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Preface

Ninety-nine percent of the discoveries are made
by one percent of the scientists.
Julius Axelrod, Nobel Laureate!

The prosperity the United States enjoys today is due in no small part to
investments the nation has made in research and development at universi-
ties, corporations, and national laboratories over the last 50 years. Recently,
however, corporate, government, and national scientific and technical lead-
ers have expressed concern that pressures on the science and technology
enterprise could seriously erode this past success and jeopardize future US
prosperity. Reflecting this trend is the movement overseas not only of manu-
facturing jobs but also of jobs in administration, finance, engineering, and
research.

The councils of the National Academy of Sciences and the National
Academy of Engineering, at their annual joint meeting in February 2005,
discussed these tensions and examined the position of the United States in
today’s global knowledge-discovery enterprise. Participants expressed con-
cern that a weakening of science and technology in the United States would
inevitably degrade its social and economic conditions and in particular erode
the ability of its citizens to compete for high-quality jobs.

On the basis of the urgency expressed by the councils, the National
Academies’ Committee on Science, Engineering, and Public Policy

1Proceedings of the American Philosophical Society, Vol. 149, No. 2, June 2005.

x
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(COSEPUP) was charged with organizing a planning meeting, which took
place May 11, 2005. One of the speakers at the meeting was Senator Lamar
Alexander, the former secretary of education and former president of the
University of Tennessee.

Senator Alexander indicated that the Energy Subcommittee of the Sen-
ate Energy and Natural Resources Committee, which he chairs, had been
given the authority by the full committee’s chair, Senator Pete Domenici, to
hold a series of hearings to identify specific steps that the federal govern-
ment should take to ensure the preeminence of America’s science and tech-
nology enterprise. Senator Alexander asked the National Academies to pro-
vide assistance in this effort by selecting a committee of experts from the
scientific and technical community to assess the current situation and, where
appropriate, make recommendations. The committee would be asked to
identify urgent challenges and determine specific steps to ensure that the
United States maintains its leadership in science and engineering to compete
successfully, prosper, and be secure in the 21st century.

On May 12, 2005, the day after the planning meeting, three members of
the House of Representatives who have jurisdiction over science and tech-
nology policy and funding announced that a conference would be held in
fall 2005 on science, technology, innovation, and manufacturing. Appearing
at a Capitol Hill press briefing to discuss the conference were representa-
tives Frank Wolf, Sherwood Boehlert, and Vern Ehlers. Representative
Boehlert said of the conference: “It can help forge a national consensus on
what is needed to retain US leadership in innovation. A summit like this,
with the right leaders, under the aegis of the federal government, can bring
renewed attention to science and technology concerns so that we can remain
the nation that the world looks to for the newest ideas and the most skilled
people.”

In describing the rationale for the conference, Representative Wolf re-
called meeting with a group of scientists and asking them how well the
United States was doing in science and innovation. None of the scientists,
he reported, said that the nation was doing “okay.” About 40% said that
we were “in a stall,” and the remaining 60% said that we were “in de-
cline.” He asked a similar question of the executive board of a prominent
high-technology association, which reported that in its view the United
States was “in decline.”

Later, the National Academies received a bipartisan letter addressing
the subject of America’s competitiveness from Senators Lamar Alexander
and Jeff Bingaman. The letter, dated May 27, 2005, requested that the Na-
tional Academies conduct a formal study on the issue to assist in congres-
sional deliberations. That was followed by a bipartisan letter from Repre-
sentatives Sherwood Boehlert and Bart Gordon, of the House Committee on

3
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Science, which expanded on the Senate request. In response, the National
Academies initiated a study with its own funds.

To undertake the study, COSEPUP established the Committee on Pros-
pering in the Global Economy of the 21st Century: An Agenda for American
Science and Technology. The committee members included presidents of
major universities, Nobel laureates, CEOs of Fortune 100 corporations, and
former presidential appointees. They were asked to investigate the following
questions:

e 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?

e What implementation strategy, with several concrete steps, could be
used to implement each of those actions?

This study and report were carried out with an unusual degree of ur-
gency—only a matter of weeks elapsed from the committee’s initial gather-
ing to release of its report. The process followed the regular procedures for
an independent National Research Council study, including review of the
report, in this case, by 37 experts. The report relies on customary reference
to the scientific literature and on consensus views and judgments of the
committee members.

The committee began by assembling the recommendations of 13 issue
papers summarizing past studies of topics related to the present study. It
then convened five focus groups consisting of 66 experts in K-12 education,
higher education, research, innovation and workforce issues, and national
and homeland security and asked each group to recommend three actions it
considered to be necessary for the nation to compete, prosper, and be secure
in the 21st century. The committee used those suggestions and its own judg-
ment to make its recommendations. The key thematic issues underlying these
discussions were the nation’s need to create jobs and need for affordable,
clean, and reliable energy.

In this report, a description of the key elements of American prosperity in
the 21st century is followed by an overview of how science and technology
are critical to that prosperity. The report then evaluates how the United States
is doing in science and technology and provides recommendations for im-
proving our nation’s prosperity. Finally, it posits the status of prosperity if the
United States maintains a narrow lead (the current situation), falls behind, or
emerges as the leader in a few selected fields of science and technology.

We strayed from our charge in that we present not 10 actions but 4
recommendations and 20 specific actions to implement them. The commit-
tee members deeply believe in the fundamental linkage of all the recommen-

Copyright National Academy of Sciences. All rights reserved.
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dations and their integrity as a coordinated set of policy actions. To empha-
size one or neglect another, the members decided, would substantially
weaken what should be viewed as a coherent set of high-priority actions to
create jobs and enhance the nation’s energy supply in an era of globaliza-
tion. For example, there is little benefit in producing more researchers if
there are no funds to support their research.

The committee thanks the focus-group members, who took precious
personal time in midsummer to donate the expertise that would permit a
highly focused, detailed examination of a question of extraordinary com-
plexity and importance. We thank the staff of the National Academies. They
quickly mobilized the knowledge resources and practical skills needed to
complete this study in a rapid, thorough manner.

W R Ayt

Norman R. Augustine
Chair, Committee on Prospering in the Global Economy of the 21st Century
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Executive Summary

The United States takes deserved pride in the vitality of its economy,
which forms the foundation of our high quality of life, our national secu-
rity, and our hope that our children and grandchildren will inherit ever-
greater opportunities. That vitality is derived in large part from the produc-
tivity 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 even before the information-technology revo-
lution have shown that as much as 85% of measured growth in US income
per capita was due to technological change.!

Today, Americans are feeling the gradual and subtle effects of globaliza-
tion 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 competition for jobs with lower-wage workers around the
globe, and leading-edge scientific and engineering work is being accomplished
in many parts of the world. Thanks to globalization, driven by modern com-
munications and other advances, workers in virtually every sector must now
face competitors who live just a mouse-click away in Ireland, Finland, China,

For example, work by Robert Solow and Moses Abramovitz published in the middle 1950s
demonstrated that as much as 85% of measured growth in US income per capita during the
1890-1950 period could not be explained by increases in the capital stock or other measurable
inputs. The unexplained portion, referred to alternatively as the “residual” or “the measure of
ignorance,” has been widely attributed to the effects of technological change.
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India, or dozens of other nations whose economies are growing. This has
been aptly referred to as “the Death of Distance.”

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 Representative Sherwood Boehlert and Representa-
tive 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 policymakers 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
implement each of those actions?

The National Academies created the Committee on Prospering in the
Global Economy of the 21st Century to respond to this request. The charge
constitutes a challenge 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. The available information is
only partly adequate for the committee’s needs. In addition, the time allot-
ted to develop the report (10 weeks from the time of the committee’s first
gathering to report release) limited the ability of the committee to conduct
an exhaustive analysis. Even if unlimited time were available, definitive
analyses on many issues are not possible given the uncertainties involved.2

This report reflects the consensus views and judgment of the committee
members. Although the committee consists of leaders in academe, industry,
and government—including several current and former industry chief ex-
ecutive officers, university presidents, researchers (including three Nobel
prize winners), and former presidential appointees—the array of topics and
policies covered is so broad that it was not possible to assemble a commit-
tee 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 e-mail and
telephone with other experts, and an unusually large panel of reviewers.

2Since the prepublication version of the report was released in October, certain changes have
been made to correct editorial and factual errors, add relevant examples and indicators, and
ensure consistency among sections of the report. Although modifications have been made to
the text, the recommendations remain unchanged, except for a few corrections, which have
been footnoted.
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Although other solutions are undoubtedly possible, the committee believes
that its recommendations, if implemented, will help the United States
achieve prosperity in the 21st century.

FINDINGS

Having reviewed trends in the United States and abroad, the committee
is deeply concerned that the scientific and technological building blocks
critical to our economic leadership 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 the United States will always be a world leader in sci-
ence 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.

The committee found that multinational companies use such criteria3
as the following in determining where to locate their facilities and the jobs
that result:

Cost of labor (professional and general workforce).
Availability and cost of capital.
Availability and quality of research and innovation talent.
Availability of qualified workforce.
Taxation environment.
Indirect costs (litigation, employee benefits such as healthcare, pen-
sions, vacations).

¢ Quality of research universities.

e Convenience of transportation and communication (including
language).

e Fraction of national research and development supported by
government.

3D. H. Dalton, M. G. Serapio, Jr., and P. G. Yoshida. Globalizing Industrial Research and
Development. Washington, DC: US Department of Commerce, Technology Administration,
Office of Technology Policy, 1999; Grant Gross. “CEOs Defend Moving Jobs Offshore at
Tech Summit.” InfoWorld, October 9, 2003; Bruce Mehlman. 2003. Offshore Outsourcing
and the Future of American Competitiveness”; Bruce Einhorn et al. “High Tech in China: Is It
a Threat to Silicon Valley?” Business Week online, October 28, 2002; B. Callan, S. Costigan,
and K. Keller. Exporting U.S. High Tech: Facts and Fiction About the Globalization of Indus-
trial R&’D. New York: Council on Foreign Relations, 1997.
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e Legal-judicial system (business integrity, property rights, contract
sanctity, patent protection).

e Current and potential growth of domestic market.

o Attractiveness as place to live for employees.

e Effectiveness of national economic system.

Although the US economy is doing well today, current trends in each of
those criteria indicate that the United States may not fare as well in the
future without government intervention. This nation must prepare with
great urgency to preserve its strategic and economic security. Because other
nations have, and probably will continue to have, the competitive advan-
tage 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 indus-
tries 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 promise 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 im-
mense, 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 Ameri-
cans, and responding to the nation’s need for clean, affordable, and reliable
energy. To address those challenges, the committee structured its ideas ac-
cording to four basic recommendations that focus on the human, financial,
and knowledge capital necessary for US prosperity.

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

Some actions involve changes in the law. Others require financial sup-
port 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.

The committee notes that the nation is unlikely to receive some sudden
“wakeup” call; rather, the problem is one that is likely to evidence itself
gradually over a surprisingly short period.
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10,000 TEACHERS, 10 MILLION MINDS,
AND K-12 SCIENCE AND MATHEMATICS 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 implemented.

Action A-1: Annually recruit 10,000 science and mathematics teachers
by awarding 4-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
course of their careers. The program would award competitive 4-year schol-
arships for students to obtain bachelor’s degrees in the physical or life sci-
ences, engineering, or mathematics with concurrent certification as K-12
science and mathematics teachers. The merit-based scholarships would pro-
vide up to $20,000 a year for 4 years for qualified educational expenses,
including tuition and fees, and require a commitment to 5 years of service in
public K-12 schools. A $10,000 annual bonus would go to participating
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, on a one-to-one
basis, of $1 million a year for up to 5 years, to as many as 100 universities
and colleges to encourage them to establish integrated 4-year undergradu-
ate programs leading to bachelor’s degrees in the physical and life sciences,
mathematics, computer sciences, or engineering with teacher certification.
The models for this action are the UTeach and California Teach program.

Action A-2: Strengthen the skills of 250,000 teachers through training
and education programs at summer institutes, in master’s programs, and in
Advanced Placement (AP) and International Baccalaureate (IB) training pro-
grams. Use proven models to strengthen the skills (and compensation, which
is based on education and skill level) of 250,000 current K12 teachers.

o Summer institutes: Provide matching grants to state and regional
1- to 2-week summer institutes to upgrade the skills and state-of-the-art
knowledge of as many as 50,000 practicing teachers each summer. The
material covered would allow teachers to keep current with recent develop-
ments in science, mathematics, and technology and allow for the exchange
of best teaching practices. The Merck Institute for Science Education is one
model for this action.

Copyright National Academy of Sciences. All rights reserved.


http://www.nap.edu/11463

Rising Above the Gathering Storm: Energizing and Employing America for a Brighter Economic Future

6 RISING ABOVE THE GATHERING STORM

o Science and mathematics master’s programs: Provide grants to re-
search universities to offer, over 5 years, 50,000 current middle school and
high school science, mathematics, and technology teachers (with or without
undergraduate science, mathematics, or engineering degrees) 2-year, part-
time master’s degree programs that focus on rigorous science and math-
ematics content and pedagogy. The model for this action is the University
of Pennsylvania Science Teacher Institute.

e 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 science and mathematics. Assuming satisfactory performance, teachers
may receive incentive payments of $1,800 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 program.

o K-12 curriculum materials modeled on a world-class standard: Fos-
ter high-quality teaching with world-class curricula, standards, and assess-
ments of student learning. Convene a national panel to collect, evaluate,
and develop rigorous K12 materials that would be available free of charge
as a voluntary national curriculum. The model for this action is the Project
Lead the Way pre-engineering courseware.

Action A-3: Enlarge the pipeline of students who are prepared to enter
college and graduate with a degree in science, engineering, or mathematics
by increasing the number of students who pass AP and IB science and math-
ematics 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 who take at least one AP or IB
mathematics or science exam to 1.5 million, and set a goal of tripling the
number who pass those tests to 700,000.% Student incentives for success
would include 50% examination fee rebates and $100 mini-scholarships
for each passing score on an AP or IB science or mathematics examination.

Although it is not included among the implementation actions, the com-
mittee also finds attractive the expansion of two approaches to improving
K-12 science and mathematics education that are already in use:

o 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 edu-
cation; serve as a mechanism to test teaching materials; provide a training

4This sentence was incorrectly phrased in the original October 12, 2005, edition of the
executive summary and has now been corrected.
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ground for K-12 teachers; and provide the resources and staff for summer
programs that introduce students to science and mathematics.

o Inquiry-based learning: Summer internships and research opportuni-
ties provide especially valuable laboratory experience for both middle-
school and high-school students.

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 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% each year over the next 7 years through reallocation of existing
funds’ or, if necessary, through the investment of new funds. Special atten-
tion should go to the physical sciences, engineering, mathematics, and infor-
mation sciences and to Department of Defense (DOD) basic-research fund-
ing. This special attention does not mean that there should be a disinvestment
in such important fields as the life sciences or the social sciences. A balanced
research portfolio in all fields of science and engineering research is critical to
US prosperity. Increasingly, the most significant new scientific and engineer-
ing advances are formed to cut across several disciplines. This investment
should be evaluated regularly to realign the research portfolio to satisfy emerg-
ing needs and promises—unsuccessful projects and venues of research should
be replaced with research projects and venues that have greater potential.

Action B-2: Provide new research grants of $500,000 each annually,
payable over 5 years, to 200 of the nation’s most outstanding early-career
researchers. The grants would be made through existing federal research
agencies—the National Institutes of Health (NIH), the National Science
Foundation (NSF), the Department of Energy (DOE), DOD, and the Na-
tional Aeronautics and Space Administration (NASA)—to underwrite new
research opportunities at universities and government laboratories.

Action B-3: Institute a National Coordination Office for Advanced Re-
search Instrumentation and Facilities to manage a fund of $500 million in
incremental funds per year over the next 5 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

SThe funds may come from anywhere in government, not just other research funds.
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the facilities, instrumentation, and equipment needed for leading-edge sci-
entific discovery and technological development. Universities and national
laboratories would compete annually for these funds.

Action B-4: Allocate at least 8% of the budgets of federal research
agencies to discretionary funding that would be managed by technical pro-
gram managers in the agencies and be focused on catalyzing high-risk, high-
payoff research of the type that often suffers in today’s increasingly risk-
averse environment.

Action B-5: Create in the Department of Energy an organization like
the Defense Advanced Research Projects Agency (DARPA) called the Ad-
vanced Research Projects Agency-Energy (ARPA-E).6 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 de-
signed as a lean and agile organization with a great deal of independence
that can start and stop targeted programs on the basis of performance and
do so in a timely manner. 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 approxi-
mately every 4 years. Although the agency would be focused on specific
energy issues, it is expected that its work (like that of DARPA or NIH) will
have important spinoff 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 program’s effectiveness would be evaluated and any appro-
priate actions taken.

Action B-6: Institute a Presidential Innovation Award to stimulate sci-
entific and engineering advances in the national interest. Existing presiden-
tial awards recognize lifetime achievements or promising young scholars,
but the proposed new awards would identify and recognize persons who
develop unique scientific and engineering innovations in the national inter-
est at the time they occur.

6One committee member, Lee Raymond, does not support this action item. He does not
believe that ARPA-E is necessary, because energy research is already well funded by the federal
government, along with formidable funding by the private sector. Also, ARPA-E would, in his
view, put the federal government into the business of picking “winning energy technologies”—
a role best left to the private sector.
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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, scien-
tists, and engineers from within the United States and throughout
the world.

Implementation Actions

Action C-1: Increase the number and proportion of US citizens who
earn bachelor’s degrees in the physical sciences, the life sciences, engineer-
ing, and mathematics by providing 25,000 new 4-year competitive under-
graduate scholarships each year to US citizens attending US institutions.
The Undergraduate Scholar Awards in Science, Technology, Engineering,
and Mathematics (USA-STEM) would be distributed to states on the basis
of the size of their congressional 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 US 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 pro-
vide a stipend of $30,0007 annually directly to students, who would choose
where to pursue graduate studies instead of being required to follow faculty
research grants, and up to $20,000 annually for tuition and fees.

Action 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. These incentives
would promote career-long learning to keep the workforce productive in an
environment of rapidly evolving scientific and engineering discoveries and
technological advances and would allow for retraining to meet new de-
mands 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
improvements on such issues as visa categories and duration, travel for

7An incorrect number was provided for the graduate student stipend in the original October
12, 2005, edition of the executive summary.
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scientific meetings, the technology alert list, reciprocity agreements, and
changes in status.

Action C-5: Provide a 1-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 US
institutions to remain in the United States to seek employment. If these
students are offered jobs by US-based employers and pass a security screen-
ing test, they should be provided automatic work permits and expedited
residence status. If students are unable to obtain employment within 1 year,
their visas would expire.

Action C-6: Institute a new skills-based, preferential immigration op-
tion. Doctoral-level education and science and engineering skills would sub-
stantially raise an applicant’s chances and priority in obtaining US citizen-
ship. In the interim, the number of H-1B visas should be increased by
10,000, and the additional visas should be available for industry to hire
science and engineering applicants with doctorates from US universities.$

Action C-7: Reform the current system of “deemed exports.” The new
system should provide international students and researchers engaged in
fundamental research in the United States with access to information and
research equipment in US industrial, academic, and national laboratories
comparable with the access provided to US citizens and permanent resi-
dents in a similar status. It would, of course, exclude information and facili-
ties restricted under national-security regulations. In addition, the effect of
deemed-exports? regulations on the education and fundamental research
work of international students and scholars should be limited by removing
from the deemed-exports technology list all technology items (information
and equipment) that are available for purchase on the overseas open market
from foreign or US companies or that have manuals that are available in the
public domain, in libraries, over the Internet, or from manufacturers.

8Since the report was released, the committee has learned that the Consolidated Appropria-
tions Act of 20085, signed into law on December 8, 2004, exempts individuals that have re-
ceived a master’s or higher education degree from a US university from the statutory cap (up to
20,000). The bill also raised the H-1B fee and allocated funds to train American workers. The
committee believes that this provision is sufficient to respond to its recommendation—even
though the 10,000 additional visas recommended is specifically for science and engineering
doctoral candidates from US universities, which is a narrower subgroup.

9The 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.” Providing information that is subject
to export controls—for example, about some kinds of computer hardware—to a foreign na-
tional within the United States may be “deemed” an export, and that transfer requires an
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.
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INCENTIVES FOR INNOVATION

Recommendation D: Ensure that the United States is the premier
place in the world to innovate; invest in downstream activities
such as manufacturing and marketing; and create high-paying jobs
based on innovation by such actions as modernizing the patent
system, realigning tax policies to encourage innovation, and en-
suring affordable 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 re-
quires reform of four specific kinds:

e Provide the US Patent and Trademark Office with sufficient resources
to make intellectual-property protection more timely, predictable, and
effective.

e Reconfigure the US 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 US system into alignment with
patent systems in Europe and Japan.

o Shield research uses of patented inventions from infringement liabil-
ity. One recent court decision could jeopardize the long-assumed ability of
academic researchers to use patented inventions for research.

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

Action D-2: Enact a stronger research and development tax credit to
encourage private investment in innovation. The current Research and Ex-
perimentation Tax Credit goes to companies that increase their research
and development spending above a base amount calculated from their
spending in prior years. Congress and the Administration should make the
credit permanent,'? and it should be increased from 20 to 40% of the quali-
fying increase so that the US tax credit is competitive with those of other
countries. The credit should be extended to companies that have consis-
tently spent large amounts on research and development so that they will

10The current R&D tax credit expires in December 20035.
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not be subject to the current de facto penalties for having previously in-
vested in research and development.

Action D-3: Provide tax incentives for US-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 ex-
amined and, if deemed beneficial to the United States, pursued. These al-
ternatives could include changes in overall corporate tax rates and special
tax provisions providing incentives for the purchase of high-technology
research and manufacturing equipment, treatment of capital gains, and
incentives for long-term investments in innovation. The Council of Eco-
nomic Advisers and the Congressional Budget Office should conduct a
comprehensive analysis to examine how the United States compares with
other nations as a location for innovation 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 and the jobs resulting
from that investment. From a tax standpoint, that is not now the case.

Action D-4: Ensure ubiquitous broadband Internet access. Several na-
tions are well ahead of the United States in providing broadband access for
home, school, and business. That capability can be expected to 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 action—mainly in
the regulatory arena and in spectrum management—to ensure widespread
affordable broadband access in the very near future.

CONCLUSION

The committee believes that its recommendations and the actions pro-
posed to implement them merit serious consideration if we are to ensure
that our nation continues 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 US prosperity, as are actions taken by each
American family. The United States faces an enormous challenge because of
the disparity it faces in labor costs. Science and technology provide the
opportunity to overcome that disparity by creating scientists 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 US competitiveness and preeminence
in science and technology. We have led the world for decades, and we con-
tinue to do so in many research fields today. But the world is changing
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rapidly, and our advantages are no longer unique. Some will argue that this
is a problem for market forces to resolve—but that is exactly the concern.
Market forces are already at work moving jobs to countries with less costly,
often better educated, highly motivated workforces and friendlier tax
policies.

Without a renewed effort to bolster the foundations of our competitive-
ness, 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 commitments 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.

Copyright National Academy of Sciences. All rights reserved.


http://www.nap.edu/11463

Rising Above the Gathering Storm: Energizing and Employing America for a Brighter Economic Future

14 RISING ABOVE THE GATHERING STORM

SOME COMPETITIVENESS INDICATORS
US Economy

e The United States is today a net importer of high-technology prod-
ucts. Its trade balance in high-technology manufactured goods shifted from
plus $54 billion in 1990 to negative $50 billion in 2001.!

e In one recent period, low-wage employers, such as Wal-Mart (now
the nation’s largest employer) and McDonald’s, created 44% of the new
jobs while high-wage employers created only 29% of the new jobs.?

e The United States is one of the few countries in which industry plays
a major role in providing healthcare for its employees and their families.
Starbucks spends more on healthcare than on coffee. General Motors spends
more on healthcare than on steel.?

e US scheduled airlines currently outsource portions of their aircraft
maintenance to China and El Salvador.*

e IBM recently sold its personal computer business to an entity in China.’

¢ Ford and General Motors both have junk bond ratings.®

e It has been estimated that within a decade nearly 80% of the world’s
middle-income consumers would live in nations outside the currently indus-
trialized world. China alone could have 595 million middle-income con-
sumers and 82 million upper-middle-income consumers. The total popula-
tion of the United States is currently 300 million” and it is projected to be
315 million in a decade.

e Some economists estimate that about half of US economic growth
since World War II has been the result of technological innovation.8

e In 2005, American investors put more new money in foreign stock
funds than in domestic stock portfolios.”?

Comparative Economics

e Chemical companies closed 70 facilities in the United States in 2004
and 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 are in China. No new refineries have been built in the United
States since 1976.10

e The United States is said to have 7 million illegal immigrants,!! but
under the law the number of visas set aside for “highly qualified foreign
workers,” many of whom contribute significantly to the nation’s innova-
tions, dropped to 65,000 a year from its 195,000 peak.!2

e When asked in spring 2005 what is the most attractive place in the
world in which to “lead a good life”, respondents in only 1 (India) of the 16
countries polled indicated the United States.!3
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* A company can hire nine factory workers in Mexico for the cost of
one in America. A company can hire eight young professional engineers in
India for the cost of one in America.!*

e The share of leading-edge semiconductor manufacturing capacity
owned or partly owned by US companies today is half what it was as re-
cently as 2001.13

e During 2004, China overtook the United States to become the lead-
ing exporter of information-technology products, according to the
Organisation for Economic Co-operation and Development (OECD).16

e The United States ranks only 12th among OECD countries in the
number of broadband connections per 100 inhabitants.!”

K-12 Education

e Fewer than one-third of US 4th-grade and 8th-grade students per-
formed at or above a level called “proficient” in mathematics; “profi-
ciency” was considered the ability to exhibit competence with challenging
subject matter. Alarmingly, about one-third of the 4th graders and one-
fifth of the 8th graders lacked the competence to perform even basic math-
ematical computations.!8

e In 1999, 68% of US 8th-grade students received instruction from
a mathematics teacher who did not hold a degree or certification in
mathematics.!’

e In 2000, 93% of students in grades 5-9 were taught physical science
by a teacher lacking a major or certification in the physical sciences (chem-
istry, geology, general science, or physics).20

e In 1995 (the most recent data available), US 12th graders performed
below the international average for 21 countries on a test of general knowl-
edge in mathematics and science.?!

e US 15-year-olds ranked 24th out of 40 countries that participated in
a 2003 administration of the Program for International Student Assessment
(PISA) examination, which assessed students’ ability to apply mathematical
concepts to real-world problems.??

e According to a recent survey, 86% of US voters believe that the
United States must increase the number of workers with a background in
science and mathematics or America’s ability to compete in the global
economy will be diminished.?3

® American youth spend more time watching television?* than in
school.?’

