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SCIENCE, TECHNOLOGY, AND GLOBAL
ECONOMIC COMPETITIVENESS

THURSDAY, OCTOBER 20, 2005

HOUSE OF REPRESENTATIVES,
COMMITTEE ON SCIENCE,

Washington, DC.

The Committee met, pursuant to call, at 10:00 a.m., in Room
2318 of the Rayburn House Office Building, Hon. Sherwood L.
Boehlert [Chairman of the Committee] presiding.
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HEARING CHARTER

COMMITTEE ON SCIENCE
U.S. HOUSE OF REPRESENTATIVES

Science, Technology, and Global
Economic Competitiveness

THURSDAY, OCTOBER 20, 2005
10:00 A.M.–12:00 P.M.

2318 RAYBURN HOUSE OFFICE BUILDING

1. Purpose
On Thursday, October 20, 2005, the House Science Committee will hold a hearing

to receive testimony on the report released by the National Academy of Sciences on
October 12 entitled Rising Above the Gathering Storm: Energizing and Employing
America for a Brighter Economic Future. The report, which was requested by Con-
gress, recommends ways to strengthen research and education in science and tech-
nology.
2. Witnesses
Mr. Norman R. Augustine, Retired Chairman and CEO of the Lockheed Martin
Corporation. Mr. Augustine chaired the National Academy of Sciences (NAS) com-
mittee that wrote the report.
Dr. P. Roy Vagelos, Retired Chairman and CEO of Merck & Co. Dr. Vagelos
served on the NAS committee that wrote the report.
Dr. William A. Wulf, President of the National Academy of Engineering and Vice
Chair of the National Research Council, the principal operating arm of the National
Academies of Sciences and Engineering.

3. Overarching Questions

• What are the principal innovation-related challenges the United States faces
as it competes in the global economy?

• What specific steps should the Federal Government take to ensure that the
United States remains the world leader in innovation?

4. Brief Overview

• While the U.S. continues to lead the world in measures of innovation capac-
ity—research and development (R&D) spending, number of scientists and en-
gineers, scientific output, etc.—recent statistics on the level of U.S. support
for research relative to other countries indicate that this lead may be slip-
ping. Overall U.S. federal funding for R&D as a percentage of gross domestic
product (GDP) has declined significantly since its peak in 1965, and the focus
of this R&D has shifted away from the physical sciences, mathematics, and
engineering—the areas of R&D historically most closely correlated with inno-
vation and economic growth.

• At the same time, other nations—particularly emergent nations such as
China and India—have recognized the importance of innovation to economic
growth, and are pouring resources into their scientific and technological infra-
structure, rapidly building their innovation capacity and increasing their abil-
ity to compete with the United States in the global economy.

• In May 2005, at the request of Congress, the National Academy of Sciences
(NAS) began a study of ‘‘the most urgent challenges the United States faces
in maintaining leadership in key areas of science and technology.’’ NAS as-
sembled a high-level panel of senior scientists and business and university
leaders and produced a report in five months.

• The NAS report offers four broad recommendations: (A) increase America’s
talent pool by vastly improving K–12 science and mathematics education; (B)
sustain and strengthen the Nation’s traditional commitment to long-term
basic research; (C) make the United States the most attractive setting in

VerDate 11-MAY-2000 11:58 May 20, 2006 Jkt 024132 PO 00000 Frm 00011 Fmt 6633 Sfmt 6621 C:\WORKD\FULL05\102005\24132 SCIENCE1 PsN: SCIENCE1



4

1 See pages 18–19 of this charter for the pages of the NAS report that contain the sources
for these statistics.

which to study and perform research; and (D) ensure that the United States
is the premier place in the world to innovate. (The executive summary of the
NAS report is attached in Appendix A.)

• The NAS report also describes 20 explicit steps that the Federal Government
could take to implement its recommendations. The report estimates the total
cost of these steps to be $9.2–$23.8 billion per year.

5. Summary of NAS Report
In May of this year, Senators Lamar Alexander and Jeff Bingaman, Chairman of

the Energy Subcommittee and Ranking Member of full Senate Committee on Energy
and Natural Resources, respectively, asked the National Academy of Sciences (NAS)
to conduct a study of ‘‘the most urgent challenges the United States faces in main-
taining leadership in key areas of science and technology.’’ In June, Science Com-
mittee Chairman Sherwood Boehlert and Ranking Member Bart Gordon wrote to
the NAS to endorse the Senate request for a study and suggest some additional spe-
cific questions (the text of the Senate and House letters are attached in Appendices
B and C). The study was paid for out of internal Academy funds, and NAS released
the report on October 12.
The Problem

The NAS report begins by describing how science and engineering are critical to
American prosperity. Technical innovations, such as electricity and information
technology, have increased the productivity of existing industries and created new
ones and improved the overall quality of life in the U.S. The report then examines
how the U.S. is doing relative to other countries in science and technology today—
looking at indicators such as science and engineering publications, R&D investment,
venture capital funding, and student proficiency levels—to see if the U.S. is posi-
tioned to make the next generation of innovations needed to maintain U.S. competi-
tiveness and security going forward.

‘‘Worrisome indicators’’ outlined in the report1 include:
• The United States today is a net importer of high-technology products. Its

share of global high-technology exports has fallen in the last two decades
from 30 percent to 17 percent, and its trade balance in high-technology manu-
factured goods shifted from plus $33 billion in 1990 to a negative $24 billion
in 2004.

• In 2003, only three American companies ranked among the top 10 recipients
of patents granted by the United States Patent and Trademark Office.

• In Germany, 36 percent of undergraduates receive their degrees in science
and engineering. In China, the figure is 59 percent, and in Japan 66 percent.
In the United States, the corresponding figure is 32 percent.

• Fewer than one-third of U.S. 4th grade and 8th grade students performed at
or above a level called ‘‘proficient’’ in mathematics (‘‘proficiency’’ was consid-
ered the ability to exhibit competence with challenging subject matter). About
one-third of the 4th graders and one-fifth of the 8th graders lacked the com-
petence to perform basic mathematical computations.

The NAS report concludes that education, research, and innovation are essential
if the U.S. is to succeed in providing jobs for its citizenry.
Recommendations and Steps the Federal Government Should Take to Implement

Them
The NAS report makes four recommendations, each of which is supported by ex-

plicit steps that the Federal Government could take to implement the recommenda-
tions. These recommendations and steps are provided verbatim below; more details
on each step are available in the report executive summary in Appendix A.

10,000 Teachers, 10 Million Minds and K–12 Science and Mathematics Edu-
cation

Recommendation A: Increase America’s talent pool by vastly improving K–12
science and mathematics education.

Implementation Steps:
• A–1: Annually recruit 10,000 science and mathematics teachers by awarding

four-year scholarships and thereby educating 10 million minds.
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• A–2: Strengthen the skills of 250,000 teachers through training and education
programs at summer institutes, in Master’s programs, and Advanced Place-
ment and International Baccalaureate (AP and IB) training programs and
thus inspire students every day.

• A–3: Enlarge the pipeline by increasing the number of students who take AP
and IB science and mathematics courses.

Sowing the Seeds through Science and Engineering Research
Recommendation B: Sustain and strengthen the Nation’s traditional commitment

to long-term basic research that has the potential to be transformational to main-
tain the flow of new ideas that fuel the economy, provide security, and enhance the
quality of life.

Implementation Steps:
• B–1: Increase the federal investment in long-term basic research by 10 per-

cent a year over the next seven years.
• B–2: Provide new research grants of $500,000 each annually, payable over

five years, to 200 of our most outstanding early-career researchers.
• B–3: Institute a National Coordination Office for Research Infrastructure to

manage a centralized research infrastructure fund of $500 million per year
over the next five years.

• B–4: Allocate at least eight percent of the budgets of federal research agencies
to discretionary funding.

• B–5: Create in the Department of Energy an organization like the Defense
Advanced Research Projects Agency called the Advanced Research Projects
Agency-Energy (ARPA–E).

• B–6: Institute a Presidential Innovation Award to stimulate scientific and en-
gineering advances in the national interest.

Best and Brightest in Science and Engineering Higher Education
Recommendation C: Make the United States the most attractive setting in which

to study and perform research so that we can develop, recruit, and retain the best
and brightest students, scientists, and engineers from within the United States and
throughout the world.

Implementation Steps:
• C–1: Increase the number and proportion of U.S. citizens who earn physical-

sciences, life-sciences, engineering, and mathematics Bachelor’s degrees by
providing 25,000 new four-year competitive undergraduate scholarships each
year to U.S. citizens attending U.S. institutions.

• C–2: Increase the number of U.S. citizens pursuing graduate study in ‘‘areas
of national need’’ by funding 5,000 new graduate fellowships each year.

• C–3: Provide a federal tax credit to encourage employers to make continuing
education available (either internally or through colleges and universities) to
practicing scientists and engineers.

• C–4: Continue to improve visa processing for international students and
scholars.

• C–5: Provide a one-year automatic visa extension to international students
who receive doctorates or the equivalent in science, technology, engineering,
mathematics, or other fields of national need at qualified U.S. institutions to
remain in the United States to seek employment. If these students are offered
jobs by U.S.-based employers and pass a security screening test, they should
be provided automatic work permits and expedited residence status.

• C–6: Institute a new skills-based, preferential immigration option.
• C–7: Reform the current system of ‘‘deemed exports.’’

Incentives for Innovation and the Investment Environment
Recommendation D: Ensure that the United States is the premier place in the

world to innovate; invest in downstream activities such as manufacturing and mar-
keting; and create high-paying jobs that are based on innovation by modernizing the
patent system, realigning tax policies to encourage innovation, and ensuring afford-
able broadband access.

Implementation Steps:
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2 For example, the U.S. Commission on National Security in the 21st Century (the Hart-Rud-
man Commission, Phase III, 2001) recommended doubling the federal research and development
budget by 2010.

3 The six non-U.S. members of the G–7 are France, Great Britain, Germany, Japan, Italy and
Canada.

4 Booz Allen Hamilton’s Global Innovation 1,000 study was released on October 11, 2005 and
is available on line at http://www.boozallen.com. An example of their findings is that companies
in the bottom 10 percent of R&D spending as a percentage of sales under-perform competitors
on gross margins, gross profit, operating profit, and total shareholder returns. However, compa-
nies in the top 10 percent showed no consistent performance differences compared to companies
that spend less on R&D.

• D–1: Enhance intellectual property protection for the 21st century global
economy.

• D–2: Enact a stronger research and development tax credit to encourage pri-
vate investment in innovation.

• D–3: Provide tax incentives for U.S.-based innovation.
• D–4: Ensure ubiquitous broadband Internet access.

Costs of the Recommendations
The NAS report provides a ‘‘back of the envelope’’ estimate of the annual cost to

the Federal Government of each of the implementation steps that are recommended.
• For the three steps in Recommendation A (increase America’s talent pool by

vastly improving K–12 science and mathematics education): $1.5–$2.4 billion
per year.

• For the six steps in Recommendation B (sustain and strengthen the Nation’s
traditional commitment to long-term basic research): $1.1–$3.4 billion per
year.

• For the seven steps in Recommendation C (make the United States the most
attractive setting in which to study and perform research): $1.6–$3.6 billion
per year.

• For the four steps in Recommendation D (ensure that the United States is
the premier place in the world to innovate): $5.1–$14.4 billion per year.

The total cost of these steps would be $9.2–$23.8 billion per year.

6. Issues Related to Specific Recommendations in the NAS Report and Re-
lated Questions for the Witnesses

In the invitation letter for the hearing, each of the witnesses was asked to answer
questions about the three specific recommendations discussed below. These were
major recommendations that seemed to call for further elaboration.

Recommendation B–1: Increase the federal investment in long-term basic research
by 10 percent a year over the next seven years: Numerous reports and groups in re-
cent years have suggested doubling federal funding for basic research, as the NAS
report recommends.2 (The authorization bill for the National Science Foundation the
Congress passed in 2002 called for doubling that agency’s budget, and Congress did
double the budget of the National Institutes of Health over the past six years or
so.) While these reports have included a rationale for increasing federal R&D spend-
ing, none has explained the reason why a specific level of spending needs to be
achieved by a particular date. The U.S. currently spends $56 billion annually on
non-defense R&D, more than the rest of the G–7 countries3 combined. Also, total
R&D spending (government and industry) in the U.S. has remained relatively con-
stant as a percentage of the U.S. gross domestic product, indicating that investment
in R&D has grown as the U.S. economy has grown, begging the question of why in-
creased federal investment is necessary. (This may be especially true if federal R&D
is being invested in the same kinds of research as private R&D rather than in kinds
of research, particularly basic research, that might otherwise be neglected.)

In addition, the NAS report argues that federal investment in basic research fuels
economic growth by contributing new ideas that can eventually lead to commercial
products. Yet recent surveys of industry suggest that companies’ investments in
R&D have had only a very limited impact on the success of the individual compa-
nies.4 What is true for individual companies is not necessarily true for nations as
a whole; R&D may contribute greatly to the relative economic success of the U.S.
as a whole, while not being so important to any individual company. (This would
make sense. Nations stay ahead through innovation, but individual companies may
have other comparative advantages.) But the company statistics and attitudes on
R&D at least raise the question about whether the contribution of R&D to economic
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5 Energy Efficiency Progress and Potential, American Council for an Energy-Efficient Economy,
no date.

success is exaggerated, and how federal R&D investment contributes to overall eco-
nomic success.

Questions in the witness letters on this recommendation:

• How did the study panel arrive at the recommended 10 percent annual in-
crease in federally-sponsored basic research over the next seven years? What
other options did the panel consider and what led to the choice of 10 percent?

• Recent surveys of industry suggest that basic research performed at univer-
sities and transformational technological innovation have only a very limited
impact on the success of individual companies. Is the impact of research and
innovation different for the economy as a whole than it is for individual com-
panies?

Recommendation B–4: Allocate at least eight percent of the budgets of federal re-
search agencies to discretionary funding: A number of recent reports have expressed
concern that the current grant selection system in most agencies shies away from
daring proposals. The view is that when funding is tight (like now), researchers and
the peer review system both tend to favor incremental research proposals—projects
that are guaranteed to produce results—results that are generally in keeping with
existing ideas. In this situation, high-risk research (especially that proposed by
young investigators or involving interdisciplinary studies) can be underfunded or ne-
glected entirely. The NAS report recommends that funding be set aside at federal
research agencies (and distributed at program officers’ discretion) for high-risk,
high-payoff research. While such research is valuable, so is the research that pro-
vides steady if incremental advances on existing scientific questions. In addition, not
every agency is equally well equipped to solicit and select high-risk projects. Finally,
even if setting aside such funding is a good idea, it’s unclear whether eight percent
is a reasonable amount.

Questions in the witness letters on this recommendation:

• How did the study panel arrive at the recommended eight percent allocation
within each federal research agency’s budget to be managed at the discretion
of technical program managers to catalyze high-risk, high-payoff research?
What other options did the panel consider and what led to the choice of eight
percent?

Recommendation B–5: Create in the Department of Energy an organization like the
Defense Advanced Research Projects Agency called the Advanced Research Projects
Agency-Energy (ARPA–E): The recommendation seems to assume that the main rea-
son the U.S. has not made more progress in deploying technologies that use less en-
ergy or that use alternative energy sources is that the technology is not being devel-
oped. But numerous studies have concluded that the primary problem in energy
technology is that existing advanced technologies never get deployed. These studies
tend to recommend policy changes to encourage the deployment of advanced tech-
nologies, as opposed to recommending (or merely recommending) programs to de-
velop new technologies. For example, a recent American Council for an Energy Effi-
cient Economy study estimated that ‘‘adopting a comprehensive set of policies for
advancing energy efficiency could lower national energy use by 18 percent in 2010
and 33 percent in 2020.’’ 5 Similarly, a 2001 NAS study on automotive fuel economy
described numerous existing technologies that could reduce dependence on foreign
oil, but are not yet deployed.

In addition, it is not clear whether the DARPA analogy is entirely apt. DARPA
funds advanced technologies that will eventually be used by the Pentagon. The gov-
ernment itself would not be the main purchaser of technologies developed by ARPA–
E, so those technologies would still face existing problems in finding markets. It is
also unclear how the research that would be supported by ARPA–E would differ
from that already funded by the Department of Energy’s current conservation and
renewable energy research programs.

Questions in the witness letters on this recommendation:
• Industry and government have both developed numerous energy production

and energy efficiency technologies that have not been deployed. How did the
study panel arrive at its implicit conclusion that technology development is
the greater bottleneck (as opposed to policy) in developing energy systems for
a 21st century economy?
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7. General Issues
Overall Federal Support for R&D

The amount of the country’s overall wealth devoted to federal R&D has declined
significantly since the post-Sputnik surge in support for R&D. According to Office
of Management and Budget statistics, in 1965, funding for federal R&D as a per-
centage of GDP (measured as outlays), also known as R&D intensity, was slightly
over two percent (Chart 1). In 2005, it is estimated to be 1.07 percent.

While this ratio has recently begun to increase again, turning upward over the
last five years, the majority of those increases have gone toward short-term defense
development and homeland security applications. For example, the Department of
Defense (DOD) R&D increases alone—most of which have supported development
projects that have very little impact on innovation or broader economic develop-
ment—has accounted for almost 70 percent of the overall R&D increases of the last
five years. Of the remaining increases, 75 percent has gone to the National Insti-
tutes of Health (NIH) and the Department of Homeland Security (DHS). At $71 bil-
lion and $29 billion, respectively, the R&D budgets of DOD and NIH now account
for over 75 percent of all federal R&D. Meanwhile, funding for the physical sciences
and engineering—the areas historically most closely associated with innovation and
economic growth—have been flat or declining for the last thirty years.

Also, the long-term outlook for the federal budget does not favor future increases
in discretionary spending (through which almost all R&D is funded). Absent major
policy changes, the growth in mandatory federal spending—primarily for health and
retirement benefits and payments on the national debt interest—will demand a sig-
nificantly greater share of the government’s resources.

Shift of Private Sector R&D
During the heyday of the corporate research laboratory in the middle decades of

the 20th century, U.S. corporate laboratories supported all stages of R&D, from
knowledge creation to applied research to product development, and were quite suc-
cessful in their efforts to nurture innovation. The most notable example of this was
AT&T’s Bell Laboratories, which grew to be one of the world premier research orga-
nizations of the last century, developing numerous breakthrough technologies that
changed American life, including transistors, lasers, fiber-optics, and communica-
tions satellites. Researchers at Bell Labs and other corporate laboratories were eligi-
ble for, and received, grants from federal research agencies such as the National
Science Foundation and DOD, but they received core support from the parent com-
pany and they conducted basic and applied research directed toward developing
technology relevant to the company’s business.
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While overall growth of industry-funded R&D has remained strong in recent
years, the focus of this R&D has shifted significantly away from longer-term basic
research in favor of applied research and development more closely tied to product
development. Because of market demands from investors to capitalize on R&D
quickly, large corporate laboratories of the Bell Labs model are increasingly rare
(notable exceptions include companies such as IBM and GE). Instead, corporations
now focus research projects almost exclusively on lower-risk, late-stage R&D
projects with commercial benefits, leaving the Federal Government as the predomi-
nant supporter of long-term basic research.
Increasing Competitiveness of Foreign Countries

While trends of support for the innovation system in the U.S. have showed signs
of slowing, other nations are committing significant new resources to building their
science and technology enterprises. More than one-third of OECD (Organization for
Economic Cooperation and Development) countries have increased government sup-
port for R&D by an average rate of over five percent annually since 1995. The Euro-
pean Union has recently established a target to achieve EU-wide R&D intensity of
three percent of the EU economy by 2010. (By comparison, the current U.S. R&D
intensity, public and private sector combined, is 2.6 percent of GDP.) Similarly, indi-
vidual nations, including South Korea, Germany, the U.K. and Canada, have re-
cently pledged to increase R&D spending as a percentage of GDP.

However, no nation has increased its support for innovation as dramatically as
China. It has doubled its R&D intensity from 0.6 percent of its GDP in 1995 to 1.2
percent in 2002 (this during a time of rapid GDP growth). R&D investments in
China by foreign corporations have also grown dramatically, with U.S. investments
alone increasing from just $7 million in 1994 to over $500 million in 2000. China
is now the third largest performer of R&D in the world, behind only the U.S. and
Japan.

The increased innovation capacity of other countries is also becoming evident in
output-based R&D benchmarks. For example, the U.S. share of science and engi-
neering publications published worldwide declined from 38 percent in 1988 to 31
percent in 2001, while Western Europe and Asia’s share increased from 31 to 36
percent and 11 to 17 percent, respectively. Similar trends have occurred in the area
of U.S. patent applications and citations in scientific journals.
Education and Workforce Issues

While the supply and demand of future scientists and engineers is notoriously dif-
ficult to predict, most experts believe that the transition to a knowledge-based econ-
omy will demand an increased quality and quantity of the world’s scientific and
technical workforce. As is the case with R&D figures, trends in the distribution of
the world’s science and engineering workforce are also unfavorable to long-term U.S.
competitiveness.

The world is catching up and even surpassing the U.S. in higher education and
the production of science and engineering specialists. China now graduates four
times as many engineering students as the U.S., and South Korea, which has one-
sixth the population of the U.S., graduates nearly the same number of engineers as
the U.S. Moreover, most Western European and Asian countries graduate a signifi-
cantly higher percentage of students in science and engineering. At the graduate
level, the statistics are even more pronounced. In 1966, U.S. students accounted for
approximately 76 percent of world’s science and engineering Ph.D.s. In 2000, they
accounted for only 36 percent. In contrast, China went from producing almost no
science and engineering Ph.D.s in 1975 to granting 13,000 Ph.D.s in 2002, of which
an estimated 70 percent were in science and engineering.

Meanwhile, the achievement and interest levels of U.S. students in science and
engineering are relatively low. According to the most recent international assess-
ment, U.S. twelfth graders scored below average and among the lowest of partici-
pating nations in math and science general knowledge, and the comparative data
of math and science assessment revealed a near-monopoly by Asia in the top scoring
group for students in grades four and eight. These students are not on track to
study college level science and engineering and, in fact, are unlikely ever to do so.
Of the 25–30 percent of entering college freshmen with an interest in a science or
engineering field, less than half complete a science or engineering degree in five
years.

All of this is happening as the U.S. scientific and technical workforce is about to
experience a high rate of retirement. One quarter of the current science and engi-
neering workforce is over 50 years old. At the same time, the U.S. Department of
Labor projects that new jobs requiring science, engineering and technical training
will increase four times higher than the average national job growth rate.
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Industry Concerns and Reports
Some leading U.S. businesses have become increasingly vocal about concerns that

the U.S. is in danger of losing its competitive advantage. In an effort to call atten-
tion to these concerns, several industry organizations have independently produced
reports specifically examining the new competitiveness challenge and recommending
possible courses of action to address it. Prominent among these efforts is the Na-
tional Innovation Initiative (NII), a comprehensive undertaking by industry and uni-
versity leaders to identify the origins of America’s innovation challenges and pre-
pare a call to action for U.S. companies to ‘‘innovate or abdicate.’’ The December
2004 NII final report, Innovate America: Thriving in a World of Challenge and
Change, is intended to serve as a roadmap for policy-makers, industry leaders, and
others working to help America remain competitive in the world economy.

Other industry associations that have also produced recent reports include AeA
(formerly the American Electronics Association), the Business Roundtable, Elec-
tronic Industries Alliance, National Association of Manufacturers, and TechNet.
While the companies and industry sectors represented by these organizations varies
widely, one general recommendation was common to all of the reports: the Federal
Government needs to strengthen and re-energize investments in R&D and science
and engineering education. The Science Committee held a hearing on July 21, 2005
on U.S. Competitiveness: The Innovation Challenge to examine the issues raised in
these reports and how federal science and engineering research and education in-
vestments impacts U.S. economic competitiveness.
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6 For example, work by Robert Solow and Moses Abramovitz published in the middle 1950s
demonstrated that as much as 85 percent of measured growth in U.S. income per capita during
the 1890–1950 period could not be explained by increases in the capital stock or other measur-
able inputs. The big unexplained portion, referred to alternatively as the ‘‘residual’’ or ‘‘the
measure of ignorance,’’ has been widely attributed to the effects of technological change.

