sponsored by the late Congressman Silvio Conte, directed OSTP to lead Federal
activity in coordinating the scientific effort for the Decade. As Chairman of FCCSET,
I asked the FCCSET Committee on Life Sciences and Health to undertake the role of
identifying and coordinating Federal research efforts and resource needs of
*stimulating international cooperation, and assessing national and international policy
issues concerning the brain and behavioral sciences. The attached report produced by
the FCCSET, Maximizing Human Potential: Decade of the Brain. 1990-2000

ognizes the work of 22 separate Federal agencies and institutes involved in the
Decade of the Brain initiative. This report was released on April 24, 1991, when I
had the opportunity to pay tribute to the Honorable Silvo Conte for his interest in
this field of science as well as to the many Federal agencies that are leading the way
in basic research, technology, and international activities.

On April 15, 1990, FCCSET met to discuss opportunities for R&D crosscut analysis
as a part of the planning process for the FY 1993 Budget. FCCSET agreed to
continue interagency R&D planning in the three fields identified by your FY 1992
budget (global change research, mathematics and science education, and HPCC), and
to initiate strategic planning in two other areas: biotechnology research, and
advanced materials and processing. As you look to each Cabinet officer to help
identify priorities for FY 1993, it is my intent that the FCCSET forum complement
this process, recognizing that there are R&D issues that transcend individual agencies.
The S-year budget agreement requires both the Administration and Congress to make
difficult choices on spending priorities. I am committed to working with other senior
Administration officials to utilize the FCCSET forum as one vehicle to help bring a
government-wide planning framework to areas of R&D involving several Federal
agencies.



As there have been changes in the leadership of your Federal R&D departments and
agencies, membership of FCCSET has been adjusted. Thus, I am attaching an
updated list of your appointees currently serving on the FCCSET together with a
listing of the FCCSET standing committees.

I look forward to providing you a subsequent update in September on FCCSET

activities as we complete preparation of options for your FY 1993 Budget
consideration.

Attachments