¢ Because the United States does not have a set of national curricula,
changing K-12 education is challenging, given that there are almost 15,000
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school systems in the United States and the average district has only about
six schools.2¢

Higher Education

e In South Korea, 38% of all undergraduates receive their degrees in
natural science or engineering. In France, the figure is 47%, in China, 50%,
and in Singapore, 67%. In the United States, the corresponding figure is
15%.%7

e Some 34% of doctoral degrees in natural sciences (includ-
ing the physical, biological, earth, ocean, and atmospheric sciences) and
56% of engineering PhDs in the United States are awarded to foreign-born
students.?8

e In the US science and technology workforce in 2000, 38% of PhDs
were foreign-born.2?

e Estimates of the number of engineers, computer scientists, and
information-technology students who obtain 2-, 3-, or 4-year degrees vary.
One estimate is that in 2004, China graduated about 350,000 engineers,
computer scientists, and information technologists with 4-year degrees,
while the United States graduated about 140,000. China also graduated
about 290,000 with 3-year degrees in these same fields, while the US gradu-
ated about 85,000 with 2- or 3-year degrees.?® Over the past 3 years alone,
both China3! and India3? have doubled their production of 3- and 4-year
degrees in these fields, while the United States®? production of engineers is
stagnant and the rate of production of computer scientists and information
technologists doubled.

e About one-third of US students intending to major in engineering
switch majors before graduating.3*

e There were almost twice as many US physics bachelor’s degrees
awarded in 1956, the last graduating class before Sputnik, than in 2004.3%

e More S&P 500 CEOs obtained their undergraduate degrees in engi-
neering than in any other field.3¢

Research

e In 2001 (the most recent year for which data are available), US in-
dustry spent more on tort litigation than on research and development.3”

e In 20035, only four American companies ranked among the top 10
corporate recipients of patents granted by the United States Patent and
Trademark Office.38

e Beginning in 2007, the most capable high-energy particle accelerator
on Earth will, for the first time, reside outside the United States.3’
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¢ Federal funding of research in the physical sciences, as a percentage
of gross domestic product (GDP), was 45% less in fiscal year (FY) 2004
than in FY 1976.40 The amount invested annually by the US federal govern-
ment in research in the physical sciences, mathematics, and engineering com-
bined equals the annual increase in US healthcare costs incurred every 20
days.4!

PERSPECTIVES

e “If you can solve the education problem, you don’t have to do any-
thing else. If you don’t solve it, nothing else is going to matter all that
much.” —Alan Greenspan, outgoing Federal Reserve Board chairman#?

e “We go where the smart people are. Now our business operations
are two-thirds in the U.S. and one-third overseas. But that ratio will flip
over the next ten years.” —Intel Corporation spokesman Howard High*3

e “If we don’t step up to the challenge of finding and supporting the
best teachers, we’ll undermine everything else we are trying to do to im-
prove our schools.” —Louis V. Gerstner, Jr., Former Chairman, IBM#4

e “If you want good manufacturing jobs, one thing you could do is
graduate more engineers. We had more sports exercise majors graduate
than electrical engineering grads last year.” —Jeffrey R. Immelt, Chairman
and Chief Executive Office, General Electric*

o “IfI take the revenue in January and look again in December of that
year 90% of my December revenue comes from products which were not
there in January.” —Craig Barrett, Chairman of Intel Corporation*®

e “When I compare our high schools to what I see when I’'m traveling
abroad, I am terrified for our workforce of tomorrow.” —Bill Gates, Chair-
man and Chief Software Architect of Microsoft Corporation*”

e “Where once nations measured their strength by the size of their
armies and arsenals, in the world of the future knowledge will matter most.”
—President Bill Clinton*$

e “Science and technology have never been more essential to the de-
fense of the nation and the health of our economy.” —President George W.
Bush*?
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A Disturbing Mosaic!

In The World Is Flat: A Brief History of the Twenty-First Century,?
Thomas Friedman asserts that the international economic playing field is
now “more level” than it has ever been.3 The causes of this “flattening”
include easier access to information technology and rising technical
competences abroad that have made it possible for US companies to locate
call centers in India, coordinate the complex supply chains and work flows
that enable manufacturing in China, and conduct “back office” service func-
tions abroad. It is not uncommon for radiologists in India, for example, to
read x-ray pictures of patients in US hospitals. Architects in the United
States have their drawings made in Brazil. Software is written for US firms
in Bangalore. Ireland has successfully put into place a set of policies to
attract companies and their research activities, as has Finland. The Euro-
pean Union is actively pursuing policies to enhance the innovation environ-
ment, as are Singapore, China, Japan, South Korea, Taiwan, and many
other countries.

Friedman argues that, despite the dangers, a flat world is on balance a
good thing—economically and geopolitically. Lower costs benefit consum-
ers and shareholders in developed countries, and the rising middle class in

Major portions of this chapter were adapted from an article of the same name by Wm. A.
Wulf, president of the National Academy of Engineering in the fall 2005 issue of The Bridge,
a journal of the National Academies.

2T. L. Friedman. The World Is Flat: A Brief History of the Twenty-First Century. New
York: Farrar, Straus, and Giroux, 2005.

3An alternative point of view is presented in Box 1-1.
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BOX 1-1
Another Point of View: The World Is Not Flat?

Some believe that although the world is certainly a more competitive
place, it is not “flat.” It is more competitive because access to knowledge
is easier than ever before, but the rise of scientific competence and the
apparent flight of high-technology jobs abroad is no more likely to dis-
lodge the United States from its science and technology leadership than
were previous challenges from the Soviet Union in the 1950s and 1960s
or from Japan in the 1980s.

For example, Americans are alarmed to read of the large numbers of
well-educated, English-speaking young people in India vying with US
workers for jobs via the Internet. In fact, only about 6% of Indian students
make it to college; of those who do, only two-thirds graduate. Just a
small fraction of India’s citizenry can read English; of these, a smaller
fraction can speak it well enough to be understood by Americans. In
China, where the numbers of engineers and other technically trained
people are rising, government skepticism about the Internet and aspects
of free markets is likely to hinder the advance of national power.

China and India indeed have low wage structures, but the United
States has many other advantages. These include a better science and
technology infrastructure, stronger venture-capital markets, an ability to
attract talent from around the world, and a culture of inventiveness. Com-
parative advantage shifts from place to place over time and always has;
the earth cannot really be flattened. The US response to competition
must include proper retraining of those who are disadvantaged and adap-
tive institutional and policy responses that make the best use of opportu-
nities that arise.

aThis box was adapted from J. Bhagwati. The World Is Not Flat. Wall Street Journal, August
4,2005. P. A12.

India and China will become consumers of those countries’ products as well
as ours. That same rising middle class will have a stake in the “frictionless”
flow of international commerce—and hence in stability, peace, and the rule
of law. Such a desirable state, writes Friedman, will not be achieved with-
out problems, and whether global flatness is good for a particular country
depends on whether that country is prepared to compete on the global play-
ing field, which is as rough and tumble as it is level.

Friedman asks rhetorically whether his own country is proving its readi-
ness by “investing in our future and preparing our children the way we need
to for the race ahead.” Friedman’s answer, not surprisingly, is no.

Copyright National Academy of Sciences. All rights reserved.


http://www.nap.edu/11463

Rising Above the Gathering Storm: Energizing and Employing America for a Brighter Economic Future

A DISTURBING MOSAIC 25

This report addresses the possibility that our lack of preparation will
reduce the ability of the United States to compete in such a world. Many
underlying issues are technical; some are not. Some are “political>—not in
the sense of partisan politics, but in the sense of “bringing the rest of the
body politic along.” Scientists and engineers often avoid such discussions,
but the stakes are too high to keep silent any longer.

Friedman’s term quiet crisis, which others have called a “creeping cri-
sis,” is reminiscent of the folk tale about boiling a frog. If a frog is dropped
into boiling water, it will immediately jump out and survive. But a frog
placed in cool water that is heated slowly until it boils won’t respond until
it is too late.

Our crisis is not the result of a one-dimensional change; it is more
than a simple increase in water temperature. And we have no single awak-
ening event, such as Sputnik. The United States is instead facing problems
that are developing slowly but surely, each like a tile in a mosaic. None by
itself seems sufficient to provoke action. But the collection of problems
reveals a disturbing picture—a recurring pattern of abundant short-term
thinking and insufficient long-term investment. Our collective reaction
thus far seems to presuppose that the citizens of the United States and
their children are entitled to a better quality of life than others, and that
all Americans need do is circle the wagons to defend that entitlement.
Such a presupposition does not reflect reality and neither recognizes the
dangers nor seizes the opportunities of current circumstances. Further-
more, it won’t work.

In 2001, the Hart—-Rudman Commission on national security, which
foresaw large-scale terrorism in America and proposed the establishment of
a cabinet-level Homeland Security organization before the terrorist attacks
of 9/11, put the matter this way:*

The inadequacies of our system of research and education pose a greater threat

to U.S. national security over the next quarter century than any potential con-
ventional war that we might imagine.

President George W. Bush has said

“Science and technology have never been more essential to the defense of the
nation and the health of our economy.”’

4US Commission on National Security. Road Map for National Security: Imperative for
Change. Washington, DC: US Commission on National Security, 2001.
SRemarks by the President in a meeting with high-tech leaders, March 28, 2001.
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A letter from the leadership of the National Science Foundation to the
President’s Council of Advisors on Science and Technology put the case
even more bluntly:¢

Civilization is on the brink of a new industrial order. The big winners in the
increasingly fierce global scramble for supremacy will not be those who sim-
ply make commodities faster and cheaper than the competition. They will be
those who develop talent, techniques and tools so advanced that there is no
competition.

This chapter addresses the relevant issues in three related clusters. Later
chapters examine each cluster in more detail and recommend ways to ad-
dress the problems that are identified.

CLUSTER 1: TILTED JOBS IN A GLOBAL ECONOMY

Is the world flat, or is it tilted? Many people who once had jobs in the
textile, furniture, apparel, automotive, and other manufacturing industries
might be forgiven for saying that world is decidedly slanted. They watched
their jobs run downhill to countries where the workforce earns far lower
wages. The movement of jobs has accelerated sharply in the past § years,
surprising many employers and employees and disrupting the lives of those
who have been underbid by “hungry,” skilled job-seekers abroad.

Large companies use various criteria in making a decision to relocate
administrative, production, or research and development (R&D) facilities,
and they often have a number of options. Some reasons cited for relocations
in past studies include capitalizing on:

e Foreign R&D personnel (scientists, engineers, and programmers)’
who are highly skilled and eager to work.8

e New science and technology in fresh environments.’

e Technological developments abroad.1?

¢ Joint and cooperative research products.!!

6The President’s Council of Advisors on Science and Technology. “Sustaining the Nation’s
Innovation Ecosystems.” Report on Information Technology Manufacturing and Competi-
tiveness, January 2004.

’D. H. Dalton, M. G. Serapio, Jr., and P. G. Yoshida. Globalizing Industrial Research and
Development. Washington, DC: US Department of Commerce, Technology Administration,
Oftice of Technology Policy, 1999.

8G. Gross. “CEOs Defend Moving Jobs Offshore at Tech Summit.” InfoWorld, October 9,
2003.

9Dalton, 1999.

10Tbid.

Nbid.
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e Proximity to offshore manufacturing.12
e Lower costs of conducting R&D, particularly labor costs.!3
e Reduced labor costs associated with employing foreign workers.4
e Proximity to growing markets.
o

US regulation and R&D climates, including strict regulatory regimes,
high risks of legal liability, and technology transfer limitations.!®

e High-technology centers with skilled personnel, world-class R&D
infrastructure, vibrant research cultures, government incentives, and
intellectual-property protection.1é

e Lower corporate tax rates and special tax incentives.

e Increasingly high-quality research universities.

The global forces that affect employment have swirled into the service
sector, once thought secure from international competition. First, there was
outsourcing, which allows employers to reassign some jobs by contracting
them to specialty firms that can do the jobs better or more cheaply. At first,
jobs were outsourced within the United States, but “offshoring” soon sent
jobs overseas, beyond the reach of US workers. That practice has become
especially controversial, and there has been an outcry for measures to pro-
tect those jobs for the domestic market. In some states, legislation has been
proposed to curb outsourcing through such initiatives as Opportunity
Indiana, the Keep Jobs in Colorado Act, and the American Jobs Act of
Wisconsin.!”

Offshoring has become established, however, and it is merely one logi-
cal outcome of a flatter world. Furthermore, protectionist measures have
historically proved counterproductive. For several years, US companies that
outsource information-technology jobs have all but ordered their contrac-
tors to send some portion of the work overseas to gain hiring flexibility, cut
employment costs—by 40% in some cases!8—and cut overhead costs for

12B. Mehlman, Assistant Secretary for Technology Policy, US Department of Commerce.
“Offshore Outsourcing and the Future of American Competitiveness.” Speech to Business
Roundtable Working Group presented on July 31, 2003. Available at: http://www.
technology.gov/Speeches/BPM_2003-Outsourcing.pdf.

BDalton, 1999.

4Gee, for example, “High Tech in China: Is It a Threat to Silicon Valley?” Business Week
online, October 28, 2002.

15B. Callan, S. Costigan, and K. Keller. Exporting U.S. High Tech: Facts and Fiction About
the Globalization of Industrial R&@D. New York: Council on Foreign Relations, 1997.

16Dalton, 1999.

7D. C. Sharma and M. Yamamoto. “How India is Handling International Backlash.” CNET
news.com, May 6, 2004.

18The Gartner Group, an organization that analyzes the information-technology sector, esti-
mates that companies can achieve cost savings of 25-30% through successful outsourcing. But
Gartner also warns that offshoring could produce lower savings than estimated if backup
service and other costs are not considered.
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the home company.!® Employers also hire offshore workers to gain access
to better-trained workers or those with specialized skills, to move the
workforce closer to manufacturing or production facilities, or to gain ac-
cess to desirable markets.2% In India, US companies can hire insurance-claims
processors, medical transcriptionists, accountants, engineers, computer sci-
entists, and other English-speaking workers for, on average, about one-fifth
the salaries those employees would earn here. Because about three-fourths
of all US jobs are now in the service sector,?! millions of US employees are
at risk of losing their jobs to overseas workers.22

Offshoring also could place downward pressure on wages at home.23
Fewer than a million jobs have been sent overseas so far,24 but even that
number could be broadly affecting the economy as displaced workers seek
jobs held by others or are forced to accept lower wages to keep their exist-
ing jobs.

Because offshoring of service-sector jobs is a recent phenomenon, few
analysts offer predictions about its long-term effects on the US economy.
The classical view of free trade, as articulated nearly two centuries ago by
British economist David Ricardo, states that if a nation specializes in mak-
ing a product in which it has a comparative cost advantage and if it trades
with another nation for a product in which that nation has a similar cost
advantage, both countries will be better off than if they had each made both
products themselves.2* But does that theory hold in a world where not only
goods but many services are tradable as well? Will wages merely fall world-
wide as more knowledge workers enter the jobs arena?

Most economists believe that Ricardo is still correct—that there will be
gains for all such nations. They acknowledge that there might be a transi-
tion phase in which wages for lower-skilled workers in a rich country like
the United States will fall. Some say that there is, however, no reason to

197, King. “Its Itinerary: Offshore Outsourcing Is Inevitable.” Computerworld, September
15, 2003.

20R. Hira, Rochester Institute of Technology, presentation to Committee on Science, Engi-
neering, and Public Policy, Workshop on International Students and Postdoctoral Scholars,
National Academies, July 2004.

21G. Colvin. “Can Americans Compete? Is America the World’s 97-1b. Weakling?” Fortune,
July 25, 2005.

22Forrester Research, a technology and market research company, estimates that 3.3 million
white-collar jobs could be sent offshore by 2015. Tom Pohlman. “Topic Overview, Out-
sourcing, Q3 2005.” September 12, 2005. Available at: http://www.forrester.com/Research/
Document/0,7211,37613,00.html.

23R. Freeman. It’s a Flat World, After All. New York Times, April 3, 2005. Section 6,
Column 1, Magazine Desk, P. 33.

24Colvin, 2005.

25¢Biography of David Ricardo.” The Concise Encyclopedia of Economics. Available at:
http://www.econlib.org/library/Enc/bios/Ricardo.html.
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believe that wages for highly skilled workers will fall in either the short run
or the long run.2¢ Economist Paul Romer?” argues that technological change
continues to increase the demand for workers with high levels of educa-
tion.28 As a result, wages for US workers with at least a college education
continue to rise faster than wages for other workers. The low wages for
highly skilled workers seen in such countries as China and India are not a
sign that the worldwide supply of highly skilled workers is so large that
worldwide wages are now falling or are about to fall, says Romer. In those
economies, wages for skilled workers are low because these workers were
previously cut off from the deep and rapidly growing pool of technological
knowledge that existed outside their borders. As they have opened up their
economies so that this knowledge can now flow in, wages for highly skilled
workers have grown rapidly.

With the collapse of the high-technology bubble, some highly skilled
workers in the United States have experienced a fall in their wages from the
values that prevailed at the peak. Moreover, at every level of education,
there is wide variation in compensation and career paths. Some engineers
and scientists, even now, are unemployed or underemployed, just as some
physicians, MBAs, and lawyers are unemployed or underemployed. It would
be a mistake, according to Romer, for public policy to limit the training of
new physicians only because some of them end up with careers that are not
as lucrative or rewarding as they had hoped. In the same way, public-policy
decisions about the supply of scientists and engineers should not be guided
by an attempt to provide a guaranteed high level of income for every recipi-
ent of an advanced degree. It is also important that scientists and engineers
tend, through innovation, to create new jobs not only for themselves but
also for workers throughout the economy.

Some economists believe that there might be a transition phase in some
fields during which wages fall, but they assert that there is no reason to
believe that such a dip would be permanent, because the global economic
pie keeps growing.2?

It has also been argued that in a period of tectonic change such as the
one that the global community is now undergoing, there will inevitably be
nations and individuals that are winners or losers. It is the view of this
committee that the determining factors in such outcomes are the extent of a
nation’s commitment to get out and compete in the global marketplace.

26Friedman, 2005, p. 227.

27E-mail communication from P. Romer to D. Stine, September 22, 2005.

28D. Autor, L. Katz, and M. Kearney. Trends in U.S. Wage Inequality: Re-Assessing the
Revisionists. Working Paper 11627. Washington, DC: National Bureau of Economic Research,
2005, for a recent summary of the evidence on this point, see http://www.nber.org.

29Friedman, 2005, p. 227.
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New generations of US scientists and engineers, assisted by progressive
government policies, could lead the way to US leadership in the new, flatter
world—as long as US workers remain among the best educated, hardest-
working, best trained, and most productive in the world.

That, of course, is the challenge.

CLUSTER 2: DISINVESTMENT IN THE FUTURE

The most effective way for the United States to meet the challenges of a
flatter world would be to draw heavily and quickly on its investments in
human capital. We need people who have been prepared for the kinds of
knowledge-intensive occupations in which the nation must excel. Yet the
United States has for a number of decades fallen short in making the kinds
of investments that will be essential in a global economy.

Loss of Human Capital

An educated, innovative, motivated workforce—human capital—is the
most precious resource of any country in this new, flat world. Yet there is
widespread concern about our K-12 science and mathematics education
system, the foundation of that human capital in today’s global economy. A
recent Gallup poll3® asked respondents, “Overall, how satisfied are you
with the quality of education students receive in kindergarten through grade
twelve in the United States today—would you say you are completely satis-
fied, somewhat satisfied, somewhat dissatisfied or completely dissatisfied?”
More than 50% were either “completely dissatisfied” or “somewhat dissat-
isfied” with our schooling. According to the poll results, the critical re-
quired change would be to produce better educated, higher-quality teach-
ers.3! This committee shares that view, particularly in connection with
education in science and mathematics. By far the highest leverage to be
found in our education system resides with teachers, if for no other reason
than that they influence such a large number of future workers.

Students in the United States are not keeping up with their counterparts
in other countries. In 2003 the Organisation for Economic Co-operation
and Development’s (OECD’s) Programme for International Student Assess-
ment32 measured the performance of 15-year-olds in 49 industrialized coun-

30Gallup poll, August 8-11, 2005, £ 3% margin of error, sample size = 1,001. As found at:
http://www.gallup.com/ on September 14, 2005.

31Gallup poll, August 9-11, 2004, + 3% margin of error, sample size = 1,017. As found at:
http://www.gallup.com/ on September 14, 2005.

32Qrganization for Economic Co-operation and Development. “Program for International
Student Assessment.” Available at: http://www.pisa.oecd.org.
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tries. It found that US students scored in the middle or in the bottom half of
the group in three important ways: our students placed 16th in reading,
19th in science literacy, and 24th in mathematics.3 In 1996 (the most re-
cent data available), US 12th graders performed below the international
average of 21 countries on a test of general knowledge in mathematics and
science.?*

After secondary school, fewer US students pursue science and engineer-
ing degrees than is the case of students in other countries. About 6% of our
undergraduates major in engineering; that percentage is the second lowest
among developed countries. Engineering students make up about 12% of
undergraduates in most of Europe, 20% in Singapore, and more than 40%
in China. Students throughout much of the world see careers in science and
engineering as the path to a better future.

Higher Education as a Private Good

Our culture has always considered higher education a public good—or
at least we have seemed to do so. We have agreed as a society that educated
citizens benefit the whole society; that the benefit accrues to us all and not
just to those who receive the education. That was a primary reason for the
creation in the 1860s of the land-grant college system; it is why early in the
20th century universal primary and secondary schooling was supported; it
is why a system of superior state universities was created and generously
supported and scholarships were given to needy students; and it is why the
Serviceman’s Readjustment Act of 1944—the GI Bill—was established and
why the National Defense Education Act was passed in 1958 shortly after
the launch of Sputnik.

Now, however, funding for state universities is dwindling, tuition is
rising, and students are borrowing more than they receive in grants. These
seem to be indications that our society increasingly sees higher education as
a private good, of value only to the individual receiving it. A disturbing
aspect of that change is its consequences for low-income students. College
has been a traditional path for upward mobility—and this has been particu-
larly true in the field of engineering for students who were first in their
family to attend college. The acceptance of higher education as a personal
benefit rather than a public good, the growth of costly private K-12 school-
ing, and the shift of the cost burden to individuals have made it increasingly
difficult for low-income students to advance beyond high school. In the

33The report included results from 49 countries, available at: http://www.pisa.oecd.org/
dataoecd/1/63/34002454.pdf.

34National Science Board. Science and Engineering Indicators 2004. NSB 04-01. Arlington,
VA: National Science Foundation, 2004. Chapter 1.
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long run, the nation as a whole will suffer from the lack of new talent that
could have been discovered and nurtured in affordable, accessible, high-
quality public schools, colleges, and universities.

Trends in Corporate Research

The US research structure that evolved after World War II was a self-
reinforcing triangle of industry, academe, and government. Two sides of
that triangle—industrial research and government investment in R&D as a
fraction of gross domenstic product (GDP) have changed dramatically. Some
of the most important fundamental research in the 20th century was ac-
complished in corporate laboratories—Bell Labs, GE Research, IBM Re-
search, Xerox PARC, and others. Since that time, the corporate research
structure has been significantly eroded. One reason might be the challenge
of capturing the results of research investments within one company or
even a single nation on a long-term basis. The companies and nation can,
however, capture high-technology discoveries at least for the near term (5-
10 years) and enhance the importance of innovation in jobs.3* For example,
the United States has successfully capitalized on research in monoclonal
antibodies, network systems, and speech recognition. As a result, corporate
funding of certain applied research has been enhanced at such companies as
Google and Intel and at many biotechnology companies. Nonetheless, the
increasing pressure on corporations for short-term results has made invest-
ments in research highly problematic.

Funding for Research in the Physical Sciences and Engineering

Although support for research in the life sciences increased sharply in
the 1990s and produced remarkable results, funding for research in most
physical sciences, mathematics, and engineering has declined or remained
relatively flat—in real purchasing power—for several decades. Even to those
whose principal interest is in health or healthcare, that seems short-sighted:
Many medical devices and procedures—such as endoscopic surgery,
“smart” pacemakers, kidney dialysis, and magnetic resonance imaging—
are the result of R&D in the physical sciences, engineering, and mathemat-
ics. The need is to strengthen investment in the latter areas while not
disinvesting in those areas of the health sciences that are producing promis-
ing results. Many believe that federal funding agencies—perhaps influenced
by the stagnation of funding levels in the physical sciences, mathematics,
and engineering—have become increasingly risk-averse and focused on

3SNAS/NAE/IOM. Capitalizing on Investments in Science and Technology. Washington,
DC: National Academy Press, 1999.
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short-term results. For example, even the generally highly effective Defense
Advanced Research Projects Agency (DARPA) has been criticized in this
regard in congressional testimony.3¢

Widespread, if anecdotal, evidence shows that even the National Science
Foundation and the National Institutes of Health (NIH) have changed their
approach in this regard. A recent National Academies study3” revealed that
the average age at which a principal investigator receives his or her first grant
is 42 years—partly because of requirements for evidence of an extensive
“track record” to reduce risk to the grant-makers.?8 But reducing the risk for
individual research projects increases the likelihood that breakthrough, “dis-
ruptive” technologies will not be found—the kinds of discoveries that often
yield huge returns. History also suggests that young researchers make dispro-
portionately important discoveries. The NIH roadmap3? established in fiscal
year (FY) 2004, recognizes this concern, but the amount of funds devoted to
long-term, high-payoff, high-risk research remains very limited.

CLUSTER 3: REACTIONS TO 9/11

Three other pieces in the mosaic also appear to provide short-term se-
curity but little long-term benefit. These relate to the events of 9/11, which
profoundly changed our world and made it necessary to re-examine na-
tional security issues in an entirely new context. This re-examination led to
changes in visa policies, export controls, and the treatment of “sensitive but
unclassified” information. There appears today to be a need to better bal-
ance security concerns with the benefits of an open, creative society.