Appendix A

Executive Summary of National Academy of Sciences Re-
port, Rising Above the Gathering Storm: Energizing and
Employing America for a Brighter Economic Future

The United States takes deserved pride in the vitality of its economy, which forms
the foundation of our high quality of life, our national security, and our hope that
our children and grandchildren will inherit ever-greater opportunities. That vitality
is derived in large part from the productivity of well-trained people and the steady
stream of scientific and technical innovations they produce. Without high-quality,
knowledge-intensive jobs and the innovative enterprises that lead to discovery and
new technology, our economy will suffer and our people will face a lower standard
of living. Economic studies conducted before the information-technology revolution
have shown that even then as much as 85 percent of measured growth in U.S. in-
come per capita is due to technological change.6

Today, Americans are feeling the gradual and subtle effects of globalization that
challenge the economic and strategic leadership that the United States has enjoyed
since World War II. A substantial portion of our workforce finds itself in direct com-
petition for jobs with lower-wage workers around the globe, and leading-edge sci-
entific and engineering work is being accomplished in many parts of the world.
Thanks to globalization, driven by modern communications and other advances,
workers in virtually every sector must now face competitors who live just a mouse-
click away in Ireland, Finland, China, India, or dozens of other nations whose econo-
mies are growing.

CHARGE TO THE COMMITTEE
The National Academies was asked by Senator Lamar Alexander and Senator Jeff

Bingaman of the Committee on Energy and Natural Resources, with endorsement
by Representatives Sherwood Boehlert and Bart Gordon of the House Committee on
Science, to respond to the following questions:

What are the top 10 actions, in priority order, that federal policy-makers could
take to enhance the science and technology enterprise so that the United States
can successfully compete, prosper, and be secure in the global community of the
21st Century? What strategy, with several concrete steps, could be used to im-
plement each of those actions?

The National Academies created the Committee on Prospering in the Global Econ-
omy of the 21st Century to respond to this request. The charge constitutes a chal-
lenge both daunting and exhilarating: to recommend to the Nation specific steps
that can best strengthen the quality of life in America—our prosperity, our health,
and our security. The committee has been cautious in its analysis of information.
However, the available information is only partly adequate for the committee’s
needs. In addition, the time allotted to develop the report (10 weeks from the time
of the committee’s meeting to report release) limited the ability of the committee
to conduct a thorough analysis. Even if unlimited time were available, definitive
analyses on many issues are not possible given the uncertainties involved.

This report reflects the consensus views and judgment of the committee members.
Although the committee includes leaders in academe, industry, and government—
several current and former industry chief executive officers, university presidents,
researchers (including three Nobel prize winners), and former presidential ap-
pointees—the array of topics and policies covered is so broad that it was not possible
to assemble a committee of 20 members with direct expertise in each relevant area.
Because of those limitations, the committee has relied heavily on the judgment of
many experts in the study’s focus groups, additional consultations via email and
telephone with other experts, and an unusually large panel of reviewers. Although
other solutions are undoubtedly possible, the committee believes that its rec-
ommendations, if implemented, will help the United States achieve prosperity in the
21st century.
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FINDINGS
Having reviewed trends in the United States and abroad, the committee is deeply

concerned that the scientific and technical building blocks of our economic leader-
ship are eroding at a time when many other nations are gathering strength. We
strongly believe that a worldwide strengthening will benefit the world’s economy—
particularly in the creation of jobs in countries that are far less well-off than the
United States. But we are worried about the future prosperity of the United States.
Although many people assume that United States will always be a world leader in
science and technology, this may not continue to be the case inasmuch as great
minds and ideas exist throughout the world. We fear the abruptness with which a
lead in science and technology can be lost—and the difficulty of recovering a lead
once lost, if indeed it can be regained at all.

This nation must prepare with great urgency to preserve its strategic and eco-
nomic security. Because other nations have, and probably will continue to have, the
competitive advantage of a low-wage structure, the United States must compete by
optimizing its knowledge-based resources, particularly in science and technology,
and by sustaining the most fertile environment for new and revitalized industries
and the well-paying jobs they bring. We have already seen that capital, factories,
and laboratories readily move wherever they are thought to have the greatest prom-
ise of return to investors.
RECOMMENDATIONS

The committee reviewed hundreds of detailed suggestions—including various calls
for novel and untested mechanisms—from other committees, from its focus groups,
and from its own members. The challenge is immense, and the actions needed to
respond are immense as well.

The committee identified two key challenges that are tightly coupled to scientific
and engineering prowess: creating high-quality jobs for Americans and responding
to the Nation’s need for clean, affordable, and reliable energy. To address those chal-
lenges, the committee structured its ideas according to four basic recommendations
that focus on the human, financial, and knowledge capital necessary for U.S. pros-
perity.

The four recommendations focus on actions in K–12 education (10,000 Teachers,
10 Million Minds), research (Sowing the Seeds), higher education (Best and Bright-
est), and economic policy (Incentives for Innovation) that are set forth in the fol-
lowing sections. Also provided are a total of 20 implementation steps for reaching
the goals set forth in the recommendations.

Some actions involve changes in the law. Others require financial support that
would come from reallocation of existing funds or, if necessary, from new funds.
Overall, the committee believes that the investments are modest relative to the
magnitude of the return the Nation can expect in the creation of new high-quality
jobs and in responding to its energy needs.
10,000 TEACHERS, 10 MILLION MINDS IN K–12 SCIENCE AND MATHE-

MATICS EDUCATION
Recommendation A: Increase America’s talent pool by vastly improving K–12

science and mathematics education.
Implementation Actions

The highest priority should be assigned to the following actions and programs. All
should be subjected to continuing evaluation and refinement as they are imple-
mented:

Action A–1: Annually recruit 10,000 science and mathematics teachers by
awarding four-year scholarships and thereby educating 10 million minds.
Attract 10,000 of America’s brightest students to the teaching profession every year,
each of whom can have an impact on 1,000 students over the life of their careers.
The program would award competitive four-year scholarships for students to obtain
Bachelor’s degrees in the physical or life sciences, engineering, or mathematics with
concurrent certification as K–12 science and mathematics teachers. The merit-based
scholarships would provide up to $20,000 a year for four years for qualified edu-
cational expenses, including tuition and fees, and require a commitment to five
years of service in public K–12 schools. A $10,000 annual bonus would go to partici-
pating teachers in underserved schools in inner cities and rural areas. To provide
the highest-quality education for undergraduates who want to become teachers, it
would be important to award matching grants, perhaps $1 million a year for up to
five years, to as many as 100 universities and colleges to encourage them to estab-
lish integrated four-year undergraduate programs leading to Bachelor’s degrees in
science, engineering, or mathematics with teacher certification.
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Action A–2: Strengthen the skills of 250,000 teachers through training and
education programs at summer institutes, in Master’s programs, and Ad-
vanced Placement and International Baccalaureate (AP and IB) training
programs and thus inspires students every day. Use proven models to
strengthen the skills (and compensation, which is based on education and skill level)
of 250,000 current K–12 teachers:

• Summer institutes: Provide matching grants to state and regional one- to two-
week summer institutes to upgrade as many as 50,000 practicing teachers
each summer. The material covered would allow teachers to keep current
with recent developments in science, mathematics, and technology and allow
for the exchange of best teaching practices. The Merck Institute for Science
Education is a model for this recommendation.

• Science and mathematics Master’s programs: Provide grants to universities to
offer 50,000 current middle-school and high-school science, mathematics, and
technology teachers (with or without undergraduate science, mathematics, or
engineering degrees) two-year, part-time Master’s degree programs that focus
on rigorous science and mathematics content and pedagogy. The model for
this recommendation is the University of Pennsylvania Science Teachers In-
stitute.

• AP, IB, and pre-AP or pre-IB training: Train an additional 70,000 AP or IB
and 80,000 pre-AP or pre-IB instructors to teach advanced courses in mathe-
matics and science. Assuming satisfactory performance, teachers may receive
incentive payments of up to $2,000 per year, as well as $100 for each student
who passes an AP or IB exam in mathematics or science. There are two mod-
els for this program: the Advanced Placement Incentive Program and Laying
the Foundation, a pre-AP program.

• K–12 curriculum materials modeled on world-class standards: Foster high-
quality teaching with world-class curricula, standards, and assessments of
student learning. Convene a national panel to collect, evaluate, and develop
rigorous K–12 materials that would be available free of charge as a voluntary
national curriculum. The model for this recommendation is the Project Lead
the Way pre-engineering courseware.

Action A–3: Enlarge the pipeline by increasing the number of students
who take AP and IB science and mathematics courses. Create opportunities
and incentives for middle-school and high-school students to pursue advanced work
in science and mathematics. By 2010, increase the number of students in AP and
IB mathematics and science courses from 1.2 million to 4.5 million, and set a goal
of tripling the number who pass those tests, to 700,000, by 2010. Student incentives
for success would include 50 percent examination fee rebates and $100 mini-scholar-
ships for each passing score on an AP or IB mathematics and science examination.

The committee proposes expansion of two additional approaches to improving K–
12 science and mathematics education that are already in use:

• Statewide specialty high schools: Specialty secondary education can foster
leaders in science, technology, and mathematics. Specialty schools immerse
students in high-quality science, technology, and mathematics education;
serve as a mechanism to test teaching materials; provide a training ground
for K–12 teachers; and provide the resources and staff for summer programs
that introduce students to science and mathematics.

• Inquiry-based learning: Summer internships and research opportunities pro-
vide especially valuable laboratory experience for both middle-school and
high-school students.

SOWING THE SEEDS THROUGH SCIENCE AND ENGINEERING RE-
SEARCH

Recommendation B: Sustain and strengthen the Nation’s traditional commitment
to long-term basic research that has the potential to be transformational to maintain
the flow of new ideas that fuel the economy, provide security, and enhance the quality
of life.

Implementation Actions
Action B–1: Increase the federal investment in long-term basic research

by 10 percent a year over the next seven years, through re-allocation of exist-
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7 The funds may come from anywhere in an agency, not just other research funds.
8 One committee member, Lee Raymond, does not support this action item. He does not believe

that ARPA–E is necessary as energy research is already well funded by the Federal Govern-
ment, along with formidable funding of energy research by the private sector. Also, ARPA–E
would put the Federal Government in the business of picking ‘‘winning energy technologies’’—
a role best left to the private sector.

ing funds7 or if necessary through the investment of new funds. Special attention
should go to the physical sciences, engineering, mathematics, and information
sciences and to Department of Defense (DOD) basic-research funding. This special
attention does not mean that there should be a disinvestment in such important
fields as the life sciences (which have seen growth in recent years) or the social
sciences. A balanced research portfolio in all fields of science and engineering re-
search is critical to U.S. prosperity. This investment should be evaluated regularly
to realign the research portfolio—unsuccessful projects and venues of research
should be replaced with emerging research projects and venues that have greater
promise.

Action B–2: Provide new research grants of $500,000 each annually, pay-
able over five years, to 200 of our most outstanding early-career research-
ers. The grants would be made through existing federal research agencies—the Na-
tional Institutes of Health (NIH), the National Science Foundation (NSF), the De-
partment of Energy (DOE), DOD, and the National Aeronautics and Space Adminis-
tration—to underwrite new research opportunities at universities and government
laboratories.

Action B–3: Institute a National Coordination Office for Research Infra-
structure to manage a centralized research-infrastructure fund of $500 mil-
lion per year over the next five years—through reallocation of existing funds
or if necessary through the investment of new funds—to ensure that universities
and government laboratories create and maintain the facilities and equipment need-
ed for leading-edge scientific discovery and technological development. Universities
and national laboratories would compete annually for these funds.

Action B–4: Allocate at least eight percent of the budgets of federal re-
search agencies to discretionary funding that would be managed by technical
program managers in the agencies and be focused on catalyzing high-risk, high-pay-
off research.

Action B–5: Create in the Department of Energy (DOE) an organization
like the Defense Advanced Research Projects Agency (DARPA) called the
Advanced Research Projects Agency-Energy (ARPA–E).8 The Director of
ARPA–E would report to the Under Secretary for science and would be charged with
sponsoring specific research and development programs to meet the Nation’s long-
term energy challenges. The new agency would support creative ‘‘out-of-the-box’’
transformational generic energy research that industry by itself cannot or will not
support and in which risk may be high but success would provide dramatic benefits
for the Nation. This would accelerate the process by which knowledge obtained
through research is transformed to create jobs and address environmental, energy,
and security issues. ARPA–E would be based on the historically successful DARPA
model and would be designed as a lean and agile organization with a great deal of
independence that can start and stop targeted programs on the basis of perform-
ance. The agency would itself perform no research or transitional effort but would
fund such work conducted by universities, startups, established firms, and others.
Its staff would turn over about every four years. Although the agency would be fo-
cused on specific energy issues, it is expected that its work (like that of DARPA or
NIH) will have important spin-off benefits, including aiding in the education of the
next generation of researchers. Funding for ARPA–E would start at $300 million the
first year and increase to $1 billion per year over 5–6 years, at which point the pro-
gram’s effectiveness would be evaluated.

Action B–6: Institute a Presidential Innovation Award to stimulate sci-
entific and engineering advances in the national interest. Existing presi-
dential awards address lifetime achievements or promising young scholars, but the
proposed new awards would identify and recognize persons who develop unique sci-
entific and engineering innovations in the national interest at the time they occur.
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9 The H–1B is a nonimmigrant classification used by an alien who will be employed tempo-
rarily in a specialty occupation of distinguished merit and ability. A specialty occupation re-
quires theoretical and practical application of a body of specialized knowledge and at least a
Bachelor’s degree or its equivalent. For example, architecture, engineering, mathematics, phys-
ical sciences, social sciences, medicine and health, education, business specialties, accounting,
law, theology, and the arts are specialty occupations. See http://uscis.gov/graphics/howdoi/
h1b.htm

10 The controls governed by the Export Administration Act and its implementing regulations
extend to the transfer of technology. Technology includes ‘‘specific information necessary for the
‘development,’ ‘production,’ or ‘use’ of a product’’ [emphasis added]. Providing information that
is subject to export controls—for example, about some kinds of computer hardware—to a foreign
national within the United States may be ‘‘deemed’’ an export, and that transfer requires an

Continued

BEST AND BRIGHTEST IN SCIENCE AND ENGINEERING HIGHER EDU-
CATION

Recommendation C: Make the United States the most attractive setting in which
to study and perform research so that we can develop, recruit, and retain the best
and brightest students, scientists, and engineers from within the United States and
throughout the world.

Implementation Actions
Action C–1: Increase the number and proportion of U.S. citizens who earn

physical-sciences, life sciences, engineering, and mathematics Bachelor’s
degrees by providing 25,000 new four-year competitive undergraduate
scholarships each year to U.S. citizens attending U.S. institutions. The Un-
dergraduate Scholar Awards in Science, Technology, Engineering, and Mathematics
(USA–STEM) would be distributed to states on the basis of the size of their congres-
sional delegations and awarded on the basis of national examinations. An award
would provide up to $20,000 annually for tuition and fees.

Action C–2: Increase the number of U.S. citizens pursuing graduate study
in ‘‘areas of national need’’ by funding 5,000 new graduate fellowships each
year. NSF should administer the program and draw on the advice of other federal
research agencies to define national needs. The focus on national needs is important
both to ensure an adequate supply of doctoral scientists and engineers and to ensure
that there are appropriate employment opportunities for students once they receive
their degrees. Portable fellowships would provide funds of up to $20,000 annually
directly to students, who would choose where to pursue graduate studies instead of
being required to follow faculty research grants.

Action C–3: Provide a federal tax credit to encourage employers to make
continuing education available (either internally or though colleges and
universities) to practicing scientists and engineers. These incentives would
promote career-long learning to keep the workforce current in the face of rapidly
evolving scientific and engineering discoveries and technological advances and
would allow for retraining to meet new demands of the job market.

Action C–4: Continue to improve visa processing for international stu-
dents and scholars to provide less complex procedures and continue to make im-
provements on such issues as visa categories and duration, travel for scientific meet-
ings, the technology-alert list, reciprocity agreements, and changes in status.

Action C–5: Provide a one-year automatic visa extension to international
students who receive doctorates or the equivalent in science, technology,
engineering, mathematics, or other fields of national need at qualified U.S.
institutions to remain in the United States to seek employment. If these
students are offered jobs by United States-based employers and pass a se-
curity screening test, they should be provided automatic work permits and
expedited residence status. If students are unable to obtain employment within
one year, their visas would expire.

Action C–6: Institute a new skills-based, preferential immigration option.
Doctoral-level education and science and engineering skills would substantially raise
an applicant’s chances and priority in obtaining U.S. citizenship. In the interim, the
number of H–1B9 visas should be increased by 10,000, and the additional visas
should be available for industry to hire science and engineering applicants with doc-
torates from U.S. universities.

Action C–7: Reform the current system of ‘‘deemed exports.’’ 10 The new
system should provide international students and researchers engaged in funda-
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export license. The primary responsibility for administering controls on deemed exports lies with
the Department of Commerce, but other agencies have regulatory authority as well.

11 The current R&D tax credit expires in December 2005.

mental research in the United States with access to information and research equip-
ment in U.S. industrial, academic, and national laboratories comparable with the
access provided to U.S. citizens and permanent residents in a similar status. It
would, of course, exclude information and facilities restricted under national-secu-
rity regulations. In addition, the effect of deemed-exports regulations on the edu-
cation and fundamental research work of international students and scholars should
be limited by removing all technology items (information and equipment) from the
deemed-exports technology list that are available for purchase on the overseas open
market from foreign or U.S. companies or that have manuals that are available in
the public domain, in libraries, over the Internet, or from manufacturers.

INCENTIVES FOR INNOVATION AND THE INVESTMENT ENVIRONMENT
Recommendation D: Ensure that the United States is the premier place in the

world to innovate; invest in downstream activities such as manufacturing and mar-
keting; and create high-paying jobs that are based on innovation by modernizing the
patent system, realigning tax policies to encourage innovation, and ensuring afford-
able broadband access.
Implementation Actions

Action D–1: Enhance intellectual-property protection for the 21st century
global economy to ensure that systems for protecting patents and other forms of
intellectual property underlie the emerging knowledge economy but allow research
to enhance innovation. The patent system requires reform of four specific kinds:

• Provide the Patent and Trademark Office sufficient resources to make intel-
lectual-property protection more timely, predictable, and effective.

• Reconfigure the U.S. patent system by switching to a ‘‘first-inventor-to-file’’
system and by instituting administrative review after a patent is granted.
Those reforms would bring the U.S. system into alignment with patent sys-
tems in Europe and Japan.

• Shield research uses of patented inventions from infringement liability. One
recent court decision could jeopardize the long-assumed ability of academic re-
searchers to use patented inventions for research.

• Change intellectual-property laws that act as barriers to innovation in specific
industries, such as those related to data exclusivity (in pharmaceuticals) and
those which increase the volume and unpredictability of litigation (especially
in information-technology industries).

Action D–2: Enact a stronger research and development tax credit to en-
courage private investment in innovation. The current Research and Experi-
mentation Tax Credit goes to companies that increase their research and develop-
ment spending above a base amount calculated from their spending in prior years.
Congress and the administration should make the credit permanent,11 and it should
be increased from 20 percent to 40 percent of the qualifying increase so that the
U.S. tax credit is competitive with that of other countries. The credit should be ex-
tended to companies that have consistently spent large amounts on research and de-
velopment so that they will not be subject to the current de facto penalties for pre-
viously investing in research and development.

Action D–3: Provide tax incentives for United States-based innovation.
Many policies and programs affect innovation and the Nation’s ability to profit from
it. It was not possible for the committee to conduct an exhaustive examination, but
alternatives to current economic policies should be examined and, if deemed bene-
ficial to the United States, pursued. These alternatives could include changes in
overall corporate tax rates, provision of incentives for the purchase of high-tech-
nology research and manufacturing equipment, treatment of capital gains, and in-
centives for long-term investments in innovation. The Council of Economic Advisers
and the Congressional Budget Office should conduct a comprehensive analysis to ex-
amine how the United States compares with other nations as a location for innova-
tion and related activities with a view to ensuring that the United States is one of
the most attractive places in the world for long-term innovation-related investment.
From a tax standpoint, that is not now the case.

Action D–4: Ensure ubiquitous broadband Internet access. Several nations
are well ahead of the United States in providing broadband access for home, school,
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and business. That capability will do as much to drive innovation, the economy, and
job creation in the 21st century as did access to the telephone, interstate highways,
and air travel in the 20th century. Congress and the administration should take ac-
tion—mainly in the regulatory arena and in spectrum management—to ensure
widespread affordable broadband access in the near future.

CONCLUSION
The committee believes that its recommendations and the actions proposed to im-

plement them merit serious consideration if we are to ensure that our nation con-
tinues to enjoy the jobs, security, and high standard of living that this and previous
generations worked so hard to create. Although the committee was asked only to
recommend actions that can be taken by the Federal Government, it is clear that
related actions at the State and local levels are equally important for U.S. pros-
perity, as are actions taken by each American family. The United States faces an
enormous challenge because of the disadvantage it faces in labor cost. Science and
technology provide the opportunity to overcome that disadvantage by creating sci-
entists and engineers with the ability to create entire new industries—much as has
been done in the past.

It is easy to be complacent about U.S. competitiveness and pre-eminence in
science and technology. We have led the world for decades, and we continue to do
so in many research fields today. But the world is changing rapidly, and our advan-
tages are no longer unique. Without a renewed effort to bolster the foundations of
our competitiveness, we can expect to lose our privileged position. For the first time
in generations, the Nation’s children could face poorer prospects than their parents
and grandparents did. We owe our current prosperity, security, and good health to
the investments of past generations, and we are obliged to renew those commit-
ments in education, research, and innovation policies to ensure that the American
people continue to benefit from the remarkable opportunities provided by the rapid
development of the global economy and its not inconsiderable underpinning in
science and technology.
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1 Interview asked nearly 17,000 people the question: ‘‘Supposed a young person who wanted
to leave this country asked you to recommend where to go to lead a good life—what country
would you recommend ?’’ Except for respondents in India, Poland, and Canada, no more than
one-tenth of the people in the other nations said they would recommend the United States. Can-
ada and Australia won the popularity contest. Pew Global Attitudes Project, July 23, 2005.

2 The Web site http://www.payscale.com/about.asp tracks and compares pay scales in many
countries. Ron Hira, of Rochester Institute of Technology, calculates average salaries for engi-
neers in the United States and India as $70,000 and $13,580, respectively.

3 CERN, http://public.web.cern.ch/Public/Welcome.html.
4 For 2004, the dollar value of high-technology imports was $560 billion; the value of high-

technology exports was $511 billion. See Appendix Table 6–01 of National Science Board’s
Science and Engineering Indicators 2004.

5 ‘‘No Longer The Lab Of The World: U.S. chemical plants are closing in droves as production
heads abroad,’’ Business Week (May 2, 2005).

6 National Center for Education Statistics, Trends in International Mathematics and Science
Study, 2003, http://nces.ed.gov/timss.

7 Data are from National Science Board. 2004. Science and Engineering Indicators 2004 (NSB
04–01). Arlington, VA: National Science Foundation. Chapter 1.

8 Data are from National Science Board. 2004. Science and Engineering Indicators 2004 (NSB
04–01). Arlington, VA: National Science Foundation. Chapter 1.

9 Roach, Steve. More Jobs, Worse Work. New York Times. July 22, 2004.
10 U.S. Patent and Trademark Office, Preliminary list of top patenting organizations. 2003,

http://www.uspto.gov/web/offices/ac/ido/oeip/taf/top03cos.htm.

SOME WORRISOME INDICATORS

• When asked in spring 2005 what is the most attractive place in the world in
which to ‘‘lead a good life,’’ 1 respondents in only one of the 16 countries polled
(India) indicated the United States.

• For the cost of one chemist or one engineer in the United States, a company
can hire about five chemists in China or 11 engineers in India.2

• For the first time, the most capable high-energy particle accelerator on Earth
will, beginning in 2007, reside outside the United States.3

• The United States is today a net importer of high-technology products. Its
share of global high-technology exports has fallen in the last two decades
from 30 percent to 17 percent, and its trade balance in high-technology manu-
factured goods shifted from plus $33 billion in 1990 to a negative $24 billion
in 2004.4

• Chemical companies closed 70 facilities in the United States in 2004 and have
tagged 40 more for shutdown. Of 120 chemical plants being built around the
world with price tags of $1 billion or more, one is in the United States and
50 in China.5

• Fewer than one-third of U.S. 4th grade and 8th grade students performed at
or above a level called ‘‘proficient’’ in mathematics; ‘‘proficiency’’ was consid-
ered the ability to exhibit competence with challenging subject matter. Alarm-
ingly, about one-third of the 4th graders and one-fifth of the 8th graders
lacked the competence to perform basic mathematical computations.6

• U.S. 12th graders recently performed below the international average for 21
countries on a test of general knowledge in mathematics and science. In addi-
tion, an advanced mathematics assessment was administered to U.S. students
who were taking or had taken precalculus, calculus, or Advanced Placement
calculus and to students in 15 other countries who were taking or had taken
advanced mathematics courses. Eleven nations outperformed the United
States, and four countries had scores similar to the U.S. scores. No nation
scored significantly below the United States.7

• In 1999, only 41 percent of U.S. 8th grade students received instruction from
a mathematics teacher who specialized in mathematics, considerably lower
than the international average of 71 percent.8

• In one recent period, low-wage employers, such as Wal-Mart (now the Na-
tion’s largest employer) and McDonald’s, created 44 percent of the new jobs,
while high-wage employers created only 29 percent of the new jobs.9

• In 2003, only three American companies ranked among the top 10 recipients
of patents granted by the United States Patent and Trademark Office.10
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11 Data are from National Science Board. 2004. Science and Engineering Indicators 2004 (NSB
04–01). Arlington, VA: National Science Foundation, Appendix Table 2–33.

12 Colvin, Geoffrey. 2005. ‘‘America isn’t ready.’’ Fortune Magazine, July 25. H–1B visas allow
employers to have access to highly educated foreign professionals who have experience in spe-
cialized fields and who have at least Bachelor’s degree or the equivalent. The cap does not apply
to educational institutions. In November 2004, Congress created an exemption for 20,000 foreign
nationals earning advanced degrees from U.S. universities. See Immigration and Nationality Act
Section 101(a)(15)(h)(1)(b).

13 Geoffrey Colvin. 2005. ‘‘America isn’t ready.’’ Fortune Magazine, July 25.
14 U.S. research and development spending in 2001 was $273.6 billion, of which industry per-

formed $194 billion, and funded about $184 billion. (National Science Board Science and Engi-
neering Indicators 2004). One estimate of tort litigation costs in the United States was $205
billion in 2001. (Leonard, Jeremy A. 2003. How Structural Costs Imposed on U.S. Manufacturers
Harm Workers and Threaten Competitiveness. Prepared for the Manufacturing Institute of the
National Association of Manufacturers. http://www.nam.org/s—nam/
bin.asp?CID=216&DID=227525&DOC=FILE.PDF.

• In Germany, 36 percent of undergraduates receive their degrees in science
and engineering. In China, the figure is 59 percent, and in Japan 66 percent.
In the United States, the corresponding figure is 32 percent.11

• The United States is said to have 10.5 million illegal immigrants, but under
the law the number of visas set aside for ‘‘highly qualified foreign workers’’
dropped to 65,000 a year from its 195,000 peak.12

• In 2004, China graduated over 600,000 engineers, India 350,000, and America
about 70,000.13

• In 2001 (the most recent year for which data are available), U.S. industry
spent more on tort litigation than on R&D.14
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Chairman BOEHLERT. The hearing will come to order.
Before we start the official part of today’s hearing, I would like

to take a moment to recognize a real person to illustrate the impor-
tance of the issues we are going to be discussing today. Neela
Thangada, who is in the audience today. Neela, would you please
stand?

Just yesterday, she won the Discovery Channel Young Scientist
Challenge. She got into the finals of this contest by doing an indi-
vidual project on plant cloning and won by demonstrating leader-
ship, teamwork, and scientific problem-solving on a series of experi-
ments related to forces of nature, a very timely thing for this year’s
contest. Now let me point out that Neela is 14. She is in the sev-
enth grade. What she is doing is so exciting. She is accompanied
by her mom. Where is mom, Neela? You know, when I first met
Neela, this is not as a politician, this is just an observation, I didn’t
know which one was the student and which one was the mom.
Mom, please stand and be recognized. I want to thank you for the
guidance you are providing.

Neela is what this whole hearing is about and what the whole
Augustine report is about, so we are so pleased to see you, and
thank you for joining us.

It is a pleasure to welcome everyone here this morning for our
hearing on the new and vitally important National Academy re-
port, ‘‘Rising Above the Gathering Storm.’’ This report is already
getting an unusual amount of media coverage, and how refreshing
that is to have the media concentrating on something that is not
sensational but is critically important, a tribute, in part, to the rep-
utations and work of our witnesses here today, and that is helping
to jump-start, and in other quarters, to intensify, a national discus-
sion on research and education and the Nation’s future.

The overarching message of the report is simple and clear, and
it is one the Congress had better heed. And the message is this:
complacency will kill us. ‘‘Where there is no vision, the people per-
ish.’’ If the United States rests on its withering laurels in the com-
petitive world, we will witness the slow erosion of our preeminence,
our security, and our standard of living. That is a very sobering
message. We used to be so far ahead of everybody else in the global
enterprise that when we looked around, we couldn’t even find a
person in second place. Now we can’t even take a nanosecond to
look over our shoulder, because they are breathing down our neck.

It is a message that this committee has been trying to send for
many, many years, and now, joined by Chairman Wolf of the Ap-
propriations Committee and some of our other friends over there
who get it, indeed this committee has pressed, sometimes success-
fully and, unfortunately, sometimes not, for many of the specific
proposals in the Academy report. So Mr. Augustine, you guys are
really helping us, and I appreciate it.

We have authorized increased spending on basic research, includ-
ing funding for research equipment and for more daring and cross-
disciplinary research, and we have created programs like the Noyce
Scholarships to try to attract more top students into teaching. And
Neela, consider teaching as a career, will you please? And like Tech
Talent to get more students who express interest in science, math,
and engineering to complete majors in those fields.
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We have pushed for greater funding for the education directorate
at the National Science Foundation and for the basic and applied
research programs at the Department of Energy.

But clearly, we haven’t done enough. We have all of the zeal of
the most fervent missionary, and we are trying, but we haven’t
done enough, and we haven’t succeeded nearly as much as we
would like. That is why the Augustine report helps this. Science
programs still have to scrounge around for every additional cent.
Young scientists still have to beg for funds. Our education system
is still producing too many students who can not compete with our
counterparts around the world. And the Federal Government is
still ignoring our fundamental energy problems while wasting
money pandering to special interests.

So I urge our witnesses today, who are among the most promi-
nent and respected leaders in the Nation, to redouble your efforts
to get the word out about this report. We need a lot more mis-
sionary work, especially in this era of fiscal constraint. While Con-
gress turns its attention to fixing the immediate problems caused
by the literal storms that have hit our coasts, we can’t skimp on
the funds needed to address the gathering storm described so
starkly in your report.

There is an exchange in a Hemingway novel in which one char-
acter asks another how he went bankrupt. He answers, ‘‘Two ways.
First gradually and then suddenly.’’ As a nation, we are gradually
going bankrupt now in the ways described in the Academy report.
If we don’t act, we are going to wake up one day and find ourselves
suddenly unable to compete.

I look forward to further guidance this morning on exactly what
we should do to compete. And I hope we will have a spirited discus-
sion about the details of the Academy report recommendations. But
as we argue about the specifics, and it won’t be so much an argu-
ment, it will be sort of a debate, I hope we can all come away with
an open and even greater commitment to address the problems
that the report lays before us.

[The prepared statement of Chairman Boehlert follows:]

PREPARED STATEMENT OF CHAIRMAN SHERWOOD L. BOEHLERT

It’s a pleasure to welcome everyone here this morning for our hearing on the new
and vitally important National Academy report ‘‘Rising Above the Gathering
Storm.’’ This report is already getting an unusual amount of media coverage—a trib-
ute, in part, to the reputations and work of our witnesses today—and that is helping
to jump-start (and in other quarters, to intensify) a national discussion on research
and education and the Nation’s future.

The overarching message of the report is simple and clear, and it’s one the Con-
gress had better heed. And the message is this: complacency will kill us. If the
United States rests on its withering laurels in this competitive world, we will wit-
ness the slow erosion of our preeminence, our security and our standard of living.
It’s a sobering message.

It’s also a message that this committee has been trying to send for many years,
now joined by Chairman Wolf and some of our other friends on Appropriations. In-
deed, this committee has pressed—sometimes successfully, sometimes not—for
many of the specific proposals in the Academy report.

We have authorized increased spending on basic research, including funding for
research equipment and for more daring and cross-disciplinary research; and we
have created programs like the Noyce Scholarships to try to attract more top stu-
dents into teaching, and like Tech Talent to get more students who express interest
in science, math and engineering to complete majors in those fields.
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We have pushed for greater funding for the education directorate at the National
Science Foundation (NSF) and for the basic and applied research programs at the
Department of Energy.

But we clearly haven’t done nearly enough. Science programs still have to
scrounge around for every additional cent; young scientists still have to beg for
funds; our education system is still producing too many students who cannot com-
pete with their counterparts around the world; and the Federal Government is still
ignoring our fundamental energy problems while wasting money pandering to spe-
cial interests.

So I urge our witnesses today—who are among the most prominent and respected
leaders in this nation—to redouble your efforts to get the word out about this report.
We need a lot more missionary work, especially in this era of fiscal constraint.
While Congress turns its attention to fixing the immediate problems caused by the
literal storms that have hit our coasts, we can’t skimp on the funds needed to ad-
dress the ‘‘gathering storm’’ described so starkly in your report.

There’s an exchange in a Hemingway novel in which one character asks another
how he went bankrupt. He answers, ‘‘Two ways. First gradually and then suddenly.’’
As a nation, we’re gradually going bankrupt now in the ways described in the Acad-
emy report. If we don’t act, we’re going to wake up one day and find ourselves ‘‘sud-
denly’’ unable to compete.

I look forward to getting further guidance this morning on exactly what we should
do to compete, and I hope we have a spirited discussion about the details of your
recommendations. But as we argue about the specifics, I hope we can all come away
with an even greater commitment to address the problems this report lays before
us.

Chairman BOEHLERT. With that, it is a pleasure to turn to my
partner in this venture, the Ranking Member from Tennessee, Mr.
Gordon.

Mr. GORDON. Thank you, Mr. Chairman.
Let me, once again, concur with your statements and also say

that I have witnessed firsthand your passion for these issues. You
are a leader in the area, and I appreciate working with you on it.

Let me also thank the Committee for the work you have done,
Mr. Augustine. Once again, you have done a tremendous service for
the country.

And let me say this, without diminishing what you have done.
To a great extent, what you have done is just rehash what we al-
ready knew and brought it together from different sources. There
is not a lot new here, and I don’t mean that as—I mean, I think
it is good that we have brought it together. I think that it is good
that we can look to your report and say these are leaders in aca-
demia, with the private sector, and hopefully get us more energy
in trying to accomplish something here. But again, as our Chair-
man has pointed out, this committee has passed many of these
things already.

And so really, what I would like to hear you talk a little bit
about is how do we get the private sector, and what do you intend
to do to help implement these proposals. I mean, again, you know,
we have to have more energy. Clearly, what we are doing is not
enough. And I would like to hear something about that.

The other thing that I noted reading through this report is that,
with the exception of talking about R&D credits, there really
wasn’t much said about the private sector in this area. Now maybe
you didn’t think that was your charge, but I think the charge said
what are some federal policies that deal with it. The R&D credit
is one of those. And I pose this question that I would like to hear
more about. There seems to be a growing disparity between top
level CEO and other kind of salaries and the salaries of others in
those companies in relationship to other countries. And is this lead-
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ing us to a situation where those top executives are so pushed be-
cause of this type of compensation that they have to be so quarterly
oriented to having results that the private sector is not doing its
part in R&D? And is there some, I mean, I guess, one, is this accu-
rate? And if it is not, then that is fine. If it is accurate, then is
there a federal role in somehow trying to encourage looking beyond
the quarter? Looking beyond. I mean, right now folks, in two or
three years, can make all of the money they can spend the rest of
their life. So you know, as long as they keep the stock up, why
should I worry about five years from now? Why should I make
these investments?

Again, if I am wrong, I would like to know.
The other thing is in your statement, and it was $10 billion, I

hate to say, is a modest amount of money, but it is not, I think in
terms of investment and in terms of our budget, it is a reasonable
amount of money to spend. And you are talking about how we need
to reallocate. We can get part of this by reallocating some funds
within, I guess, our current budget. But I didn’t see the section
about what to allocate and what were those specifically. So if you
have some suggestions in addition to reallocate, which ones we
should reallocate, I would like to hear that today.

So with that in mind, again, I want to thank you. This is an im-
portant document. This is a document that we all need to wave and
that we all need to charge forward with. It is important to our kids
and our grandkids. So I thank you for it.

Again, my questions did not try to diminish what you did but to
try to take this a step farther.

Thank you.
[The prepared statement of Mr. Gordon follows:]

PREPARED STATEMENT OF REPRESENTATIVE BART GORDON

I want to join Chairman Boehlert in welcoming everyone to this morning’s hear-
ing.

I also want to thank our distinguished panel for not only taking the time to ap-
pear before us today, but for their time and effort in preparing this report.

The title of this report, ‘‘Rising Above the Gathering Storm: Energizing and Em-
ploying America for a Brighter Economic Future,’’ summarizes the challenge before
us.

There is a general uncertainty about our country’s future economic prospects and
a desire for guidance on how to move forward. I think that the report provided by
the Panel takes some steps towards providing that guidance.

A few disturbing facts from the report jumped out at me:
The large wage disparity between U.S.-based scientists and engineers and their
competitors in China and India; and
The 110 chemical facilities that have closed or are slated for closure in the U.S.
coupled with the 120 large chemical plants currently under construction glob-
ally—one new plant in the U.S. and 50 in China.
China is producing more than 600,000 engineers per year.

As the report notes, ‘‘Thanks to globalization, workers in virtually every sector
must now face competitors who live just a mouse-click away, . . .’’ I’m left won-
dering where will the good high-paying jobs be for the next generation—in the U.S.
or in some other country.

The report outlines a number of specific actions we can take to improve the inno-
vation environment in the U.S. Many of these recommendations are familiar to us
because they are what the Science Committee has advocated in legislation.

For example, substantial increases in funding for NSF and the Office of Science
at DOE. In the area of science education, the Committee has authorized scholar-
ships for math, science and engineering students to obtain teaching certificates as
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well as the math and science partnership program to improve the training of new
teachers.

There seems to be a broad consensus on what the U.S. should be doing, but the
Administration has not followed through in its funding requests.

This report highlights that our current federal R&D investment strategies are not
up to meeting the global competitive paradigm of the 21st century. The rec-
ommendations represent a challenge to the Administration and to Congress to take
action now.

I am interested about one of the Panel’s statements which is that some of its rec-
ommendations ‘‘require funds that would ideally come from the re-allocation of ex-
isting funds.’’ What is not identified is what funds should be re-allocated or why.
I hope our witnesses will provide some more detail into the Panel’s thinking.

We can all agree that more R&D will result in more innovation, but one issue
not addressed by this report is will it really generate more and better jobs in the
U.S.? Or will the exploitation of these innovations quickly move to countries with
lower cost labor?

I hope the panel has some thoughts on how to ensure that the development of
new technologies leads to the creation of new jobs in the U.S. One only has to look
at most types of consumer electronics—the history of VCR technology as an exam-
ple—to see that we have often lost the economic payoff from technology invented
here.

In closing, it seems that we understand the challenges we face and we have agree-
ment on how to address these challenges. What is lacking is the political will to
make the investment.

I would like to point out that his report represents a consensus of panelists rep-
resenting business, academic, and education leaders. I would challenge the Panel to
press the Administration and Congress to fund their recommendations. As a nation,
we cannot afford not to.

[The prepared statement of Mr. Ehlers follows:]

PREPARED STATEMENT OF REPRESENTATIVE VERNON J. EHLERS

I am delighted with the Academy for producing this report, and am pleased that
the Committee is taking the time to delve into the report’s recommendations and
proposed implementation.

For many years, I have stressed the need to increase our national investment in
fundamental research and education. Despite passing an authorization bill to double
the budget of the National Science Foundation (NSF) by 2008, we are still falling
very short of that goal set by Congress in 2002. Each year, the chasm between the
authorization and appropriation broadens, while at the same time the NSF edu-
cation budget continues to diminish. But today there are an increasing number of
voices joining the chorus recognizing the need for change. The voices are louder and
clearer as the message begins to unify: build our science, technology, engineering
and math skills, and we will maintain the strength and competitiveness of the
United States. Business, industry and academic leaders are all drawing attention
to the connection between our prosperity and a technically-skilled workforce. As we
see the indications that our science and math education is slipping, we are jeopard-
izing our quality of life and national security, especially for our children and grand-
children. Without bolstering our science and technology infrastructure, we cannot
expect these trends to change.

There are many challenging questions raised by the report; it will take the strong
dedication of the Committee and Chair to share these recommendations with a vari-
ety of stakeholders. I thank the witnesses today for their good work, and encourage
them and the others they represent to continue to publicize this problem and lobby
Members of Congress to make national competitiveness a priority through their
strong support of fundamental research and education. I commend the witnesses for
being here today, and look forward to continuing to work with you to not only share
your report recommendations, but to actively seek solutions.

[The prepared statement of Mr. Costello follows:]

PREPARED STATEMENT OF REPRESENTATIVE JERRY F. COSTELLO

Good morning. I want to thank the witnesses for appearing before our committee
to discuss the report released by the National Academy of Sciences (NAS) on Octo-
ber 12, 2005 entitled, Rising Above the Gathering Storm: Energizing and Employing
America for a Brighter Economic Future. I commend Chairman Boehlert and Rank-
ing Member Gordon for holding this hearing today because the recommendations
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this report issued will provide our committee with good policy options to explore to
ensure new ideas and innovation.

In June of this year, Chairman Boehlert and Ranking Member Gordon wrote to
NAS to endorse the Senate request for a study of ‘‘the most urgent challenges the
United States faces in maintaining leadership in key areas of science and tech-
nology,’’ to provide advice and recommendations for maintaining U.S. leadership in
science and technology in the face of growing global competition. Today, Americans
are feeling the effects of globalization because a substantial portion of our workforce
finds itself in direct competition for jobs with lower-wage workers around the globe.
It comes as no surprise that high-tech jobs are being out-sourced to foreign countries
like China and India. Without high-quality, knowledge intensive jobs and the inno-
vative enterprises that lead to discovery and new technology, our economy will suf-
fer and our constituents will face a lower standard of living. I am very concerned
about the issue of off-shoring and out-sourcing and how these trends will affect cur-
rent scientists and engineers, as well as the future employment opportunities and
career choices of students.

A few months ago, Ranking Member Gordon and I hosted our first in a series of
several bipartisan roundtable discussions to frame what is known and unknown
about supply and demand for the Science and Technology workforce, outline factors
that influence supply and demand, and explore policy options. From the first Round-
table, we learned that it is difficult to determine how many jobs we have lost be-
cause we do not have sufficient or accurate data on the problem. I believe we have
to raise awareness of this issue—the federal research and development budget—in
order to keep high wage science and engineering jobs here in the U.S.

Despite claims to the contrary by the Administration, the Federal R&D budget
is not faring well, particularly the non-defense component which has been flat for
30 years. In FY06, the Administration proposed a 1.4 percent spending reduction
in the federal science and technology budget. Reductions like this continue to chip
away at the U.S. research base and jeopardize our economic strength and long-term
technological competitiveness. Innovation does indeed drive our economic growth,
but we must have the knowledge base to drive innovation. Encouraging more chil-
dren in careers in math and science is a needed start but only the beginning. We
must do better in understanding the global competition facing our science and engi-
neering workforce.

I hope this hearing will draw us closer to an answer of how we can ensure the
U.S. benefits from innovation, compete with foreign scientists and engineers without
lowering salaries, increase funding for basic research in the physical sciences and
engineering, and improve teacher recruitment and retention so we can increase stu-
dent interest levels and their knowledge and understanding of these valuable sub-
jects.

I welcome our panel of witnesses and look forward to their testimony.

[The prepared statement of Ms. Johnson follows:]

PREPARED STATEMENT OF REPRESENTATIVE EDDIE BERNICE JOHNSON

Thank you, Mr. Chairman and Ranking Member.
The United States has slashed its federal investment in scientific research. In

1965, in the Sputnik era, funding for federal research and development as a per-
centage of gross domestic product was slightly over two percent. In 2005, it is esti-
mated to be 1.07 percent.

As a result, scientists are not getting the money they need and are pursuing alter-
native careers. Young people see the trend and opt not to study science.

Meanwhile, other nations have ramped up their technical infrastructure and
workforce. The National Academies’ recent report on the United States and global
competitiveness found that in Germany, 36 percent of undergraduates receive their
degrees in science and engineering. In China, the figure is 59 percent, and in Japan
66 percent. In the United States, the corresponding figure is 32 percent.

I concur that these are ‘‘worrisome indicators’’ indeed. Our competitiveness is
quietly slipping. We are a net importer of high technology products, and soon we
will be a net importer of people with high technology expertise.

I am glad the National Academies published this report and hope the leadership
of this Congress will act on these recommendations. Progress is expensive, but decay
is intolerable.

[The prepared statement of Mr. Honda follows:]
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PREPARED STATEMENT OF REPRESENTATIVE MICHAEL M. HONDA

Chairman Boehlert and Ranking Member Gordon, I thank you for holding this im-
portant hearing today and for requesting that the study ‘‘Rising Above the Gath-
ering Storm: Energizing and Employing America for a Brighter Economic Future’’
be undertaken.

This report makes a many good recommendations in a number of areas. In the
area of education, for example, it suggests that we should recruit new science and
math teachers, that we should strengthen the skills of teachers the math, science,
and engineering subject areas, and we increase the number of students who take
math and science courses.

But what I do not see in the recommendations troubles me. What I think is miss-
ing is the idea of teaching innovation.

I’m worried that if we simply try to produce a bunch of new scientists and engi-
neers with the same skills as the ones who are unemployed back home in my dis-
trict today, things aren’t going to get any better here. China and India will be able
to produce more scientists and engineers than us, and if they are paid less, work
will still be done overseas.

We have been lucky in the past that a few people who were innately innovative
and inventive also had enough knowledge in math and science to make break-
throughs in these areas that started entirely new industries. Skilled scientists and
engineers have been able to sustain incremental progress in these new industries,
but the pressure from other nations is growing ever greater.

While some people are simply blessed with the special skills of innovation and in-
vention and they have prospered in the past, we need to realize that these skills
are teachable and bring them into our curriculum. An MIT–Lemelson/NSF study on
invention recognized this and suggested incorporating innovation into our cur-
riculum, and Singapore’s Minister of Education has begun to make such changes to
his own country’s curriculum to prepare his country for the future.

I hope that the witnesses will address this shortcoming of their report during the
hearing, and that the Committee will pay attention to this important issue in the
future.

[The prepared statement of Mr. Carnahan follows:]

PREPARED STATEMENT OF REPRESENTATIVE RUSS CARNAHAN

Mr. Chairman and Mr. Ranking Member, thank you for again bringing this im-
portant issue to our attention in the Science Committee.

For years, the U.S. has felt the backlash of an increasingly competitive global
market, most sharply felt in the loss of jobs as they shift overseas. I applaud the
effort to look beyond the problems and causes associated with competing in a global
marketplace and to look toward solutions.

It is our duty as leaders of this nation to wisely consider options and vigorously
advocate for the right changes. Our workforce, and thus many of our constituents’
livelihoods, depend on it.

Mr. Augustine, Dr. Vagelos, and Dr. Wulf, thank you for your efforts with this
report and for appearing before us today. I look forward to hearing your testimony.