New Visa Policies

Much has been written about new immigration and visa policies for stu-
dents and researchers. Although there have been improvements in the last

36See US Congress House of Representatives Committee on Science. Available at: http://
www.house.gov/science/hearings/full05/may12/. The current director of DARPA, however,
points out that DARPA’s job has always been to mine fundamental research, looking for those
ideas whose time has come to move on to applied developmental research.

37National Research Council. Bridges to Independence: Fostering the Independence of New
Investigators in Biomedical Research. Washington, DC: The National Academies Press, 2004.

380ther observers note that part of the reason for this is the length of the biomedical PhD
and postdoctoral period and the difficulty of young biomedical researchers in finding initial
tenure-track positions, for which many institutions require principal-investigator status on an
NIH grant proposal. These trends, which are occurring in spite of the recent doubling of the
NIH grants budget, suggest an imbalance between demand for and supply of recent PhDs.

39The purpose of the roadmap was to identify major opportunities and gaps in biomedical
research that no single NIH institute could tackle alone but that the agency as a whole must
address to make the biggest impact on the progress of medical research.
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several months (at this writing, the average time to process a student visa is
less than 2 weeks), there is still concern about response times in particular
cases. Some promising students wait a year or more for visas; some senior
scholars are subjected to long and sometimes demeaning review processes.
Those cases, not the shorter average processing time, are emphasized in the
international press. The United States is portrayed less as a welcoming land of
opportunity than as a place that is hostile to foreigners.

Immigration procedures implemented since 9/11 have discouraged stu-
dents from applying to US programs, prevented international research lead-
ers from organizing conferences here, and dampened international collabo-
ration. As a result, we are damaging the image of our country in the eyes of
much of the world. Although there are recent signs of improvement, the
matter remains a concern.

This committee is generally not privy to whatever evidence lies in the
government’s library of classified information, but it is important to recog-
nize that our nation’s borders have been crossed by more than 10 million
people who are still residing illegally in the United States. Set against this
background, a way is needed to quickly, legally, and safely admit to our
shores the relatively small numbers of highly talented people who possess
the skills needed to make major contributions to our nation’s future com-
petitiveness and well-being.

Some observers are also concerned that encouraging international stu-
dents to come to the United States will ultimately fill jobs that could be
occupied by American citizens. Others worry that such visitors will reduce
the compensation that scientists and engineers receive—diminishing the de-
sire of Americans to enter those professions. Studies show, however, that
the financial impact is minimal, especially at the PhD level. Furthermore,
scientists and engineers tend to be creators of new jobs and not simply
consumers of a fixed set of existing jobs. If Americans make up a larger
percentage of a graduating class, a larger percentage of Americans will be
hired by corporations. In the end, the United States needs the smartest
people, wherever they come from throughout the world. The United States
will be more prosperous if those people live and work in the United States
rather than elsewhere. History has emphatically proven this point.

The Use of Export Controls

Export controls were first instituted in the United States in 1949 to
keep weapons technology out of the hands of potential adversaries. They
have since been used, on occasion, as an economic tool against competitors.

The export of controlled technology requires a license from the Depart-
ment of Commerce or from the Department of State. Since 1994, the disclo-
sure of information regarding a controlled technology to some foreign na-
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tionals—even when the disclosure takes place inside the United States, a
practice sometimes called “deemed export”—has been considered the same
as the export of the technology itself and thus requires an export license.

Some recent reports*? suggest that implementation of the rules that gov-
ern deemed exports should be tightened even further—for example, by al-
tering or eliminating the exemption for basic research and by broadening
the definition of “access” to controlled technology.

The academic research community is deeply concerned that a literal
interpretation of these suggestions could prevent foreign graduate students
from participating in US-based research and would require an impossibly
complex system of enforcement. Given that 55% of the doctoral students in
engineering in the United States are foreign-born and that many of these
students currently remain in the United States after receiving their degrees,
the effect could be to drastically reduce our talent pool.

The United States is not the world’s only country capable of perform-
ing research; China and India, for example, have recognized the value of
research universities to their economic development and are investing
heavily in them. By putting up overly stringent barriers to the exchange of
information about basic research, we isolate ourselves and impede our own
progress. At the same time, the information we are protecting often is avail-
able elsewhere.

The current fear that foreign students in our universities pose a security
risk must be balanced against the great advantages of having them here. It
is, of course, prudent to control entry to our nation, but as those controls
become excessively burdensome they can unintentionally harm us. In this
regard, it should be noted that Albert Einstein, Edward Teller, Enrico Fermi,
and many other immigrants enabled the United States to develop the atomic
bomb and bring World War II to an earlier conclusion than would other-
wise have been the case. In addition, immigrant scientists and engineers
have contributed to US economic growth throughout the nation’s history
by founding or cofounding new technology-based companies. Examples
include Andrew Carnegie (US Steel, born in Scotland), Alexander Graham
Bell (AT&T, born in Scotland), Herbert Henry Dow (Dow Chemical, born
in Canada), Henry Timken (Timken Company, born in Germany), Andrew
Grove (Intel, born in Hungary), Davod Lam (Lam Research, born in China),
Vinod Khosla (Sun Microsystems, born in India), and Sergey Brin (Google,
born in Russia).

40Reports from the inspectors general of the US Departments of Commerce, Defense, and
State. As an example, see Bureau of Industry and Security, Office of Inspections and Program
Evaluations. “Deemed Export Controls May Not Stop the Transfer of Sensitive Technology to
Foreign Nationals in the U.S.” Final Inspection Report No. IPE-16176-March 2004.

Copyright National Academy of Sciences. All rights reserved.


http://www.nap.edu/11463

Rising Above the Gathering Storm: Energizing and Employing America for a Brighter Economic Future

36 RISING ABOVE THE GATHERING STORM

Similarly, it has been noted that

e Many students from abroad stay here after their education is com-
plete and contribute greatly to our economy.

e Foreign students who do return home often are our best ambassadors.

e The United States benefits economically from open trade, and our
security is reinforced by rising living standards in developing countries.

e The quality of life in the United States has been improved as a result
of shared scientific results. Some foreign-born students do return home to
work as competitors, but others join in international collaborations that
help us move faster in the development and adaptation of new technology
and thereby create new jobs.

Yet, Section 214b of the Immigration and Nationality Act requires ap-
plicants for student or exchange visas to provide convincing evidence that
they plan to return to their home countries—a challenging requirement.

Sensitive but Unclassified Information

Since 9/11, the amount of information designated sensitive but unclas-
sified (SBU) by the US government has presented a problem that is less
publicized than visas or deemed exports but is a complicating factor in
academic research. The SBU category, as currently applied, is inconsistent
with the philosophy of building high fences around small places associated
with the traditional protection of scientific and technical information. There
are no laws, no common definitions, and no limits on who can declare
information “SBU,” nor are there provisions for review and disclosure after
a specific period. There is little doubt that the United States would profit
from a serious discussion about what kinds of information should be classi-
fied, but such a discussion is not occurring.

THE PUBLIC RECOGNIZES THE CHALLENGES

Does the public truly see the challenge to our prosperity? In recent
months, polls have indicated persistent concern not only about the war in
Iraq and issues of terrorism but also, and nearly equally, about jobs and the
economy. One CBS-New York Times poll showed security leading economic
issues by only 1%;*! another*? showed that our economy and job security

41CBS News-New York Times poll, June 10-15, 2005; of 1,111 adults polled nationwide,
19% found the war in Iraq the most important problem, 18% cited the economy and jobs.
Available at: http://www.cbsnews.com/htdocs/CBSNews_polls/bush616.pdf.

42ABC News-Washington Post poll, June 2-5, 2005; of 1,002 adults polled nationwide, 30%
rated the economy and jobs of highest concern, 24% rated Iraq of highest concern.
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are of slightly greater concern to respondents than are issues of national
security and terrorism. On the eve of the 2004 presidential election, the
Gallup organization asked respondents what issues concerned them most.
Terrorism was first, ranked “extremely important” by 45% of respondents;
next came the economy (39%), health care (33%), and education (32%).43
Only 35% say that now is a good time to find a high-quality job; 61% say
that it is not.*4 Polls, of course, only provide a snapshot of America’s think-
ing, but presumably one can conclude that Americans are generally worried
about jobs—if not for themselves then for their children and grandchildren.

Investors are worried, too. According to a Gallup poll, 83% percent of
US investors say job outsourcing to foreign countries is currently hurting
the investment climate “a lot” (61%) or “a little” (22%). The numbers who
are worried about outsourcing are second only to the numbers who are
worried about the price of energy, according to a July 2005 Gallup poll on
investor concerns.*’

DISCOVERY AND APPLICATION:
KEYS TO COMPETITIVENESS AND PROSPERITY

A common denominator of the concerns expressed by many citizens is
the need for and use of knowledge. Well-paying jobs, accessible healthcare,
and high-quality education require the discovery, application, and dissemi-
nation of information and techniques. Our economy depends on the knowl-
edge that fuels the growth of business and plants the seeds of new indus-
tries, which in turn provides rewarding employment for commensurately
educated workers. Chapter 2 explains that US prosperity since World War
IT has depended heavily on the excellence of its “knowledge institutions”:
high-technology industries, federal R&D agencies, and research universities
that are generally acknowledged to be the best in the world.

The innovation model in place for a half-century has been so successful
in the United States that other nations are now beginning to emulate it. The
governments of Finland, Korea, Ireland, Canada, and Singapore have mapped
and implemented strategies to increase the knowledge base of students and
researchers, strengthen research institutions, and promote exports of high-
technology products—activities in which the United States has in the past

43D. Jacob, Gallup chief economist, in “More Americans See Threat, Not Opportunity, in
Foreign Trade: Most Investors See Outsourcing as Harmful.” Available at: http://www.gallup.
com/poll/content/default.aspx?ci=14338.

44F. Newport, Gallup poll editor-in-chief, in “Bush Approval, Economy, Election 2008,
Iraq, John Roberts, Civil Rights.” August 9, 2005. Available at: http://www.gallup.com/poll/
content/?ci=17758&pg=1.

4Gallup poll, June 24-26, 2005, + 3% margin of error, sample size = 1,009. As found at:
http://www.gallup.com/poll/content/?ci=17605& pg=1 on September 14, 2005.
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excelled.*¢ China formally adopted a pro-R&D policy in the middle of the
1990s and has been moving rapidly to raise government spending on basic
research, to reform old structures in a fashion that supports a market
economy, and to build indigenous capacity in science and technology.*”

The United States is now part of a connected, competitive world in
which many nations are empowering their indigenous “brainware” and
building new and effective performance partnerships—and they are doing
so with remarkable focus, vigor, and determination. The United States must
match that tempo if it hopes to maintain the degree of prosperity it has
enjoyed in the past.

ACTION NOW

Indeed, if we are to provide prosperity and a secure environment for
our children and grandchildren, we cannot be complacent. The gradual
change in England’s standing in the world since the 1800s and the sudden
change in Russia’s standing since the end of the Cold War are but two
examples that illustrate how dramatically power can shift. Simply main-
taining the status quo is insufficient when other nations push ahead with
desire, energy, and commitment.

Today, we see in the example of Ireland how quickly a determined
nation can rise from relative hunger to burgeoning prosperity. In the 1980s,
Ireland’s unemployment rate was 18%, and during that decade 1% of the
population—mostly young people—left the country, largely to find jobs.*8
In response, a coalition of government, academic institutions, labor unions,
farmers, and others forged an ambitious and sometimes painful plan of tax
and spending cuts and aggressively courted foreign investors and skilled
scientists and engineers. Today, Ireland is, on a per capita basis, one of
Europe’s wealthiest countries.*’ In 1990, Ireland’s per capita GDP of
$12,891 (in current US dollars) ranked it 23rd of the 30 OECD member
countries. By 2002, Ireland’s per capita GDP had grown to $32,646, mak-
ing it 4th highest among OECD member countries.? Ireland’s unemploy-

46Qrganisation for Economic Co-operation and Development. “Main Science & Technol-
ogy Indicators, 2005.” Available at: http://www.oecd.org/document/26/0,2340,en_2649_
34451_.1901082_1_1_1_1,00.html.

47¢China’s Science and Technology Policy for the Twenty-First Century—A View from the
Top.” Report from the US Embassy, Beijing, November 1996.

48W. C. Harris, director general, Science Foundation Ireland, personal communication, Au-
gust 15, 2005.

49T. Friedman. The End of the Rainbow. New York Times, June 29, 2005.

50Qrganisation for Economic Co-operation and Development. “OECD Factbook 2005.”
Available at: http://puck.sourceoecd.org/vl=2095292/cl=23/mw=1/rpsv/factbook/.
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ment rate (as a percentage of the total labor force) was 13.4% in 1990. By
1993, it had risen to 15.6%. By 2004 the unemployment rate declined to
4.5% .51 Since 19935, Ireland’s economic growth has averaged 7.9%. Over
the same time period, economic growth averaged 2% in Europe and 3.3%
in the United States.*?

History is the story of people mobilizing intellectual and practical tal-
ents to meet demanding challenges. World War II saw us rise to the military
challenge, quickly developing nuclear weapons and other military capabili-
ties. After the launch of Sputnik®3 in 1957, we accepted the challenge of the
space race, landed 12 Americans on the moon, and fortified our science and
technology capacity.

Today’s challenge is economic—no Pearl Harbor, Sputnik, or 9/11 will
stir quick action. It is time to shore up the basics, the building blocks with-
out which our leadership will surely decline. For a century, many in the
United States took for granted that most great inventions would be home-
grown—such as electric power, the telephone, the automobile, and the air-
plane—and would be commercialized here as well. But we are less certain
today who will create the next generation of innovations, or even what they
will be. We know that we need a more secure Internet, more-efficient trans-
portation, new cures for disease, and clean, affordable, and reliable sources
of energy. But who will dream them up, who will get the jobs they create,
and who will profit from them? If our children and grandchildren are to
enjoy the prosperity that our forebears earned for us, our nation must
quickly invigorate the knowledge institutions that have served it so well in
the past and create new ones to serve in the future.

CONCLUSION

A few of the tiles in the mosaic are apparent; many other problems
could be added to the list. The three clusters discussed in this chapter share
a common characteristic: short-term responses to perceived problems can
give the appearance of gain but often bring real, long-term losses.

S1Ibid.

32R. Samuelson. “The World Is Still Round.” Newsweek, July 25, 2005.

33The fall 1957 launch of Sputnik I, the first artificial satellite, caused many in the United
States to believe that we were quickly falling behind the USSR in science education and re-
search. That concern led to major policy reforms in education, civilian and military research,
and federal support for researchers. Within a year, the National Aeronautics and Space Ad-
ministration and DARPA were founded. In that era, science and technology became a major
focus of the public, and a presidential science adviser was appointed.
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This report emphasizes the need for world-class science and engineer-
ing—not simply as an end in itself but as the principal means of creating
new jobs for our citizenry as a whole as it seeks to prosper in the global
marketplace of the 21st century. We must help those who lose their jobs;
they need financial assistance and retraining. It might even be appropriate
to protect some selected jobs for a very short time. But in the end, the
country will be strengthened only by learning to compete in this new, flat
world.
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Why Are Science and Technology
Critical to America’s Prosperity
in the 21st Century?

Since the Industrial Revolution, the growth of economies throughout
the world has been driven largely by the pursuit of scientific understanding,
the application of engineering solutions, and continual technological inno-
vation.! Today, much of everyday life in the United States and other indus-
trialized nations, as evidenced in transportation, communication, agricul-
ture, education, health, defense, and jobs, is the product of investments in
research and in the education of scientists and engineers.2 One need only
think about how different our daily lives would be without the technologi-
cal innovations of the last century or so.

The products of the scientific, engineering, and health communities
are, in fact, easily visible—the work-saving conveniences in our homes;
medical help summoned in emergencies; the vast infrastructure of electric
power, communication, sanitation, transportation, and safe drinking wa-
ter we take for granted.> To many of us, that universe of products and

!Another point of view is provided in Box 2-1.

2S. W. Popper and C. S. Wagner. New Foundations for Growth: The U.S. Innovation Sys-
tem Today and Tomorrow. Santa Monica, CA: RAND Corporation, 2002. The authors state:
“The transformation of the U.S. economy over the past 20 years has made it clear that innova-
tions based on scientific and technological advances have become a major contributor to our
national well being.” P. ix.

30ne study argues that “there has been more material progress in the United States in the
20th century than there was in the entire world in all the previous centuries combined,” and
most of the examples cited have their basis in scientific and engineering research. S. Moore and
J. L. Simon. “The Greatest Century That Ever Was: 25 Miraculous Trends of the Last 100
Years.” Policy Analysis No. 364. Washington, DC: Cato Institute, December 15, 1999.

41
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BOX 2-1
Another Point of View: Science, Technology, and Society

For all the practical devices and wonders that science and technology
have brought to society, it has also created its share of problems. Re-
searchers have had to reapply their skills to create solutions to un-
intended consequences of many innovations, including finding a re-
placement for chlorofluorocarbon-based refrigerants, eliminating lead
emissions from gasoline-powered automobiles, reducing topsoil erosion
caused by large-scale farming, researching safer insecticides to replace
DDT, and engineering new waste-treatment schemes to reduce hazard-
ous chemical effluents from coal power plants and chemical refineries.

services defines modern life, freeing most of us from the harsh manual
labor, infectious diseases, and threats to life and property that our fore-
bears routinely faced. Now, few families know the suffering caused by
smallpox, tuberculosis (TB), polio, diphtheria, cholera, typhoid, or whoop-
ing cough. All those diseases have been greatly suppressed or eliminated by
vaccines (Figure 2-1).

We enjoy and rely on world travel, inexpensive and nutritious food,
easy digital access to the arts and entertainment, laptop computers, graph-
ite tennis rackets, hip replacements, and quartz watches. Box 2-2 lists a few
examples of how completely we depend on scientific research and its appli-
cation—from the mighty to the mundane.

Science and engineering have changed the very nature of work. At the
beginning of the 20th century, 38% of the labor force was needed for farm
work, which was hard and often dangerous. By 2000, research in plant and
animal genetics, nutrition, and husbandry together with innovation in ma-
chinery had transformed farm life. Over the last half-century, yields per
acre have increased about 2.5 times,* and overall output per person-hour
has increased fully 10-fold for common crops, such as wheat and corn (Fig-
ure 2-2). Those advances have reduced the farm labor force to less than 3%
of the population.

Similarly, the maintenance of a house a century ago without today’s
labor-saving devices left little time for outside enjoyment or work to pro-
duce additional income.

The visible products of research, however, are made possible by a large

4National Research Council. Frontiers in Agricultural Research: Food, Health, Environ-
ment, and Communities. Washington, DC: The National Academies Press, 2003.

Copyright National Academy of Sciences. All rights reserved.


http://www.nap.edu/11463

Rising Above the Gathering Storm: Energizing and Employing America for a Brighter Economic Future

WHY ARE SCIENCE AND TECHNOLOGY CRITICAL TO PROSPERITY? 43

200 1\ Tuberculosis
\ 1

\ || Whooping Cough
N

|
[}
]
iptheria | |

a4

§ 150 1 N SIDS

s} o "\ ;‘J

§ M
i

= U

S i

S \

g 200 1

- Typhoid

3 S

2 '

8 b

© 50 \

AN
\ i

- ""\ A
~d '\f_oygﬂ‘ql ) V\’»\q\

(“ -
§
//

0

T A O NS A e DA DA AN DK
N N $o) $o) ! D o) o) © © A A o) Nl %)
CMICRIR R M I A G SR SR SR SR AR IR IS

FIGURE 2-1 Incidence of selected diseases in the United States throughout the 20th
century. The 20th century saw dramatic reductions in disease incidence in the United
States.

NOTES: Sudden Infant Death Syndrome (SIDS) rate is per 100,000 live births. AIDS
definition was substantially expanded in 1985, 1987, and 1993. TB rate prior to 1930
is estimated as 1.3 times the mortality rate.

SOURCES: S. Moore, J. L. Simon, and the CATO Institute. “The Greatest Century
That Ever Was: 25 Miraculous Trends of the Past 100 Years.” Policy Analysis No.
364, December 15, 1999. Pp. 1-32. Based on Historical Statistic of the United States,
Series B 149, B 291, B 299-300, B 303; Health, United States, 1999, Table 53; and
American SIDS Institute. Available at: http://www.sids.org/.

enterprise mostly hidden from public view—fundamental and applied re-
search, an intensively trained workforce, and a national infrastructure that
provides risk capital to support the nation’s science and engineering inno-
vation enterprise. All that activity, and its sustaining public support, fuels
the steady flow of knowledge and provides the mechanism for converting
information into the products and services that create jobs and improve the
quality of modern life. Maintaining that vast and complex enterprise during
an age of competition and globalization is challenging, but it is essential to
the future of the United States.

ENSURING ECONOMIC WELL-BEING

Knowledge acquired and applied by scientists and engineers provides the
tools and systems that characterize modern culture and the raw materials
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BOX 2-2
Twenty Great Engineering Achievements of the 20th Century

Electricity: steam turbine generators; long-distance, high-voltage trans-
mission lines; pulverized coal; large-scale electric grids

Automotive: machine tools, assembly line, self-starting ignition, balloon
tire, safety-glass windshield, electronic fuel injection and ignition, airbags,
antilock brakes, fuel cells

Aeronautics: aerodynamic wing and fuselage design, metal alloys and
composite materials, stressed-skin construction, jet propulsion, fly-by-
wire control systems, collision warning systems, Doppler weather radar
Water supply and distribution: chlorination, wastewater treatment,
dams, reservoirs, storage tanks, tunnel-boring equipment, computerized
contaminant detection, desalination, large-scale distillation, portable ul-
traviolet devices

Electronics: triodes, semiconductors, transistors, molecular-beam epi-
taxy, integrated circuits, digital-to-optical recording (CD-ROM), micropro-
cessors, ceramic chip carriers

Radio and television: alternators, triodes, cathode-ray tubes, super het-
erodyne circuits, AM/FM, videocassette recorders, flat-screen technol-
ogy, cable and high-definition television, telecommunication satellites
Agriculture: tractors, power takeoff, rubber tires, diesel engines, com-
bine, corn-head attachments, hay balers, spindle pickers, self-propelled
irrigation systems, conservation tillage, global-positioning technology
Computers: electromechanical relays; Boolean operations; stored pro-
grams; programming languages; magnetic tape; software, supercom-
puters, minicomputers, and personal computers; operating systems; the
mouse; the Internet

Telephony: automated switchboards, dial calling, touch-tone, loading
coils, signal amplifiers, frequency multiplexing, coaxial cables, microwave
signal transmission, switching technology, digital systems, optical-fiber
signal transmission, cordless telephones, cellular telephones, voice-over-
Internet protocols

Air conditioning and refrigeration: humidity-control technology, refrig-
erant technology, centrifugal compressors, automatic temperature con-
trol, frost-free cooling, roof-mounted cooling devices, flash-freezing
Highways: concrete, tar, road location, grading, drainage, soil science,
signage, traffic control, traffic lights, bridges, crash barriers

Aerospace: rockets, guidance systems, space docking, lightweight ma-
terials for vehicles and spacesuits, solar power cells, rechargeable bat-
teries, satellites, freeze-dried food, Velcro

Internet: packet-switching, ARPANET, e-mail, networking services,
transparent peering of networks, standard communication protocols,
TCP/IP, World Wide Web, hypertext, web browsers

Copyright National Academy of Sciences. All rights reserved.


http://www.nap.edu/11463

Rising Above the Gathering Storm: Energizing and Employing America for a Brighter Economic Future

WHY ARE SCIENCE AND TECHNOLOGY CRITICAL TO PROSPERITY? 45

Imaging: diagnostic x-rays, color photography, holography, digital photog-
raphy, cameras, camcorders, compact disks, microprocessor etching, elec-
tron microscopy, positron-emission tomography, computed axial tomogra-
phy, magnetic-resonance imaging, sonar, radar, sonography, reflecting
telescopes, radiotelescopes, photodiodes, charge-coupled devices
Household appliances: gas ranges, electric ranges, oven thermostats,
nickel-chrome resistors, toasters, hot plates, electric irons, electric motors,
rotary fans, vacuum cleaners, washing machines, sewing machines, refrig-
erators, dishwashers, can openers, cavity magnetrons, microwave ovens
Health technology: electrocardiography; heart—lung machines; pace-
makers; kidney dialysis; artificial hearts; prosthetic limbs; synthetic heart
valves, eye lenses, replacement joints; manufacturing techniques and
systems design for large-scale drug delivery; operating microscopy; fiber-
optic endoscopy; laparoscopy; radiologic catheters; robotic surgery
Petroleum and petrochemical technology: thermal-cracking oil refin-
ing; leaded gasoline; catalytic cracking; oil byproduct compounds; syn-
thetic rubber; coal tar distillation byproduct compounds, plastics, polyvi-
nyl chloride, polyethylene, synthetic fibers; drilling technologies; drill bits;
pipelines; seismic siting; catalytic converters; pollution-control devices
Lasers and fiber optics: maser, laser, pulsed-beam laser, compact-disk
players, barcode scanners, surgical lasers, fiber optic communication
Nuclear technology: nuclear fission, nuclear reactors, electric-power
generation, radioisotopes, radiation therapy, food irradiation
High-performance materials: steel alloys, aluminum alloys, titanium
superalloys; synthetic polymers, Bakelite, Plexiglas; synthetic rubbers,
neoprene, nylon; polyethylene, polyester, Saran Wrap, Dacron, Lycra
spandex fiber, Kevlar; cement, concrete; synthetic diamonds; supercon-
ductors; fiberglass, graphite composites, Kevlar composites, aluminum
composites

SOURCE: G. Constable and B. Somerville. A Century of Innovation: Twenty Engineering
Achievements That Transformed Our Lives. Washington, DC: Joseph Henry Press, 2003.

for economic growth and well-being. The knowledge density of modern
economies has steadily increased, and the ability of a society to produce,
select, adapt, and commercialize knowledge is critical for sustained economic
growth and improved quality of life.>¢ Robert Solow demonstrated that pro-

SL. B. Holm-Nielsen. Promoting Science and Technology for Development: The World
Bank’s Millennium Science Initiative. Paper delivered on April 30, 2002, to the First Interna-
tional Senior Fellows meeting, The Wellcome Trust, London, UK.