[The prepared statement of Ms. Jackson Lee follows:]

PREPARED STATEMENT OF REPRESENTATIVE SHEILA JACKSON LEE

Mr. Chairman, let me first thank you for holding this important hearing regard-
ing the recent report published by the National Academy of Sciences. I would also
like to thank our witnesses, Mr. Augustine, Dr. Vagelos, and Dr. Wulf, for being
here today.

The report being presented to us today highlights what is becoming more and
more apparent in recent years, that the United States is losing footing as the domi-
nant knowledge, innovation, and business center of the world; our policies are re-
sulting in the deterioration of our economy. As highlighted in the testimony, an
overwhelming amount of evidence points to this. Students today are less prepared
to face the global market than they once were, and foreign students are becoming
more and more prepared. The most glaring statistic to me contained in the testi-
mony was that in 2003, foreign students earned almost 60 percent of engineering
doctorates awarded in U.S. universities!

Our children today are not being given the tools necessary to compete in the world
of tomorrow. We are not giving them the proper training, the proper teachers or in-
centive to succeed. This is an issue that must cross party lines and rest at the heart
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of all Americans because this is about the future strength of our nation. We became
the world’s greatest economic power through innovation and education, and today
we must renew that challenge to push the boundaries of discovery.

The importance of a strong scientific and technological enterprise is a primary fac-
tor in driving economic growth. Substantial and sustained U.S. investments in re-
search and education over the last 50 years spawned an abundance of technological
breakthroughs that transformed American society and helped the U.S. to become
the world’s dominant economy. Economists estimate that these technological ad-
vances have been responsible for half of U.S. economic growth since the end of
World War II. The relationship between innovation and economic growth has only
grown in recent years as the world shifts to an increasingly knowledge-based econ-
omy. In an age where information travels around the world at previously unimagi-
nable speeds, the United States must continue to stay steps ahead of everyone else.
This means that status quo policies on education will not work.

At the same time, other nations—particularly emerging nations such as China
and India—have recognized the importance of science and technology to economic
growth, and are pouring resources into their scientific and technological infrastruc-
ture, rapidly building their human capital and dramatically increasing their ability
to compete with U.S. businesses on the world stage.

As was mentioned in the testimony, there unfortunately will not be a Sputnik-
like event, where the United States gets a powerful wakeup call. Instead, our de-
cline in competitiveness is occurring slowly, and from a combination of many factors.
The foundation our mothers and fathers laid for us slowly crumbles around us. This
is why I find this hearing to be so important. We as the Federal Government must
ensure that our nation does not lag behind in innovation and discovery. We must
ensure that our children are properly prepared to face the increasingly challenging
global market. Finally, we must continue to ensure that we in the United States
continue to be the Nation that sets the bar for everyone else.

I would again like to thank our witnesses for being here today, and I look forward
to an open and enlightened conversation on the powerful suggestions made in this
report.

[The prepared statement of Mr. Baird follows:]

PREPARED STATEMENT OF REPRESENTATIVE BRIAN BAIRD

Mr. Chairman, I would like to thank you and Ranking Member Gordon for raising
importance to the issue of math and science education as it relates to scientific and
technological competitiveness. I would also like to thank the witnesses—Mr. Augus-
tine, Dr. Vagelos, and Dr. Wulf—for testifying today on the recently released Na-
tional Academy of Sciences report entitled, ‘‘Rising Above the Gathering Storm: En-
ergizing and Employing America for a Brighter Economic Future.’’ One of the rec-
ommendations made in this report is to vastly improve K–12 math and science edu-
cation. I could not agree more. This should be one of the highest priorities of the
Federal and State governments and I look forward to reviewing the testimony of our
witnesses and the specific recommendations from this report to translate these rec-
ommendations into Congressional action.

With the topic of today’s discussion centering around science competitiveness, it
could not be more appropriate to honor a guest visiting the Committee today, as she
can speak directly to the importance of a quality science education—and she can do
so quite well I might add. This honoree is Neela Thangada, the winner of the Dis-
covery Channel Young Scientist Challenge, and her mother, Mrudula Rao
Thangada. Neela was named ‘‘Top Young Scientist’’ at an awards ceremony yester-
day evening for her project, ‘‘Effects of Various Nutrient Concentrations on the
Cloning of the Eye of the Solanum Tuberosum at Multiple Stages’’ or, in laymen’s
terms, she set out to explore potato cloning.

I had the chance to meet with her and her mother before the hearing, and was
impressed with her enthusiasm for science and discovery and her ability to effec-
tively speak about her research. She is indeed an incredible young lady.

Her trip to the House Science Committee today from her home in Texas was the
result of an important public-private partnership initiated by the Discovery Chan-
nel. Every year since 1999, Discovery has launched the competition in partnership
with Science Service to nurture the next generation of American scientists at a crit-
ical age when interest in science begins to decline. The cutting-edge competition
gives 40 of the Nation’s top middle school students the opportunity to demonstrate
their scientific know-how and push the limits of their knowledge in the quest for
the title of America’s ‘‘Top Young Scientist of the Year.’’
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More than 9,500 middle school students have formally entered the Challenge
since its inception, and these students are drawn from an initial pool of 75,000 stu-
dents annually. Previous winners have attained more than $500,000 in scholarship
awards and participated in science-related trips that have taken them to the far cor-
ners of the globe, from the Galapagos Islands to the Ukraine.

This year’s finalists traveled to Washington, D.C., to compete in team-based,
interactive challenges designed around the theme of ‘‘Forces of Nature.’’ In the wake
of the recent natural disasters that ravaged the Gulf Coast of the United States and
Southeast Asia, each student faced simulated challenges—from fog banks to hurri-
canes to tsunamis—that utilized their broad range of knowledge in order to under-
stand the implications and scope of natural disasters.

Public-private partnerships such as these exist to challenge and engage our stu-
dents and we must continue to support such programs. However, we must also bet-
ter prepare and inspire our math and science teachers to provide the highest-quality
education for all students throughout the country. We can start by implementing
some of the recommendations laid out here today.

Chairman BOEHLERT. Thank you very much.
And you will notice the similarity in theme between, you know,

this is not a division. The center of this committee separating the
Democrats from the Republicans doesn’t separate us at all on the
importance of the subject matter today. This is something that Mr.
Gordon and I and every single Member of this committee, on both
sides, believe passionately in and work, we think, hopefully, effec-
tively on. And that is why we welcome what you bring to the table.
And we want to give it as much attention as possible.

I would suggest that this probably, if we are looking on the
grand scheme of things on the Hill today of what is going on, there
is probably no more important discussion than the one we are hav-
ing right here. And quite frankly, it doesn’t have a lot of sex appeal
for a lot of the media. And so we don’t get a lot of coverage. I don’t
care if they print what I say, but I darn sure care about printing
what you guys are going to say to us. That message has to get out.

And the other observation I would make, and we have had it in
private conversations, but I will make it again for the official
record, I know that some of the captains of industry, in circles you
travel, you know and they know and we know that we have got to
do better. And in the polite conversation we have at these various
functions, they will talk about such needs as getting back to the
basics of greatly improving K–12 science and math education.
There is no more basic building block for the foundation of the fu-
ture development of this nation than that. And they will talk to me
all of the time about it. Some of the great names in the captains
of industry will talk to me about that. And then they will talk to
me about the importance of our investment in long-range research,
about how magnificent the National Science Foundation is, spon-
soring university-based research, and why we need young scholars
like I have been privileged to introduce here today to inspire them
to greater heights. And I say to them, ‘‘You know what?’’ I have
told these guys, ‘‘You people have got more lobbyists running
around this Hill, high-priced lobbyists who know what they are
doing, and they are very smart, and they are very effective, and
they knock on the door and they come in. You know, they don’t
come in to talk to me about the importance of K–12 science and
math education or investing more in the science enterprise. They
are in to discuss the latest tweaking needed in the tax policy or the
adjustment necessary for trade policy. They are thinking of the mo-
ment and the bottom line for the next quarterly statement.’’ And
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I understand that. But there is never enough time to get to the sec-
ond part of their agenda, which is what we are discussing today.

So that is why I think this is very important, and that is why
I applaud what you have done, and so does Mr. Gordon. I mean,
we have had conversation about your work, and boy, we couldn’t
be happier. And we just want to try to—we are going to play the
role of dentist this morning and sort of pull from you some new
ideas on what we can do beyond the report, because this town is
filled with reports that have gone on for years and the libraries of
the various Committee rooms and offices have reports that are
gathering dust. They read them initially and say, ‘‘Oh, what a
great report,’’ and then go on to the next thing and never go back
to look at the report.

I pledge to you, and I think I can do it for both of us, that we
are going to follow through, because some of the things that you
have mentioned here we are already doing, but we are nickel-and-
diming the issue. We have got to make some substantial invest-
ments, and it is an investment that is going to pay handsome divi-
dends.

With that, let me present our distinguished panel.
Mr. Norman Augustine, Retired Chairman and CEO, Lockheed

Martin Corporation. Mr. Augustine is a frequent visitor to this
committee and to Capitol Hill and has served in so many capacities
in government and in the private sector with great distinction. Dr.
P. Roy Vagelos, Retired Chairman and CEO, Merck & Company.
And Doctor, you are preceded by your reputation, and we thank
you for the great work you are doing. And a dear friend of long
standing who is constant counsel for this committee, Dr. William
Wulf, President of the National Academy of Engineering.

Every day, what good comes from government usually comes be-
cause government has the common sense, to work with leaders in
the private sector to interact and to be guided and to develop an
agenda that offers some positive approaches to some thorny prob-
lems. And we have before us three people who are always there to
propose workable solutions. And for that, we are eternally grateful.

With that, let me say the general rule, and you know the ground
rules, is don’t get nervous when the light comes on, but we would
ask that you summarize your opening statement. And I’m not even
going to put an arbitrary time limit on it, because this is so impor-
tant and you are the only panel. And we will go right to it.

With that, Mr. Chairman, the floor is yours.

STATEMENT OF MR. NORMAN R. AUGUSTINE, RETIRED
CHAIRMAN AND CEO, LOCKHEED MARTIN CORPORATION

Mr. AUGUSTINE. Well, thank you, Mr. Chairman, and Members
of the Committee. And I thank you in particular for all of your ef-
forts in this area in the past—really, it was by virtue of your com-
mittee and your colleagues in the Senate that gave us the oppor-
tunity to take on our study. And we, all 20 members, I can assure
you, feel very compassionate about the topic.

Also, I would like to congratulate Neela. My congratulations and
ours. She is an example to why we are here.

I would, Mr. Chairman, with your permission, like to submit a
longer statement for the record and brief——
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Chairman BOEHLERT. Without objection, your entire statement
will appear in the record. And summarize it in any manner you
think is appropriate.

Mr. AUGUSTINE. Thank you very much.
The thrust of our committee’s findings are fairly straightforward.

They would begin by saying that we conclude that individuals’
prosperity, the prosperity of individuals, depends very heavily upon
the quality of the jobs they can hold. And collectively, our pros-
perity depends very heavily on the tax revenues that our govern-
ment can acquire, which, in turn, depend upon the quality of the
jobs our citizens can hold. So quality jobs are at the root of our dis-
cussions.

But there has been a major change brought about by technology
largely in this scenario. That change some people refer to as the
‘‘death of distance’’. And it has been brought about by the advent
of advanced information processing, storage and transmissions that
have made those functions almost free in today’s world. What that
means is that jobs that used to have to be performed by people who
are in near proximity to their work or to each other now can be
performed by people all around the world. And that, in turn, means
that Americans, when they compete for jobs, will no longer compete
with their neighbors. They will compete with people throughout the
globe. And that is true not only at the so-called lower end of the
job spectrum, it will be true throughout the job spectrum. This is
in a world where there are three billion new capitalists who have
appeared in the last 15 years since the end of the Cold War.

The United States operates at a considerable disadvantage today
in this competition for jobs. You could—I was in Vietnam recently.
You could hire 20 assembly workers for the minimum U.S. wage.
In India today, you could hire 11 engineers for the cost of one in
the United States. And they are very good engineers. Many of them
trained at our universities.

And as I said, few jobs are safe. Today, if you go to many hos-
pitals in this country and have a CAT scan or an X-ray, there is
a fair chance it will be read by a physician in Bangalore. Similarly,
there is an office very near to where we are now that, if you go in
their building, they have a flat screen on the wall, and their recep-
tionist there very pleasantly helps you find the person you are sup-
posed to go see and controls access to the building. She is in Ban-
galore. I am sure you are familiar with many other examples of
this type.

Is this not good that the rest of the world is prospering? And our
committee’s conclusion is a resounding yes. It will make the world
safer. It will create more customers for our products, and it will
create less costly products for our consumers. But as with all times
of tectonic changes, there are likely to be winners, and there are
likely to be losers. And our committee’s goal is to help assure that
America will be among the winners.

There is an enigma, and your quote from Hemingway, Mr. Chair-
man, summarizes it better than I am able to do it. But we are in
an environment where we are not likely to see sudden warnings
such as we had on 9/11, Pearl Harbor, Sputnik. It is more like the
proverbial frog being gradually boiled. Thomas Friedman has sum-
marized by saying, in his great book ‘‘The World is Flat,’’
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globalization has ‘‘accidentally made Beijing, Bangalore, and Be-
thesda next door neighbors.’’ And indeed, when it comes to seeking
a job, those jobs are just a mouse click away to many people
throughout the world.

We operate at a severe disadvantage in the labor cost area, but
there are other indicators that are not particularly good, either.
One of the things that has been keeping us going, as this com-
mittee knows so well, in the area of science, has been the number
of very talented foreign-born individuals who have chosen to come
to America and live and work here. Today, 38 percent of the Ph.D.s
in America working in science and technology are foreign-born.
Fifty-nine percent of last year’s doctorates in engineering were for-
eign students, and that is at U.S. universities.

But if you look at how we are doing ourselves with our native-
born population, a recent test of mathematical understanding
among about tenth grade students conducted in various nations of
the world, the United States was in 27th place.

This sort of thing is propagating into the industrial world where
last year U.S. chemical companies closed 70 plants in the United
States. They have earmarked 40 more to close. At the same time,
there are 120 new chemical plants being built in the world, each
with a price tag of $1 billion or more. Of those, one is in the United
States and 50 are in China.

U.S. companies now spend more money on litigation and related
costs than they spend on research and development, Mr. Gordon,
to your point. These are trends that we can not long survive. And
as we know, once you lose your lead in R&D, it takes a very long
time to recover it, if, indeed, one can at all.

The committee that we assembled through the auspices of the
National Academies included 20 members, four or five CEOs or
former CEOs of Fortune 100 companies, three nobel laureates,
presidents of five or six major universities, several former presi-
dential appointees, as far as I know, from both parties. We didn’t
ask that question. And they, as you said, Mr. Chairman, with re-
gard to your committee, come together in a spirit of unanimity on
each of the issues that we have discussed.

I will close my opening remarks by indicating that we have pro-
vided four recommendations. They tend to be rather broad. We
have backed them with 20 quite specific implementing actions,
things you can go do, some of which you are doing, some of which
we do need to do more of.

Of the four general recommendations, the one that all 20 of us
agree is the highest priority, is to fix the K–12 science and tech-
nology education system in this country, public education. Secondly
is to put more money into basic research in specific fields, namely
into the physical sciences, mathematics, engineering, and computer
sciences. This should be done not to disinvest in the health and bio-
logical sciences, which are very important, but they have just seen
a period of major investment. Thirdly, to encourage more students
to study math and science and engineering and to make it easier
to attract foreign students to study and stay in our country in
those fields. And then lastly, to create an environment that makes
the United States an attractive place for innovation that will at-
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tract companies from abroad as well as our own companies to in-
vest here rather than abroad.

So with that opening, I will turn to my colleagues and thank you
for this opportunity. And we look forward to your questions.

[The prepared statement of Mr. Augustine follows:]

PREPARED STATEMENT OF NORMAN R. AUGUSTINE

Mr. Chairman and Members of the Committee,

Thank you for this opportunity to appear before you on behalf of the National
Academies’ Committee on Prospering in the Global Economy of the 21st Century.
As you know, our effort was sponsored by the National Academy of Sciences, Na-
tional Academy of Engineering and Institute of Medicine (collectively known as the
National Academies). The National Academies were chartered by Congress in 1863
to advise the government on matters of science and technology.

The Academies were requested by Senator Alexander and Senator Jeff Bingaman,
members of the Senate Committee on Energy and Natural Resources to conduct an
assessment of America’s ability to compete and prosper in the 21st century—and to
propose appropriate actions to enhance the likelihood of success in that endeavor.
This request was endorsed by Representatives Sherwood Boehlert and Bart Gordon
of the House Committee on Science.

To respond to that request the Academies assembled 20 individuals with diverse
backgrounds, including university presidents, CEOs, Nobel Laureates and former
presidential appointees. The result of our committee’s work was examined by over
forty highly qualified reviewers who were also designated by the Academies. In un-
dertaking our assignment we considered the results of a number of prior studies
which were conducted on various aspects of America’s future prosperity. We also
gathered sixty subject-matter experts with whom we consulted for a weekend here
in Washington and who provided recommendations related to their fields of spe-
cialty.

It is the unanimous view of our committee that America today faces a serious and
intensifying challenge with regard to its future competitiveness and standard of liv-
ing. Further, we appear to be on a losing path. We are here today hoping both to
elevate the Nation’s awareness of this developing situation and to propose construc-
tive solutions.

The thrust of our findings is straightforward. The standard of living of Americans
in the years ahead will depend to a very large degree on the quality of the jobs that
they are able to hold. Without quality jobs our citizens will not have the purchasing
power to support the standard of living which they seek, and to which many have
become accustomed; tax revenues will not be generated to provide for strong na-
tional security and health care; and the lack of a vibrant domestic consumer market
will provide a disincentive for either U.S. or foreign companies to invest in jobs in
America.

What has brought about the current situation? The answer is that the prosperity
equation has a new ingredient, an ingredient that some have referred to as ‘‘The
Death of Distance.’’ In the last century, breakthroughs in aviation created the op-
portunity to move people and goods rapidly and efficiently over very great distances.
Bill Gates has referred to aviation as the ‘‘World Wide Web of the 20th century.’’
In the early part of the present century, we are approaching the point where the
communication, storage and processing of information are nearly free. That is, we
can now move not only physical items efficiently over great distances, we can also
transport information in large volumes and at little cost.

The consequences of these developments are profound. Soon, only those jobs that
require near-physical contact among the parties to a transaction will not be opened
for competition from job seekers around the world. Further, with the end of the Cold
War and the evaporation of many of the political barriers that previously existed
throughout the world, nearly three billion new, highly motivated, often well edu-
cated, new capitalists entered the job market.

Suddenly, Americans find themselves in competition for their jobs not just with
their neighbors but with individuals around the world. The impact of this was ini-
tially felt in manufacturing, but soon extended to the development of software and
the conduct of design activities. Next to be affected were administrative and support
services. Today, ‘‘high end’’ jobs, such as professional services, research and manage-
ment, are impacted. In short, few jobs seem ‘‘safe’’:
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• U.S. companies each morning receive software that was written in India over-
night in time to be tested in the U.S. and returned to India for further pro-
duction that same evening—making the 24-hour workday a practicality.

• Back-offices of U.S. firms operate in such places as Costa Rica, Ireland and
Switzerland.

• Drawings for American architectural firms are produced in Brazil.
• U.S. firm’s call centers are based in India—where employees are now being

taught to speak with a mid-western accent.
• U.S. hospitals have X-rays and CAT scans read by radiologists in Australia

and India.
• At some McDonald’s drive-in windows orders are transmitted to a processing

center a thousand miles away (currently in the U.S.), where they are proc-
essed and returned to the worker who actually prepares the order.

• Accounting firms in the U.S. have clients tax returns prepared by experts in
India.

• Visitors to an office not far from the White House are greeted by a recep-
tionist on a flat screen display who controls access to the building and ar-
ranges contacts—she is in Pakistan.

• Surgeons sit on the opposite side of the operating room and control robots
which perform the procedures. It is not a huge leap of imagination to have
highly-specialized, world-class surgeons located not just across the operating
room but across the ocean.

As Tom Friedman concluded in The World is Flat, globalization has ‘‘accidentally
made Beijing, Bangalore and Bethesda next door neighbors.’’ And the neighborhood
is one wherein candidates for many jobs which currently reside in the U.S. are now
just a ‘‘mouse-click’’ away.

How will America compete in this rough and tumble global environment that is
approaching faster than many had expected? The answer appears to be, ‘‘not very
well’’—unless we do a number of things differently from the way we have been doing
them in the past.

Why do we reach this conclusion? One need only examine the principal ingredi-
ents of competitiveness to discern that not only is the world flat, but in fact it may
be tipping against us.

One major element of competitiveness is, of course, the cost of labor. I recently
traveled to Vietnam, where the wrap rate for low-skilled workers is about twenty-
five cents per hour, about one-twentieth of the U.S. minimum wage. And the prob-
lem is not confined to the so-called ‘‘lower-end’’ of the employment spectrum. For
example, five qualified chemists can be hired in India for the cost of just one in
America. Given such enormous disadvantages in labor cost, we cannot be satisfied
merely to match other economies in those other areas where we do enjoy strength;
rather we must excel . . . markedly.

The existence of a vibrant domestic market for products and services is another
important factor in determining our nation’s competitiveness, since such a market
helps attract business to our shores. But here, too, there are warning signs: Gold-
man Sachs analysts project that within about a decade, fully 80 percent of the
world’s middle-income consumers will live in nations outside the currently industri-
alized world.

The availability of financial capital has in the past represented a significant com-
petitive advantage for America. But the mobility of financial capital is legion, as evi-
denced by the willingness of U.S. firms to move factories to Mexico, Vietnam and
China if a competitive advantage can be derived by doing so. Capital, as we have
observed, crosses geopolitical borders at the speed of light.

Human capital—the quality of our work force—is a particularly important factor
in our competitiveness. Our public school system comprises the foundation of this
asset. But as it exists today, that system compares, in the aggregate, abysmally
with those of other developed—and even developing—nations . . . particularly in the
fields which underpin most innovation: science, mathematics and technology.

Of the utmost importance to competitiveness is the availability of knowledge cap-
ital—‘‘ideas.’’ And once again, scientific research and engineering applications are
crucial. But knowledge capital, like financial capital, is highly mobile. There is one
major difference: being first-to-market, by virtue of access to new knowledge, can
be immensely valuable, even if by only a few months. Craig Barrett, a member of
our committee and Chairman of Intel, points out that 90 percent of the products
his company delivers on December 31st did not even exist on January 1st of that
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same year. Such is the dependence of hi-tech firms on being at the leading edge of
scientific and technological progress.

There are of course many other factors influencing our nation’s competitiveness.
These include patent processes, tax policy and overhead costs—such as health care,
regulation and litigation—all of which tend to work against us today. On the other
hand, America’s version of the Free Enterprise System has proven to be a powerful
asset, with its inherent aggressiveness and discipline in introducing new ideas and
flushing out the obsolescent. But others have now recognized these virtues and are
seeking to emulate our system.

But is it not a good thing that others are prospering? Our committee’s answer to
that question is a resounding ‘‘yes.’’ Broadly based prosperity can make the world
more stable and safer for all; it can make less costly products available for American
consumers; it can provide new customers for the products we produce here. Yet it
is inevitable that there will be relative winners and relative losers—and as the
world prospers, we should seek to assure that America does not fall behind in the
race.

The enigma is that in spite of all these factors, America seems to be doing quite
well just now. Our nation has the highest R&D investment intensity in the world.
We have indisputably the finest research universities in the world. California alone
has more venture capital than any nation in the world other than the United States.
Two million jobs were created in America in the past year alone, and citizens of
other nations continue to invest their savings in America at a remarkable rate.
Total household net worth is now approaching $50 trillion.

The reason for this prosperity is that we are reaping the benefits of past invest-
ments—many of them in the fields of science and technology. But the early indica-
tors of future prosperity are generally heading in the wrong direction. Consider the
following:

• For the cost of one engineer in the United States, a company can hire 11 in
India.

• America has been depending heavily on foreign-born talent. Thirty-eight per-
cent of the scientists and engineers in America holding doctorates were born
abroad. Yet, when asked in the spring of 2005, what are the most attractive
places in the world in which to live, respondents in only one of the countries
polled indicated the U.S.A.

• Chemical companies closed seventy facilities in the U.S. in 2004, and have
tagged forty more for shutdown. Of 120 new chemical plants being built
around the world with price tags of $1 billion or more, one is in the U.S. Fifty
are in China.

• In 1997 China had fewer than 50 research centers managed by multi-national
corporations. By 2004 there were over 600.

• Two years from now, for the first time, the most capable high-energy particle
accelerator on Earth will reside outside the United States.

• The United States today is a net importer of high technology products. The
U.S. share of global high tech exports has fallen in the last two decades from
30 percent to 17 percent, while America’s trade balance in high tech manufac-
tured goods shifted from a positive $33B in 1990 to a negative $24B in 2004.

• In a recent international test involving mathematical understanding, U.S.
students finished in 27th place among the nations participating.

• About two-thirds of the students studying chemistry and physics in U.S. high
schools are taught by teachers with no major or certificate in the subject. In
the case of math taught in grades five through 12, the fraction is one-half.
Many such students are being taught math by graduates in physical edu-
cation.

• In one recent period, low-wage employers like Wal-Mart (now the Nation’s
largest employer) and McDonald’s created 44 percent of all new jobs. High-
wage employers created only 29 percent.

• In 2003 foreign students earned 59 percent of the engineering doctorates
awarded in U.S. universities.

• In 2003 only three American companies ranked among the top 10 recipients
of patents granted by the U.S. Patent Office.

• In Germany, 36 percent of undergraduates receive their degrees in science
and engineering. In China, the corresponding figure is 59 percent, and in
Japan it is 66 percent. In the U.S., the share is 32 percent. In the case of
engineering, the U.S. share is five percent, as compared with 50 percent in
China.
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• The United States is said to have over 10 million illegal immigrants, but the
number of legal visas set-aside annually for ‘‘highly qualified foreign workers’’
was recently dropped from 195,000 per year down to 65,000.

• At a time when the world’s nations are clamoring to obtain science and engi-
neering talent, U.S. law will grant a visa for outstanding foreign students to
attend U.S. universities only if they promise they will go home when they
graduate.

• In 2001 (the most recent year for which data are available), U.S. industry
spent more on tort litigation and related costs than on research and develop-
ment.

As important as jobs are, the impact of these circumstances on our nation’s secu-
rity could be even more profound. In the view of the bipartisan Hart-Rudman Com-
mission on National Security, ‘‘. . .the inadequacies of our system of research and
education pose a greater threat to U.S. national security over the next quarter cen-
tury than any potential conventional war that we might imagine.’’

The good news is that there are things we can do to assure that America does
in fact share in the prosperity that science and technology are bringing the world.
In this regard, our committee has made four broad recommendations as the basis
of a prosperity initiative—and offers 20 specific actions to make these recommenda-
tions a reality. They include:

Æ ‘‘Ten Thousand Teachers, Ten Million Minds’’—which addresses America’s K–
12 education system. We recommend that America’s talent pool in science,
math and technology be increased by vastly improving K–12 education.
Among the specific steps we propose are:

• Recruitment of 10,000 new science and math teachers each year through
the award of competitive scholarships in math, science and engineering
that lead to a Bachelor’s degree accompanied by a teaching certificate—
and a five-year commitment to teach in a public school.

• Strengthening the skills of 250,000 current teachers through funded
training and education in part-time Master’s programs, summer insti-
tutes and Advanced Placement training programs.

• Increasing the number of students who take Advanced Placement science
and mathematics courses.

Æ ‘‘Sowing the Seeds’’—which addresses America’s research base. We rec-
ommend strengthening the Nation’s traditional commitment to long-term
basic research through:

• Increasing federal investment in research by 10 percent per year over the
next seven years, with primary attention devoted to the physical sciences,
engineering, mathematics, and information sciences—without
disinvesting in the health and biological sciences.

• Providing research grants to early career researchers.
• Instituting a National Coordination Office for Research Infrastructure to

oversee the investment of an additional $500M per year for five years for
advanced research facilities and equipment.

• Allocating at least eight percent of the existing budgets of federal re-
search agencies to discretionary funding under the control of local labora-
tory directors.

• Creation of an Advanced Research Projects Agency–Energy (ARPA–E),
modeled after DARPA in the Department of Defense, reporting to the De-
partment of Energy Undersecretary for Science. The purpose is to support
the conduct of out-of-the-box, transformational, generic, energy research
by universities, industry and government laboratories.

• Establish a Presidential Innovation Award to recognize and stimulate sci-
entific and engineering advances in the national interest.

Æ ‘‘Best and Brightest’’—which addresses higher education. In this area we rec-
ommend:

• Establishing 25,000 competitive science, mathematics, engineering, and
technology undergraduate scholarships and 5,000 graduate fellowships in
areas of national need for U.S. citizens pursuing study at U.S. univer-
sities.

• Providing a federal tax credit to employers to encourage their support of
continuing education.
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• Providing a one-year automatic visa extension to international students
who receive a science or engineering doctorate at a U.S. university, and
providing automatic work permits and expedited residence status if these
students are offered employment in the U.S.

• Instituting a skill-based, preferential immigration option.
• Reforming the current system of ‘‘deemed exports’’ so that international

students and researchers have access to necessary non-classified informa-
tion or research equipment while studying and working in the U.S.

Æ ‘‘Incentives for Innovation’’—in which we address the innovation environment
itself. We recommend:

• Enhancements to intellectual property protection, such as the adoption of
a first-to-file system.

• Increasing the R&D tax credit from the current 20 percent to 40 percent,
and making the credit permanent.

• Providing permanent tax incentives for U.S.-based innovation so that the
United States is one of the most attractive places in the world for long-
term innovation-related investments.

• Ensuring ubiquitous broadband Internet access to enable U.S. firms and
researchers to operate at the state-of-the-art in this important technology.

It should be noted that we are not confronting a so-called ‘‘typical’’ crisis, in the
sense that there is no 9/11, Sputnik or Pearl Harbor to alert us as a nation. Our
situation is more akin to that of the proverbial frog being slowly boiled. Nonetheless,
while our committee believes the problem we confront is both real and serious, the
good news is that we may well have time to do something about it—if we start now.

Americans, with only five percent of the world’s population but with nearly 30
percent of the world’s wealth, tend to believe that scientific and technological leader-
ship and the high standard of living it underpins is somehow the natural state of
affairs. But such good fortune is not a birthright. If we wish our children and grand-
children to enjoy the standard of living most Americans have come to expect, there
is only one answer: We must get out and compete.

I would like to close my remarks with a perceptive and very relevant poem. It
was written by Richard Hodgetts, and eloquently summarizes the essence of innova-
tion in the highly competitive, global environment. The poem goes as follows:

Every morning in Africa a gazelle wakes up. It knows it must outrun the fastest
lion or it will be killed.

Every morning in Africa a lion wakes up. It knows it must outrun the slowest
gazelle or it will starve.

It doesn’t matter whether you’re a lion or a gazelle—when the sun comes up,
you’d better be running.

And indeed we should.
Thank you for providing me with this opportunity to testify before the Committee.

I would be pleased to answer any questions you have about the report.

Response to House Committee on Science Questions

1. How did the study panel arrive at the recommended 10 percent annual
increase in federally-sponsored basic research over the next seven
years? What other options did the panel consider and what led to the
choice of 10 percent?

After reviewing the proposals for enhanced research funding that have been made
in recent years, the committee concluded that a 10 percent annual increase over a
seven-year period would be appropriate. This achieves the doubling that was in
principle part of the NSF Authorization Act of 2002 approved by Congress and the
President, but would expand it to other agencies and focus that increase on the
physical sciences, engineering, mathematics, and the information sciences as well as
DOD basic research.

The committee viewed enhanced funding in these fields as urgent. It chose the
10 percent level and seven-year time frame as the best way for these funds to be
spent effectively. The base for this doubling (federal funding for the fields listed plus
DOD basic research—not including the specified fields so there is no double-count-
ing) was approximately $8 billion in FY 2004.
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1 COSEPUP. 1993. Science, Technology, and the Federal Government: National Goals for a
New Era. Washington, DC: National Academy Press.

By taking this action, the balance of the Nation’s research portfolio in fields that
are essential to the generation of both ideas and skilled people for the Nation’s econ-
omy and national/homeland security would be restored. That does not mean that
there should be a disinvestment in such important fields as the life sciences (which
have in fact seen growth in recent years) or the social sciences. A balanced research
portfolio in all fields of science and engineering research is critical to U.S. pros-
perity.

As indicated in the National Academies Committee on Science, Engineering, and
Public Policy’s (COSEPUP) 1993 report Science, Technology, and the Federal Gov-
ernment: National Goals for a New Era

The United States needs to be among the world leaders in all fields of research
so that it can

• Bring the best available knowledge to bear on problems related to na-
tional objectives even if that knowledge appears unexpectedly in a field
not traditionally linked to that objective.

• Quickly recognize, extend, and use important research results that occur
elsewhere.

• Prepare students in American colleges and universities to become leaders
themselves and to extend and apply the frontiers of knowledge.

• Attract the brightest young students.1

2. How did the study panel arrive at the recommended eight percent allo-
cation within each federal research agency’s budget to be managed at
the discretion of technical program managers to catalyze high-risk,
high-payoff research? What other options did the panel consider and
what led to the choice of eight percent?

The committee found that at many agencies approximately one to three percent
of a program’s budget is to be managed at the discretion of the program managers.
The committee believes, as shown through the Defense Advanced Research Projects
Agency (DARPA) model, that more risky research that crosses disciplinary lines can
be funded by using the ‘‘strong program manager’’ approach as is the case at
DARPA. Some committee members believed that five percent was sufficient, others
10 percent—in the end a compromise was reached at eight percent. The committee
is flexible about the specific number as long as the goal of catalyzing high-risk,
high-payoff research (as opposed to incremental research) is achieved. Experience
shows that research investments of this type are exceptionally highly leveraged.
3. Industry and government have both developed numerous energy pro-

duction and energy efficiency technologies that have not been deployed.
How did the study panel arrive at its implicit conclusion that technology
development is the greater bottleneck (as opposed to policy) in devel-
oping energy systems for a 21st century economy?

The committee believes that both policy and technology play a role in responding
to the Nation’s need for clean, affordable, and reliable energy.

While the implementation of some technologies, such as nuclear energy, is dis-
couraged by policy, we still face environmental and safety challenges only science
and engineering research can ameliorate—even if policy-makers were willing to de-
ploy that technology today. There are no doubt questions of cost and policy that af-
fect use of various energy technologies. When was the last nuclear plant commis-
sioned? But those policy decisions are often directly linked to technical capabilities
or the absence thereof. No ‘final’ solutions without serious problems are waiting in
the wings for policy changes. Nuclear energy is an (the) important potential source
of energy but it has security and waste disposal/storage problems that have not been
handled satisfactorily. That is a prime example of a policy problem that requires re-
search to unlock it.

Similarly, the Nation, as the report indicates, has made substantial strides in effi-
ciency, but much more can be done. Yes there is existing efficiency technology that
can be deployed, and, following market forces if oil prices do not return to recent
levels, will probably be used increasingly.

As a result, the Nation will not significantly decrease energy dependence without
technology—policy changes alone are insufficient. The production of electricity and
mobility on a worldwide basis cannot go on for ever in their present form. This coun-
try is running a significant risk of remaining substantially dependent on foreign oil.
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The history of science and technology suggests that radical new solutions may
well be available. The field of energy has not been viewed as exciting by a genera-
tion of engineering students. The time required to effect an energy solution from re-
search to implementation is considerable. The rate of growth of the energy problem
(usage) worldwide is likely to have profound effects.

We believe that the Advanced Research Projects Agency (ARPA–E) proposed by
the committee can jump start new approaches to high risk/high payoff research of
the type that DARPA has historically performed to great effect for the military. It
can capture the talents of outstanding young people in industry and academia.
DARPA is a demonstrably effective approach to advanced research and develop-
ment, and Energy is one of the most important challenges to our nation’s future.
4. Recent surveys of industry suggest that basic research performed at uni-

versities and transformational technological innovation have only a very
limited impact on the success of individual companies. Is the impact of
research and innovation different for the economy as a whole than it is
for individual companies?

There is broad consensus among economists that for decades the growth of the
U.S. economy has been driven by technological advances and innovation. These
come almost exclusively from two sources—companies and universities. Companies
are devoting fewer and fewer resources to longer-term research that contributes to
the common base of technology that is available to all; i.e., work that improves our
national capacity but doesn’t necessarily directly drive that company’s profits. Uni-
versities are increasingly the only avenue for the research that will lead to fun-
damentally new things and to a highly-educated workforce. Most large companies
now strive for a large percentage of their products to have been developed within
the last two or three years. This requires constant and focused innovation. The im-
mediate crowds out the strategic.

Truly transformational technologies do not come along every day, and cannot be
readily predicted. But one thing is certain—if we do not invest in research and ad-
vanced training for scientists and engineers, they will not occur at all—at least not
in the United States.

Because of this, the committee disagrees with the first premise in the question.
Industry gains not only from the new knowledge generated as a result of academic
research, but also from the skilled people generated as a result of research.

Although many industries as diverse as the pharmaceutical and banking industry
understand the linkage of their business to science and technology, others do not
always fully understand the linkages between its day-to-day activities and science
and technology. For example, at one point, we thought that the trucking industry
was not particularly sensitive to science and technology. But the trucking industry
certainly has been able to enhance its competitiveness by using tools such as the
global positioning system, advanced lightweight materials, the ability to use the
Internet, and weather forecasting to enhance its ability to locate the best route to
a destination thus lowering its operating cost. In addition, its competitiveness could
be enhanced further if new ways are developed for the industry to be more efficient
in its use of fuel and if more affordable fuels are developed.

As a result, when looking at its primary operations, a single company may not
see direct use of basic research if it has not licensed a patent, contracted for studies
or undertaken its own work. But slightly below the surface the substantial contribu-
tion of basic research to essentially every company is evident.

For some industries, research provides them with the talented people they need
whose education is influenced in substance, thinking and methods by basic research
experience/training. Talented graduates for corporate laboratories are a primary de-
liverable of basic research operations at universities. Many major companies, in ad-
dition, support basic research at universities first and foremost to gain access to
these people.

Secondly, essentially every company buys technology whose function and cost are
controlled by basic research conducted earlier. So companies that assemble products
using others’ components may not be involved in basic research directly but their
business remains dependent on the basic research behind the component tech-
nologies that they use.

Third, basic research creates the new technologies and new enterprises that these
companies will sell to, or buy from or even become. Frankly, it is difficult to think
of a company that does not use technology at some level, and that technology
evolved from basic research.

Fourth, the people generated as a result of the higher education they receive,
underpinned by basic research, create whole new industries and jobs. For example,
in 1997, BankBoston conducted the first national study of the economic impact of
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a research university. It found that graduates of the Massachusetts Institute of
Technology founded 4,000 firms which, in 1994 alone, employed at least 1.1 million
people and generated $232 billion of world sales. Further, if the companies founded
by MIT graduates and faculty formed an independent nation, the revenues produced
by the companies would make that nation the 24th largest economy in the world.
Within the United States, the companies founded by MIT graduates employed a
total of 733,000 people in 1994 at more than 8,500 plants and offices in the 50
states—equal to one out of every 170 jobs in America. Eighty percent of the jobs
in the MIT-related firms are in manufacturing (compared to 16 percent nationally),
and a high percentage of products are exported.
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Chairman BOEHLERT. Thank you very much.
Dr. Vagelos.

STATEMENT OF DR. P. ROY VAGELOS, RETIRED CHAIRMAN
AND CEO, MERCK & CO.

Dr. VAGELOS. Thank you, Mr. Chairman and Committee Mem-
bers. I am delighted to be here to talk about my specific interest
in this committee work.

And let me start with K–12 education since that was mentioned
by both the Chairman and Mr. Gordon. Mr. Gordon made the state-
ment that much of what is recommended is a rehash of old mate-
rial. And to some degree, that is true. The problem is that if you
go to the American public today, they will tell you that they are
not pleased with the results of what we are doing in K–12 edu-
cation, and therefore, the committee looked very hard. And as
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Norm just mentioned, among the committee of 20 people, the unan-
imous number one priority was to do something in K–12 education.

So let me tell you a couple of things that we focused on. First
of all, a recognition that if one is going to teach in science and
mathematics, that one should have had some expertise and some
courses in those fields that are going to be taught in K–12, espe-
cially in grades eight through twelve. What we have found is that
many of the teachers have had no major, and not even a good
course in the subjects that they are teaching. So you will have a
teacher teaching physics or chemistry or mathematics never having
had a major course in those areas. And so can we expect such
teachers to turn on our young people to be able to enter these
fields?

We decided not, and therefore, what are we recommending?
We are suggesting several programs that are aimed at just that

kind of thing. For instance, there are students who are already ma-
joring as undergraduates in mathematics, science, and engineering,
and there is a program, for instance, it is called ‘‘U Teach’’ at the
University of Texas in Austin, which selects these students and of-
fers them scholarships if they will also take some courses in edu-
cation and learn to teach during the four years that they are al-
ready majoring in these subjects that they are going to potentially
teach. Now these are the people who really understand their sub-
jects.

And so one of the recommendations is 10,000 students per year
of that sort nationally who are going to be expert in their field and
who are becoming teachers, and the payback is that they teach for
five years.

Another program that we have. So that would cover 10,000 new
teachers coming through the mill. If you take the large numbers
of people who are already teaching in these subjects and say can
we resuscitate them because they don’t really have the expertise.
And we have a program, several programs for them.

The one I like best is those people who are willing to come back
for a Master’s degree and spend two years, two summers and week-
ends to take a Master’s in subject matter, whether it is physics,
chemistry, technology, or mathematics, and they end up, at the end
of two years, as master teachers, really understanding deeply their
subject and being able to turn out other teachers and certainly to
recruit and excite students.

In addition to these Master’s programs, there are programs that
are summer institutes, large numbers of these, where teachers
come back for two to four weeks annually have their education in
specific subject matter improved. So these are the kinds of people
who can turn people on and students on.

Now we can do that for teachers. We can also increase the num-
ber of students that are going through middle and high schools who
go into science and math by inducing them to take advanced place-
ment courses and tests or international baccalaureate subjects. And
there is a program, again which was tested and has been going for
10 years in Texas, centered in Dallas in this instance, where both
the teachers are trained in the summer institutes to teach ad-
vanced courses, and students are induced by offering them scholar-
ships, and then if they pass the test, they get a bonus of $100. Not
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only do the students get $100, but the teachers get $100. Now this
program has been going on for 10 years, and the number of stu-
dents taking these advanced placement courses and tests has gone
up tenfold, 10 times over the course of 10 years. Now the beauty
of that is that these students who are now taking advanced courses
are more likely to go into such courses when they go to college.

Okay. So those are two programs that I think are really impor-
tant and have been demonstrated to work. And so this is what we
would recommend.

We would also recommend a development of a curriculum, a na-
tional curriculum, that would be voluntary and available through
the Internet to, available to all teachers nationally and all school
districts that could be optimizing all of these subjects that we are
talking about.

To jump ahead, to get students then to go into science, engineer-
ing, mathematics, computer sciences, there would be scholarships,
undergraduate scholarships at the level of $25,000 per year, com-
petitive, picking the best students in the country to go into these,
also 5,000 fellowships for graduate study in such subjects to get our
students in there and in the same subjects, and finally, as Norm
just talked about the international students, we would like to have
a correction and improvement in both the visa and the immigration
policies so that we can continue to attract or attract again those
kinds of top students internationally who were coming to the
United States and have been slowed down because of various prob-
lems since 9/11.

So I think, in summary, I think we all agree that K–12 is impor-
tant. Certainly our higher education is also important. But it is not
only important for competitiveness, it is important for the jobs, the
high-knowledge jobs of the future that are going to dictate our
economy.

Thank you, Mr. Chairman.
[The prepared statement of Dr. Vagelos follows:]

PREPARED STATEMENT OF P. ROY VAGELOS

Mr. Chairman and Members of the Committee.
Thank you for this opportunity to appear before you on behalf of the National

Academies’ Committee on Prospering in the Global Economy of the 21st Century.
As you know, our effort was sponsored by the National Academy of Sciences, Na-
tional Academy of Engineering and Institute of Medicine (collectively known as the
National Academies). The National Academies were chartered by Congress in 1863
to advise the government on matters of science and technology.

Mr. Augustine, Chair of the Committee, has discussed the overall concerns the
Committee has about the future vitality of the United States economy. During my
testimony, I will focus on the problems that we’re having in K through 12 education.
The Committee believes the education issue is the most critical challenge the United
States is facing if our children and grandchildren are to inherit ever-greater oppor-
tunities for high-quality, high-paying jobs—and our solution and recommendations
to respond to the Nation’s challenge in K–12 science, mathematics, engineering, and
technology education were the Committee’s top priority.

The Committee found that the American public is not satisfied with the K
through 12 education available for their children. They are worried about the inter-
national comparative surveys that show that children outside the United States—
even those in countries with far less resources than ours—rank higher than their
own children in their understanding of mathematics or science.

The Committee then made the recommendation we call ‘‘10,000 teachers, 10 mil-
lion minds’’ which proposes increasing America’s talent pool by vastly improving K–
12 science and mathematics education.
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In developing its action steps to reach this goal, the Committee first focused on
what part of K–12 science, mathematics, engineering, and technology education was
of greatest concern. The Committee immediately recognized that many of these
teachers do not have sufficient education in these fields, and its recommendations
respond to that concern.

Of all its action steps, the Committee’s highest priority is a program that would
annually recruit 10,000 of America’s brightest students to the science, mathematics,
and technology K–12 teaching profession. The program would recruit and train ex-
cellent teachers by providing scholarships to students obtaining Bachelor’s degrees
in the physical or life sciences, engineering, or mathematics to gain concurrent cer-
tification as K–12 science and mathematics teachers. Over their careers, each of
these teachers would educate 1,000 students, so that each annual cadre of teachers
educated in this program would impact 10 million minds.

The program would provide merit-based scholarships of up to $20,000 a year for
four years for qualified educational expenses, including tuition and fees, and would
require a commitment to five years of service in public K–12 schools. A $10,000 an-
nual bonus would go to program graduates working in under-served schools in inner
cities and rural areas.

To provide the highest-quality education for undergraduates who want to become
K–12 science and mathematics teachers, it would be important to award matching
grants, perhaps $1 million a year for up to five years, to as many as 100 universities
and colleges to encourage them to establish integrated four-year undergraduate pro-
grams leading to Bachelor’s degrees in science, engineering, or mathematics with
concurrent teacher certification.

This program, modeled after a very successful program in Texas (and which is
being replicated in California), takes advantage of those people who are already in
science, mathematics, engineering, and technology higher education programs and
offer them the ability to get into teaching. It also incorporates in-classroom teaching
experiences, master K–12 teachers, and ongoing mentoring—the combination of
which produces highly qualified teachers with the skills and support to remain effec-
tive in the classroom.

Our second action step focuses on strengthening the skills of 250,000 current K–
12 science and mathematics teachers through summer institutes, Master’s pro-
grams, and Advanced Placement and International Baccalaureate (AP and IB) pro-
fessional development programs. Each of these activities also builds on very success-
ful model programs that can be scaled up to the national level.

In the case of the summer institutes, the Committee recommends that the Federal
Government provide matching grants for state-wide and regional one- to two-week
summer institutes to upgrade the content knowledge and pedagogy skills of as many
as 50,000 practicing teachers each summer. The material covered would allow teach-
ers to keep current with recent developments in science, mathematics, and tech-
nology and allow for the exchange of best teaching practices. The Merck Institute
for Science Education is a model for this recommendation.

For the science and mathematics Master’s programs, the Committee recommends
that the Federal Government provide grants to universities to develop and offer
50,000 current middle-school and high-school science, mathematics, and technology
teachers (with or without undergraduate science, mathematics, or engineering de-
grees) two-year, part-time Master’s degree programs that focus on rigorous science
and mathematics content and pedagogy. The model for this recommendation is the
University of Pennsylvania Science Teachers Institute.