¢The Organisation for Economic Co-operation and Development (OECD) concludes that
“underlying long-term growth rates in OECD economies depend on maintaining and expand-
ing the knowledge base.” OECD. Technology, Productivity, and Job Creation: Best Policy
Practices. Paris: OECD, 1998. P. 4.

Copyright National Academy of Sciences. All rights reserved.


http://www.nap.edu/11463

Rising Above the Gathering Storm: Energizing and Employing America for a Brighter Economic Future

46 RISING ABOVE THE GATHERING STORM

5,000

4,500 -
S 4,000 4
3,500 -
3,000 4
2,500 -
2,000 -

1,500

Output per Man-Hour (1800 = 100

_.

f=)

o

S
:

500

O DO OO DD DD OO D
&I, FF KPP

0.0 i o O O O
Q~ oN 5 X 0”00 A
RS ICICAN

N
FIGURE 2-2 US farm labor productivity from 1800 to 2000. There was a 100-fold
increase in US farm labor output, much of it brought about by advancements in
science and technology.
SOURCE: S. Moore, J. L. Simon, and the CATO Institute. “The Greatest Century
That Ever Was: 25 Miraculous Trends of the Past 100 Years.” Policy Analysis No.
364, December 15, 1999. Pp. 1-32.

ductivity depends on more than labor and capital.” Intangible qualities—
research and development (R&D), or the acquisition and application of
knowledge—are crucial.® The earlier national commitment to make a sub-
stantial public investment in R&D was based partly on that assertion (Figure
2-3).

Since Solow’s pioneering work, the economic value of investing in sci-
ence and technology has been thoroughly investigated. Published estimates
of return on investment (ROI) for publicly funded R&D range from 20 to
67% (Table 2-1). Although most early studies focused on agriculture, re-
cent work shows high rates of return for academic science research in the

7R. M. Solow. “Technical Change and the Aggregate Production Function.” The Review of
Economics and Statistics 39(1957):312-320; R. M. Solow. Investment and Technical Progress.
In Arrow, Karlin & Suppes, eds. Mathematical Models in Social Sciences, 1960. For more on
Solow’s work, see http://nobelprize.org/economics/laureates/1987/index.html.

8Solow, 1957.
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FIGURE 2-3 Gross domestic product during the 20th century. In the 20th century, US
per capita gross domestic product (GDP) rose almost 7-fold.

SOURCE: S. Moore, J. L. Simon, and the CATO Institute. “The Greatest Century
That Ever Was: 25 Miraculous Trends of fhe Past 100 Years.” Policy Analysis, No.
364, December 15, 1999. Pp. 1-32.

aggregate (28%),” and slightly higher rates of return for pharmaceutical
products in particular (30%).1° Modern agriculture continues to respond,
and the average return on investment for public funding of agricultural
research for member countries of the Organisation for Economic Co-
operation and Development (OECD) is estimated at 45%.!!

Starting in the middle 1990s, investments in computers and informa-
tion technology started to show payoffs in US productivity. The economy
grew faster and employment rose more than had seemed possible without

9E. Mansfield. “Academic Research and Industrial Innovation.” Research Policy 20(1991):
1-12.

10A. Scott, G. Steyn, A. Geuna, S. Brusoni, and W. E. Steinmeuller. “The Economic Returns
of Basic Research and the Benefits of University-Industry Relationships.” Science and Technol-
ogy Policy Research. Brighton: University of Sussex, 2001. Available at: http://www.sussex.
ac.uk/spru/documents/review_for_ost_final.pdf.

HR. E. Evenson. Economic Impacts of Agricultural Research and Extension. In B. L. Gardner
and G. C. Rausser, eds. Handbook of Agricultural Economics Vol. 1. Rotterdam: Elsevier,
2001. Pp. 573-628.
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TABLE 2-1 Annual Rate of Return on Public R&D Investment

Rate of Return
to Public R&D

Studies Subject (percent)
Griliches (1958) Hybrid corn 20-40
Peterson (1967) Poultry 21-25
Schmitz-Seckler (1979) Tomato harvester 37-46
Griliches (1968) Agriculture research 35-40
Evenson (1968) Agriculture research 28-47
Davis (1979) Agriculture research 37
Evebsib (1979) Agriculture research 45
Davis and Peterson (1981) Agriculture research 37
Mansfield (1991) All academic science research 28
Huffman and Evenson (1993) Agricultural research 43-67
Cockburn and Henderson (2000) Pharmaceuticals 30+

SOURCE: A. Scott, G. Steyn, A. Geuna, S. Brusoni, W. E. Steinmeuller. “The Economic Re-
turns of Basic Research and the Benefits of University-Industry Relationships.” Science and
Technology Policy Research. Brighton: University of Sussex, 2001. Available at: http://
www.sussex.ac.uk/spru/documents/review_for_ost_final.pdf.

fueling inflation. Policy-makers previously focused almost entirely on
changes in demand as the determinant of inflation, but the surge in produc-
tivity showed that changes on the supply side of the economy could be just
as important and in some cases even more important.!? Such data serve to
sustain the US commitment to invest substantial public funds in science and
engineering.!3

Of equal interest are studies of the rate of return on private investments
in R&D.™ The return on investment to the nation is generally higher than
is the return to individual investors (Table 2-2).15 One reason is that knowl-
edge tends to spill over to other people and other businesses, so research
results diffuse to the advantage of those who are prepared to apply them.

12E. L. Andrews. The Doctrine Was Not to Have One; Greenspan Will Leave No Road Map
to His Successor. New York Times, August 26, 2005. P. C1.

13BUS Congress House of Representatives Committee on Science. Unlocking Our Future:
Toward a New National Science Policy (the “Ehlers Report™). Washington, DC: US Congress,
1998. The report notes that “the growth of economies throughout the world since the indus-
trial revolution began has been driven by continual technological innovation through the pur-
suit of scientific understanding and application of engineering solutions.” P. 1.

14Council of Economic Advisors. Supporting Research and Development to Promote Eco-
nomic Growth: The Federal Government’s Role. Washington, DC: White House, October
1995S.

15Center for Strategic and International Studies. Global Innovation/National Competitive-
ness. Washington, DC: CSIS, 1996.
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TABLE 2-2 Annual Rate of Return on Private R&D Investment

Estimated Rate of Return %

Researcher Private Social
Nadiri (1993) 20-30 50
Mansfield (1977) 25 56
Terleckyj (1974) 29 48-78
Sveikauskas (1981) 7-25 50
Goto-Suzuki (1989) 26 80
Bernstein-Nadiri (1988) 10-27 11-111
Scherer (1982, 1984) 29-43 64-147
Bernstein-Nadiri (1991) 15-28 20-110

SOURCE: Center for Strategic and International Studies. Global Innovation/National Com-
petitiveness. Washington, DC: CSIS, 1996.

Those “social rates of return”!® on investments in R&D are reported to
range from 20 to 100%, with an average of nearly 50%.17 As a single
example, in recent years, graduates from one US university have founded
4,000 companies, created 1.1 million jobs worldwide, and generated an-
nual sales of $232 billion.!$

Although return-on-investment data vary from study to study, most
economists agree that federal investment in research pays substantial eco-
nomic dividends. For example, Table 2-3 shows the large number of jobs
and revenues created by information-technology manufacturing and ser-
vices—an industry that did not exist until the recent past. The value of
public and private investment in research is so important that it has been

16«Social rate of return” is defined in C. I. Jones and J. C. Williams. “Measuring the Social
Return to R&D.” Working Paper 97002. Stanford University Department of Economics, 1997.
Available at: http://www.econ.stanford.edu/faculty/workp/swp97002.pdf#search="R&D %20
social%20rate%200f%20return. They state, “One can think of knowledge as an ‘asset’ pur-
chased by society, held for a short period of time to reap a dividend, and then sold. The return
can then be thought of as a sum of a dividend and a capital gain (or loss). . . . The dividend
associated with an additional idea consists of two components. First, the additional knowledge
directly raises the productivity of capital and labor in the economy. Second, the additional
knowledge changes the productivity of future R&D investment because of either knowledge
spillovers or because subsequent ideas are more difficult to discover.” Pp. 6-8.

7M. L. Nadiri. “Innovations and Technological Spillovers.” Economic Research Reports,
RR 93-31. New York: C. V. Starr Center for Applied Economics, New York University De-
partment of Economics, August 1993. Nadiri adds, “The channels of diffusion of the spillovers
vary considerably and their effects on productivity growth are sizeable. These results suggest a
substantial underinvestment in R&D activity.”

18W. M. Ayers. MIT: The Impact of Innovation. Boston, MA: Bank Boston, 2002. Available
at: http://web.mit.edu/newsoffice/founders/Founders2.pdf.
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TABLE 2-3 Sales and Employment in the Information Technology (IT)
Industry, 2000

Sales Number
NAICS Revenues of Jobs
Code ($ billions) (1,000)
IT Manufacturing
Computer and peripheral equipment 3341 110.0 190
Communications equipment 3342 119.3 291
Software 5112 88.6 331
Semiconductors and
other electronic components 3344 168.5 621
IT Services
Data processing services 5142 42.9 296
Telecommunications services 5133 354.2 1,165

SOURCE: National Research Council. Impact of Basic Research on Industrial Performance.
Washington, DC: The National Academies Press, 2003.

described as “fuel for industry.”!® The economic contribution of science
and technology can be understood by examining revenue and employment
figures from technology- and service-based industries, but the largest eco-
nomic influence is in the productivity gains that follow the adoption of new
products and technologies.20

CREATING NEW INDUSTRIES

The power of research is demonstrated not only by single innovations
but by the ability to create entire new industries—some of them the nation’s
most powerful economic drivers.

Basic research on the molecular mechanisms of DNA has produced a
new field, molecular biology, and recombinant-DNA technology, or gene
splicing, which in turn has led to new health therapies and the enormous
growth of the biotechnology industry. The potential of those developments
for health and healthcare is only beginning to be realized.

Studies of the interaction of light with atoms led to the prediction of
stimulated emission of coherent radiation. That, together with the quest for
a device to produce high-frequency microwaves, led to the development of

YCouncil of Economic Advisers. Economic Report of the President. Washington, DC: US
Government Printing Office, 1995.

20D. J. Wilson. “Is Embodied Technological Change the Result of Upstream R&D? Indus-
try-Level Evidence.” Review of Economic Dynamics 5(2)(2002):342-362.
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the laser, a ubiquitous device with uses ranging from surgery, precise ma-
chining, and nuclear fusion to sewer alignment, laser pointers, and CD and
DVD players.

Enormous economic gains can be traced to research in harnessing elec-
tricity, which grew out of basic research (such as that conducted by Michael
Faraday and James Maxwell) and applied research (such as that by Thomas
Edison and George Westinghouse). Furthermore, today’s semiconductor
integrated circuits can be traced to the development of transistors and inte-
grated circuits, which began with basic research into the structure of the
atom and the development of quantum mechanics by Paul Dirac, Wolfgang
Pauli, Werner Heisenberg, and Erwin Schrodinger?! and was realized
through the applied research of Robert Noyce and Jack Kilby.

In virtually all those examples, the original researchers did not—or
could not—foresee the consequences of the work they were performing, let
alone its economic implications. The fundamental research typically was
driven by the desire to answer a specific question about nature or about an
application of technology. The greatest influence of such work often is re-
moved from its genesis,22 but the genius of the US research enterprise has
been its ability to afford its best minds the opportunity to pursue funda-
mental questions (Figures 2-4, 2-5, 2-6).

PROMOTING PUBLIC HEALTH

One straightforward way to view the practical application of research
is to compare US life expectancy (Figure 2-7) in 1900 (47.3 years)?? with
that in 1999 (77 years).2* Our cancer and heart-disease survival rates have
improved (Figure 2-8), and accidental-death rates and infant and maternal
mortality (Figure 2-9) have fallen dramatically since the early 20th
century.?’

Improvements in the nation’s health are, of course, attributable to many
factors, some as straightforward as the engineering of safe drinking-water sup-
plies. Also responsible are the large-scale production, delivery, and storage

21]. 1. Friedman. “Will Innovation Flourish in the Future?” Industrial Physicist 8(6)(Decem-
ber 2002/January 2003):22-25.

22Gee, for example, National Research Council. Evolving the High Performance Computing
and Communications Initiative to Support the Nation’s Information Infrastructure. Washing-
ton, DC: National Academy Press, 19935.

23US Census Bureau. “Historical Statistics of the United States, Colonial Times to 1970.”
Part 1, Series B 107-15. P. 55.

24US Census Bureau. Statistical Abstract of the United States: 2000. P. 84. Table 116.

25F. Hobbs and N. Stoops. Demographic Trends in the 20th Century. CENSR-4. Washing-
ton, DC: US Census Bureau, November 2004.
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FIGURE 2-4 Number of patents granted by the United States in the 20th century with

examples of critical technologies.

SOURCE: S. Moore, J. L. Simon, and the CATO Institute. “The Greatest Century
That Ever Was: 25 Miraculous Trends of the Past 100 Years.” Policy Analysis No.
364, December 15, 1999. Pp. 1-32.
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FIGURE 2-5 Megabyte prices and microprocessor speeds, 1976-2000. Moore’s law
maintained: megabyte prices decrease as microprocessor speeds increase.

SOURCE: S. Moore, J. L. Simon, and the CATO Institute. “The Greatest Century
That Ever Was: 25 Miraculous Trends of the Past 100 Years.” Policy Analysis No.
364, December 15, 1999. Pp. 1-32.
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FIGURE 2-6 Percentage of children ages 3 to 17 who have access to a home computer
and who use the Internet at home, selected years, 1984-2001. Many US children have
access to and use computers and the Internet.

SOURCE: Child Trends Data Bank. Available at: http://www.childtrendsdatabank.
org/figures/78-Figure-2.gif.
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FIGURE 2-7A Life expectancy at birth, 1000-2000. Life expectancy has increased,
particularly in the last century.

SOURCE: S. Moore, J. L. Simon, and the CATO Institute. “The Greatest Century
That Ever Was: 25 Miraculous Trends of the Past 100 Years.” Policy Analysis No.
364, December 15, 1999. Pp. 1-32.
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FIGURE 2-7B Life expectancy at birth and at 65 years of age, by sex, in the United
States, 1901-2002. Life expectancy has increased in the United States, particularly in
the last century.

SOURCE: Center for Disease Control and Prevention, National Center for Health
Statistics, National Vital Statistic System.

of nutritious foods and advances in diagnosis, pharmaceuticals, medical
devices, and treatment methods.26

Medical research also has brought economic benefit. The development
of lithium as a mental-health treatment, for example, saves $9 billion
in health costs each year. Hip-fracture prevention in postmenopausal
women at risk for osteoporosis saves $333 million annually. Treatment for

26National Academy of Engineering. A Century of Innovation. Washington, DC: The Na-
tional Academies Press, 2003.
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FIGURE 2-8A Five-year relative cancer survival rates for all ages, 1975-1979, 1985-
1989, 1988-2001, and 1995-2001.

SOURCE: Surveillance, Epidemiology, and End Results (SEER) Program (www.
seer.cancer.gov) SEER*Stat Database: Incidence—SEER 9 Regs Public-Use, No-
vember 2004 Sub (1973-2002), National Cancer Institute, DCCPS, Surveillance
Research Program, Cancer Statistics Branch, released April 2005, based on the
November 2004 submission.
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FIGURE 2-8B Heart disease mortality, 1950-2002.
SOURCE: National Center for Health Statistics. Health, United States, 2005. Table
29. Available at: http://www.cdc.gov/nchs/data/hus/hus05.pdf.
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FIGURE 2-9A Infant mortality, 1915-2000.

SOURCE: National Center for Health Statistics. National Vital Statistics Reports
(53)5:Table 11. Available at: http://www.cdc.gov/nchs/products/pubs/pubd/nvsr/53/
53-21.htm.
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FIGURE 2-9B Maternal mortality, 1915-2000.

SOURCE: National Center for Health Statistics: National Vital Statistics Reports
(53)5:Table 11. Available at: http://www.cdc.gov/nchs/products/pubs/pubd/nvsr/53/
53-21.htm.
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testicular cancer has resulted in a 91% remission rate and annual savings of
$166 million.2”

CARING FOR THE ENVIRONMENT

Advances in our understanding of the environment have led to better
systems to promote human health and the health of our planet. Weather
satellites, global positioning systems, and airborne-particle measurement
technologies also have helped us to monitor and mitigate unexpected en-
vironmental problems. Unfortunately, some of these problems have been
the consequence of unexpected side-effects of technological advances. For-
tunately, in many cases additional technological understanding was able
to overcome unintended consequences without forfeiting the underlying
benefits.

Water Quality

Early in the 20th century, when indoor plumbing was rare, wastewater
often was dumped directly into streets and rivers. Waterborne diseases—
cholera, typhoid fever, dysentery, and diarrhea—were rampant and among
the leading causes of death in the United States. Research and engineering
for modern sewage treatment and consequent improvements in water qual-
ity have dramatically affected public and environmental health. Water-
pollution controls have mitigated declines in wildlife populations, and re-
search into wetlands and riparian habitats has informed the process of
engineering water supplies for our population.

Automobiles and Gasoline

In the 1920s, engineers discovered that adding lead to gasoline caused
it to burn more smoothly and improved the efficiency of engines. However,
they did not predict the explosive growth of the automobile industry. The
widespread use of leaded gasoline resulted in harmful concentrations of
lead in the air,28 and by the 1970s the danger was apparent. New formula-
tions developed by petrochemical researchers not requiring the use of lead

27W. D. Nordhaus. The Health of Nations: The Contribution of Improved Health and
Living Standards. New York: Albert and Mary Lasker Foundation, 1999. Available at: http:
/lwww .laskerfoundation.org/reports/pdf/economic.pdf; L. E. Rosenberg. “Exceptional Returns:
The Economic Value of America’s Investment in Medical Research.” Research Enterprise
177(2000):368-371.

28US Congress House of Representatives Committee on Science, 1998, p. 38.

Copyright National Academy of Sciences. All rights reserved.


http://www.nap.edu/11463

Rising Above the Gathering Storm: Energizing and Employing America for a Brighter Economic Future

58 RISING ABOVE THE GATHERING STORM

200% —

150%F ||

100% |-

50%

00%

! ) -54%
-50% - Vo #¥  Aooregate Emissions

b | e (Six Principal Pollutants

o :
O P RN PRSI PP
LCERLPFS PP LS F P S
SFPFFELPELLE S

FIGURE 2-10 Comparison of growth areas and air pollution emissions, 1970-2004.
US air quality has improved despite increases in gross domestic product, vehicle miles
traveled, and energy consumption since the 1970s.

SOURCE: US Environmental Protection Agency. Air Emissions Trends—Continued
Progress Through 2004. Available at: http://www.epa.gov/airtrends/2005/econ-
emissions.html.

have resulted in vastly reduced emissions and improved air quality (Figure
2-10). Parallel advances in petroleum refining and the adoption and im-
provement of catalytic converters increased engine efficiency and removed
harmful byproducts from the combustion process. Those achievements have
reduced overall automobile emissions by 31%, and carbon monoxide emis-
sions per automobile are 85% lower than in the 1970s.%°

Refrigeration

In the early 1920s, scientists began working on nontoxic, nonflam-
mable replacements for ammonia and other toxic refrigerants then in use.
In 1928, Frigidaire synthesized the world’s first chlorofluorocarbon (CFC),
trademarked as Freon. By the 1970s, however, it had become clear that
CFCs contribute to losses in the atmosphere’s protective layer of ozone. In

29National Energy Policy Development Group. National Energy Policy. Washington, DC:
US Government Printing Office, May 2001.
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1974, scientists identified a chain reaction that begins with CFCs and sun-
light and ends with the production of chlorine atoms. A single chlorine
atom can destroy as many as 100,000 ozone molecules. The consequences
could be long-lasting and severe, including increased cancer rates and glo-
bal warming.30

In 1987, the Montreal Protocol began a global phase-out of CFC pro-
duction. That in turn provided the market force that fueled the develop-
ment of new, non-CFC refrigerants. Although the results of CFC use pro-
vide an example of the unintended negative consequences of technology,
the response demonstrates the influence of science in diagnosing problems
and providing effective solutions.

Agricultural Mechanization

Advances in agriculture have vastly increased farm productivity and
food production. The food supply for the world’s population of more than
6 billion people comes from a land area that is 80% of what was used to
feed 2.5 billion people in 1950. However, injudicious application of mecha-
nization also led to increased soil erosion. Since 1950, 20% of the world’s
topsoil has been lost—much of it in developing countries. Urban sprawl,
desertification, and over-fertilization have reduced the amount of arable
land by 20%.3! Such improvements as conservation tillage, which includes
the use of sweep plows to undercut wheat stalks but leave roots in place,
have greatly reduced soil erosion caused by traditional plowing and have
promoted the conservation of soil moisture and nutrients. Advances in agri-
cultural biotechnology have further reduced soil erosion and water con-
tamination because they have reduced the need for tilling and for use of
pesticides.

IMPROVING THE STANDARD OF LIVING

Improvements attributable to declining mortality and better environ-
mental monitoring are compounded by gains made possible by other ad-
vances in technology. The result has been a general enhancement in the
quality of life in the United States as viewed by most observers.

30National Academy of Sciences. Ozone Depletion, Beyond Discovery Series. Washington,
DC: National Academy Press, April 1996.

31P, Raven. “Biodiversity and Our Common Future.” Bulletin of the American Academy of
Arts & Sciences 58(2005):20-24.

Copyright National Academy of Sciences. All rights reserved.


http://www.nap.edu/11463

Rising Above the Gathering Storm: Energizing and Employing America for a Brighter Economic Future

60 RISING ABOVE THE GATHERING STORM

Electrification and Household Appliances

Advances in technology in the 20th century resulted in changes at home
and in the workplace. In 1900, less than 10% of the nation was electrified;
now virtually every home in the United States is wired (Figure
2-11).32 Most of us give little thought to the vast array of electrical appli-
ances that surround us.

Transportation

As workers left farms to move to cities, transportation systems devel-
oped to get them to work and home again. Advances in highway construc-
tion in turn fueled the automotive industry. In 1900, one-fourth of US
households had a horse, and many in urban areas relied on trolleys and
trams to get to work and market. Today, more than 90% of US house-
holds own at least one car (Figure 2-12). Improvements in refrigeration
put a refrigerator in virtually every home, and the ability to ship food
across the country made it possible to keep those refrigerators stocked.
The increasing speed, safety, and reliability of aircraft spawned yet an-
other global industry that spans commercial airline service and overnight
package delivery.

Communication

At the beginning of the 20th century slightly more than 1 million tele-
phones were in use in the United States. The dramatic increase in telephone
calls per capita over the following decades was made possible by advances
in cable bundling, fiber optics, touch-tone dialing, and cordless communi-
cation (Figure 2-13). Cellular-telephone technology and voice-over-Internet
protocols have added even more communication options. At the beginning
of the 21st century, there were more than 300 million telephone communi-
cation devices and cellular telephone lines in the United States.

Radio and television revolutionized the mass media, but the Internet
has provided altogether new ways of communicating. Interoperability be-
tween systems makes it possible to use one device to communicate by tele-
phone, over the Internet, in pictures, in voice, and in text. The “persistent
presence” that those devices make possible and the eventual widespread
availability of wireless and broadband services will spawn another revolu-
tion in communication. At the same time, new R&D will be needed to

32US Department of Labor. Report on the American Workforce, 2001. Washington, DC: US
Department of Labor, 2001. Available at: http://www.bls.gov/opub/rtaw/pdf/rtaw2001.pdf.
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FIGURE 2-11 Improvement in US housing and electrification of US homes during the
20th century. The number of US homes with electricity, plumbing, refrigeration, and
basic appliances soared in the middle of the 20th century.

SOURCE: S. Moore, J. L. Simon, and the CATO Institute. “The Greatest Century
That Ever Was: 25 Miraculous Trends of the Past 100 Years.” Policy Analysis No.
364, December 15, 1999. Pp. 1-32.
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FIGURE 2-12A Ground transportation: horses to horsepower, 1900 and 1997.
SOURCE: S. Moore, J. L. Simon, and the CATO Institute. “The Greatest Century
That Ever Was: 25 Miraculous Trends of the Past 100 Years.” Policy Analysis No.
364, December 15, 1999. Pp. 1-32.
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FIGURE 2-13 Modern communication, 1900-1998. More telephones than ever are used
to make more calls per capita, thanks to enormous technological advances in a host of
disciplines.

SOURCE: S. Moore, J. L. Simon, and the CATO Institute. “The Greatest Century
That Ever Was: 25 Miraculous Trends of the Past 100 Years.” Policy Analysis No.
364, December 15, 1999. Pp. 1-32.

reduce the energy demands of the new devices and their sensor-net support
infrastructures.

Disaster Mitigation

Structural design, electrification, transportation, and communication
come together in coordinating responses to natural disasters. Earthquake
engineering and related technologies now make possible quake-resistant
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skyscrapers in high-risk zones. The 1989 Loma Prieta earthquake in central
California caused 60 deaths and more than $6 billion in property damage,
but occupants of the 49-story Transamerica Pyramid building in San Fran-
cisco were unharmed, as was the building itself, even though its top swayed
from side to side by more than 1 foot for more than a minute.33 In Decem-
ber 1988, an earthquake in Georgia in the former USSR of the same magni-
tude as Loma Prieta led to the deaths of 22,000 people—illustrating the
impact of the better engineered building protection available in California.

A US Geological Survey radio system increases safety for cleanup crews
during aftershocks. After Loma Prieta, workers in Oakland were given al-
most a half hour notice of aftershocks 50 miles away, thanks to the speed
differential between radio and seismic waves.3*

Weather prediction, enabled by satellites and advances in imaging tech-
nology, has helped mitigate losses from hurricanes. Early-warning systems
for tornadoes and tsunamis offer another avenue for reducing the effects of
natural disasters—but only when coupled with effective on-the-ground dis-
semination. As is the case for many technologies, this last step of getting a
product implemented, especially in underserved areas or developing coun-
tries, can be the most difficult. Furthermore, as hurricane Katrina in New
Orleans demonstrated, early warning is not enough—sound structural de-
sign and a coordinated human response are also essential.