In the case of AP, IB, and pre-AP or pre-IB training, the Committee recommends
that the Federal Government support the training of an additional 70,000 AP or IB
and 80,000 pre-AP or pre-IB instructors to teach advanced courses in mathematics
and science. Assuming satisfactory performance, teachers may receive incentive pay-
ments of up to $2,000 per year, as well as $100 for each student who passes an AP
or IB exam in mathematics or science. There are two models for this program: the
Advanced Placement Incentive Program and Laying the Foundation, a pre-AP pro-
gram.

The Committee also proposes that high-quality teaching be fostered with world-
class curricula, standards, and assessments of student learning. Here, the Com-
mittee recommends that the Department of Education convene a national panel to
collect, evaluate, and develop rigorous K–12 materials that would be available free
of charge as a voluntary national curriculum. The model for this recommendation
is the Project Lead the Way pre-engineering courseware.

Why are we doing this? Because, as Mr. Augustine mentions, many of the teach-
ers who are teaching subjects have no background in the subjects that they are
teaching. It is very hard for someone who does not have a physics education to turn
students on to physics, because they have no basic feeling for the subject. Teachers
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with strong content knowledge, either through a Bachelor’s or Master’s program,
who also have strong pedagogy skills and access to ongoing skills updates can be
truly effective at encouraging students in science, mathematics, and technology
fields. That is the thesis that we’ve built on.

The Committee also proposes a program that will enlarge the pipeline by encour-
aging more students to take AP and IB science and mathematics courses and tests
through providing more opportunities and incentives for middle-school and high-
school students to pursue advanced work in science and mathematics. The Com-
mittee suggests a national goal of increasing the number of students in AP and IB
mathematics and science courses from 1.2 million to 4.5 million, and setting a goal
of tripling the number who pass those tests, to 700,000, by 2010. Student incentives
for success would include 50 percent examination fee rebates and $100 mini-scholar-
ships for each passing score on an AP or IB mathematics and science examination.

The reason we are encouraging more students to participate in AP/IB courses is
because we have found, through the Dallas-based AP Incentive Program, that those
students who take AP/IB courses are twice as likely to enter and complete college
as those who do not. Of particular interest is the ability of programs such as the
University of California College Prep Program to reach currently under-served areas
or populations of students with specific learning needs through online access to
teachers and tutors.

We also propose scholarships for American undergraduates who are willing to go
into science and technology and engineering and fellowship programs for those
pursing graduate science and engineering degrees in areas of national need.

In sum, the Committee is proposing a whole spectrum of recommendations that
will enhance the quality of science, mathematics, engineering, and technology edu-
cation for all American students and providing incentives for Americans to pursue
higher education degrees in these fields. By taking the proposed actions, we believe
that the United States will be better positioned to compete as a country for future
high knowledge jobs.

Thank you for providing me with this opportunity to testify before the Committee.
I would be pleased to answer any questions you have about the report.

BIOGRAPHY FOR P. ROY VAGELOS

Dr. Vagelos served as Chief Executive Officer of Merck & Co. Inc., for nine years
from July 1985 to June 1994. He was first elected to the Board of Directors in 1984
and served as its Chairman from April 1986 to November 1994.

Dr. Vagelos joined the worldwide health products firm in 1975 as Senior Vice
President of Research and became President of its research division in 1976; in ad-
dition, starting in January 1982, he served as Senior Vice President of Merck with
responsibility for strategic planning. He continued to hold both positions until 1984,
when he was elected Executive Vice President.

Before assuming broader responsibilities of business leadership, Dr. Vagelos had
won scientific recognition as an authority on lipids and enzymes and as a research
manager. This followed a decision early in his career to put his principal energies
into research rather than the practice of medicine.

Dr. Vagelos received a A.B. degree (1950) from the University of Pennsylvania,
where he was elected to Phi Beta Kappa, the academic honor society. He received
his M.D. from Columbia University (1954) and was elected to Alpha Omega Alpha,
the medical honor society. After internship and residency (1954–56) at Massachu-
setts General Hospital in Boston, he joined the National Institutes of Health in Be-
thesda, Maryland.

At the NIH (1956–66) he served in the National Heart Institute, holding positions
in cellular physiology and biochemistry—first as Senior Surgeon and then as Head
of Section of Comparative Biochemistry, both in the Laboratory of Biochemistry.

In 1966, Dr. Vagelos joined Washington University in St. Louis, Missouri, as
Chairman of the Department of Biological Chemistry of the School of Medicine. In
addition, from 1973 to 1975, he assumed more extensive responsibilities as Director
of the University’s Division of Biology and Biochemical Sciences, which he founded.

Dr. Vagelos has received honorary Doctor of Science degrees from Washington
University (1980) for his research achievements and important influence on national
science policy; Brown University (1982) for distinguished contributions to the ad-
vancement of knowledge as a teacher, research scientist, and head of one of the Na-
tion’s outstanding laboratories; the University of Medicine and Dentistry of New
Jersey (1984) for outstanding leadership in biomedical research leading to drugs and
other therapeutic agents of direct benefits to mankind; New York University (1989)
for contributions in helping to discover and produce medicines that both extend and
enhance life; Columbia University (1990) for an extraordinary range of accomplish-
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ments in biological science, pharmaceutical research, and leadership in the pharma-
ceutical industry; the New Jersey Institute of Technology (1992) for his contribu-
tions to medical research; Pamukkale University in Turkey (1992); and the Univer-
sity of New York at Stony Brook (1994) for outstanding achievement; Mount Sinai
Medical School (1997); and the University of British Columbia (1998). He received
Honorary Doctor of Laws degrees for leadership in the battle to conquer diseases
from Princeton University (1990), the University of Pennsylvania (1999) and Har-
vard University (2003). Rutgers University (1991) granted him honorary Doctor of
Humane Letters degree in recognition of his ‘‘ambitious agenda to develop effective
cures for the most perplexing illness of our time.’’

The author of more than 100 scientific papers, he received the Enzyme Chemistry
Award of the American Chemical Society in 1967. He was elected in 1972 to the
American Academy of Arts and Sciences and the National Academy of Sciences, and
in 1993 to the American Philosophical Society. In 1989 he received the Thomas Alva
Edison Sciences Award from Governor Thomas Kean. In 1993, he received the Law-
rence A. Wien Prize in Social Responsibility from Columbia University. In 1994 he
received the C. Walter Nichols Award from New York University’s Stern School of
Business. In 1995 he received the National Academy of Science Award for Chem-
istry in Service to Society. In 1998 he was awarded the Prince Mahidol Award con-
ferred by His Majesty the King in Bangkok (Thailand). In 1999 he received the
Othmer Gold Medal from the Chemical Heritage Foundation and Bower Award in
Business Leadership from Franklin Institute.

Dr. Vagelos was Chairman of the Board of Trustees of the University of Pennsyl-
vania from October 1994 to June 1999, having served as a trustee since 1988. He
also served as Co-Chairman of the New Jersey Performing Arts Center from 1989–
99, was President and CEO of the American School of Classical Studies at Athens
from 1999–2001 and served in the National Research Council Committee on Science
and Technology for Countering Terrorism in 2002.

He is currently Chairman of Regeneron Pharmaceuticals, Inc. and Theravance,
Inc., two biotech companies. He is also Chairman of the Board of Visitors at Colum-
bia University Medical Center where he also chairs the Capital Campaign. He
serves on a number of public policy and advisory boards, including the Donald Dan-
forth Plant Science Center and the Danforth Foundation.

Dr. Vagelos is married to the former Diana Touliatos. They live in New Jersey,
and have four children and seven grandchildren.

Dr. Vagelos was born on October 8, 1929, in Westfield New Jersey.

Chairman BOEHLERT. Thank you very much, Doctor.
Dr. Wulf.

STATEMENT OF DR. WILLIAM A. WULF, PRESIDENT, NATIONAL
ACADEMY OF ENGINEERING

Dr. WULF. Good morning, Mr. Chairman.
I have to say I am particularly delighted to be here this morning

with Norm and Roy. I would point out that Norm Augustine is a
member of the National Academy of Engineering, and in fact, was
its Chairman a few years ago.

Just echoing your comments before, I think the issue that we are
talking about today is the most important issue facing our country.
It may not be the most urgent, but I believe it is the most impor-
tant.

I wasn’t a member of Norm’s committee, and so I can’t hope to
represent the content of ‘‘Rising Above the Gathering Storm’’ as
well as Norm or Roy, so I am not going to try, but I would like to
make three points.

First, as Norm suggested, the problem is, itself, a creeping crisis.
In fact, it is not a problem; it is a set of problems. And those set
of problems I view as rather like tiles in a mosaic. Each one of
them viewed up close, perhaps, doesn’t sound like a crisis and isn’t,
perhaps, likely to provoke action, but if you stand back and you
look at the overall mosaic, a pattern emerges. It is a pattern of
short-term thinking, a pattern of lack of long-term investment. It
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is a pattern for preserving the status quo rather than reaching for
the next big goal. It is a pattern that presumes that we in the
United States are entitled to a better quality of life than others and
that all we have to do is to circle the wagons and defend that enti-
tlement. It is a pattern that does not balance the dangers and op-
portunities in current circumstances.

I don’t have time to talk about all of the tiles in this mosaic, and
I would largely be redundant with the report that is the subject of
this hearing if I did, but they include the dramatic decline in in-
dustry-based basic research, the flat-to-declining federal support of
research in the physical sciences and engineering, the increasingly
short-term risk averse nature of the research that is supported, the
discouraging effect on foreign students and scholars of our current
visa policy and its impact on our ability to get the world’s best and
brightest to come to the United States and to contribute to our se-
curity and prosperity, the draconian proposals for handling of
deemed exports in basic research, and their chilling impact on long-
term basic research at universities, and finally, the rapid growth
in the use of the category of sensitive but unclassified information
and its impact on the free flow of scientific information.

My second point is that although the problems depicted in ‘‘Ris-
ing Above the Gathering Storm’’ may not have a Sputnik-like
wake-up event, that does not mean they are unimportant. Quite
the contrary. In my view, collectively, they are the most important
issue currently facing the United States.

I am hardly alone in that view. There is an increasingly wide
recognition of it, I believe. In my written testimony, there are ref-
erences to some recent reports from a variety of sources that reflect
this deep concern, from the National Academies, from the private
sector, from government agencies, and from academia. Despite the
differing perspectives of the authoring organizations, there is sur-
prising consistency among this report.

As is said in the American Electronics Association report, and I
quote, ‘‘We are slipping. Yes, the United States still leads in nearly
every way one can measure, but that does not change the fact that
the foundation on which this lead was built is eroding. Our leader-
ship in technology and innovation has benefited from an infrastruc-
ture created by 50 years of continual investment, education, and
research. We are no longer maintaining that infrastructure.’’

In my view, the erosion alluded to by the AEA, if unchecked, will
lead to a poorer quality of life for our grandchildren, and quite pos-
sibly to a world that is less secure and less free.

My third, and final, point is that it is all about innovation and
the multifaceted environment that supports innovation. There is
wide agreement in the reports cited in my written testimony that
the U.S. ability to innovate has been the source of its prosperity,
and hence that ensuring our ability to continue to innovate is cen-
tral to our future prosperity and security. Each of these reports
proposes specific policy options to do this. Many of them are simi-
lar, few are identical. I think that is because there is no simple for-
mula for innovation. There is, instead, a multi-component environ-
ment that collectively encourages, or discourages, innovation. Just
to mention a few of the components of this environment: there
must be a vibrant research base; there must be an educated work-
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force; there must be a culture that permits and even encourages
risk taking; there must be a social climate that attracts the best
and brightest to practice engineering, whether from within the
country or outside it; there must be ‘‘patient capital’’ available to
the entrepreneur; the tax laws must reward investment; there
must be adequate and appropriate protection for intellectual prop-
erty; and there must be laws and regulations that protect the pub-
lic but also encourage experimentation.

To prosper in the future, we need to attend to all of these compo-
nents of the innovation environment.

In summary, by almost any objective measure, the United States
is doing very well at the moment. But, the prosperity and security
that we now enjoy is the result of decades of investment, research,
and education. We now see a pattern, a mosaic, of disinvestment,
of a retreat from bold research, and of a declining interest of Amer-
ican youth in education in science and engineering. We see a pat-
tern suggesting a shift from creating the new to protecting the sta-
tus quo. No single tile in this mosaic is going to ruin the American
economy, which perhaps makes it all the more dangerous. There is
a chance that we won’t take action until the consequences become
apparent in a decade or two, at which point it may be too late.

Thank you for the opportunity to testify, Mr. Chairman.
[The prepared statement of Dr. Wulf follows:]

PREPARED STATEMENT OF WILLIAM A. WULF

Good afternoon, Mr. Chairman and Members of the Committee. My name is Wil-
liam (Bill) Wulf and, since 1996, I have been on leave from the University of Vir-
ginia to serve as President of the National Academy of Engineering (NAE).

Founded in 1964, the NAE provides engineering leadership in service to the Na-
tion. It operates under the same congressional act of incorporation that established
the National Academy of Sciences, signed in 1863 by President Lincoln. Under this
charter the NAE is directed ‘‘whenever called upon by any department or agency
of the government, to investigate, examine, experiment, and report upon any subject
of science or art [technology].’’ The NAE’s 1998 strategic plan, however, goes beyond
this reactive, ‘‘whenever called upon,’’ role to one in which we are to ‘‘Promote the
technological health of the Nation. . ..’’ It is much in the latter spirit that I am here
today.

I am particularly delighted to be here in the company of Norm Augustine, former
Chairman of the NAE, to testify on what I believe to be the most important (as op-
posed to urgent) issue facing our country. I was not a member of Norm’s Committee,
but I participated in its initial meeting and tracked its progress closely, so I first
want to acknowledge and thank all of the stellar committee members for the enor-
mous energy and creativity that went into producing the report. I hope that the
Science Committee will appreciate that the Academies’ committee’s willingness to
spend countless hours on this report was the result of their depth of concern over
our nation’s future.

I cannot hope to represent the content of ‘‘Rising Above the Gathering Storm’’ as
well or as fully as Norm Augustine or Roy Vagelos, so I won’t try—but I would like
to draw attention to three points.
First, unfortunately the problem is a ‘‘creeping crisis.’’

Unfortunately the problems we are concerned about don’t have a Sputnik-like
wake-up call.

You all know the storied procedure for boiling a frog. They say that if you drop
a frog in boiling water, it will jump out. But, if you put a frog in cool water and
heat it very slowly, the frog won’t jump out, and you’ll get a boiled frog. The theory
is that each small, incremental rise in temperature is not enough of a crisis to make
the frog react. I don’t know if this story is true, but it fits my purpose—the slowly
warming water is a creeping crisis for the frog!

Our creeping crisis is not a slow, one-dimensional change like the frog’s water
temperature. We are facing a number of problems—each one like a tile in a mosaic.
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No one of these problems by itself creates the sort of crisis that provokes action.
But if you stand back and look at the collection of problems, a disturbing picture
emerges—a pattern of short-term thinking and a lack of long-term investment. It’s
a pattern for preserving the status quo rather than reaching for the next big goal.
It’s a pattern that presumes that we in the United States are entitled to a better
quality of life than others and that all we have to do is circle our wagons to defend
that entitlement. It’s a pattern that does not balance the dangers and opportunities
in current circumstances.

I do not have the time to discuss all the tiles in this mosaic, and I would be large-
ly redundant with the report that is the subject of this hearing if I did, but they
include:

— The dramatic decline in industry-based basic research.
— The flat-to-declining federal support of research in the physical sciences and

engineering.
— The increasingly short-term, risk-averse nature of the research that is sup-

ported.
— The discouraging effect on foreign students and scholars of our current visa

policies, and its impact on our ability to get the world’s best and brightest
to come to the U.S. and contribute to our security and prosperity.

— The draconian proposals for handling of ‘‘deemed exports’’ in basic research,
and their chilling impact on long-term basic research at universities.

— The rapid growth in the use of the category of ‘‘sensitive but unclassified’’
information, and its impact on the free flow of scientific information.

Second, nonetheless the problem is both important and widely recognized.
Although the problems depicted in ‘‘Rising Above the Gathering Storm’’ may not

have a Sputnik-like wake-up event, that does not mean they are unimportant. Quite
the contrary; in my view collectively they are the most important issue currently
facing the United States. I am hardly alone in that view; there is an increasingly
wide recognition of it. Below are references to recent reports from a variety of
sources that reflect this deep concern:

— From the National Academies1,2

— From the private sector3,4,5,6,7,8

— From government agencies,9,10,11,12 and
— From academia13,14
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Despite the differing perspectives of the authoring organizations, there is sur-
prising consistency among these reports. They all identify problems like the tiles in
my mosaic as representing serious long-term problems for the country—problems
that require action now! As is said in the American Electronics Association (AeA)
report33:

‘‘We are slipping. Yes, the United States still leads in nearly every way one can
measure, but that does not change the fact that the foundation on which this
lead was built is eroding. Our leadership in technology and innovation has ben-
efited from an infrastructure created by 50 years of continual investment, edu-
cation and research. We are no longer maintaining this infrastructure.’’

In my view, the erosion alluded to by the AeA, if unchecked, will lead to a poorer
quality of life for our grandchildren—and quite possibly to a world that is less se-
cure and less free.
Third and finally, it’s all about innovation and the multi-faceted environ-
ment that supports innovation.

There is wide agreement in the reports cited above that the U.S. ability to inno-
vate has been the source of its prosperity—and hence that ensuring our ability to
continue to innovate is central to our future prosperity and security. Each of these
reports proposes specific policy options to do this—many of them are similar, but
few are identical. I think that is because, in my view, there is no simple formula
for innovation. There is, instead, a multi-component ‘‘environment’’ that collectively
encourages, or discourages, innovation. Just to mention a few of the components of
this environment:

• There must be a vibrant research base.
• There must be an educated workforce.
• There must be a culture that permits and even encourages risk-taking.
• There must be a social climate that attracts the best and brightest to practice

engineering—whether from within the country or outside it.
• There must be ‘‘patient capital’’ available to the entrepreneur.
• The tax laws must reward investment.
• There must be adequate and appropriate protection for intellectual property.
• There must be laws and regulations that protect the public while also encour-

aging experimentation.
To prosper in the future we must attend to all the components of this innovation

environment—and in particular we need to be sure that they are attuned to the cur-
rent and future technologies rather than those of the past (when many of the com-
ponents of the environment were first created).
In Summary

By almost any objective measure, the U.S. is doing very well at this moment. But,
the prosperity and security that we now enjoy is the result of decades of investment,
research and education. We now see a pattern, a ‘‘mosaic,’’ of disinvestment, of a
retreat from bold research, and of a declining interest of American youth in edu-
cation in science and engineering. We see a pattern suggesting a shift from creating
the new to protecting the status quo. No single tile in this mosaic is going to ruin
the American economy—which perhaps makes it all the more dangerous. There is
the chance that we won’t take action until the consequences become apparent in a
decade or two, at which point it will be too late.

Thank you for the opportunity to testify, Mr. Chairman. I would be pleased to an-
swer any questions the Committee might have.
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DISCUSSION

Chairman BOEHLERT. Thank you for leaving us with some degree
of comfort by your closing statement, ‘‘By almost any objective, the
United States is doing very well at this moment.’’ Guess what?
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That is not good enough. That might make us feel better, we may
be doing very well, but our competition is doing a lot better a lot
quicker. So this is serious business.

And Dr. Vagelos, you know, you emphasized something that is so
very important. Right back to the basics, K–12 science and math
education. You know, I am sort of tired of appearing before busi-
ness groups, as I do frequently, and to get some guy raising his
hand, I will call on him, and you know, he starts moaning and
groaning about K–12 education and the high schools are grad-
uating students that we can’t hire because they can’t function, and
we have to start training them. And I listen to them moan and
groan, and I acknowledge that it is a serious problem we have got
to address, and then I will say to him and all of the other rep-
resentatives of business in the audience, and I did this a couple of
times at a Chamber of Commerce meeting and a National Associa-
tion of Manufacturers, ‘‘All right, you hot shots in business. Let me
ask you a question.’’ All right. Well, that is sort of unusual. I say,
‘‘How many of your employees, Mr. President of this company, Mr.
Manager of that company, how many of your employees serve on
a local school board?’’ You know. The answer, usually the response
is, ‘‘Gee, we don’t know.’’ ‘‘Go back and check, will you, please? And
then, in a couple weeks, let me know.’’ And I never hear back. You
know why? They check and they don’t run. Well, gee, we are in
business to make a profit, and it is too important. And why not
have them run for school boards?

And then the other thing is, and I am giving you some of my pet
theories, but I want to work together, because I want to follow
through on this and go forward on this. How many letters do you
think the average Member of Congress gets from his or her con-
stituents saying, ’’You know, we have got to invest more in basic
research, as a government,’’ or, ‘‘We should do better by the Na-
tional Science Foundation,’’ which is a primary funder of all univer-
sity-based research? Do you know how many letters? Probably the
average congressperson gets zero. And I doubt if there is a sitting
Member of either the House or the Senate who campaigned on
doing better by the science enterprise. You know, we have got to
reform Social Security. We are going to get out of Iraq. We are
going to do all of these things, but they don’t talk about these
things. And I say, once again, Mr. Augustine, I will say to people
like the Chairman of the Board of Lockheed Martin, your former
position, ‘‘Why don’t you look at your Board of Directors?’’ It reads
like a Who’s Who in America. All well compensated, all very heav-
ily influential in the political process, some Republican, some Dem-
ocrat. They are all over the lot. I would suggest that if Board Mem-
ber X from central Oklahoma or Board Member Y from northern
Kansas called up his or her representative and said, ‘‘Look. Here
is something that Congress is ignoring, and this is very important.
You have got to do better by K–12 science and math education, and
I don’t see how the hell you propose to do so if you are cutting
funding for the Education Directorate at the National Science
Foundation, and I want you to do something about that.’’ People
would begin to take notice.

So I don’t think this is too daunting a task, and I want to have
some follow-through with you guys after this. You know, there are
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435. You get 435 master cards, and we can get a file on each Mem-
ber of Congress. And then we can just sort of work them and figure
out how we can get them to focus on this subject area.

So with that, a sort of preamble of my speech, let me ask you
this. Help us prioritize your recommendations. And help us explain
how you decided on a 10 percent increase. Can we go with those
two?

Mr. Augustine.
Mr. AUGUSTINE. Thank you.
I will be glad to begin.
The question of prioritizing, we feel, quite strongly, that one has

to view our recommendations as a package. We did single out as
the highest priority K–12, because that seemed to underpin every-
thing we are doing. If we don’t solve that problem, we have lost.

Beyond that, the reason we view it as a package is, for example,
to create more scientists and engineers but to not increase the re-
search budget for them to work on just creates people without jobs.
And so this is a closely-knit package that we have proposed. We
gathered 60 experts in various fields who came to Washington for
two days with us, and they made recommendations as to what we
should recommend to you. They made over 150 recommendations,
which we boiled down and refined. So what you are seeing is our
prioritized list of the very top ones. There were others we didn’t
consider.

Your question of why 10 percent, and you are referring to the in-
crease in basic research in the specific fields. Our motivation was
to, rather quickly, increase the budget in those fields, which have
been basically flat in real dollars for 20 years. That contrasts
sharply with the progress in the biological sciences. So we wanted
to do it as quickly as we could, but we also want to be sure the
money is spent efficiently. And it is our view that about 10 percent
per year, this is obviously judgmental, is about what you can in-
crease and spend very efficiently. It might be 15 percent. It might
be eight percent, but it would be in that range.

The question of why we put the seven-year limit on it; it turns
out, of course, that 10 percent per year for seven years roughly
doubles the existing $8 billion budget in this area. That is encour-
aging to us, and seems rational in the sense that the Congress,
with your leadership, recently proposed that the NIH budget be
doubled. And the Administration supported that. That was through
the authorization process, unfortunately not through the appropria-
tions process.

So that would be my answer to your question. I am sorry. Did
I say NIH? I meant NSF.