Energy Conservation

The last century saw demonstrations of the influence of technology in
every facet of our lives. It also revealed the urgent need to use resources
wisely. Resource reduction and recycling are expanding across the United
States. Many communities, spurred by advances in recycling technologies,
have instituted trash-reduction programs. Industries are producing in-
creasingly energy-efficient products, from refrigerators to automobiles.
Today’s cars use about 60% of the gasoline per mile driven that was used
in 1972. With the advent of hybrid automobiles, further gains are now
being realized. Similarly, refrigerators today require one-third of the elec-
tricity that they needed 30 years ago. In the 1990s, manufacturing output
in the United States expanded by 41%, but industrial consumption of

33US Geological Survey. Building Safer Structures. Fact Sheet 167-95. Reston, VA: USGS,
June 1998. Available at: http://quake.wr.usgs.gov/prepare/factsheets/SaferStructures/Safer
Structures.pdf.

34US Geological Survey. Speeding Earthquake Disaster Relief. Fact Sheet 097-95. Reston,
VA: USGS, June 1998. Available at: http:/quake.wr.usgs.gov/prepare/factsheets/Mitigation/
Mitigation.pdf.
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FIGURE 2-14 US primary energy use, 1950-2000. The efficiency of energy use has
improved substantially over the last 3 decades.

SOURCE: National Energy Policy Development Group. National Energy Policy.
Washington, DC: US Government Printing Office, May 2001.

electricity grew by only 11%. The introduction and use of energy-efficient
products have enabled the US economy to grow by 126% since 1973
while energy use has increased by only 30% (Figure 2-14).35 Those im-
provements in efficiency are the result of work in a broad spectrum of
science and engineering fields.

UNDERSTANDING HOW PEOPLE LEARN

Today, an extraordinary scientific effort is being devoted to the mind and
the brain, the processes of thinking and learning, the neural processes that
occur during thought and learning, and the development of competence. The

35National Energy Policy Development Group. National Energy Policy. Washington, DC:
US Government Printing Office, May 2001.
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revolution in the study of the mind that has occurred in recent decades has
important implications for education.3¢ A new theory of learning now coming
into focus will lead to very different approaches to the design of curriculum,
teaching, and assessment from those generally found in schools today.

Research in the social sciences has increased understanding of the na-
ture of competent performance and the principles of knowledge organiza-
tion that underlie people’s abilities to solve problems in a wide variety of
fields, including mathematics, science, literature, social studies, and history.
It has also uncovered important principles for structuring learning experi-
ences that enable people to use what they have learned in new settings.
Collaborative studies of the design and evaluation of learning environments
being conducted by cognitive and developmental psychologists and educa-
tors are yielding new knowledge about the nature of learning and teaching
in a variety of settings.

SECURING THE HOMELAND

Scientific and engineering research demonstrated its essential role in the
nation’s defense during World War II. Research led to the rapid develop-
ment and deployment of the atomic bomb, radar and sonar detectors, nylon
that revolutionized parachute use, and penicillin that saved battlefield lives.
Throughout the Cold War the United States relied on a technological edge
to offset the larger forces of its adversaries and thus generously supported
basic research. The US military continues to depend on new and emerging
technologies to respond to the diffuse and uncertain threats that character-
ize the 21st century and to provide the men and women in uniform with the
best possible equipment and support.3”

Just as Vannevar Bush described a tight linkage between research and
security,3® the Hart-Rudman Commission a half-century later argued that
security can be achieved only by funding more basic research in a variety of
fields.3? In the wake of the 9/11 attacks and the anthrax mailings, it is clear
that innovation capacity and homeland security are also tightly coupled.

36National Research Council. How People Learn: Brain, Mind, Experience, and School:
Expanded Edition. Washington, DC: National Academy Press, 2000.

37Joint Chiefs of Staff. Joint Vision 2020. Washington, DC: Department of Defense, 2000;
Department of Defense. Quadrennial Defense Review Report. Washington, DC: Department
of Defense, 2001.

38V. Bush. Science: The Endless Frontier. Washington, DC: US Government Printing Office,
1945.

39US Commission on National Security. Road Map for National Security: Imperative for
Change. Washington, DC: US Commission on National Security, 2001.
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There can be no security without the economic vitality created by innova-
tion, just as there can be no economic vitality without a secure environment
in which to live and work.*? Investment in R&D for homeland security has
grown rapidly; however, most of it has been in the form of development of
new technologies to meet immediate needs.

Human capacity is as important as research funding. As part of its
comprehensive overview of how science and technology could contribute to
countering terrorism, for example, the National Research Council recom-
mended a human-resources development program similar to the post-
Sputnik National Defense Education Act (NDEA) of 1958.41 A Department
of Defense proposal to create and fund a new NDEA is currently being
examined in Congress.*?

CONCLUSION

The science and technology research community and the industries that
rely on that research are critical to the quality of life in the United States.
Only by continuing investment in advancing technology—through the edu-
cation of our children, the development of the science and engineering
workforce, and the provision of an environment conducive to the transfor-
mation of research results into practical applications—can the full innova-
tive capacity of the United States be harnessed and the full promise of a high
quality of life realized.

40Council on Competitiveness. Innovate America. Washington, DC: Council on Competi-
tiveness, 2004. P. 19.

4INational Research Council. Making the Nation Safer: The Role of Science and Technol-
ogy in Countering Terrorism. Washington, DC: The National Academies Press, 2002.

42Gee H.R. 1815, National Defense Authorization Act for Fiscal Year 2006, Sec. 1105.
Science, Mathematics, and Research for Transformation (SMART) Defense Education Pro-
gram—National Defense Education Act (NDEA), Phase I. Introduced to the House of Repre-
sentatives on April 26, 2003; referred to Senate committee on June 6, 2005; status as of July
26, 2005: received in the Senate and read twice and referred to the Committee on Armed
Services.
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How Is America Doing Now in
Science and Technology?

By most available criteria, the United States is still the undisputed leader
in the performance of basic and applied research (see Box 3-1). In addition,
many international comparisons put the United States as a leader in apply-
ing research and innovation to improve economic performance. In the latest
IMD International World Competitiveness Yearbook, the United States
ranks first in economic competitiveness, followed by Hong Kong and
Singapore.! The survey compares economic performance, government effi-
ciency, business efficiency, and infrastructure. Larger economies are further
behind, with Zhejiang (China’s wealthiest province), Japan, the United
Kingdom, and Germany ranked 20 though 23, respectively.? An extensive
review by the Organisation for Economic Co-operation and Development
(OECD) concludes that since World War II, US leadership in science and
engineering has driven its dominant strategic position, economic advan-
tages, and quality of life.?

IIMD International. World Competitiveness Yearbook. 2005. Lausanne, Switzerland: IMD
International, 2005. The United States leads the world (with a score of 100), followed in order
by Hong Kong (93), Singapore, Iceland, Canada, Finland, Denmark, Switzerland, Australia,
and Luxembourg (80).

2Mainland China ranks 31st.

3QOrganization for Economic Co-operation and Development. “Science, Technology and In-
dustry Scoreboard, 2003, R&D Database.” Available at: http://www1.oecd.org/publications/
e-book/92-2003-04-1-7294/. The scoreboard uses four indicators in its ranking: the creation
and diffusion of knowledge; the information economy; the global integration of economic
activity; and productivity and economic structure. In the United States, investment in knowl-
edge—the sum of investment in research and development (R&D), software, and higher edu-
cation—amounted to almost 7% of GDP in 2000, well above the share for the European
Union or Japan.

68
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BOX 3-1
Pasteur’s Quadrant

The writers of this report, like many others, faced a semantic question
in the discussions of different kinds of research. Basic research, presum-
ably pursued for the sake of fundamental understanding but without
thought of use, generally is distinguished from applied research, which is
pursued to convert basic understanding into practical use. This view,
called the “linear model” is shown here:

Basic Applied Production and
Research Research Development Operations

But that classification quickly breaks down in the real world because
“basic” discoveries often emerge from “applied” or even “developmental”
activities. In his 1997 book, Pasteur’s Quadrant,2 Donald Stokes re-
sponded to that complexity with a more nuanced classification that de-
scribes research according to intention. He distinguishes four types:

e Pure basic research, performed with the goal of fundamental under-
standing (such as Bohr’s work on atomic structure).

e Use-inspired basic research, to pursue fundamental understanding
but motivated by a question of use (such as Pasteur’s work on the bio-
logic bases of fermentation and disease).

e Pure applied research, motivated by use but not seeking fundamental
understanding (such as that leading to Edison’s inventions).

e Applied research that is not motivated by a practical goal (such as
plant taxonomy).

In Stokes’s argument, research is better depicted as a box than as a line:

Considerations of use?

No Yes
Pure Basic Use-inspired
Quest Yes Research Research
uest for (Bohr) Basic (Pasteur)

F
Understanding? Pure Applied

No Research

(Edison)

In contrast to the basic—applied dichotomy, Stokes’s taxonomy explicitly
recognizes research that is simultaneously inspired by a use but that
also seeks fundamental knowledge, which he calls “Pasteur’s Quadrant.”

aD. Stokes. Pasteur’s Quadrant. Washington, DC: Brookings Institution Press, 1997.
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Researchers in the United States lead the world in the volume of articles
published and in the frequency with which those papers are cited by oth-
ers.* US-based authors were listed on one-third of all scientific articles
worldwide in 2001.> Those publication data are significant because they
reflect original research productivity and because the professional reputa-
tions, job prospects, and career advancement of researchers depend on their
ability to publish significant findings in the open peer-reviewed literature.

The United States also excels in higher education and training. A recent
comparison concluded that 38 of the world’s 50 leading research institu-
tions—those that draw the greatest interest of science and technology stu-
dents—are in the United States.® Since World War II, the United States has
been the destination of choice for science and engineering graduate students
and for postdoctoral scholars choosing to study abroad. Our nation—about
6% percent of the world’s population—has for decades produced more
than 20% of the world’s doctorates in science and engineering.”

Because of globalization in the fields of science and engineering, how-
ever, it is difficult to compare research leadership among countries. Re-
search teams commonly include members from several nations, and indus-
tries have dispersed many activities, including research, across the globe.

SCIENCE AND ENGINEERING ADVANTAGE

The strength of science and engineering in the United States rests on
many advantages: the diversity, quality, and stability of its research and
teaching institutions; the strong tradition of public and private investment
in research and advanced education; the quality of academic personnel; the
prevalence of English as the language of science and engineering; the avail-
ability of venture capital; a relatively open society in which talented people
of any background or nationality have opportunities to succeed; the US
custom, unmatched in other countries, of providing positions for post-
doctoral scholars;® and the strength of the US peer-review and free-

4D. A. King. “The Scientific Impact of Nations.” Nature 430(6997)(July 15, 2004):311-
316.

SNational Science Board. Science and Engineering Indicators 2004. NSB 04-01. Arlington,
VA: National Science Foundation, 2004. Chapter 5.

6Shanghai’s Jiao Tong University Institute of Higher Education. “Academic Ranking of
World Universities.” 2004. Available at: http://ed.sjtu.edu.cn/rank/2004/2004Main.htm. The
ranking emphasizes prizes, publications, and citations attributed to faculty and staff, as well as
the size of institutions. The Times Higher Education Supplement citation has provided similar
results in comparing universities worldwide.

7National Science Board. Science and Engineering Indicators 2004. NSB 04-01. Arlington,
VA: National Science Foundation, 2004. P. 2-36.

8The National Academies. Policy Implications of International Graduate Students and
Postdoctoral Scholars. Washington, DC: The National Academies Press, 2005. P. 81.
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enterprise systems in weeding out noncompetitive academic and business
pursuits.

In addition to such tangible advantages, US leadership might also be
attributed to many favorable public policy priorities: research activities funded
by public and private sources that have led to new industries, products, and
jobs; an economic climate that encourages investment in technology-based
companies; an outward-looking international economic policy; and support
for lifelong learning.’

However, things are changing, as noted in Innovate America, a 2004
report from the Council on Competitiveness:10

e Innovation is diffusing at an ever-increasing rate. It took 535 years for
automobile use to spread to a quarter of the US population, 35 years for the
telephone, 22 years for the radio, 16 years for the personal computer, 13
years for the cell phone, and just 7 years for the World Wide Web once the
Internet had matured (through technology and policy developments) to the
point of takeoff.

¢ Innovation is increasingly multidisciplinary and technologically com-
plex, arising from the intersection of different fields and spheres of activity.

e Innovation is collaborative. It requires active cooperation and com-
munication among scientists and engineers and between creators and users.

e Innovation is creative. Workers and consumers demand ever more
new ideas, technologies, and content.

¢ Innovation is global. Advances come from centers of excellence around
the world and are prompted by the demands of billions of customers.

Central to the strength of US innovation is our tradition of public fund-
ing for science and engineering research. Graduate education in the United
States is supported mainly by federal grants from the National Science Foun-
dation (NSF) and the National Institutes of Health (NIH) to faculty re-
searchers, buttressed by a smaller volume of federally funded fellowships.
One study reported that 73% of applicants for US patents said that publicly
funded research formed part or all of the foundation for their innovations.!!
Much of the nation’s research in engineering and the physical sciences is
performed in federal laboratories, part of whose mission is to assist the
commercialization of new technology.

K. H. Hughes. “Facing the Global Competitiveness Challenge.” Issues in Science and Tech-
nology 21(4)(Summer 2005):72-78.

10Council on Competitiveness. Innovate America. Washington, DC: Council on Competi-
tiveness, 2004. P. 6.

UM. 1. Nadiri. Innovations and Technical Spillovers. Working Paper 4423. Cambridge,
MA: National Bureau of Economic Research, 1993.
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OTHER NATIONS ARE FOLLOWING OUR LEAD—
AND CATCHING UP*2

It is no surprise that as the value of research becomes more widely
understood, other nations are strengthening their own programs and insti-
tutions. If imitation is flattery, we can take pride in watching as other na-
tions eagerly adopt major components of the US innovation model.!3 Their
strategies include the willingness to increase public support for research
universities, to enhance protections for intellectual property rights, to pro-
mote venture capital activity, to fund incubation centers for new businesses,
and to expand opportunities for innovative small companies.14

Many nations have made research a high priority. To position the Eu-
ropean Union (EU) as the most competitive knowledge-based economy in
the world and enhance its attractiveness to researchers worldwide, EU lead-
ers are urging that, by 2010, member nations spend 3% of gross domestic
product (GDP) on research and development (R&D).15 In 2000, R&D as a
percentage of GDP was 2.72 in the United States, 2.98 in Japan, 2.49 in
Germany, 2.18 in France, and 1.85 in the United Kingdom.!¢

Many nations also are investing more aggressively in higher education
and increasing their public investments in R&D (Figure 3-1). Those invest-
ments are stimulating growth in the number of research universities in those
countries; the number of researchers; the number of papers listed in the
Science Citation Index; the number of patents awarded; and the number of
doctoral degrees granted (Table 3-1, Figures 3-2, 3-3, 3-4).17

China is emulating the US system as well. The Chinese Science Founda-
tion is modeled after our National Science Foundation, and peer review
methodology and startup packages for junior faculty are patterned on US
practices. In China, national spending in the past few years for all R&D
activities rose 500%, from $14 billion in 1991 to $65 billion in 2002. US

2For another point of view, see Box 3-2.

BCouncil on Competitiveness. Innovate America. Washington, DC: Council on Competi-
tiveness, 2004. P. 6.

14K. H. Hughes. “Facing the Global Competitiveness Challenge.” Issues in Science and
Technology 21(4)(Summer 2005):72-78. See also M. Enserink. “France Hatches 67 California
Wannabes.” Science 309(2005):547.

ISR. M. May. “Raising Europe’s Game.” Nature 430(2004):831; P. Busquin. “Investing in
People.” Science 303(2004):145.

16National Science Board. Science and Engineering Indicators 2004. NSB 04-01. Arlington,
VA: National Science Foundation, 2004. Appendix Table 4-43.

17D. Hicks. 2004. “Asian Countries Strengthen Their Research.” Issues in Science and Tech-
nology 20(4)(Summer 2004):75-78. The author notes that the number of doctoral degrees
awarded in China has increased 50-fold since 1986.
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BOX 3-2
Another Point of View: US Competitiveness

“Americans are having another Sputnik moment,” writes Robert J.
Samuelson, “one of those periodic alarms about some foreign techno-
logical and economic menace. It was the Soviets in the 1950s and early
1960s, the Germans and Japanese in the 1970s and 1980s, and now it's
the Chinese and Indians.”2 Sputnik moments come when the nation wor-
ries about its scientific and technological superiority and its ability to com-
pete globally. And, according to Samuelson, the nation tends to be overly
concerned.

Sputnik led to the theory of a “missile gap that turned out to be a myth.
The competitiveness crisis of the 1980s suggested that Japan would
surge ahead of us because they were better savers, innovators, workers,
and managers. But in 2004, per capita US income averaged $38,324
compared to $26,937 for Germany and $29,193 for Japan.”

Similarly, Samuelson argues that our current fears are unfounded,
another “illusion” in which “a few selective happenings” are transformed
into a “full blown theory of economic inferiority or superiority.” He argues
that low wages and rising skills in China and India could cost us some
jobs, but that US gains and losses in response to the rising economic
power of those countries will tend to balance out.

Samuelson indicates that he believes “the apparent American deficit
in scientists and engineers is also exaggerated.” He notes that only about
one-third of our science and engineering graduates work in science and
engineering occupations and that if there were a shortage, salaries for
those jobs would increase and scientists and engineers would return to
them. Of greater importance, Samuelson concludes, is that the United
States must continue to draw on the strengths that overcome its weak-
nesses: “ambitiousness; openness to change (even unpleasant change);
competition; hard work; and a willingness to take and reward risk.”

2R. J. Samuelson. Sputnik Scare, Updated. Washington Post, August 26, 2005. P. A27.

R&D spending increased 140%, from $177 billion to $2435 billion, in the
same period.!8

The rapid rise of South Korea as a major science and engineering
power has been fueled by the establishment of the Korea Science Founda-

18Qrganisation of Economic Co-operation and Development. Science, Technology and In-
dustry Outlook 2004. Paris: OECD, 2004. P. 190. The United States spends significantly more
than China on R&D in gross terms and in percentage of R&D. However, if China’s US$65
billion in R&D spending were adjusted based on purchasing power parity, it would approach
US$300 billion.
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FIGURE 3-1 R&D expenditures as a percentage of GNP, 1991-2002. These expen-

ditures are beginning to rise worldwide.
SOURCE: Organisation for Economic Co-operation and Development. Main Science
and Engineering Indicators. Paris: OECD, 2005.

TABLE 3-1 Publications and Citations in the United States and European
Union per Capita and per University Researcher, 1997-2001

United States European Union
Publications 1,265,608 1,347,985
Publications/population 4.64 3.60
Publications/researcher 6.80 4.30
Researchers/population 0.68 0.84
Citations 10,850,549 8,628,152
Citations/population 39.75 23.03
Citations/researcher 58.33 27.52
Top 1% publications 23,723 14,099
Top 1% publications/population 0.09 0.04
Top 1% publications/researcher 0.13 0.04

NOTES: Number of publications, citations, and top 1% publications refer to 1997-2001.
Population (measured in thousands) and number of university researchers (measured in full-
time equivalents) refer to 1999. Each cited paper is allocated once to every author. European
Union totals are adjusted to account for duplications by removing papers with multiple EU
national authorship to give an accurate net total.

SOURCE: G. Dosi, P. Llerena, and M. S. Labini. “Evaluating and Comparing the Innovation
Performance of the United States and the European Union.” Expert report prepared for the
Trend Chart Policy Workshop. June 29, 2005. Available at: http://trendchart.cordis.lu/
scoreboards/scoreboard2005/pdf/EIS%202005%20EU %20versus %20US.pdf.
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FIGURE 3-2 US patent applications, by country of applicant, 1989-2004.
SOURCE: Task Force on the Future of American Innovation based on data from
National Science Foundation. Science and Engineering Indicators 2004. Arlington,
VA: APS Office and Public Affairs, 2004.
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FIGURE 3-3 Total science and engineering articles with international coauthors,
1988-2001.

NOTE: Internationally coauthored articles were counted more than once so each country
represented on the author list was included. So if an article was written by authors from
the United States and Switzerland, it would be included in the count for both countries.
SOURCES: Task Force on the Future of American Innovation based on data from
National Science Foundation. Science and Engineering Indicators 2004. Arlington,
VA: APS Office and Public Affairs, 2004.
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FIGURE 3-4 Disciplinary strengths in the United States, the 15 European Union
nations in the comparator group (EU15), and the United Kingdom.

NOTE: The distance from the origin to the data point is proportional to citation share.
SOURCE: D. A. King. “The Scientific Impact of Nations.” Nature 430(2004):311-
316. Data are from citations in ISI Thompson.

tion—funded primarily by the national sports lottery—to enhance public
understanding, knowledge, and acceptance of science and engineering
throughout the nation.!® Similarly, the government uses contests and
prizes specifically to stimulate the scientific enterprise and public appre-
ciation of scientific knowledge.

Other nations also are spending more on higher education and provid-
ing incentives for students to study science and engineering. To attract the
best graduate students from around the world, universities in Japan, Swit-
zerland, and elsewhere are offering science and engineering courses in En-
glish. In the 1990s, both China and Japan increased the number of students
pursuing science and engineering degrees, and there was steady growth in
South Korea.20

Some consequences of this new global science and engineering ac-
tivity are already apparent—not only in manufacturing but also in ser-
vices. India’s software services exports rose from essentially zero in 1993
to about $10 billion in 2002.2! In broader terms, the US share of global

YKorean Ministry of Science and Engineering (MOST). Available at: http://www.most.
go.kr/most/english/link_2.jsp.

20National Science Board. Science and Engineering Indicators 2004. NSB 04-01. Arlington,
VA: National Science Foundation, 2004. P. 2-35.

218, S. Athreye. “The Indian Software Industry.” Carnegie Mellon Software Industry Center
Working Paper 03-04. Pittsburgh, PA: Carnegie Mellon University, October 2003.
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FIGURE 3-5 United States trade balance for high-technology products, in millions of
dollars, 1990-2003.

SOURCE: Task Force on the Future of American Innovation based on data from US
Census Bureau Foreign Trade Statistics, U.S. International Trade in Goods and
Services. Compiled by the American Psychological Society Office of Public Affairs.

exports has fallen in the past 20 years from 30 to 17%, while the share
for emerging countries in Asia grew from 7 to 27%.%? The United States
now has a negative trade balance even for high-technology products (Fig-
ure 3-5). That deficit raises concern about our competitive ability in
important areas of technology.??

Although US scientists and engineers still lead the world in publishing
results, new trends emerge from close examination of the data. From 1988
to 2001, world publishing in science and engineering increased by almost
40%,%* but most of that increase came from Western Europe, Japan, and
several emerging East Asian nations (South Korea, China, Singapore, and
Taiwan). US publication in science and engineering has remained essen-

22For 2004, the dollar value of high-technology imports was $560 billion; the value of high-
technology exports was $511 billion.

23D. R. Francis. “U.S. Runs a High-Tech Trade Gap.” Christian Science Monitor 96(131)
(June 2, 2004):1-1.

24National Science Board. Science and Engineering Indicators 2004. NSB 04-01. Arlington,
VA: National Science Foundation, 2004. Chapter 5.
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tially constant since 1992.2% Since 1997, researchers in the 15 EU countries
have published more papers than have their US counterparts, and the gap in
citations between the United States and other countries has narrowed
steadily.2¢ The global increase in the production of scientific knowledge
eventually benefits all countries. Yet trends in publication could be a trou-
bling bellwether about our competitive position in the global science
community.

INTERNATIONAL COMPETITION FOR TALENT

The graduate education of our scientists and engineers largely follows
an apprenticeship model. Graduate students and postdoctoral scholars gain
direct experience under the guidance of veteran researchers. The important
link between graduate education and research that has been forged through
a combination of research assistantships, fellowships, and traineeships has
been tremendously beneficial to students and researchers and is a critical
component of our success in the last half-century.

One measure of other nations’ successful adaptation of the US model is
doctoral production, which increased rapidly around the world but most
notably in China and South Korea (Figure 3-6). In South Korea, doctorate
production rose from 128 in 1975 to 2,865 in 2001. In China, doctorate
production was essentially zero until 1985, but 15 years later, 7,304 doc-
torates were conferred. In 1975, the United States conferred 59% of the
world’s doctoral degrees in science and engineering; by 2001, our share had
fallen to 41%. China’s 2001 portion was 12%.%7

Another challenge for US research institutions is to attract the over-
seas students on whose talents the nation depends. The US research enter-
prise, especially at the graduate and postdoctoral levels, has benefited from
the work of foreign visitors and immigrants. They came first from Eu-
rope, fleeing fascism, and more recently they have come from China, In-
dia, and the former Soviet Union, seeking better education and more eco-
nomic opportunity. International students account for nearly half the US
doctorates awarded in engineering and computer science?® (Figure 3-7).
Similarly, more than 35% of US engineering and computer science univer-
sity faculty are foreign-born.2? According to US Census data from 2000,

25Tbid., Table 5-30.

26D, A. King. “The Scientific Impact of Nations.” Nature 430(6997)(July 15, 2004):311-
31e6.

27National Science Board. Science and Engineering Indicators 2004. NSB 04-01. Arlington,
VA: National Science Foundation, 2004. Appendix Table 2-38.

28National Science Board. Science and Engineering Indicators 2004. NSB 04-01. Arlington,
VA: National Science Foundation, 2004.

29Tbid.
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FIGURE 3-6 Science and engineering doctorate production for selected countries,
1975-2001. US doctorate production in science and engineering is decreasing;
European Union and Asian production are rising but are still well below US levels.
SOURCE: Based on National Science Board. Science and Engineering Indicators
2004. NSB 04-01. Arlington, VA: National Science Foundation, 2004. Appendix
Tables 2-38 and 2-39.

the proportion of doctoral-level employees in the science and engineering
research labor force is about equivalent to the percentage of doctorates
produced by US universities.

Many nations are seeking to reap the benefits of advanced education,
including strong positive effects on GDP growth. They are working harder
to attract international students and to encourage the movement of skilled
personnel into their countries.3?

e China implemented an “opening-up” policy in 1978 and began to
send large numbers of students and scholars abroad to gain the skills they
need to bolster that country’s economic and social development.

e India liberalized its economy in 1991 and started encouraging stu-
dents to go abroad for advanced education and training. Since 2001, the
Indian government has been providing money ($5 billion in fiscal year 2005)
for “soft loans,” which require no collateral, to students who wish to travel
abroad for their education. In 2002, India surpassed China as the largest
exporter of graduate students to the United States.3!

30Conference Board of Canada. The Economic Implications of International Education for
Canada and Nine Comparator Countries: A Comparison of International Education Activities
and Economic Performance. Ottawa: Department of Foreign Affairs and International Trade,
1999.

3nstitute for International Education. Open Doors Report on International Educational
Exchange. New York: Institute for Internal Education, 2004.
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FIGURE 3-7 Doctorates awarded by US institutions, by field and citizenship status,
1985-2003. US citizens and permanent residents earn about 62 % of the doctorates in
all fields of science and engineering (S&E), about 60% in the physical sciences, and
41% of those awarded in engineering and the combined fields of mathematics and
computer sciences (CS).

SOURCE: National Science Foundation. Survey of Earned Graduates. Arlington, VA:
National Science Foundation, 2005.

Copyright National Academy of Sciences. All rights reserved.


http://www.nap.edu/11463

Rising Above the Gathering Storm: Energizing and Employing America for a Brighter Economic Future

HOW IS AMERICA DOING NOW IN SCIENCE AND TECHNOLOGY?

Doctorates Awarded Doctorates Awarded

Doctorates Awarded

Mathematics and Computer Sciences

2,500
2,000 1
1,500 1

1,000

500 1

Life Sciences

B Math and CS-
Total

OMath and CS-
US Citizens
and
Permanent
Residents

81

B | ife Sciences-
Total

O Life Sciences-
US Citizens

Residents

Social Sciences

and Permanent

B Social and
Behavioral
Sciences-Total

O Social and
Behavioral
Sciences-US
Citizens and
Permanent
Residents

Copyright National Academy of Sciences. All rights reserved.


http://www.nap.edu/11463

Rising Above the Gathering Storm: Energizing and Employing America for a Brighter Economic Future

82 RISING ABOVE THE GATHERING STORM

e The United Kingdom’s points-based Highly Skilled Migrant Pro-
gramme, which began in the mid-1990s, has increased the number of work
permits issued to skilled workers.

e The Irish government permits relatively easy immigration of skilled
workers in information technology and biotechnology through intra-
company transfers from non-Irish to Irish locations.

e Several EU countries and the EU itself have programs that facilitate
networking among students and researchers working abroad, providing
contact information, collaborative possibilities, and funding and job oppor-
tunities in the EU. The German Academic Exchange Service has launched
GAIN (German Academic International Network); the Italian Ministry of
Foreign Affairs has launched DAVINCI, an Internet database that tracks
the work of Italian researchers overseas; and the EU has its Researcher’s
Mobility Portal.

e Nigeria and other oil-producing nations use petroleum profits to sup-
port the overseas education of thousands of students.

In addition to sending students abroad for training, emerging economic
powers, notably India and China, have lured their skilled scientists and
engineers to return home by coupling education-abroad programs with stra-
tegic investments in the science and engineering infrastructure—in essence
sending students away to gain skills and providing jobs to draw them back.32

The global competition for talent was already under way when the
events of September 11, 2001, disrupted US travel and immigration plans
of many international graduate students, postdoctoral researchers, and vis-
iting scholars. The intervening years have seen security-related changes in
federal visa and immigration policy that, although intended to restrict the
illegal movements of only a few, have had a wider effect on many foreign-
born graduate students and postdoctoral scholars who either were already
in the United States or were contemplating studying here. Many potential
visitors who in the past might have found the United States welcoming
them for scientific meetings and sabbaticals now look elsewhere or stay
home.33 Much of this is to our detriment: Hosting international meetings
and visiting researchers is essential to staying at the forefront of interna-
tional science.

The flow of graduate students and postdoctoral researchers is unlikely
to be curtailed permanently, at least as long as the world sees the United

32R. A. Mashelkar. “India’s R&D: Reaching for the Top.” Science 307(2005):1415-1417;
L. Auriol. “Why Do We Need Indicators on Careers of Doctorate Holders?” Workshop on
User Needs for Indicators on Careers of Doctorate Holders. OECD: Paris, September 27,
2004. Available at: http://www.olis.oecd.org/olis/2004doc.nsf.

33The National Academies. Policy Implications of International Graduate Students and
Postdoctoral Scholars. Washington, DC: The National Academies Press, 2005. P. 61.
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TABLE 3-2 Change in Applications, Admissions, and Enrollment of
International Graduate Students, 2003-2005

Physical
Total Engineering Life Sciences Sciences
Applications 228% (-5%)  -36% (<7%)  -24% (—1%)  —26% (~3%)
Admissions -18% -24% -19% -17%
Enrollment —6% -8% -10% +6%

NOTES: There have been large declines in applications and admissions and a more moderate
decrease in enrollment. The admissions data for the 2005 academic year are shown in paren-
theses.

SOURCES: H. Brown and M. Doulis. Findings from the 2005 CGS International Graduate
Survey I. Washington, DC: Council of Graduate Schools, 2005; H. Brown. Council of Gradu-
ate Schools Finds Decline in New International Graduate Student Enrollment for the Third
Consecutive Year. Washington, DC: Council of Graduate Schools, November 4, 2004.

States as the best place for science and engineering education, training, and
technology-based employment (Table 3-2). If that perception shifts, and if
international students find equally attractive educational and professional
opportunities in other countries, including their own, the difficulty of visit-
ing the United States could gain decisive importance.3*

STRAINS ON RESEARCH IN THE PRIVATE SECTOR

A large fraction of all those with doctorates in science and engineering
in the United States—more than half in some fields—find employment in
industry (Figure 3-8). There they make major contributions to innovation
and economic growth. US industry has traditionally excelled at innovation
and at capitalizing on the results of research.?S For decades after World
War II, corporate central research laboratories paid off in fledgling tech-
nologies that grew into products or techniques of profound consequence.
Researchers at Bell Laboratories pursued lines of groundbreaking research
that resulted in the transistor and the laser, which revolutionized the elec-
tronics industry and led to several Nobel prizes.3¢

34Tbid., p. 79.

35S. W. Popper and C. S. Wagner. New Foundations for Growth: The US Innovation System
Today and Tomorrow. Arlington, VA: RAND, January 2002. The authors note the following
advantages of industry: rapid responses, flexibility and adaptability, efficiency, fast entry and
exit, smooth capital flows, and mobility.

36US Congress House of Representatives Committee on Science. Unlocking Our Future:
Toward a New National Science Policy (“the Ehlers Report”). Washington, DC: US Congress,
1998. P. 38. Available at: http://www.house.gov/science/science_policy_report.htm.
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FIGURE 3-8 US S&E doctorates, by employment sector, 1973-2001. The majority of
people with science and engineering doctorates obtain nonacademic jobs. About
equal numbers work in academic and industrial settings, and about 15% work in
government or other sectors.

SOURCE: National Science Foundation. Survey of Doctoral Recipients. Arlington,
VA: National Science Foundation, 2004.

Although industry-funded R&D has increased steadily overall (Figure
3-9A), that new money has gone overwhelmingly to activities that are near-
term and incremental rather than to long-term or discovery-oriented re-
search, and R&D as a share of gross domestic product has declined (Figure
3-9B). Several explanations are offered for industry’s turn away from fun-
damental research. First, the Bell Laboratories model was supported by
funding from a monopoly that now is dismantled and no longer relevant to
the organization of science and engineering research in the United States.
Second, Wall Street analysts increasingly focus on quarterly financial re-
sults and assign little value to long-term (and therefore risky) research in-
vestments or to social returns. Third, companies cannot always fully cap-
ture a return that justifies long-term research with results that often spill
over to other researchers, sometimes including those of competitors. Fourth,
private-sector research is more fragmented across national boundaries in
the era of globalization. Capital follows opportunity with little attention to
geopolitical borders—this may lead more multinational companies to pur-
sue opportunities outside the United States.
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FIGURE 3-9A US R&D funding, by source of funds, 1953-2003.

SOURCE: NSF Division of Science Resources Statistics. National Patterns of Re-
search Development Resources, annual series. Appendix Tables B-2 and B-22.
Available at: http://www.nsf.gov/statistics/nsf05308/secta.htm.
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FIGURE 3-9B R&D shares of US gross domestic product, 1953-2003.

SOURCE: NSF Division of Science Resources Statistics. National Patterns of Re-
search Development Resources, annual series. Appendix Table B-9. Available at:
http://www.nsf.gov/statistics/nsf05308/sectd.htm.
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The National Science Board3” has made the following observations:

e Two-thirds of the R&D performed overseas in 2000 by US-owned
companies ($13.2 billion of $19.8 billion) was conducted in six countries: the
United Kingdom, Germany, Canada, Japan, France, and Sweden. At the same
time, emerging markets—such as those in Singapore, Israel, Ireland, and
China—were increasingly attracting R&D activities by subsidiaries of US
companies. In 2000, each of those emerging markets reached US-owned R&D
expenditures of $500 million or more, considerably more than in 1994.

e Three manufacturing sectors dominated overseas R&D activity by
US-owned companies: transportation equipment, computer and electronic
products, and chemicals and pharmaceuticals. The same industries ac-
counted for most foreign-owned R&D in the United States, implying a high
degree of R&D globalization in those industries.

As some large companies reduce their investment in basic research,
smaller research-based enterprises often assume risk as the only way to break
into a competitive market. Those startup companies commonly rely on the
initial capital provided by their investors to finance early research, coupled
with the granting of potential future financial gains in the form of stock
options to compensate employees. If the money runs out, they can seldom
interest venture capital firms until they have grown considerably larger. Many
of those companies thus expire before reaching commercialization.38

The overall amount of venture capital invested also has collapsed since
the stock market decline of 2000, sinking in 2002 to one-fifth the amount
invested in 20003? (Figure 3-10). Venture capital investments in US compa-
nies have since stabilized at around $20 billion in 2003 and 2004,%0 just
one-fifth of their 2000 peak but well above 1998 funding. Led by a resur-
gence in late-stage financing, total venture capital investment rose 10.5% to
$20.9 billion in 2004, according to the MoneyTree Survey by Pricewater-
houseCoopers, Thomson Venture Economics, and the National Venture

37National Science Board. Science and Engineering Indicators 2004. NSB 04-01. Arlington,
VA: National Science Foundation, 2004. P. 4-65.

38National Research Council. Board on Science, Technology, and Economic Policy. The
Small Business Innovation Research Program: An Assessment of the Department of Defense
Fast Track Initiative. Washington, DC: National Academy Press, 2000. Available at: http://
books.nap.edu/catalog/9985.html; US Congress House of Representatives Committee on Sci-
ence. Unlocking Our Future: Toward a New National Science Policy (the “Ehlers Report™).
Washington, DC: US Congress, 1998. P. 39.

39National Science Board. Science and Engineering Indicators 2004. NSB 04-01. Arlington,
VA: National Science Foundation, 2004. Appendix Table 6-15.

4ONational Venture Capital Association. Available at: http://www.nvca.org/ffax.html.
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FIGURE 3-10 US venture capital disbursements, by stage of financing, 1992-2002.
Venture capital funding is returning to pre-2000 levels.

SOURCES: Thompson Venture Economics, special tabulations, June 2003. See
National Science Board. Science and Engineering Indicators 2004. NSB 04-01.
Arlington, VA: National Science Foundation, 2004. Appendix Table 6-16.

Capital Association (NVCA).*! With stock values rising, the climate for
initial public offerings and acquisitions has improved, attracting capital
from investors considering exit opportunities.

Another positive sign is a recent increase in capital raised by venture
funds, suggesting an improving attitude toward risk taking. According to
NVCA and Thomson Venture Economics,*? venture funds raised $17.6 bil-
lion in 2004, more than in the prior 2 years combined (albeit at just one-
sixth their 2000 peak). There is a strong funding pipeline to support ven-

#1PricewaterhouseCoopers. “MoneyTree Survey.” Available at: http://www.pwcmoneytree.
com/moneytree/index.jsp. Accessed December 20, 2005.

4bid.
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ture capital investments in 20035, especially early-stage investments with
particular emphasis on biotechnology.

In addition to private venture capital, small companies can obtain federal
tax incentives and other help through the research and experimentation
(R&E) tax credit (Table 3-3) and the federal Small Business Innovation Re-
search (SBIR) program and Advanced Technology Program*? (Table 3-4).

The US workforce faces the additional pressure of competing with
workers in nations with lower wage structures. A US company can hire five
chemists in China or at least that many engineers (depending on the field) in
India for the cost of one employee of equivalent training in the United
States.** The upshot has been the growing trend of corporations moving
work offshore because of wage disparities (Figure 3-11). Wage differences
at the factory and clerical levels are even more pronounced.

A recent McKinsey and Company study*® reported that the supply of
young professionals (university graduates with up to 7 years of experience)
in low-wage countries vastly outstrips the supply in high-wage countries.
There were 33 million people in that category in 28 low-wage countries,
and 15 million in 8 high-wage countries, including 7.7 million in the United
States.#¢ With opportunities to study or work abroad or to work at home
for a multinational corporation, workers in low-wage countries increas-
ingly will be in direct competition with workers from developed nations.

The same study estimates, however, that only 13% of the potential
talent supply in low-wage nations is suited to work for multinational cor-
porations because these individuals lack language skills, because of low-
quality domestic education systems, and because of a lack of cultural fit.
For the United States to compete, then, its workers can and must bring to
the workplace not only technical skills and knowledge but other valuable
skills, including knowledge of other cultures, the ability to interact comfort-
ably with diverse clientele, and the motivation to apply their skills. US work-
ers also must be able to communicate effectively orally and in writing, lead
teams, manage projects, and solve problems. Although much of our educa-
tion system is working to teach those skills, there is much to do to prepare

4“The other program is the Manufacturing Technology Program in the Department of
Defense.

44The Web site http://www.payscale.com/about.asp tracks and compares pay scales in many
countries. R. Hira, of the University of Rochester, calculates average salaries for engineers in
the United States and India as $70,000 and $13,580, respectively.

4“McKinsey and Company. The Emerging Global Labor Market: Part [I—The Supply of
Offshore Talent in Services. New York: McKinsey and Company, June 2005.

46Tbid.
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TABLE 3-3 R&E Tax Claims and US Corporate Tax Returns,

1990-2001

R&E Tax Credit Claims

Current Dollars 2000 Constant Dollars
Year (millions) (millions) Returns
1990 1,547 1,896 8,699
1991 1,585 1,877 9,001
1992 1,515 1,754 7,750
1993 1,857 2,101 9,933
1994 2,423 2,684 9,150
1995 1,422 1,544 7,877
1996 2,134 2,274 9,709
1997 4,398 4,609 10,668
1998 5,208 5,399 9,849
1999 5,281 5,396 10,019
2000 7,079 7,079 10,495
2001 6,356 6,207 10,388

NOTES: Data exclude IRS forms 1120S (S corporations), 1120-REIT (Real Estate Investment
Trusts), and 1120-RIC (Regulated Investment Companies). Constant dollars based on calen-
dar year 2000 GDP price deflator. The R&E credit is designed to stimulate company R&D
over time by reducing after-tax costs. Companies that qualify may deduct or subtract from
corporate income taxes an amount equal to 20% of qualified research expenses above a base
amount. For established companies, that amount depends on historical expenses over a statu-
tory base period relative to gross receipts; startups follow other provisions.

SOURCE: US Internal Revenue Service, Statistics of Income program, unpublished tabulations.

US students for work in a more competitive global economy—as well as to
provide the rudimentary skills needed in any economy.

RESTRAINTS ON PUBLIC FUNDING

Public financial support is the backbone of America’s research estab-
lishment. In the 1960s and 1970s, university researchers could look to a
dozen or so federal sources for grant support, including NSF, NIH, prede-
cessors of the Office of Science in the Department of Energy (DOE),*” the
Department of Defense (DOD), the National Aeronautics and Space Ad-
ministration, and the Department of Agriculture. Funding from those
sources, combined with private money, provided flexibility and generosity
unmatched in any other nation. Large numbers of today’s senior scientists
and engineers owe their ability to pursue their professions to grants from
those federal agencies.

47The Department of Energy Office of Science began as a component of the Atomic Energy
Commission.
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TABLE 3-4 Federally and Privately Funded Early-Stage Venture Capital
in Millions of Dollars, 1990-2002

Private Early-Stage

Year Federal SBIR Federal ATP Venture Capital
1990 461 46 1,148
1991 483 93 826
1992 508 48 1,186
1993 698 60 2,100
1994 718 309 1,581
1995 835 414 2,143
1996 916 19 2,658
1997 1,107 162 3,373
1998 1,067 235 4,700
1999 1,097 110 10,995
2000 1,190 144 20,260
2001 1,294 164 764
2002 NA 156 1,813

NOTES: Federally funded sources include SBIR and ATP. ATP, Advanced Technology Pro-
gram; NA, not available; SBIR, Small Business Innovation Research. Data reflect disburse-
ments funded publicly through federal SBIR and ATP and privately through US venture capital
funds.

SOURCE: National Science Board. Science and Engineering Indicators 2004. NSB 04-01. Ar-
lington, VA: National Science Foundation, 2004. P. 6-31.

Several trends cast doubt on our continuing commitment to the above
strategy. The first accompanied the end of the Cold War, when reductions
in military funding had the perhaps unintentional effect of cutting basic and
applied DOD research budgets. The portion of funding DOD devoted to
basic research (the “6.1 account”) declined from 3.3% in fiscal year (FY)
1994 to about 1.9% in FY 200548 (Figure 3-12). Military research funding
has gradually shifted from basic and applied research toward the more im-
mediate needs of the combat forces.

Public funding for science and engineering rose through the 1990s, but
virtually all of the increase went to biomedical research at NIH. Federal
spending on the physical sciences remained roughly flat, and increases for
mathematics and engineering only slightly surpassed inflation (Figure
3-13). Funding for important areas of the life sciences—plant science, ecol-
ogy, environmental research—supported by agencies other than NIH also
has leveled off. The lack of new funding for research in the physical sci-

48National Science Board. Science and Engineering Indicators 2004. NSB 04-01. Arlington,
VA: National Science Foundation, 2004.
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*Includes Poland, Romania, Hungary, Ukraine, and Czech Republic.
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***Estimate, based on total Chinese BPO and IT services revenue (7.0) minus domestic demand for IT services (4.4).
****Estimate, based on 2001 market size of 3.0 and assumed growth rate of 20% p.a.

FIGURE 3-11 Offshored services market size, in billions of dollars, 2003.

NOTE: Offshored services market size includes Business Process Outsourcing and
Information Technology, Captive and Outsourced.

SOURCE: Based on Software Associations; US country commercial reports; press
articles; Gartner; IDC; Country government Web sites; Ministry of Information
Technology for various countries; Enterprise Ireland; NASSCOM; McKinsey Global
Institute analysis. McKinsey and Company. The Emerging Global Labor Market:
Part 1I—The Supply of Offshore Talent in Services. New York: McKinsey and
Company, June 2005.

ences, mathematics, and engineering raises concern about the overall health
of the science and engineering research enterprise, including that of the
health sciences. Yet, these are disciplines that lead to innovation across the
spectrum of modern life.#

Figure 3-9B shows that total R&D as a percentage of GDP bottomed
out in the late 1970s at around 2.1 %, then rebounded to about 2.6 %. That
rate of investment has stayed relatively constant since the early 1980s. Fed-
eral R&D as a percentage of GDP peaked in the early 1960s and has fallen
since then.

49The National Academies. Observations on the President’s Fiscal Year 2003 Federal Sci-
ence and Technology Budget. Washington, DC: The National Academies Press, 2002. Pp.
14-16.
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FIGURE 3-12 Department of Defense (DOD) 6.1 expenditures, in millions of
constant 2004 dollars, 1994-2005.

SOURCE: National Science Board. Science and Engineering Indicators 2004. NSB
04-01. Arlington, VA: National Science Foundation, 2004.

EXPANDED MISSION FOR FEDERAL LABORATORIES

Among the nation’s most significant investments in R&D are some 700
laboratories funded directly by the federal government, about 100 of which
are considered significant contributors to the national innovation system.’?
Work performed by the government’s own laboratories accounts for about
35% of the total federal R&D investment.’! The largest and best known of
these laboratories are run by DOD and DOE. NIH also has an extensive
research facility in Maryland. The DOE laboratories focus mainly on na-
tional security research, as at Lawrence Livermore National Laboratory, or
more broadly on scientific and engineering research, as at Oak Ridge Na-
tional Laboratory or Argonne National Laboratory.

The national laboratories could potentially fill the gap left when the

50In contrast, there are approximately 14,000 industrial laboratories with about 1,000 that
are considered to be substantive contributors to national innovation according to M. Crow
and B. Bozeman. Limited by Design: R&*D Laboratories and the U.S. National Innovation
System. New York: Columbia University, 1998.

SiIbid., pp. 5-6.
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FIGURE 3-13 Trends in federal research funding by discipline, obligations in billions
of constant FY 2004 dollars, FY 1970-FY 2004.

NOTE: Life sciences—split into NIH support for biomedical research and all other
agencies’ support for life sciences.

SOURCE: American Association for the Advancement of Science analysis based on
National Science Foundation. Federal Funds for Research and Development: Fiscal
Years 2002, 2003, 2004. FY 2003 and FY 2004 data are preliminary. Constant-dollar
conversions based on OMB’s GDP deflector.

large corporate R&D laboratories reduced their commitment to high-risk,
long-term research in favor of short-term R&D work, often conducted in
overseas laboratories close to their manufacturing plants and to potential
markets for their products. The payoff for the US economy from the old
corporate R&D system was huge. Today, that work is difficult for business
to justify: Its profitability is best measured in hindsight, after many years of
sustained investment, and the probability for the success of any single re-
search project often is small.

Nonetheless, it was that type of corporate research which provided the
disruptive technologies and technical leaps that fueled US economic leader-
ship in the 20th century. If properly managed and adequately funded, the
large multidisciplinary DOE laboratories could assist in filling the void left
by the shift in corporate R&D emphasis. The result would be a stable,
world-class science and engineering workforce focused both on high-risk,
long-term basic research and on applied research for technology develop-
ment. The national laboratories now offer the right mix of basic scientific
inquiry and practical application. They often promote collaboration with
research universities and with large teams of applied scientists and engi-
neers, and the enterprise has demonstrated an early ability to translate pro-
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totypes into commercial products. National defense-homeland security and
new technologies for clean, affordable, and reliable energy are particularly
appropriate areas of inquiry for the national laboratory system.

EDUCATIONAL CHALLENGES

The danger exists that Americans may not know enough about science,
technology, or mathematics to significantly contribute to, or fully benefit
from, the knowledge-based society that is already taking shape around us.
Moreover, most of us do not have enough understanding of the importance
of those skills to encourage our children to study those subjects—both for
their career opportunities and for their general benefit. Other nations have
learned from our history, however, and they are boosting their investments
in science and engineering education because doing so pays immense eco-
nomic and social dividends.

The rise of new international competitors in science and engineering is
forcing the United States to ask whether its education system can meet the
demands of the 21st century. The nation faces several areas of challenge:
K-12 student preparation in science and mathematics, limited undergradu-
ate interest in science and engineering majors, significant student attrition
among science and engineering undergraduate and graduate students, and
science and engineering education that in some instances inadequately pre-
pares students to work outside universities.

K-12 Performance

Education in science, mathematics, and technology has become a focus
of intense concern within the business and academic communities. The do-
mestic and world economies depend more and more on science and engi-
neering. But our primary and secondary schools do not seem able to pro-
duce enough students with the interest, motivation, knowledge, and skills
they will need to compete and prosper in the emerging world.

Although there was steady improvement in mathematics test scores
from 1990 through 20035, only 36% of 4th-grade students and 30% of 8th-
grade students who took the 2005 National Assessment of Educational
Progress (NAEP) performed at or above the “proficient” level in mathemat-
ics (Figure 3-14). (Proficiency was demonstrated by competence with “chal-
lenging subject matter”.)52 The results of the science 2000 NAEP test were

52Educational Programs. Available at: http://nces.ed.gov/pubsearch/pubsinfo.asp?pubid=
2005451. Accessed December 20, 2005; J. S. Braswell, G. S. Dion, M. C. Daane, and Y. Jin.
The Nation’s Report Card. NCES 2005451. Washington, DC: US Department of Education,
2004. Based on National Assessment of Educational Progress.
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similar. Only 29% of 4th-grade students, 32% of 8th-grade students, and
18% of 12th-grade students performed at or above the proficient level (Fig-
ure 3-15). Without fundamental knowledge and skills, the majority of stu-
dents scoring below this level—particularly those below the basic level—
lack the foundation for good jobs and full participation in society.

Our 4th-grade students perform as well in mathematics and science as
do their peers in other nations, but in the most recent assessment (1999)
12th graders were almost last among students who participated in the
Trends in International Mathematics and Science Study. Of the 20 nations
assessed in advanced mathematics and physics, none scored significantly
lower than did the United States in either subject. The relative standing of
US high school students in those areas has been attributed both to inad-
equate quality of teaching and to a weak curriculum.

There has, however, been some arguably good news about student
achievement. Our 8th graders did better on an international assessment of
mathematics and science in 2003 than the same age group did in 1995.
Unfortunately, in both cases they ranked poorly in comparison with stu-
dents from other nations. The achievement gap that separates African
American and Hispanic students from white students narrowed during that
period. However, a recent assessment by the OECD Programme for Inter-
national Student Assessment revealed that US 15-year-olds are near the bot-
tom worldwide in their ability to solve practical problems that require math-
ematical understanding. Test results for the last 30 years show that although
scores of US 9- and 13-year-olds have improved, scores of 17-year-olds
have remained stagnant.’3

One key to improving student success in science and mathematics is to
increase interest in those subjects, but that is difficult because mathematics
and science teachers are, as a group, largely ill-prepared. Furthermore, many
adults with whom students come in contact seemingly take pride in “never
understanding” or “never liking” mathematics. Analyses of the teacher pool
indicate that an increasing number do not major or minor in the discipline
they teach, although there is growing pressure from the No Child Left Be-
hind Act for states to hire more highly qualified teachers (see Table 5-1).
About 30% of high school mathematics students and 60% of those en-
rolled in physical sciences have teachers who either did not major in the

33The Programme for International Student Assessment (PISA) Web site is available at: http:
/lwww.pisa.oecd.org. PISA, a survey every 3 years (2000, 2003, 2006, etc.) of 15-year-olds in
the principal industrialized countries, assesses to what degree students near the end of compul-
sory education have acquired some of the knowledge and skills that are essential for full
participation in society.
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FIGURE 3-14 Average scale NAEP scores and achievement-level results in math-
ematics, grades 4 and 8: various years, 1990-2005.