Chairman BOEHLERT. Yeah. Yeah. It is NSF. Well, you know, we
are following the NIH model, and everybody got nervous, because
we doubled the NIH budget over five years, and I really think the
basic reason is because it does so much in research in things like
Alzheimer’s and cancer and everything else, and Members couldn’t
vote fast enough, because they had looked out and said there, but
for the grace of God, go I and vote aye. And we ought to do the
same thing with the physical sciences and following that model.
And a lot of people with biological sciences interested in NIH were
concerned that I was trying to cut their funding. I don’t want to
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cut their funding one dime. It is important. But I want to elevate
NSF.

But the basic problem is, and this is our problem on Capitol Hill.
We passed the legislation putting the NSF on a path to double its
budget over five years. We had a big ceremony down at the White
House. The president signed it, we patted each other on the back.
Boy, we felt good. But that didn’t appropriate one dime. And while
we put the agency on a path with authorization from this com-
mittee to double a budget over five years, you know, the percentage
increase is a little better than flat, but not a heck of a lot better.
You know what the total budget is? I bet you if you asked the
board members of Merck or Lockheed Martin or anybody else, what
do you think NSF gets. You know, they sponsor, basically, all uni-
versity-based research in America. They wouldn’t know, $5 billion
a year. You know what, they spend more than that in a coffee
break over in the Pentagon. That is another place you are associ-
ated with. And I am for national defense, but we have got to get
some priorities in order.

My time is expired.
Mr. Gordon.
Mr. GORDON. As I said earlier, I admire my Chairman’s passion

for this issue. I am also the beneficiary of, hopefully, some extra
time that could be allocated to me over the next few weeks because
of all of his passion here. And I do admire it.

As the Chairman said, the National Science Foundation, we
passed an authorization to double it. It was signed by the Presi-
dent, yet the President never has made those requests. I think one
of the benefits of your proposal is that you went beyond flowery
rhetoric and gave us some specific recommendations.

You also have specific recommendations for an action plan. You
gave us an action plan on what to do. What about an action plan
on how to get it implemented, how to get the President to make
these proposals, how to get Congress to go forward? Or do you feel
like your job is over? Have you given us the sheet and now you all
are going home? Mr. Augustine, is there another step?

Mr. AUGUSTINE. No, we believe that our job has just begun, and
we do have a plan. I should say that we are in a difficult position,
because the National Academies don’t lobby, by policy. On the
other hand, the National Academies do provide information, dis-
seminate information, share views, and we intend to do a lot of
that. And we would hope that we will have the opportunity to do
that broadly with the Business Roundtable, with labor unions, with
other organizations that are interested in this topic, with teachers.
And indeed, we do plan to pursue this, and our members have——

Mr. GORDON. Good.
Mr. AUGUSTINE.—in fact, been——
Mr. GORDON. Well, I would hope that you would put together,

around my office, I, you know, sort of have a, I don’t know whether
it is a saying, but if it is not written down, it is not a plan. And
we would hope that, not as extensively as this, but that you might
put together an action plan for implementing, whether informally
or formally, meet with us and tell us how we can help. And we
would all like to work together on that.
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The second question that I have, back when the original Presi-
dent Bush was President, he and Congress got together and passed
something called PAYGO. We had a big deficit, and we wanted to
do something about it, and we all know that the first thing you do
when you are in a hole, you stop digging. And that is what PAYGO
tried to do. Every time there was legislation that came to the Floor,
it had to have a fiscal note to say what it cost. And you had to have
either additional revenue or you had to have offsets for that. That
was passed two more times under, again, under two Presidents and
several Congresses. Unfortunately, it expired in 2002, and we can’t
get the current Congress to renew that.

But going back to that same type of idea, it is going to be hard
to get additional funds. Nobody likes to talk about taxes, and
maybe we will just say fee or something here. Do you have any
suggestions as to a fee that might be appropriate on, maybe, the
business sector somewhere that would be dedicated for this $10 bil-
lion? You know, and that it would be a, you know, somewhat of a
tit for tat if we have, you know, one-eighth of a percent additional
something here that would go to these various teaching programs?
Do you have any recommendations on that?

Mr. AUGUSTINE. I am afraid I will have to disappoint you here,
because our committee’s charter really didn’t include looking for
offsets of——

Mr. GORDON. Well, I am just asking you as informed individuals
and——

Mr. AUGUSTINE. As an individual, and not speaking for the com-
mittee, you know, kind of the way I look at it is that we have gross
domestic product of $12 trillion. The Federal Government spends,
as you know, $2 trillion a year. Last year, I am told that our citi-
zens lost $7 billion betting on the Super Bowl. The cost of litigation
to corporations in America is about 10 to 20 times what we have
asked for here. And so it is our belief that this kind of money can
be found. Now I have my own personal list, as I am sure everybody
else does, of, you know, where I would start looking for money, but
it is not particularly relevant, because I have no expertise in the
subject.

Mr. GORDON. Well, we are not voting on a budget today, because
there wasn’t the ability, the will, or whatever to go from a $35 bil-
lion reduction to $50 billion. So that was $15 billion that appar-
ently couldn’t be found. And it was a pretty hard effort. Now
maybe they will find it next week, I don’t know. So yes, there is
probably, you know, there is enough money sloshing around. But
if that is the answer, then we are not going to get this done.

Mr. AUGUSTINE. Well, you know, I, as an individual, feel, I can’t
speak for other CEOs. I feel so strongly that it is in the best inter-
est of our companies that if it requires an additional tax of some
kind to fix some of these problems, and it is not a huge amount
of money in the grand scheme of things, I personally would support
that kind of thing. But again, I can’t speak for the——

Mr. GORDON. Well, I think that would be another, again, the fol-
low-up, both in the action plan and implementing this, and if the
business community thinks it is important, it would give a lot of
credibility and a lot of cover for folks. And I think that we want
it as small as possible. It needs to be dedicated so that you know
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where it is going, and this old PAYGO kind of process. So I would
hope that, again, with all of those big thinkers as you are around
doing big thinking, that that might be added to the agenda.

And again, thank you all for your, well, let me add, does anyone
else want to comment on any of those subjects?

Dr. VAGELOS. Mr. Gordon, I haven’t really thought on the source,
but there are sources, even within the current research budget of
the government that I think could be reallocated. I would not like
to discuss them at this time, because I—they just haven’t been gen-
eralized, but I certainly have ideas. And I certainly would support,
also, an increase in taxes that would cover these subjects.

But let me say that although the statements that I have heard
today that corporations are not doing enough is a general state-
ment that doesn’t cover all corporations. And let me give you an
example. At Merck, 15 years ago, we started what we called the
Merck Institute for Science Education and developed a program for
K–6 students in the region around our locations in the United
States, of which there are several. And we have a person who
heads that, Carlo Parravano, who is previously a professor of phys-
ical chemistry at a university and with a passion for teaching
young people. And the idea is to train teachers in the K–6 level to
understand some level of hands-on science in order to excite and
demystify science for young children, because it demystifies for
those teachers who are exposed in summer institutes, and then
they are followed by master teacher visitations during the course
of a year to get the children excited about science. Merck started
this program about 15 years ago, and it has continued. It is so good
that the NSF actually is replicating some of it. And Merck con-
tinues to invest in that regard.

So some companies, at least, are doing that. And I know of other
companies doing similar programs. So I would like not to leave
with a negative thought of all corporations not being interested in
K–12, because they are, indeed. And certainly in higher education,
many research corporations invest in universities and in high
schools to bring up the number of people who are going into tech-
nology because they are looking at their future workforce, frankly.
It really benefits them to have better people coming through the
pipelines.

Mr. GORDON. Yeah, I don’t think, hopefully no one overtly or in-
sinuated that everyone is in that boat. What we want is to find in-
centives to increase that leadership.

But thank you very much.
Chairman BOEHLERT. Thank you.
Mr. GORDON. I would also, in fact, I would like to request if you

do have any kind of material on the Merck program——
Dr. VAGELOS. Yes.
Mr. GORDON.I would like to see that so we might be able to see

how we could replicate it, also.
Chairman BOEHLERT. Well, just let me stress that what Merck

has done, what Lockheed is doing, Westinghouse scholarships, cor-
porate America is magnificent in its generosity in so many in-
stances, so I don’t want anyone to go away from this with the im-
pression that this committee, particularly, does not acknowledge
the great contributions corporate America is making. But they need
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to do a better job, and so do we. And you know, before we start
asking you to do a better job, we have got to look ourselves in the
mirror and say are we doing a better job. And I hope it—yes, Doc-
tor. Did you want to make an observation?

Dr. VAGELOS. I just want to say something about the long-term
investment in research, because it is so crucial to what we are talk-
ing about. First of all, we have to have people who can do it, so
that is K–12 and higher education. But are corporations really
making a difference? And have we impacted health? Yeah, we have
spent, the Nation has spent, you know, billions in the last 25 years.
Has it been worth it? Well, I will give, as an example, what hap-
pened in 1981. There was the identification of a new thing called
AIDS. It turned out a couple years later, the virus was identified
through work at NIH and the Pasteur Institute, but then the uni-
versities and industry both focused on how do you handle this
virus, a virus which caused the disease which was 100 percent le-
thal. And within, you know, a decade, you have the development
of several different mechanisms of antiretroviral drugs that, in
combination, converted a 100-percent lethal disease to a disease,
which is a chronic infection where people leave hospitals, go back
to work, and live normal lives. Now that is the interaction between
basic research investing by government and research investment
by industry.

There are other things that are coming today. We heard in the
paper today an advance in breast cancer outcomes using Herceptin,
a drug that has been around for a while, but it is a monochromal
antibody. Here is a technology that has been essentially developed
in the United States over the last 25 years and is having an impact
now. There is a vaccine being developed both by Merck and by GSK
that will prevent cervical cancer. This is against human papilloma
virus. This has come from years of basic research now converted
to—do you know how long it takes to make a vaccine?

Chairman BOEHLERT. Oh, I know that.
Dr. VAGELOS. And do you know the panic now over influenza,

avian flu?
Chairman BOEHLERT. Well, that gets into a different subject. Let

us get to Ms. Biggert, because she will get us back on course here,
because this is such an enthusiastic group that we all could talk
forever, but I hope it should not go unnoticed that we have a high-
er percentage of both sides of the aisle participating in this hearing
than I will bet you any other hearing on Capitol Hill, which is a
testament to the importance that we view the subject and to the
distinguished panel we have.

Ms. Biggert.
Ms. BIGGERT. Thank you, Mr. Chairman.
First of all, I just wanted to mention that I did serve as Presi-

dent of my local high school school board, and I appreciate all that
you are doing. The problem that we always had was, first of all,
to find the teachers that were the best and the brightest for what
we wanted in our school. And then the second was to keep up with
technology and the equipment that changed so to have available for
the students.
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But I really wanted to talk about or ask questions to focus atten-
tion on energy and your proposal for the creation of a DARPA-like
entity at the Department of Energy.

It has been my experience representing a DOE National Lab,
and serving as the Chairman of the Subcommittee on Energy here
in this committee, that the bigger problem is technology transfer,
getting new technologies or the products of government-funded re-
search from the lab to the market. And I know that so many times
things, for example, right after 9/11, we found that the labs really
had done the research, had the products that then could go, for ex-
ample, to the subway to identify, you know, foreign chemicals in
there and things like that that were there, but nobody had ever
really processed that or gone further.

So my first question is what specific problem was the committee
trying to address through this recommendation, recommendation
B5?

Mr. AUGUSTINE. There you go. Your question is a very good one
and touches on a number of points we have debated at length.
Really, the problem we saw, maybe I should say, in the way of
background, the company I had the privilege of serving has oper-
ated for the DOE a number of National Labs, and so we had some
experience with the challenges. And the notion with ARPA–E was
to do for the Department of Energy what DARPA has done for the
Department of Defense, specifically to take high-risk, very high-
payoff transformational research, support that research, and then
to transfer it into industry, and to where it could produce products.
There does seem to be a gap between the DOE’s ability to produce
great new products, great new ideas, just as you have cited, and
to make something happen. And our hope was that this might pro-
vide that transformational mechanism.

The reason we think it could well work is that ARPA–E, the Ad-
vanced Research Projects Agency–Energy that we have proposed,
would not do research itself. It would support research that was
done in universities and done in industry and possibly in the labs
of National Labs themselves. It would be competitively awarded,
and so there would be a built-in involvement of industry and of
universities that you don’t have in the labs themselves. And part
of the reason we don’t have it in the labs is the well-meaning con-
flict of interest rules we have that makes it hard for companies to
access some of this information.

Ms. BIGGERT. I understand that there were a couple, one or more
members, that did not agree with this recommendation, and——

Mr. AUGUSTINE. Yes, of all of the 20 recommendations we made,
one member disagreed with one recommendation, and it was this
one. And this particular individual felt, and I hope I can do justice
to his views, that we already are spending a great deal of money
on energy research in the government and that the industrial firms
in the field are also devoting a great deal of money to research.
And this individual believed that there was no more money needed
at this point and also that the government would be in a position
of picking winners and losers in terms of research and companies,
and that wouldn’t be healthy. Now I personally don’t share that
view, but I think I have done justice to his position.
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Ms. BIGGERT. Well, it sounds like, then, that this really is a way
to move from the lab to market. Is that the major focus of it, or
just the basic research itself?

Mr. AUGUSTINE. Well, I think it is two things. The first is what
you said. It is a way to build a bridge to getting ideas and research
out and applied. The second is to be able to spend more money on
transformational, breakthrough, high-risk, long-term research that
companies just won’t perform and that the NSF and the NIH and
Defense Department are all doing much less of because of their
risk aversion.

Ms. BIGGERT. So much, particularly in the labs, it seems like, you
know, the basic research in physical sciences, so many times, what
might start out to be a project to work on one item will be able to
discover something else, and it will probably, you know, be much
more of the thing that is going to change the world or whatever.
Will this destroy that at all by having to compete for these grants
on specific types of research?

Mr. AUGUSTINE. Not at all. And your point is such a good one.
And that is one reason, of course, why industry is reluctant to in-
vest in basic research, because what you come up with may help
your competitor more than it helps you, and whereas the ARPA-
E idea would promote that.

In addition, we had another recommendation that you are famil-
iar with, I am sure, that the government labs be provided latitude
to spend eight percent of their budget at the discretion of the peo-
ple in the lab that know better than the central managers where
those other opportunities are popping up.

Ms. BIGGERT. I think some people have tried to cut that back,
which is disturbing, because that is a very——

Chairman BOEHLERT. The gentlelady’s time has expired. Thank
you very much.

Ms. BIGGERT. Thank you.
Chairman BOEHLERT. Mr. Miller, the Floor is yours for 300 sec-

onds.
Mr. MILLER. Thank you, Mr. Chairman.
Mr. Chairman, I rarely pass the chance to ask questions to am-

plify some point, but this panel has made all of the points that I
think need to be made.

Mr. Chairman, I will disagree with you on one point. You said
you thought no Member of Congress campaigns on the need to fund
basic research to provide for science education and to try to move
ideas, the product research, from the laboratory to the market. Mr.
Chairman, I do. I represent a textile District. I represent a District
that has lost a lot of jobs, and I voted against CAFTA, but I tell
the folks who ask me all of the time not how are we bringing the
jobs back, but where are the new jobs coming from, that our future
can not be having low-skilled jobs in labor-intensive industries. It
has to be the most innovative economy in the world, and that
means research, funding research. It means science education. It
means a commitment to community colleges where people learn
new job skills throughout their lifetimes and will have to go back
again and again. And it means efforts to move to provide the fund-
ing and the assistance to take research out of the laboratory to the
marketplace.
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So Mr. Chairman, I am delighted to be here, and my enthusiasm
for this topic, I think, may be the equal of yours.

Chairman BOEHLERT. Dr. Ehlers.
Mr. EHLERS. Thank you, Mr. Chairman.
And I will join Mr. Miller in the ranks of those who campaign

for science. In fact, my very first election, I scored a coup on a live
TV debate when all of the attorneys running against me were say-
ing that they would come here and straighten out the laws, the
business people were coming here saying they would come here to
balance the budget. And I pointed out that if we elected an attor-
ney, we would add one to the 175 already here, and I didn’t think
that would make much difference. If we elected a businessperson,
we would add one to the 137 already here, and I didn’t think that
would make much difference. But if they elected me, they would
double the number of scientists in the Congress, and that would
make a difference, and it seemed to resonate with the people.

I also am in somewhat the same camp as Mr. Miller. When I
read your executive summary, I haven’t had time to read the whole
report yet, but I just checked them off, and virtually everything,
with one small exception, is exactly what I have been advocating
for 12 years here. And I want to thank you very, very much for an
excellent report, not just because you agree with me, but because
you make the case well, and it is what this country needs. And now
it is up to us, as a Congress, to implement that.

So I congratulate you. I am afraid I have to go vote somewhere
else, but let me just try to clarify one point.

We talked about ARPA–E. And by the way, I think it would be
better to call it ‘‘DARPE,’’ and maybe you could have a stuffed doll
named ‘‘DARPE,’’ you know, as a symbol. Come up with something
catchy. But DARPA has been a powerful force in basic research in
this country. All right.

Chairman BOEHLERT. Only a physicist would have his cell phone
with Beethoven’s Fifth.

Mr. EHLERS. No, it is only a fourth. I don’t drink.
But DARPA has been extremely successful, but it has been very

much a basic research agency. And yet, in the discussion I just
heard, it sounded like you are talking about this as much a tech
transfer as a basic research entity. And I think the Department of
Energy badly needs this sort of thing. I am not questioning that,
but it is not clear to me precisely what you are trying to accomplish
here. If the goal is to have the Department of Energy address, in
a more direct way, the national problems that we face, I would
heartily welcome that. We have huge energy problems here, and I
would like to see that happen. But tech transfer, we have CRADAs.
I don’t know if they are still around, but they were very successful.
And we could address technology transfer through an MEP-like
type of program or agriculture extension program, which I would
also favor.

But could you just give me a little clarification, a little more clar-
ification I would say? What are you really trying to achieve with
the ARPA–E proposal?

Mr. AUGUSTINE. I am glad you asked to give us an opportunity
to clarify, and I will call on my colleagues, with your permission,
to add, and so I will be brief.
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The intent with the ARPA–E is, indeed, to focus on basic re-
search of a specific kind, namely high-risk, high-payoff, long-term,
generic applications. That is the focus. I think where I misled you
is I was addressing the question of how, once you have done that,
do you get that applied, get it out where it becomes useful. And my
answer to that was that ARPA–E would not do research of its own,
but rather, with funds, work by others, including universities, in-
dustry, and the National Labs competitively awarded. And that is
the way I was suggesting that the knowledge could be transferred.

Mr. EHLERS. Yeah. I guess my response to that, and I heard that
answer, but that, in itself, won’t transfer it unless you have indus-
trial partners for each grant, or something of that sort. But NSF
gives direct grants to universities, and that doesn’t guarantee the
results get transferred. I think you really have to build in a specific
mechanism to do it, and that is what I was trying to clarify.

Dr. VAGELOS. May I add something to that, Norm, and that is
there is the feeling on the committee, as the majority of the com-
mittee, that there are ideas and basic observations that are made
at universities principally which are not mature enough to be
picked up by either industry or the VCs. And these just will not
be funded, because they are sort of falling in between the cracks.
People are not yet recognizing that these can be applied, and there-
fore, there would be a committee that includes industry people,
who are identifying these ideas that are otherwise not going to be
funded, but the best of these to be brought along so that they
would gain the visibility so that they would be either picked up by
industry or capitalized in some other way.

Mr. EHLERS. So you basically want to bridge the valley of death?
Dr. VAGELOS. Exactly.
Mr. EHLERS. Yeah. Well, thank you very, very much for an excel-

lent report. I really appreciate what you have done. Thank you.
Mr. HALL. [Presiding] The Chair recognizes Mr. Green, the gen-

tleman from Texas.
Mr. GREEN. Thank you, Mr. Chairman. And I thank the Ranking

Member as well.
Mr. Augustine, your comments were quite shocking, and I appre-

ciate the way you presented them. They were very much an awak-
ening, to a certain extent. And I appreciate each member of the
panel for what you have presented.

I would like to start, if I may, with Dr. Wulf.
Dr. Wulf, sir, your colleagues had indicated that they would sup-

port a tax increase, if you will. Do you have a similar view?
Dr. WULF. Well, of course, I am not a captain of industry like the

two gentlemen sitting to my right, but I have to say that more than
one CEO has said to me that they can’t invest in research within
their own company easily, because that detracts from the bottom
line, and it is an optional cost. And so the market, Wall Street, will
penalize them for doing that. And I think Norm has a marvelous
story about that. But if they were taxed the same amount and that
money was guaranteed to go into research, they would be happy.

Mr. GREEN. Thank you.
A quick comment. It appears that with reference to fixing, as it

was articulated, K–12, it appears that many of our young people,
and even their parents, don’t see education as the way out. And I
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think that is very unfortunate, but the Powerball, lottery, athletics,
rock stars, they seem to dominate the persona of the successful per-
son. And unfortunately, there is this belief among too many young
people that that is the way out for them.

So my first question is, is there a one-size-fits-all remedy for fix-
ing K–12, because you have urban versus rural, you have inner city
versus outer city, you have some cultural concerns that, in my
opinion, will have to be addressed? How do we make sure that
when we fix K–12, we fix it for all of the children, regardless of
whether they are rural or they are urban, whether they are inner
city or outer city? It seems that there is a little bit more to concern
ourselves with, if we truly want to leave no child behind.

And I would like for each of you, if you would, to address the as-
pect of leaving no child behind. And I will start with you, Mr. Au-
gustine, if you would, please.

Mr. AUGUSTINE. Well, thank you for that question. And I am
very glad you asked it.

Certainly, there has been a change that today the students don’t
look at education or being a physicist, by and large, as the way out.
In my own case, I was the first in my family to go to college. I was
the second to go to high school. But my parents made very clear
to me that the way out, the way ahead, was education. And that
was just fundamental. We have lost that, to a great degree.

The way I think that we address this question of the different
backgrounds, different interests of students, is through the teach-
ers, because the one thing that all of those students have in com-
mon is the teachers. And if we give them good teachers that show
them that know their subject, that know what they are talking
about, that inspire them, demand excellence, I don’t think it mat-
ters where you come from, that is going to make a difference in
your life, I think. So that is why we focused on teachers.

Roy?
Dr. VAGELOS. Yeah, well, you took the words right out of my

mouth on focusing on teachers and getting them to understand the
subjects that they teach.

Mr. Green, you come from the State of Texas, and you may have
caught, I don’t know whether you have caught or were in the room
when I mentioned that the advanced placement incentive program,
which originated in Dallas, really introduces the concept that you
can train teachers who are already teaching to be able to teach ad-
vanced placement. You can incentivize students to take that by of-
fering them the courses and a $100 bonus, if they pass. And taking
a school district, which is largely poor and has many immigrants
and under-served minorities, you can increase the number of stu-
dents taking advanced placement courses and passing them by ten-
fold with such a program, it is those students, they won’t be stars,
or they may not be all of the athletes, but you can increase, includ-
ing minority students, the number of students taking these ad-
vanced programs and the advanced programs are in math and
science. So that is one thing that can affect every city. And that
is one of the programs we are recommending.

Dr. WULF. Just to answer your question very directly, no, I do
not believe that one size fits all. I think all of my adult life we have
been collectively, as a society, talking about the problems we have
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with K–12 education. And we have made, in my view, very, very
little progress. We have this seminal event of ‘‘A Nation at Risk’’
being published and getting a lot of attention focused on the prob-
lem, and yet, I think if you objectively look at where we are rel-
ative to, what, 15 years ago, when that report was published, I
would find it very hard to argue that we have made very much
progress. And I think a lot of the reason is that people have ad-
vanced one silver bullet after the next and that is not just going
to work. We have to attack it on a very broad front. I happen to
concur that focusing on teachers is a very, very, very important
piece of it, but that is not all of it, either.

Chairman BOEHLERT. Thank you very much.
The gentleman’s time has expired.
Let me point out that we created a scholarship program, an in-

centive program, to get the best and the brightest in the under-
graduate years majoring in science, math, and engineering, and
agreed to give them a stipend each year and in exchange for an
agreement to teach for two years, and we had that on the books
authorized from this committee for several years before we got one
thin dime. And now we are spending a grand total, I think, of
about $5 million a year on it. That shows you where our priorities
are, unfortunately.