SOURCE: National Center for Education Statistics. Available at: http://nces.ed.gov/
nationsreportcard/.
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HOW TO READ THESE FIGURES
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FIGURE 3-15 Percentage of students within and at or above achievement levels in
science, grades 4, 8, and 12, 1996 and 2000.

SOURCE: National Center for Education Statistics. Available at: http://nces.ed.gov/
nationsreportcard/.

subject in college or are not certified to teach it. The situation is worse for
low-income students: 70% of their middle school mathematics teachers
majored in some other subject in college.

Meanwhile, an examination of curricula reveals that middle school
mathematics and science courses lack focus, cover too many topics, repeat
material, and are implemented inconsistently. That could be changing, at
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least in part because of new science and mathematics teaching and learning
standards that emphasize inquiry and detailed study of fewer topics.

Another major challenge—and opportunity—has been the diversity of
the student population and the large variation in quality of education be-
tween schools and districts, particularly between suburban, urban, and ru-
ral schools. Some schools produce students who consistently score at the
top of national and international tests; while others consistently score at the
bottom. Furthermore, accelerated mathematics and science courses are less
frequently offered in rural and city schools than in suburban ones. How to
achieve an equitable distribution of funding and high-quality teaching
should be a top-priority issue for the United States. It is an issue that is
exacerbated by the existence of almost 15,000 school districts, each con-
taining an average of six schools.

Student Interest in Science and Engineering Careers

The United States ranks 16 of 17 nations in the proportion of 24-year-
olds who earn degrees in natural sciences or engineering as opposed to
other majors (Figure 3-16A) and 20 of 24 nations when looking at all 24-
year-olds (Figure 3-16B).5* The number of bachelor’s degrees awarded in
the United States fluctuates greatly (see Figure 3-17).

About 30% of students entering college in the United States (more than
95% of them US citizens or permanent residents) intend to major in science
or engineering. That proportion has remained fairly constant over the past
20 years. However, undergraduate programs in those disciplines report the
lowest retention rates among all academic disciplines, and very few stu-
dents transfer into these fields from others. Throughout the 1990s, fewer
than half of undergraduate students who entered college intending to earn a
science or engineering major completed a degree in one of those subjects.>®
Undergraduates who opt out of those programs by switching majors are

$4National Science Board. Science and Engineering Indicators 2004. NSB 04-01. Arlington,
VA: National Science Foundation, 2004. Appendix Table 2-23 places the following countries
ahead of the United States: Finland (13.2), Hungary (11.9), France (11.2), Taiwan (11.1),
South Korea (10.9), United Kingdom (10.7), Sweden (9.5), Australia (9.3), Ireland (8.5), Rus-
sia (8.5), Spain (8.1), Japan (8.0), New Zealand (8.0), Netherlands (6.8), Canada (6.7),
Lithuania (6.7), Switzerland (6.5), Germany (6.4), Latvia (6.4), Slovakia (6.3), Georgia (5.9),
Italy (5.9), and Israel (5.8).

5SL. K. Berkner, S. Cuccaro-Alamin, and A. C. McCormick. Descriptive Summary of 1989-90
Beginning Postsecondary Students: § Years Later with an Essay on Postsecondary Persistence
and Attainment. NCES 96155. Washington, DC: National Center for Education Statistics,
1996; T. Smith. The Retention and Graduation Rates of 1993-1999 Entering Science, Math-
ematics, Engineering, and Technology Majors in 175 Colleges and Universities. Norman, OK:
Center for Institutional Data Exchange and Analysis, University of Oklahoma, 2001.
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FIGURE 3-16A Percentage of 24-year-olds with first university degrees in the natural
sciences or engineering, relative to all first university degree recipients, in 2000 or
most recent year available.

SOURCE: Analysis conducted by the Association of American Universities. 2006.
National Defense Education and Innovation Initiative based on data from Appendix
Table 2-35 in National Science Board. Science and Engineering Indicators 2004. NSB
04-01. Arlington, VA: National Science Foundation, 2004.

often among the most highly qualified college entrants,’¢ and they are dis-
proportionately women and students of color. The implication is that po-
tential science or engineering majors become discouraged well before they
can join the workforce.>”

36S. Tobias. They’re Not Dumb, They’re Different. Stalking the Second Tier. Tucson, AZ:
Research Corporation, 19905 E. Seymour and N. Hewitt. Talking About Leaving: Why Un-
dergraduates Leave the Sciences. Boulder, CO: Westview Press, 1997; M. W. Ohland, G.
Zhang, B. Thorndyke, and T. J. Anderson. Grade-Point Average, Changes of Major, and
Majors Selected by Students Leaving Engineering. 34th ASEE/IEEE Frontiers in Education
Conference. Session T1G:12-17, 2004.

57M. F. Fox and P. Stephan. “Careers of Young Scientists: Preferences, Prospects, and Real-
ity by Gender and Field.” Social Studies of Science 31(2001):109-122; D. L. Tan. Majors in
Science, Technology, Engineering, and Mathematics: Gender and Ethnic Differences in Persis-
tence and Graduation. Norman, OK: University of Oklahoma, 2002. Available at: http:/
www.ou.edu/education/csar/literature/tan_paper3.pdf; Building Engineering and Science Tal-
ent (BEST). The Talent Imperative: Diversifying America’s Science and Engineering Workforce.
San Diego: BEST, 2004; G. D. Heyman, B. Martyna, and S. Bhatia. “Gender and Achieve-
ment-related Beliefs Among Engineering Students.” Journal of Women and Minorities in Sci-
ence and Engineering 8(2002):33-45.
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FIGURE 3-16B Percentage of 24-year-olds with first university degrees in the natural
sciences or engineering relative to all 24-year-olds, in 2000 or most recent year
available.

NOTE: Natural sciences and engineering include the physical, biological, agricul-
tural, computer, and mathematical sciences and engineering.

SOURCE: National Science Board. Science and Engineering Indicators 2004. NSB
04-01. Arlington, VA: National Science Foundation, 2004.
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NOTES: Geosciences include earth, atmosphere, and ocean sciences. Degree produc-
tion for many science, technology, engineering, and mathematics fields increased and
computer science decreased in 2001. See graphs in the Attracting the Most Able US
Students to Science and Engineering paper located in Appendix D.
SOURCE: National Science Board. Science and Engineering Indicators 2004. NSB
04-01. Arlington, VA: National Science Foundation, 2004. Appendix Table 2-23.
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Graduate school enrollments in science and engineering in the United
States have been relatively stable since 1993, at 22-26% of the total enroll-
ment. More women and under represented minorities participate than has
been the case in the past, but a relative decline in the enrollment of US
whites and males in the late 1990s has been reversed only since 2001.%8
Indeed, for the past 15 years, growth in the number of doctorates awarded
is attributable primarily to the increased number of international students.
Attrition is generally lower in the doctoral programs than among under-
graduates in science, technology, engineering, and mathematics, but doc-
toral programs in the sciences nonetheless report dropout rates from 24 to
67%, depending on the discipline.’® If the primary objective is to maintain
excellence, a major challenge is to determine how to continue to attract the
best international students and still encourage the best domestic students to
enter the programs—and to remain in them.

Student interest in research careers is dampened by several factors. First,
there are important prerequisites for science and engineering study. Stu-
dents who choose not to or are unable to finish algebra 1 before 9th-grade—
which is needed for them to proceed in high school to geometry, algebra 2,
trigonometry, and precalculus—effectively shut themselves out of careers in
the sciences. In contrast, the decision to pursue a career in law or business
typically can wait until the junior or senior year of college, when students
begin to commit to postgraduate entrance examinations.

Science and engineering education has a unique hierarchical nature that
requires academic preparation for advanced study to begin in middle school.
Only recently have US schools begun to require algebra in the 8th-grade
curriculum. The good news is that more schools are now offering integrated
science curricula and more districts are working to coordinate curricula for
grades 7-12.60

For those students who do wish to pursue science and engineering, there
are further challenges. Introductory science courses can function as “gate-
keepers” that intentionally foster competition and encourage the best stu-

58National Science Foundation. Graduate Enrollment Increases in Science and Engineering
Fields, Especially in Engineering and Computer Sciences. NSF 03-315. Arlington, VA: Na-
tional Science Foundation, 2003.

39Council of Graduate Schools. “Ph.D. Completion and Attrition: Policy, Numbers, Leader-
ship, and Next Steps.” 2004. The Council of Graduate Schools’ PhD Completion Project’s
goal is to improve completion and attrition rates of doctoral candidates. This 3-year project
had provided funding to 21 major universities to create intervention strategies and pilot projects
and to evaluate the impact of these projects on doctoral completion rates and attrition patterns.

¢ONational Research Council. Learning and Understanding: Improving Advanced Study of
Mathematics and Science in US High Schools. Washington, DC: National Academy Press, 2002.
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dents to continue, but in so doing they also can discourage highly qualified
students who could succeed if they were given enough support in the early
days of their undergraduate experience.

Beyond the prospect of difficult and lengthy undergraduate and gradu-
ate study and postdoctoral requirements, career prospects can be tenuous.
At a general level, news about companies that send jobs overseas can foster
doubt about the domestic science and engineering job market. Graduate
students are sometimes discouraged by a perceived mismatch between edu-
cation and employment prospects in the academic sector. The number of
tenured academic positions is decreasing, and an increasing majority of
those with doctorates in science or engineering now work outside of
academia. Doctoral training, however, still typically assumes students will
work in universities and often does not prepare graduates for other ca-
reers.®! Finally, it is harder to stay current in science and engineering than it
is to keep up with developments in many other fields. Addressing the issues
of effective lifelong training, time-to-degree, attractive career options, and
appropriate type and amount of financial support are all critical to recruit-
ing and retaining students at all levels.

Where are the top US students going, if not into science and engineer-
ing? They do not appear to be headed in large numbers to law school or
medical school, where enrollments also have been flat or declining. Some
seem attracted to MBA programs, which grew by about one-third during
the 1990s. In the 1990s, many science and engineering graduates entered
the workforce directly after college, lured by the booming economy. Then,
as the bubble deflated in the early part of the present decade, some returned
to graduate school. A larger portion of the current crop of science and
engineering graduates seems to be interested in graduate school.®2 In 2003,
enrollment in graduate science and engineering programs reached an all-
time high, gaining 4% over 2002 and 9% over 1993, the previous peak
year. Increasingly, the new graduate students are US citizens or permanent
residents—67% in 2003 compared with 60% in 200093—and their pros-
pects seem good: In 2001, the share of top US citizen scorers on the Gradu-

6INAS/NAE/IOM. Reshaping Graduate Education. Washington, DC: National Academy
Press, 1995; National Research Council. Assessing Research-Doctorate Programs: A Method-
ology Study. Washington, DC: The National Academies Press, 2003.

62/, Zumeta and J. S. Raveling. The Best and the Brightest for Science: Is There a Problem
Here? In M. P. Feldman and A. N. Link, eds. Innovation Policy in the Knowledge-Based
Economy. Boston: Klewer Academic Publishers, 2001. Pp. 121-161.

63National Science Foundation. Graduate Enrollment in Science and Engineering Programs
Up in 2003, but Declines for First-Time Foreign Students. NSF 05-317. Arlington, VA: Na-
tional Science Foundation, 2005.
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ate Record Exam quantitative scale (above 750) heading to graduate school
in the natural sciences and engineering was 31% percent higher than in
1998. That group had declined by 21% in the previous 6 years.®*

There is still ample reason for concern about the future. A number of
analysts expect to see a leveling off of the number of US-born students in
graduate programs. If the number of foreign-born graduate students de-
creases as well, absent some substantive intervention, the nation could have
difficulty meeting its need for scientists and engineers.

BALANCING SECURITY AND OPENNESS

Science thrives on the open exchange of information, on collaboration,
and on the opportunity to build on previous work. The United States gained
and maintained its preeminence in science and engineering in part by em-
bracing the values of openness and by welcoming students and researchers
from all parts of the world to America’s shores. Openness has never been
unqualified, of course, and the nation actively seeks to prevent its adversar-
ies from acquiring scientific information and technology that could be used
to do us harm. Scientists and engineers are citizens too, and those commu-
nities recognize both their responsibility and their opportunity to help pro-
tect the United States, as they have in the past. This has been done by
harnessing the best science and engineering to help counter terrorism and
other national security threats, even though that could mean accepting some
limitations on research and its dissemination.®’

But now concerns are growing that some measures put in place in the
wake of September 11, 2001, seeking to increase homeland security, will be
ineffective at best and could in fact hamper US economic competitiveness and
prosperity.®® New visa restrictions have had the unintended consequence of
discouraging talented foreign students and scholars from coming here to
work, study, or participate in international collaborations. Fortunately, the
federal agencies responsible for these restrictions have recently implemented
changes.®” Of principal concern now are other forms of disincentive:

64W. Zumeta and J. S. Raveling. “The Market for PhD Scientists: Discouraging the Best and
Brightest? Discouraging All?” AAAS Symposium, February 16, 2004. Press release available
at: http://www.eurekalert.org/pub_releases/2004-02/uow-rsl021304.php.

65See, for example, National Research Council. Making the Nation Safer: The Role of Sci-
ence and Technology in Countering Terrorism. Washington, DC: The National Academies
Press, 2002.

66Letter from the Presidents of the National Academies to Secretary of Commerce Carlos
Gutierrez, June 24, 2005. Available at: http://www.nationalacademies.org/morenews/
20050624.html.

67The National Academies. Policy Implications of International Graduate Students and
Postdoctoral Scholars. Washington, DC: The National Academies Press, 2005. Pp. 56-57.
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e Expansion of the restrictions on “deemed exports,” the passing of tech-
nical information to foreigners in the United States that requires a formal ex-
port license, is expected to cover a much wider range of university and industry
settings.®® Companies that rely on the international members of their R&D
teams and university laboratories staffed by foreign graduate students and schol-
ars could find their work significantly hampered by the new restrictions.

e Expanded or new categories of “sensitive but unclassified” informa-
tion could restrict publication or other forms of dissemination. The new
rules have been proposed or implemented even though many of the lists of
what is to be controlled are sufficiently vague or obsolete that it could be
difficult to ascertain compliance.®” The result could be to force researchers
to err on the side of caution and thus substantially impede the flow of
scientific information.

Both approaches could undermine the protections for fundamental re-
search established in National Security Decision Directive 189 (NSDD-189),
the Reagan Administration’s 1985 executive order declaring that publicly
funded research, such as that conducted in universities and laboratories,
should “to the maximum extent possible” be unrestricted.”® Where restric-
tion is considered necessary, the control mechanism should be formal clas-
sification: “No restrictions may be placed upon the conduct or reporting of
federally-funded fundamental research that has not received national secu-
rity classification, except as provided in applicable U.S. statutes.” The
NSDD-189 policy remains in force and has been reaffirmed by senior offi-
cials of the current administration, but it appears to be at odds with other
policy developments and some recent practices.

68In 2000, Congress mandated annual reports by the Office of Inspector General (IG) on the
transfer of militarily sensitive technology to countries and entities of concern; the 2004 reports
focused on deemed exports. The individual agency IG reports and a joint interagency report
concluded that enforcement of deemed-export regulations had been ineffective; most of the
agency reports recommended particular regulatory remedies.

¢9Center for Strategic and International Studies. Security Controls on Scientific Information
and the Conduct of Scientific Research. Washington, DC: CSIS, June 2005.

7OFundamental research is defined as “basic and applied research in science and engineering,
the results of which ordinarily are published and shared broadly within the scientific commu-
nity, as distinguished from proprietary research and from industrial development, design, pro-
duction and product utilization, the results of which ordinarily are restricted for proprietary or
national security reasons.” National Security Decision Directive 189, September 21, 1985.
Available at: http://www.aau.edu/research/ITAR-NSDD189.html.
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CONCLUSION

Although the United States continues to possess the world’s strongest
science and engineering enterprise, its position is jeopardized both by evolv-
ing weakness at home and by growing strength abroad.”! Because our eco-
nomic, military, and cultural well-being depends on continued science and
engineering leadership, the nation faces a compelling call to action. The
United States has responded energetically to challenges of such magnitude
in the past:

e Early in the 20th century, we determined to provide free education
to all, ensuring a populace that was ready for the economic growth that
followed World War II.

e The GI Bill eased the return of World War II veterans to civilian life
and established postsecondary education as the fuel for the postwar economy.

e The Soviet space program spurred a national commitment to science
education and research. The positive effects are seen to this day—for ex-
ample, in much of our system of graduate education.

e The decline of the US semiconductor manufacturing industry in the
middle 1980s was met with SEMATECH, the government—industry consor-
tium credited by many with stimulating the resurgence of that industry.

Today’s challenges are even more diffuse and more complex than many
of the challenges we have confronted in our past. Research, innovation, and
economic competition are worldwide, and the nation’s attention, unlike
that of many competitors, is not focused on the importance of its science
and engineering enterprise. If the United States is to retain its edge in the
technology-based industries that generate innovation, quality jobs, and high
wages, we must act to broker a new, collaborative understanding among
the sectors that sustain our knowledge-based economy—industry, academe,
and government—and we must do so promptly.

7INote that some do not believe this is the case. See Box 3-2.
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The charge to the Committee on Prospering in the Global Economy of
the 21st Century constitutes a challenge 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, our security. This chapter is
an overview of the committee’s methods for arriving at its recommenda-
tions and for identifying the specific steps it proposes for their implementa-
tion. Chapters 5-8 identify the committee’s list of action items. Appendix E
is an overview of the committee’s investment cost of its proposed actions
and programs. Appendix F provides the rationale for the K-12 programs
proposed in Chapter 5.

Despite a demanding schedule for completion of the study, members
reviewed literature and case studies, studied the results of other expert pan-
els, and convened focus groups with expertise in K-12 education, higher
education, research, innovation and workforce issues, and national and
homeland security to arrive at a slate of recommendations.

The focus groups, involving over 66 individual experts, were asked to
identify, within their issue areas, the three recommendations they believed
were of the highest urgency. The results became raw material for the com-
mittee’s discussion of recommendations. The committee later met numer-
ous times via conference call to refine its recommendations as it consulted
with additional experts. Final coordination involved extensive e-mail inter-
actions as the committee sought to avail itself of the technology that is
pervading modern decision-making and making the world “flat,” in the
words of Thomas Friedman (see Chapter 1).

107
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REVIEW OF LITERATURE AND PAST
COMMITTEE RECOMMENDATIONS

Before meeting in person, the committee requested a compilation of the
results of past studies on the topics it was likely to address. Appendix D
provides these background papers on topics such as science, mathematics,
and technology education; research funding and productivity; the environ-
ment for innovation; and science and technology issues in national and
homeland security.

The committee used those documents as a means to review the work of
many other groups. Some were individual writers and scholars! and others
were blue ribbon groups, such as the one chaired by former Senator John
Glenn, which produced the report Before It’s Too Late* for the National
Commission on Mathematics and Science Teaching for the 21st Century
and others at the Council on Competitiveness,> Center for Strategic and In-
ternational Studies,* Business Roundtable,’ Taskforce on the Future of Ameri-
can Innovation,® President’s Council of Advisors on Science and Technol-
ogy,” National Science Board,® and other National Academies committees,
such as those which produced A Patent System for the 21st Century,’ Policy
Implications of International Graduate Students and Postdoctoral Scholars
in the United States,'® and Advanced Research Instrumentation and Facili-

IR. B. Freeman. Does Globalization of the Scientific/Engineering Workforce Threaten US
Economic Leadership? NBER Working Paper 11457. Cambridge, MA: National Bureau of
Economic Research, 20035.

2Before It’s Too Late: A Report to the Nation from the National Commission on Math-
ematics and Science Teaching for the 21st Century. Glenn Commission Report. Washington,
DC: US Department of Education, 2000.

3Council on Competitiveness. Innovate America. Washington, DC: Council on Competi-
tiveness, 2004.

4Center for Strategic and International Studies. Global Innovation/National Competitive-
ness. Washington, DC: Center for Strategic and International Studies, 1996.

SBusiness Roundtable. Tapping America’s Potential. Washington, DC: Business Roundtable,
200S.

6Task Force on the Future of American Innovation. The Knowledge Economy: Is America
Losing Its Competitive Edge? Washington, DC: Task Force on the Future of American Inno-
vation, 200S5.

"The President’s Council of Advisors on Science and Technology. Sustaining the Nation’s
Innovation Ecosystems. Report on Information Technology Manufacturing and Competitive-
ness, January 2004.

8National Science Board. Science and Engineering Indicators 2004. NSB 04-01. Arlington,
VA: National Science Foundation, 2004.

9National Research Council. A Patent System for the 21st Century. Washington, DC: The
National Academies Press, 2004.

10The National Academies. Policy Implications of International Graduate Students and Post-
doctoral Scholars in the United States. Washington, DC: The National Academies Press, 2005.
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ties.!! Others were the committee and analyst at other organizations who
have gone before us producing reports focusing on the topics discussed in this
report. There are too many to mention here, but they are cited throughout the
report and range from individual scholars to the Glenn Commission on K-12
education, the Council on Competitiveness, the President’s Council of Advi-
sors on Science and Technology, the National Science Board, and other Na-
tional Academies committees. Such work and the reaction to it once pub-
lished were invaluable to the committee’s deliberations.

The committee decided to provide a “box” in each chapter containing alter-
native points of view as captured in a review of existing reports, studies, reviewer
comments, and informal consultations with experts and policy-makers.

The committee examined numerous case studies to gain a better under-
standing of which policies had the most potential to influence national pros-
perity. For example, many of the recommendations on K-12 and higher
education rely on extrapolating successful state or local programs to the
national level. The committee also reviewed existing federal programs for
higher education and research policy that work well in one place and could
potentially be applicable to other parts of the federal infrastructure. The
committee also studied other nations’ experiences in implementing policy
changes to encourage innovation.

FOCUS GROUPS

The focus groups (Appendix C) convened experts in five broad areas—
K-12 education, higher education, science and technology research policy,
innovation and workforce issues, and homeland security. Group members
were asked to identify ways the United States can successfully compete,
prosper, and be secure in the global community of the 21st century.

Their contributions were compiled with the results of the literature
search and with recommendations gathered during committee interviews.
More than 150 concrete recommendations and implementation steps were
identified and discussed at a weekend focus group session in Washington,
DC. Each focus group, following its own discussions, presented its top three
proposed recommendations to the committee members and to other focus-
group participants.

COMMITTEE DISCUSSION AND ANALYSIS

The committee itself met over that same weekend and then in weekly
conference calls. Using the focus-group recommendations as a starting point,

HUNAS/NAE/IOM. Advanced Research Instrumentation and Facilities. Washington, DC: The
National Academies Press, 2006.
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the committee developed four key recommendations (labeled A through D
in this report), which it ranked, and 20 actions to implement them. It as-
signed ratings of either most urgent or urgent to each of the four recom-
mendations. They are summarized here. Specific implementing actions are
discussed in later sections of this report.

Most Urgent

10,000 Teachers, 10 Million Minds, and K-12 Science and Mathematics
Education. Increase America’s talent pool by vastly improving K-12 science
and mathematics education.

Sowing the Seeds Through Science and Engineering Research. 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.

Urgent

Best and Brightest in Science and Engineering Higher Education. 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.

Incentives for Innovation. Ensure that the United States is the premier place
in the world to innovate; invest in downstream activities such as
manufacturing and marketing; and create high-paying jobs that are based
on innovation by modernizing the patent system, realigning tax policies to
encourage innovation and the location of resulting facilities in the United
States, and ensuring affordable broadband access.

Unless the nation has the science and engineering experts and the re-
sources to generate new ideas, and unless it encourages the transition of
those ideas through policies that enhance the innovation environment, we
will not continue to prosper in an age of globalization. Each recommenda-
tion represents one element of an interdependent system essential for US
prosperity.

Some of the committee’s proposed actions and programs involve
changes in the law. Some require substantial investment. Funding would
ideally come from reallocation of existing funds, but if necessary, via new
funds. The committee believes the investments are small relative to the re-
turn the nation can expect in the creation of new high-quality jobs, inas-
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much as economic studies show that the social rate of return on federal and
private investment in research is often 30% or more (Tables 2-1 and 2-2).
The committee fully recognizes the extant demands on the federal budget,
but it believes that few problems facing the nation have more profound
implications for America than the one addressed herein and, thus believes,
that the investment it entails should be given high priority.

CAUTIONS

The committee has been cautious in its analysis of information. How-
ever, the available information is, in some instances, insufficient for the
committee’s needs. In addition, the limited timeframe to develop the report
(10 weeks from the time of the committee’s meeting to report release) is
inadequate to conduct an independent analysis. Even if unlimited time were
available, definitive analysis of many issues is simply not possible given the
uncertainties involved.

The recommendations in this report rely heavily on the experience, con-
sensus views, and judgments of the committee members. Although the com-
mittee consists of leaders from academe, industry, and government—
including several current and former industry chief executive officers,
university presidents, researchers (including three Nobel prize winners), and
former presidential appointees—the array of topics and policies covered in
this study is so broad that it was impossible to assemble a committee of 20
members with directly relevant expertise in each. The committee has there-
fore relied heavily on the judgments of experts in the study’s focus groups,
additional consultations with other experts, and the panel of 37 expert
reviewers.

The recommendations herein should be subjected to continuing evalua-
tion and refinement. In particular, the committee encourages regular evalu-
ations to determine the efficacy of its policy recommendations in reaching
the nation’s goals. If the proposals prove successful, more investment may
be warranted. If not, programs should be modified or dropped from the
portfolio.

CONCLUSION

The committee’s recommendations are the fundamental actions the na-
tion should take if it is to prosper in the 21st century. Just as “reading,
writing, and arithmetic” are essential for any student to succeed—regard-
less of career—“education, research, and innovation” are essential if the
nation is to succeed in providing jobs for its citizenry.
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What Actions Should America Take
in K-12 Science and Mathematics
Education to Remain Prosperous

in the 21st Century?