Mr. Hall.
Mr. HALL. I thank you. And I thank this panel here. And I thank

the very distinguished Mr. Chairman, you have mentioned the at-
tendance here. It is no wonder when you read the array of men and
women who are giving their time. And Norm Augustine is no
stranger here. The Augustine report was a bible for us for about
10 years in the ’80s. Thank you for that and others of you.

And I think it is very, very important that we seek ability to
compete in this century with jobs and especially for older people.
You know, Norm, I am the oldest guy in Congress, or in the House,
and when that guy from West Virginia finally takes everybody’s ad-
vice and leaves, well, I will be the oldest in Congress. And jobs are
important. Other than my opponents, my wife has even suggested
that, you know, I should quit, but at 82, I checked with Wal-Mart,
and they weren’t hiring any greeters. I didn’t have a cap and a pis-
tol. I couldn’t be a crossing guard for anybody, but what a wonder-
ful thing it is for you to give your valuable time, and your time to
prepare to get here, to give us your time here, and your time stay-
ing here.

You know, with China calling us out on the world energy alloca-
tion and their end of the space program now, we have got so many,
so many reasons to listen to this group here.

But let me ask you this, the 60 subject matter experts, are they
of the same caliber? And how do you all work together? And when
do the 20 and the 60 ever get together?

Dr. VAGELOS. Well, sure. These were experts that were rec-
ommended largely by the committee. The committee was invited by
the President of the National Academy of Sciences. Twenty-one
people were called, as I understand it. Twenty people responded,
which is an incredible response rate.

Mr. HALL. Right.
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Dr. VAGELOS. Now they were asked to suggest their priorities in-
dividually and other experts in the United States who would be
able to speak to these subjects, and they also were asked to
prioritize their recommendations. And then there was one major
long weekend around-the-clock meeting, and then numerous con-
ference calls and trading of tons of information through the Inter-
net. That is the way we ran the thing.

Mr. HALL. Peter O’Donnell is a special friend of mine, and——
Dr. VAGELOS. He was right in the middle of it.
Mr. HALL.—a great and giving person in our part of the country.

And because I was late getting here, I have been on other commit-
tees, I don’t know what questions have been asked, but if I have
any questions, I will submit them to you later, but I am sure that
the Chairman and Ranking Member have asked, probably, the
proper questions, and I can refer to the record for that.

And I thank you for your time. Very much I thank you for giving
your ability to your country.

I yield back.
Chairman BOEHLERT. Thank you very much.
Mr. Honda.
Mr. HONDA. Thank you, Mr. Chairman.
I will be real quick and to the point, because we are going to be

asked to vote.
I went through the report and just generally perused the rec-

ommendations and everything, and I was captivated by the term
‘‘innovation’’ running through the whole report, but you have never
addressed the concept of teaching innovation creativity. And I
think that that is the piece that we are missing. And when I speak
with some of the other folks in education and who have just re-
cently retired from high tech or, you know that their main concern
is that if we are talking about producing more science students and
more folks adept at math and science, that we will still be out-
performed by India and China, because they are going to do the
same thing. When we talk about the history of Silicon Valley, we
know that Silicon Valley is not only a geographic place, but it is
a phenomena of a combination of folks or of factors. And one of the
factors is the talent and the people. And one of the factors of the
talent of the people is their innate ability to be creative and inven-
tive. We don’t teach that, and it is a teachable skill to be able to
teach innovation and creativity.

What is your opinion about making education a goal for this na-
tion, the teaching of innovation and creativity? And what do you
think the costs may be and with the insights you have from your
own report?

Dr. WULF. One of the things that I have focused a lot of my at-
tention on in the last nine years that I have been President of the
Academy has been engineering education reform. And a strong
theme running through that is that engineering is all about cre-
ativity. It is all about—as Theodore von Karman said, ‘‘creating
what has never been.’’ And so making engineering education better
adapted and suited to the actual environment that engineers are
going to practice in really involves teaching creativity and innova-
tion.

Mr. HONDA. But there——
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Dr. WULF. And so that is starting to happen.
Mr. HONDA. Right. But there is no curricula that speaks to cre-

ativity or innovation, and in the discussion in the report, I don’t
see that as being highlighted or important. It is mentioned, but you
know, teaching math and science, if we keep teaching the way we
have taught, we still teach youngsters and people a compartmen-
talized approach to math and science, and it should be multi-dis-
ciplinary and integrated and then teaching how to teach innovation
and creativity. And if that is not a stated goal, how will we under-
stand and know that that is going to be one of the outcomes?

Dr. WULF. There actually are a number of engineering schools
around the country now, which make innovation and creativity cen-
tral to the curriculum.

Mr. HONDA. Would you be willing to have a long discussion on
that——

Dr. WULF. I sure would.
Mr. HONDA.—in your report?
Dr. WULF. Well, the report is the report.
Mr. HONDA. Well, the report is a document that people look at

to refer to from experts in the field, and if it is not specifically men-
tioned as a goal, but it is only mentioned as one of the things that
we look for, but is not specifically addressed, I wonder whether it
is going to have the impact that we are looking for.

Dr. WULF. I would be happy to share with you another pair of
reports, which collectively have the title, ‘‘The Engineer of
2020’’——

Mr. HONDA. Okay. Thank you.
Dr. WULF.—which focuses on that.
Mr. HONDA. Dr. Vagelos, I thought maybe you might have a com-

ment.
Dr. VAGELOS. Well, the teaching innovation, I think, is very dif-

ficult than you are suggesting. Because the innovators, you can
have great scientists who make key observations and then someone
else comes along and takes that observation to the next step. An
example, the discovery of penicillin, which was about 1928, some-
thing like that, by Fleming, and it sat around in his lab for a cou-
ple of years, and he essentially gave up. This was taken up by a
scientist about 10 years later who saw that it was important, and
they took the step to make it in large amounts and discover what
this substance was that was able to kill organisms and might be
a drug. And so it takes certain kinds of people. And I don’t know
that it is. A lot of it is innate. There were lots of people thinking
about programming when Bill Gates came along. There is only one
Bill Gates.

Mr. HONDA. But to say that teaching innovation and creativity
is difficult is to beg the issue of whether it should be taught or not,
and it is a teachable skill. As a teacher, I know that processes are
important. And to have our youngsters in our schools subjected to
traditional instruction and not being challenged to think outside
the box is, you know. We have a lot of Ph.D.s in my valley that
are unemployed. And if we are going to be competitive, I think
that, you know, to think out of the box and have them be able to
grasp this concept or this ability to innovate——

Chairman BOEHLERT. Point well taken.

VerDate 11-MAY-2000 11:58 May 20, 2006 Jkt 024132 PO 00000 Frm 00076 Fmt 6633 Sfmt 6601 C:\WORKD\FULL05\102005\24132 SCIENCE1 PsN: SCIENCE1



69

Mr. HONDA.—we will lose——
Chairman BOEHLERT. The gentleman’s time has expired. We

have a vote on the Floor.
Mr. Carnahan, we would like to get you in. You have been faith-

ful here all morning.
Mr. CARNAHAN. Thank you, Mr. Chairman, and thank you. I

share your passion for this, and Mr. Matheson, I guess I have join
him, because I talked about this back home as well, research and
innovation, and had a fascinating tour back home in St. Louis re-
cently with the company there who is competing internationally,
and not just competing, actually expanding their operations, and
they are able to do that because of innovation in unique products.
And so it was a great boost for me to see a local company doing
that, and to see the power of that innovation.

I also want to compliment all of you for your big ideas and for
your frankness about how to really go to the next steps and what
this is going to cost, but also talk about how you believe it is worth
the cost, because it is so important to our future.

I really wanted to focus on a couple of questions in our short
time here.

I think your idea about the scholarships for younger, newer
teachers is a good idea. There are some of those out there, but I
think we can do more there. I also like the idea of trying to get
some of our scientists and engineers that may be laid off or retired
to try to get them into teaching programs. But the bottom line is,
our ability, I believe, to really improve our system is so much based
upon our teachers. And salary levels, we all know, drive that. You
know, what about including in these initiatives, you know, dou-
bling the salaries of our teachers in our country? To me, that is
fundamental, and I would like your comments about that.

Thank you.
Mr. AUGUSTINE. You have raised a point that was difficult for

our committee in the sense that we were asked to address things
that could be done at the federal level, and so we didn’t spend a
lot of time on teachers unions, on increasing teachers’ salaries. But
I think it would be safe to say there is not a one of us that wouldn’t
think that teachers’ salaries should be substantially increased. But
I suspect most of us would have added the footnote that the in-
crease should be merit-based and performance-based, that we
shouldn’t just double every teachers’ salary tomorrow. I am sure
you didn’t imply that. But I think that we would strongly support
an increase in teachers’ salaries, if it was based on performance.
Yes.

Dr. VAGELOS. And we did, in part, in some of our recommenda-
tions, suggested that the teachers who go through these programs
go back with an additional salary increase of $10,000. This is a rec-
ommendation, but of course these school districts have to decide
what they are going to pay. We can make these recommendations.
And if the private sector gets in and buys into these programs, as
they have done into the advanced placement incentive program in
Texas, then the extra funds can come privately to complement
what is being done otherwise.

Mr. CARNAHAN. I just want to say in closing, I came from our
state legislature, where I had served on our Education Appropria-
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tions Committee. Not once did we ever hear from anyone from the
business community talking about education policy. So to me, it is
another important thing. I know you are talking about federal level
recommendations, but since the bulk of our education funding and
policy is driven at the state level, I think it is vital that we engage
policy-makers at the State level to begin some of these innovations
and also address some of these key funding issues.

So thank you very much.
Chairman BOEHLERT. Thank you very much.
And unfortunately, time has run out. We have to get over to the

Floor for a series of votes, and we are not going to ask you to re-
main. We understand your busy schedules. We will be submitting,
Ms. Jackson Lee, Mr. Wu, and others will be submitting questions,
and we would ask that you would consider them and respond in a
timely manner.

Let me just conclude the hearing by saying how much we appre-
ciate the service that all of you have contributed to the Nation. The
compensation is not high in terms of material value. As a matter
of fact, it is zero. But I always tell people that serve as well as you
do and as effectively as you do, and Mr. Augustine, I am so famil-
iar with your work over the years, and Dr. Wulf, too. Doctor, I don’t
mean to exclude you, but I know you by reputation. Now I have
had the privilege of meeting you. Your compensation is a rich and
rewarding experience, and the satisfaction of knowing you have
contributed something of significance.

And with that, the hearing will adjourn, but not before I remind
Mr. Augustine of an outstanding invitation to participate in the De-
cember 6 conference summit on competitiveness, and we have just
had confirmation this morning that Dr. Jack Marburger, the Presi-
dent’s Science Advisor, will be a participant.

And I will tell you what my goal is, Norm, for this summit. I
want people to be madder than hell that they didn’t get an invita-
tion, because we have got a small group, and you got one of them,
and I want you to respond in a positive way.

With that, the hearing is adjourned.
Mr. AUGUSTINE. Thank you.
[Whereupon, at 11:42 a.m., the Committee was adjourned.]
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ANSWERS TO POST-HEARING QUESTIONS

Responses on behalf of Norman R. Augustine, Retired Chairman and CEO, Lockheed
Martin Corporation; P. Roy Vagelos, Retired Chairman and CEO, Merck & Co.;
and, William A. Wulf, President, National Academy of Engineering

Questions submitted by Representative Bart Gordon

Q1. Is there a mismatch between the skill sets of graduating scientists and engineers
in the U.S. and industry’s needs? Did the NAS committee consider whether there
is a need to rethink the Ph.D. degree, or the relative production of Ph.D.s versus
professional masters degrees or some another type of advanced degree that
would be more valuable to industry?

A1. This is a recurrent question about American universities that needs to be revis-
ited periodically. In 1995, for example, the National Academies Committee on
Science, Engineering, and Public Policy (COSEPUP) released a report titled ‘‘Re-
shaping the Graduate Education of Scientists and Engineers.’’

As part of that effort, COSEPUP surveyed employers and asked for their evalua-
tion of Ph.D. training. In sum, these employers indicated that they were satisfied
with the current structure and concept of Ph.D. training and affirmed U.S. superi-
ority in graduate education, although there are some specific difficulties in the rela-
tionship between academe and the profession. Some specific comments include the
need for an:

• Understanding of the nature of industrial research and an appreciation for
applied programs;

• Faster response by graduate programs to changing national policies and in-
dustrial needs;

• Education with more breadth as opposed to narrow specialization;
• Expansion of educational experiences beyond the academic environment

through hands-on experiences and in multi-disciplinary teams;
• Training in communication skills including teaching and mentoring.

This survey was conducted 10 years ago and conditions may have changed. It is
also likely that some progress has been made on these issues since that point.

In terms of the need to rethink the Ph.D., we still support the recommendations
in the COSEPUP graduate education report. This report recommended the fol-
lowing:

• Offer a broader range of academic options, while maintaining local initiative
and not compromising the need to maintain research excellence, control time
to degree, and attract women and minority-group members. Specific actions
include:
Æ Discourage students from overspecializing
Æ Enhance communication skills and the ability to work in teams
Æ Focus federal financial support mechanisms for graduate students on

traineeships as opposed to research assistantships.
• Provide better information and guidance to graduate students and engineers

and their advisers so they can make informed decisions about professional ca-
reers. Specific actions should include:
Æ Development by the National Science Foundation, in concert with other

federal agencies, a national database on employment options and trends;
Æ Provision of career information and advice by academic departments to

both prospective and current students in a timely manner;
Æ Encouragement of students once they have met their qualifying require-

ments to consider the current job market and then reflect on three alter-
native pathways—Master’s degree, traditional Ph.D., or Ph.D. with a dis-
sertation of high standards, but designed for non-academic career and
which would take less time to complete.

• Devise a national human resource policy for advanced scientists and engi-
neers that would involve examination of the goals, policies, conditions, and
unresolved issues of graduate level human resources.

On the issue of the relative production of Master’s degree versus Ph.D.s, we have
insufficient information to answer that question. In addition, the answer is likely
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to change over time. However, based on personal experience, it is the opinion of one
of us (Augustine) that there is a need, from a industrial standpoint, to greatly in-
crease emphasis on the Master’s degree—not at the expense of the Ph.D. but rather
at the expense of the Bachelor’s as a terminal degree.
Q2. In addition to sponsoring more basic research, should the Federal Government

focus more resources on applied, pre-competitive research aimed at the gap be-
tween support for basic discovery and support for development up to the stage
where the private sector is willing to assume the risk of commercialization? Did
the NAS committee consider the need for greater federal support for this kind
of bridge funding for applied research between basic research and proof-of-con-
cept?

A2. The committee that developed the Gathering Storm report agrees that it is im-
portant to address this gap—which some have called the ‘‘valley of death.’’ It dis-
cussed many different options, and among those, placed priority on the establish-
ment of the Advanced Research Projects Agency–Energy (APRA–E). If it proves suc-
cessful, it could be replicated for other national goals as well.
Q3. During the past two years the Science Committee has heard from academic and

industry witnesses about the need for bridge funding, and these witnesses have
strongly urged funding for the Advanced Technology Program (ATP). Did the
NAS committee consider the ATP program or other possible approaches for ad-
dressing this issue?

A3. The committee did discuss the ATP and other related programs. The strengths
and weaknesses of ATP have been assessed in prior National Academies studies.

It did not re-evaluate these programs per se, but it did determine that they were
insufficient to address the gap described above and so recommended ARPA–E.

Questions submitted by Representative Jerry F. Costello

Q1. I fully agree with your belief that we need better science and math education
in our schools. The scholarship idea to provide math, science and engineering
students with teaching certificates seems a good idea. But how attractive will
teaching be to these students in the long-term? For example, how does the aver-
age teacher salary compare to that of a scientist or engineer? How do you think
this issue will factor into a student’s decision on which track to pursue?

A1. Economic studies do indicate that the compensation paid to a teacher affects
both the teaching pool and teacher tenure. Certainly, the committee would encour-
age any efforts to enhance compensation for effective science, mathematics, and
technology teachers; however, the committee was asked to address actions that
could be taken at the federal level not the State or local level where compensation
issues are generally addressed. The committee did, however, develop several mecha-
nisms to enhance teacher compensation through bonuses as opposed to salary in-
creases. For example,

• New teacher recruitment program (action A–1) provides scholarships of up to
$20,000 per year and $10,000 per year bonuses for those who teach in under-
served schools in inner cities and rural areas;

• Current teachers (action A–2) who participate in the continuing education
programs (summer institutes, Master’s programs, advanced placement/inter-
national baccalaureate (AP/IB) teacher training) would receive incentive sti-
pends of $10,000 annually as long as they engage in classroom and leadership
activities;

• AP/IB teachers receive a $100 bonus for each student who passes the AP or
IB exam in mathematics or science.

Also important are mentoring programs, particularly for new teachers, which are
also recommended as part of these programs.
Q2. The perception of many college students is that science and engineering jobs are

not remunerative, important and exciting career options. How can careers in
science and engineering be made more attractive to students who have the option
of pursuing other well paid professional careers with shorter preparation time?
Is it enough to offer new scholarships and fellowships as recommended in the
NAS report?

A2. The excitement of science and engineering is best conveyed through inquiry-
based education and teachers who have a science, engineering, or mathematics
background themselves. The committee believes that by enhancing the science and
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engineering background of those who teach at the middle and high school level, the
excitement of those careers can be conveyed to students. Those students will then
take the classes necessary for them to pursue science and engineering careers.

The time for preparation at the Bachelor degree level is somewhat longer in engi-
neering than that in other fields, but the starting compensation is also higher (it
is not widely appreciated that the average salary in engineering is very close to that
of lawyers, which involves an additional two years of study). Unfortunately, com-
pensation for engineering tends to peak at a lower level than for those business,
management, banking, or other such fields. At the graduate level there are also dis-
parities. The National Academies have recommended in past reports that the time
to Ph.D. be decreased.

In terms of compensation, salary is just one motivator of those interested in
science and engineering careers. Perhaps a bigger influence than compensation on
those deciding whether or not to pursue graduate level education is the potential
for viable employment and interesting research opportunities. The committee’s rec-
ommendations in the ‘‘Sowing the Seeds’’ section of the report are meant to address
those concerns.
Q3. We know that other nations are increasing their science and technology capabili-

ties and are developing large and very capable technical workforces. In addition,
U.S. companies are moving, not only manufacturing, but R&D operations
abroad. In light of these trends, what kinds of skills will U.S. scientists and en-
gineers need to be able to command a premium in salary over foreign scientists
and engineers? That is, how do we compete in the global economy without low-
ering U.S. salaries and standard of living?

A3. The United States will continue to be challenged to compete on a pure salary
basis with developing countries such as India and China; the primary way to re-
spond to that challenge is to increase the value of our engineers and scientists. The
primary mechanism for this is improved education at all levels—which is what the
committee suggests. Innovation has been a key U.S. national advantage, and en-
hancing our emphasis on it at all educational levels plays to our strength. When
innovations occur in the United States, it is able to capture at least the near-term
market in that innovation area. To maintain the Nation’s innovation capacity the
Nation needs to invest regularly in its people and its research.

Question submitted by Representative David Wu and Representative Jerry
F. Costello

Q1. The report contains convincing arguments and recommendations to foster a cli-
mate of innovation in the U.S. But an important question is whether innovations
generated in the U.S. will be exploited in the U.S., or abroad. For example, VCR
technology was developed in the U.S., but the market was taken over by Asian
countries. Traditionally, it has been the exploitation of new technologies, pro-
ducing products and delivering novel services, which created new, high-paying
jobs. What do we need to do to ensure that the fruits of research and innovation
result in the creation of substantial numbers of good jobs in the U.S.?

A1. As indicated in the question, traditionally it has been the exploitation of new
technologies, producing products and delivering novel services, that have created
high paying jobs. For the United States to benefit from the jobs created by that in-
novation, the research that led to that innovation needs to occur to the United
States and the environment in the U.S. must be conducive to innovation in general.
That research will only occur in the United States if there are economic incentives
for companies to stay here as opposed to moving overseas and if the human talent
is available to develop and implement the ideas.

In its report, the committee calls for a study that will focus on developing the best
economic policies to enable the United States to be one of the most attractive places
in the world for long-term innovation-related investment. As time passes, some in-
dustries will migrate overseas when the technical skills are adequate and the labor
market is less expensive. But that does not happen immediately, and until it does
the U.S. is able to benefit in terms of the jobs created by that innovation. This is
less likely to be the case if the innovation occurs elsewhere.

The U.S. patent system is the Nation’s oldest element of policy on intellectual
property. A sound system for patent enhances social welfare by encouraging inven-
tion and the dissemination of useful technical information. So, in addition, the
United States should enhance intellectual property protection for the 21st century
global economy to ensure that systems for protecting patents and other forms of in-
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tellectual property underlie the emerging knowledge economy but allow research to
enhance innovation. The patent system requires reform of four specific kinds:

• Provide the U.S. Patent and Trademark Office with sufficient resources to
make intellectual property protection more timely, predictable, and effective.

• Reconfigure the U.S. patent system by switching to a ‘‘first-inventor-to-file’’
system and by instituting administrative review after a patent is granted.
Those reforms would bring the U.S. system into alignment with patent sys-
tems in Europe and Japan.

• Shield research uses of patented inventions from infringement liability. One
recent court decision could jeopardize the long-assumed ability of academic re-
searchers to use patented inventions for research.

• Change intellectual property laws that act as barriers to innovation in specific
industries, such as those related to data exclusivity (in pharmaceuticals) and
those that increase the volume and unpredictability of litigation (especially in
information-technology industries).

Questions submitted by Representative Eddie Bernice Johnson

Q1. Action A–1 of the NAS report’s recommendations suggests awarding ‘‘competitive
four-year scholarships.’’ However, I am concerned that minority and under-
served students will be at a disadvantage for these awards because they are al-
ready noncompetitive due to their circumstances. Why did the Academy not con-
sider this issue?

A1. We share the Congresswoman’s concern; however, the committee did consider
this issue and identified a wide range of existing federal and non-federal awards
available for minority and under-served students should these students decide to be-
come scientists and engineers. The challenge is not so much funding these students
at the undergraduate level, but rather providing them with the resources they need
at the middle and high school level—these students particularly need teachers with
science and engineering backgrounds who will excite them about science and engi-
neering and encourage them to pursue careers in these areas. Action A–1, therefore,
provides a $10,000 bonus to teachers who graduate from this program and who
teach in under-served schools in inner cities and rural areas. It is committee’s belief
that strengthening the teaching of science and math in the early grades will benefit
all students and better prepare all students to compete in life.
Q2. The total cost of the Academy’s Implementation recommendation is between $9.2

to $23.8 billion per year. The entire NIH budget is around $30 billion per year.
How realistic is it that this plan will be implemented and how do we get the
public to agree to such an expensive proposition?

A2. This proposal includes far more than research funding and should be viewed
as an investment in the Nation’s future, rather than an expense. All four rec-
ommendations in the report are part of the fundamental building blocks for the Na-
tion’s economy.

Supporting innovation is a cornerstone of the report’s conclusions and innovation
requires much more than research. To be sure a vibrant research base is essential,
but so are an educated workforce, a culture that supports risk-taking, a tax climate
the encourages investment, and a host of other things. The report presents a pack-
age of proposals that revitalize many of these necessary components of the ‘‘innova-
tion ecosystem.’’

Without quality science, mathematics, and technology teachers, our students will
not be prepared to be part of a highly technical workforce.

Without students who are well-educated and excited about science and engineer-
ing, too few Americans will pursue undergraduate and graduate education in
science, engineering, and mathematics. And, if we discourage international talent
from coming to the U.S., we will have even less talent available.

If the Nation lacks scientific and technical talent, it will not be able to generate
the innovative ideas that create whole new industries. And, if industries relocate
overseas because other countries offer better financial incentives, then we won’t
have high-quality jobs for those in science and engineering or Americans in general.
Americans may not fully appreciate the importance of research, but they do recog-
nize the benefits that flow from such research and understand the importance of
well paying jobs.

In short, if the Nation’s leaders assign as high a priority to the concerns which
have been raised, as does this National Academies committee, the proposed funding
will be able to compete very strongly with other demands on the federal budget.
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