10,000 TEACHERS, 10 MILLION MINDS

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

The US system of public education must lay the foundation for devel-
oping a workforce that is literate in mathematics and science, among other
subjects. It is the creative intellectual energy of our workforce that will
drive successful innovation and create jobs for all citizens.

In 1944, during the final phases of a global war, President Franklin D.
Roosevelt asked Vannevar Bush, his White House director of scientific re-
search, to study areas of public policy having to do with science. The presi-
dent observed, “New frontiers of the mind are before us, and if they are
pioneered with the same vision, boldness and drive with which we have
waged this war, we can create a fuller and more fruitful employment and a
fuller and more fruitful life.” In the intervening years, our country appears
to have lost sight of the importance of scientific literacy for our citizens, and
it has become increasingly reliant on international students and workers to
fuel our knowledge economy.

The lack of a natural constituency for science causes short- and long-
term damage. Without basic scientific literacy, adults cannot participate
effectively in a world increasingly shaped by science and technology. With-
out a flourishing scientific and engineering community, young people are
not motivated to dream of “what can be,” and they will have no motivation
to become the next generation of scientists and engineers who can address
persistent national problems, including national and homeland security,
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healthcare, the provision of energy, the preservation of the environment,
and the growth of the economy, including the creation of jobs.

Laying a foundation for a scientifically literate workforce begins with
developing outstanding K-12 teachers in science and mathematics.! A highly
qualified corps of teachers is a critical component of the No Child Left
Behind initiative.2 Improvements in student achievement are solidly linked
to teacher excellence, the hallmarks of which are thorough knowledge of
content, solid pedagogical skills, motivational abilities, and career-long op-
portunities for continuing education.? Excellent teachers inspire young
people to develop analytical and problem-solving skills, the ability to inter-
pret information and communicate what they learn, and ultimately to mas-
ter conceptual understanding. Simply stated, teachers are the key to im-
proving student performance.

Today there is such a shortage of highly qualified K-12 teachers that
many of the nation’s 15,000 school districts* have hired uncertified or
underqualified teachers. Moreover, middle and high school mathematics
and science teachers are more likely than not to teach outside their own
fields of study (Table 5-1). A US high school student has a 70% likelihood
of being taught English by a teacher with a degree in English but about a
40% chance of studying chemistry with a teacher who was a chemistry
major.

These problems are compounded by chronic shortages in the teaching
workforce. About two-thirds of the nation’s K-12 teachers are expected to
retire or leave the profession over the coming decade, so the nation’s schools
will need to fill between 1.7 million and 2.7 million positions® during that

1See, for example, The Glenn Commission. Before It’s Too Late: A Report to the Nation
from the National Commission on Mathematics and Science Teaching for the 21st Century.
Washington, DC: US Department of Education, 2000.

2No Child Left Behind Act of 2001. Pub. L. No. 107-110, signed by President George W.
Bush on January 8, 2001, 107th Congress.

3National Research Council. Learning and Understanding: Improving Advanced Study of
Mathematics and Science in U.S. Schools. Washington, DC: National Academy Press, 2002.

4National Center for Education Statistic. 2006. “Public Elementary and Secondary Stu-
dents, Staff, Schools, and School Districts: School Year 2003-04.” Available at: http://
nces.ed.gov/pubs2006/2006307.pdf.

SNational Center for Education Statistics. Predicting the Need for Newly Hired Teachers in
the United States to 2008-09. NCES 1999-026. Washington, DC: US Government Printing
Oftice, 1999. Available at: http://nces.ed.gov/pubs99/1999026.pdf. According to the Bureau
of Labor Statistics, job opportunities for K12 teachers over the next 10 years will vary from
good to excellent, depending on the locality, grade level, and subject taught. Most job open-
ings will be attributable to the expected retirement of a large number of teachers. In addition,
relatively high rates of turnover, especially among beginning teachers employed in poor, urban
schools, also will lead to numerous job openings for teachers. Competition for qualified teach-
ers among some localities will likely continue, with schools luring teachers from other states
and districts with bonuses and higher pay. See http:/stats.bls.gov/oco/ocos069.htm#emply.
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TABLE 5-1 Students in US Public Schools Taught by Teachers
with No Major or Certification in the Subject Taught, 1999-2000

Discipline Grades 5-8 Grades 9-12
English 58% 30%
Mathematics 69% 31%
Physical science 93% 63%
Biology-life sciences — 45%
Chemistry — 61%
Physics — 67%
Physical education 19% 19%

SOURCE: National Center for Education Statistics. Qualifications of the Public
School Teacher Workforce: Prevalence of Out-of-Field Teaching 1987-1988 to 1999-
2000. Washington, DC: US Department of Education, 2003.

period, about 200,000 of them in secondary science and mathematics class-
rooms.®

We need to recruit, educate, and retain excellent K-12 teachers who
fundamentally understand biology, chemistry, physics, engineering, and
mathematics. The critical lack of technically trained people in the United
States can be traced directly to poor K-12 mathematics and science instruc-
tion. Few factors are more important than this if the United States is to
compete successfully in the 21st century.

The Committee on Prospering in the 21st Century recommends a package
of K12 programs that is based on tested models, including financial incentives
for teachers and students and high standards for, and measurable achievement
by, teachers, students, and administrators. The programs will create broad-
based academic leadership for K-12 mathematics and science, and they will
provide for rigorous curricula. Support for the action items in this recommen-
dation should have the highest priority for the federal government as it ad-
dresses America’s ability to compete for quality jobs in the future.

The strengths of the proposed actions derive from their focus on teach-
ers—those who are entering the profession and those who currently teach
science and mathematics—and on the students they will teach. The recom-
mendations cover the spectrum of K-12 teachers, and several programs are
recommended to tailor education for different populations. Each recom-
mendation has specific, measurable objectives. At the same time, we must
emphasize the need for research and evaluation to serve as a foundation for

®National Research Council. Attracting Science and Mathematics PhDs to Secondary School
Education. Washington, DC: National Academy Press, 2000. Available at: http://www.
nap.edu/catalog/9955.html.

Copyright National Academy of Sciences. All rights reserved.


http://www.nap.edu/11463

Rising Above the Gathering Storm: Energizing and Employing America for a Brighter Economic Future

WHAT ACTIONS SHOULD AMERICA TAKE IN K-12 EDUCATION? 115

change in K-12 mathematics and science education. In particular, a better
understanding of what actions can be taken to excite children about sci-
ence, mathematics, and technology would be useful in designing future edu-
cational programs.

The first two action items focus on K-12 teacher education and profes-
sional development. They are designed to give new K-12 science, math-
ematics, and technology teachers a solid science, mathematics, and technol-
ogy foundation; provide continuing professional development for current
teachers and for those entering the profession from technology-sector jobs
so they gain mastery in science and mathematics and the means to teach
those subjects; and provide continuing education for current teachers in
grades 6-12 so they can teach vertically aligned advanced science and math-
ematics courses.” One fortunate spinoff of enhanced education of K-12
teachers is that salaries—in many school districts—are tied to teacher edu-
cational achievements.

ACTION A-1: 10,000 TEACHERS FOR 10 MILLION MINDS

Annually recruit 10,000 science and mathematics teachers by awarding
4-year scholarships and thereby educating 10 million minds. Our public
education system must attract at least 10,000 of our best college graduates
to the teaching profession each year. A competitive federal scholarship pro-
gram will allow bright, motivated students to earn bachelors’ degrees in
science, engineering, and mathematics with concurrent certification as K-
12 mathematics and science teachers.

Students could enter the program at any of several points and would
receive annual scholarships of up to $20,000 per year for tuition and quali-
fied educational expenses. Awards would be given on the basis of academic
merit.8 Each scholarship would carry a 5-year postgraduate commitment to
teach in a public school.?

7“Vertically aligned curricula” use sequenced materials over several years. An example is
pre-algebra followed by algebra, geometry, trigonometry, pre-calculus, and calculus. The sys-
tematic approach to education reform emphasizes that teachers, school and district adminis-
trative personnel, and parents work together to align their efforts. See, for example, Southwest
Education Development Laboratory. “Alignment in SEDL’s Working Systemically Model,
2004 Progress Report to Schools and Districts.” Available at: http://www.sedl.org/rel/
resources/ws-report-summary04.pdf.

8Teacher education programs would be 4 years in duration with multiple entry points. A first-
year student entering the program would be eligible for a 4-year scholarship, while students
entering in their second or later undergraduate years would be eligible for fewer years of support.

°If the scholarship recipients do not fulfill the 5-year service requirement, they would be
obligated to repay a prorated portion of their scholarship.
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To provide the highest quality education for students who want to be-
come teachers, it is important to award competitive matching grants of $1
million per year, to be matched on a one-for-one basis, for 5 years to help
100 universities and colleges establish integrated 4-year undergraduate
programs that lead to bachelors’ degrees in physical and life sciences, math-
ematics, computer science, and engineering with teacher certification.1 To
qualify, science, technology, engineering, and mathematics (STEM) depart-
ments would collaborate with colleges of education to develop teacher
education and certification programs with in-depth content education and
subject-specific education in pedagogy. STEM departments also would of-
fer high-quality research experiences and thorough training in the use of
educational technologies. Colleges or universities without education depart-
ments or schools could collaborate with such departments in nearby col-
leges or universities.

A well-prepared corps of teachers is central to the development of
a literate student population.!’ The National Center for Teaching and
America’s Future unequivocally shows the positive effect of better teaching
on student achievement.!2 The Center for the Study of Teaching!? reported
that the most consistent and powerful predictor of student achievement in
science and mathematics was the presence of teachers who were fully certi-
fied and had at least a bachelor’s degree in the subjects taught. Teachers
with content expertise, like experts in all fields, understand the structure of
their disciplines and have cognitive “roadmaps” for the work they assign,
the assessments they use to gauge student progress, and the questions they
ask in the classroom.* The investment in educating those teachers is money
well spent because they are likely to prepare internationally competitive
students.

10The institutional awards would be matching grants awarded competitively to applicants
who had identified partners, such as universities, industries, or philanthropic foundations, to
contribute additional resources. Public-public and public-private consortia would be encour-
aged. Institutions that demonstrate success would be eligible for competitive renewals.

National Research Council. Attracting PhDs to K-12 Education: A Demonstration Pro-
gram for Science, Mathematics, and Technology. Washington, DC: The National Academies
Press, 2002.

2National Center for Teaching and America’s Future. Doing What Matters Most: Teaching
for America’s Future. New York: NCTAF, 1996. See also H. C. Hill, B. Rowan, and D. L. Ball.
“Effects of Teachers’ Mathematical Knowledge for Teaching on Student Achievement.” Ameri-
can Educational Research Journal 42(2)(2005):371-406.

BL. Darling-Hammond. Teacher Quality and Student Achievement: A Review of State Policy
Evidence. New York: Center for the Study of Teaching and Policy, 1999. Available at: http://
depts.washington.edu/ctpmail/Publications/PDF_versions/LDH_1999.pdf.

4National Research Council. How People Learn: Brain, Mind, Experience, and School:
Expanded Edition. Washington, DC: National Academy Press, 2000. Available at: http:/
books.nap.edu/catalog/6160.html.

Copyright National Academy of Sciences. All rights reserved.


http://www.nap.edu/11463

Rising Above the Gathering Storm: Energizing and Employing America for a Brighter Economic Future

WHAT ACTIONS SHOULD AMERICA TAKE IN K-12 EDUCATION? 117

Some of the nation’s top research universities are leading the way to
prepare a cadre of highly skilled teachers. Two in particular have developed
innovative programs that combine undergraduate degrees in science, tech-
nology, engineering, or mathematics with pedagogy education and teacher
certification.

UTeach, a program in the College of Natural Sciences, headed by the
Dean of Natural Sciences at the University of Texas (UT) at Austin, recruits
from among the 25% of undergraduate science and mathematics students
who express a serious desire to teach. As a result of this program, UT-
Austin has been able to increase the number of science and math teachers it
graduates who have both degrees in a science or mathematics as well as
teacher certification.

Program enrollees have SAT scores above the average for the uni-
versity’s College of Natural Sciences, have higher grade point averages, and
are retained in the degree program at more than twice the rate of other
students in that college (Figure 5-1). UTeach has a 26% minority enroll-
ment, compared with 16% universitywide.

Each year the program graduates about 70 students who have teaching
certification and bachelors’ degrees in chemistry, physics, computer science,
biology, or mathematics. Students receive strong practical education and
continuing mentoring, especially in the critical first few years in the class-
room, as that increases effectiveness and promotes professional retention as
teachers. As also shown in Figure 5-1, UTeach graduates have deep disci-
plinary grounding, they know how to engage students in scientific inquiry,
and they know how to use new technology to improve student achieve-
ment. The UTeach experience shows that an effective scholarship program
must be coupled with a teacher education program that is interesting and
attractive to students. The program’s most effective tools are the field expe-
rience courses for first-year students and the use of master teachers as their
SUpervisors.

Starting with the current academic year, the 10-campus University of
California (UC) system offers its California Teach program, which, by 2010,
should graduate a thousand highly qualified science and mathematics teach-
ers each year.!> California Teach provides every STEM student in the uni-
versity with an opportunity to complete the STEM major and pedagogical
training in a 4-year program. Early in the program, students work as paid
classroom assistants in elementary and middle schools, supervised by men-
tor teachers. Students enroll in seminars taught by master teachers and par-
ticipate in 10-week summer institutes to help them develop methods for

ISEven more teachers may come from a similar program being conducted by the California
state university system.
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FIGURE 5-1 UTeach minority enrollment, quality of undergraduate students in the
certification recommendations program, student retention, and performance com-
pared with all students in the UT-Austin College of Natural Sciences.

SOURCE: Information based on e-mail from M. Marder of UTeach to D. Stine dated
February 2, 2006.

teaching in a specific discipline. Students from throughout the university
system in the California Teach program who satisfactorily complete their
courses through the junior year participate in subject-area institutes. UC-
San Diego, for example, might host a high school chemistry institute that
would be open to students and faculty from all campuses.

At each institute, students and faculty (those from UC, those who are
visiting, and master secondary school teachers) collaborate to develop case
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study videos of teaching methods and approaches that will be archived by
the University of California television system for use by students and fac-
ulty in subsequent institutes and by teachers in the field. Students develop
the portfolios that eventually will be required of teachers to become certi-
fied by a national board. Students who complete the institutes receive
$5,000 scholarships.

Both the UTeach and California Teach programs provide a continuum
of pre- and in-service teacher education and professional development and
established cohorts and relationships that are crucial for retaining the most
talented individuals in the profession. California Teach also will provide
the nation with a large-scale experiment to show which elements of teacher
preparation are most effective. Replicating the strong points of such pro-
grams around the country will transform the quality of our science and
mathematics teaching.1®

ACTION A-2: A QUARTER OF A MILLION TEACHERS
INSPIRING YOUNG MINDS EVERY DAY

Strengthen the skills of 250,000 teachers through training and educa-
tion programs at summer institutes, in master’s programs, and in Advanced
Placement (AP) and International Baccalaureate (IB) training programs.
Excellent professional development models exist to strengthen the skills of
the 250,000 current mathematics and science teachers, but they reach too
few in the profession. The four-part program recommended by the commit-
tee consists of (1) summer institutes, (2) master’s degree programs in sci-
ence and mathematics, (3) training for advanced placement and Interna-
tional Baccalaureate teachers, and (4) development of a voluntary national
K-12 science and mathematics curriculum.

We need to reach all K-12 science and mathematics teachers and pro-
vide them with high-quality continuing professional development opportu-
nities—specifically those that emphasize rigorous content education. High-
quality, content-driven professional development has a significant effect on
student performance, particularly when augmented with classroom prac-
tice, year-long mentoring, and high-quality curricular materials.!”

16The National Academies has also published a report on demonstration programs for PhD
K-12 teacher programs: National Research Council. Attracting PhDs to K12 Education: A
Demonstration Program for Science, Mathematics, and Technology. Washington, DC: The
National Academies Press, 2002.

17D. K. Cohen and H. C. Hill. “Instructional Policy and Classroom Performance: The Math-
ematics Reform in California.” Teachers College Record 102(2)(2000):294-343; W. H.
Schmidt, C. McKnight, R. T. Houang, and D. E. Wiley. “The Heinz 57 Curriculum: When
More May Be Less.” Paper presented at the 2005 annual meeting of the American Education
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About 10% of the nation’s 3 million K-12 teachers provide instruction
in science and mathematics in middle and high schools.!® The No Child
Left Behind Act requires all of them to participate regularly in professional
development, and in most states professional development already is re-
quired to maintain teaching credentials. Funding for continuing education
now comes from the No Child Left Behind appropriation and from the
states.

As the number of programs has ballooned, many teachers report that
they are “buried in opportunities” for continuing education. They also com-
plain that it is difficult to know which programs are worthwhile and which
are irrelevant and disconnected. The object of this implementation action is
to identify outstanding programs that improve content knowledge and peda-
gogical skills, especially for those who enter the profession from other ca-
reers. Over 5 years, these programs could reach all teachers of middle and
high school mathematics and science. Furthermore, as these teachers be-
come more qualified, they can be provided increased financial rewards with-
out confronting the historical culture that largely dismisses the concept of
pay-for-performance.

Action A-2 Part 1: Summer Institutes

In the first implementation action, the committee recommends a sum-
mer education program for 50,000 classroom teachers each year. Matching
grants would be provided on a one-for-one basis to state and regional sum-
mer institutes to develop and provide 1- to 2-week sessions. The expected
federal investment per participant is about $1,200 per week, excluding par-
ticipant stipends, which would be covered by local school districts.

Summer institutes for secondary school teachers of science and math-
ematics have existed in various forms at least since the 1950s, often with
corporate sponsors.!? The National Science Foundation (NSF) started fund-
ing teacher institutes in 1953, when shortages of adequately trained person-

Research Association, Montreal, Quebec; National Research Council. Educating Teachers of
Science, Mathematics, and Technology: New Practices for a New Millennium. Washington,
DC: National Academy Press, 2001; National Research Council. Improving Teacher Prepara-
tion and Credentialing Consistent with the National Science Education Standards: Report of a
Symposium. Washington, DC: National Academy Press, 1997.

18In 1999-2000, the latest year for which we have figures, of the total number of public
K-12 teachers, 191,000 taught science (including biology, physics, and chemistry) and 160,000
taught mathematics.

Summer institutes at Union College in Schenectady and at the Case Institute of Technol-
ogy in Cleveland were supported by the General Electric Company, institutes at the University
of Minnesota were supported by the Ford Foundation, and institutes at the University of
Tennessee were supported by the Martin Marietta Corporation.
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nel in scientific and technical fields became increasingly evident.2 In 2004,
the NSF Math and Science Partnership began making awards under a new
program, Teacher Institutes for the 21st Century.2!

There is a particularly strong need for elementary and middle school
teachers to have a deeper education in science and mathematics.22 Many
school children are systematically discouraged from learning science and
mathematics because of their teachers’ lack of preparation, or in some cases,
because of their teachers’ disdain for science and mathematics. In many
school systems, no science at all is taught before middle school.

Teachers who are not required to teach science have little reason to
increase their knowledge and skills through professional development. No
Child Left Behind requirements, however, will expand testing to the sci-
ences in 2007. Elementary school teachers thus need training now in many
areas of science; they need to see the relationships between mathematics
and the sciences; and, most important if they are to excite young minds,
they need the ability to integrate information across disciplines. In short,
all teachers need to be scientifically literate and preferably excited about
science.

The Merck Institute for Science Education (MISE)?3 is an in-service
professional development program for K—6 teachers established in 1993
with a 10-year commitment from Merck & Company. An intensive 3-year
course combines multiple-year summer institutes in inquiry-based science
instruction that is tied to state and national standards with in-classroom
follow-up and reinforcement from September to June. MISE also provides
curriculum materials and training in their use. The current participants are
K—6 teachers in New Jersey and Pennsylvania public schools. In all, about
4,000 teachers have participated in the program. Analysis by an external
evaluator indicates that students of teachers who participated in MISE pro-

20Funding for institutes for the continuing education of high school science teachers began
to decline in number in the late 1960s, when the shortages of technical personnel including
science teachers, began to decline. After a leveling period during the 1970s, National Science
Foundation support for teacher institutes was discontinued in 1982. Support for the teacher
institute programs was resumed the following year following several national reports detailing
the severe problems facing science teaching and with growing recognition of the shortage of
qualified science teachers.

21These awards are directed to disciplinary faculty of higher education institutions to work
with experienced teachers of mathematics and the sciences to deepen teachers’ content knowl-
edge and instructional skills so they may become school-based intellectual leaders in their
fields.

22National Research Council. Science for All Children: A Guide to Improving Elementary
Science Education in Your School District. Washington, DC: National Academy Press, 1997.

23¢Merck Institute for Science Education (MISE).” Available at: http://www.mise.org/mise/
index.jsp.
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fessional development programs for at least 3 years substantially outper-
formed those whose teachers participated for a year or less.24

Local MISE programs have made science a priority in each district. New
science frameworks and instructional materials developed by MISE have been
adopted by all of the participating districts. Added benefits are seen in im-
provements in hiring and recruitment of teachers and administrators, in-
creased expenditures for instructional materials, changes in how teachers are
observed and evaluated in the classroom, augmented instructional support
services, development of new districtwide science assessments, and the lever-
aging of significant additional external resources for science education pro-
grams. MISE also has helped to lead the way in the creation of statewide
science content standards and professional development standards.

Similar to MISE in its focus on K—6 science education is the Washing-
ton State Leadership and Assistance for Science Education Reform (LASER)
program,2’ which began in 1999 with a strategic planning institute to coor-
dinate standards, curricula, and evaluation. Six more institutes have con-
vened since then, and now 131 school districts, enrolling more than 60% of
Washington’s students, are at various stages of implementing an inquiry-
based science program.2¢

In 2005, achievement in the Sth-grade science portion of the Washing-
ton Assessment of Student Learning (WASL) was measured and correlated
with teacher participation in LASER. Primary among the findings was a
significant relationship between professional development among teachers
and the percentage of students meeting the science standard on the 2004
test (Figure 5-2). LASER teachers’ classroom practices changed incremen-
tally until they had more than 80 hours of professional development; at that
point, more dramatic shifts to inquiry-based methods were observed.

24Consortium for Policy Research in Education. 2002. A Report on the Eighth Year of the
Merck Institute for Science Education. Philadelphia, PA: CPRE, University of Pennsylvania,
2002. Available at: http://www.mise.org/pdf/cpre2000_2001.pdf. When MISE was created in
1993, there were no districtwide or state assessments in science in Pennsylvania or New Jersey,
where MISE programs were based. The absence of assessment often meant that less attention
was given to science in elementary classrooms, and it meant that there was no easy way to
measure the impact of MISE’s work on student learning. MISE has been exploring the use of
performance tasks for districtwide assessment. For the past two years, performance tasks drawn
from the Third International Mathematics and Science Study (TIMSS) have been administered
in grades 3 and 7 in all four districts. This has been a collaborative project involving MISE
staff, central office staff, and many interested teachers.

25¢“Washington State Leadership and Assistance for Science Education Reform (LASER)
Program.” Available at: http://www.wastatelaser.org.

26¢Inquiry” is a set of interrelated processes by which scientists and students pose questions
about the natural world and investigate knowledge. Using an inquiry-based approach students
learn science in a way that reflects how science actually works. See National Research Council.
National Science Education Standards. Washington, DC: National Academy Press, 1995.
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FIGURE 5-2 Professional development index relative to percent of students meeting
science standards. Professional development of teachers increases student achieve-
ment in science. The scatter plot shows the PD index (total professional development
hours per 100 students provided over a 3-year period to the teachers of Sth graders
who took the WASL in spring 2004) compared with the percentage of students who
met the WASL standards. Each box represents a school. There is a gradual increase in
the percentage of students meeting the standard as the PD index increases. The data
suggest the rate of increase accelerated after teachers received a critical amount of
professional development, although the exact point at which that change occurred
cannot be determined without access to classroom-level aggregates and the ability to
track the professional development of the teachers of individual students. The
relationship between professional development and student achievement holds even
after adjustments for the influence of percentage of students eligible for free and
reduced-price lunches and for the percentage of Asian students.

SOURCE: D. Schatz, D. Weaver, and P. D. Finch. Washington State LASER—
Evaluation Results. WSTA Journal (July 22, 2005).

The system of national laboratories also can be tapped for continuing
education of K-12 teachers. The Laboratory Science Teacher Professional
Development program was designed by the Office of Science in the Depart-
ment of Energy (DOE) to create a cadre of outstanding middle and high
school science and mathematics teachers who will serve as leaders in their
local and regional teaching communities.?” Through this 3-year program,
teachers establish long-term relationships with DOE mentor scientists and

27US Department of Energy, Office of Science, Office of Workforce Development for Teach-
ers and Scientists. “Laboratory Science Teacher Professional Development Program: About
LSTPD.” Available at: http://www.scied.science.doe.gov/scied/LSTPD/about.htm.
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with teaching colleagues. Teachers are expected to spend at least 4 weeks at
one of the DOE laboratories during the first year and at least 2 weeks at one
of the laboratories for each of 2 years after that. If such a program were
used to train two teachers from each of the 15,000 school districts in the
country over a 10-year period, about 3,200 teachers each year would be
brought into the 17 DOE laboratories, eventually reaching a 3-year steady
state of 9,600 teachers. The Science and Mathematics Education Task Force
of the Secretary of Energy Advisory Board is currently reviewing such a
proposal.28

The National Aeronautics and Space Administration (NASA) also has
an educational program whose focus is to “inspire and motivate students to
pursue careers in science, technology, engineering, and mathematics.” It
supports education in schools and also participates in informal education
and public outreach efforts. NASA’s programs focus on increasing elemen-
tary and secondary education participation in NASA programs; enhancing
higher education capability in science, technology, engineering, and math-
ematics disciplines; increasing participation by underrepresented and
underserved communities; expanding e-education; and expanding NASA’s
participation with the informal-education community. Among its activities
for teachers and students are summer academies at its flight centers and
workshops.2?

Action A-2 Part 2: Science and Mathematics Master’s Programs

The second element of this implementation action would, through part-
time 2-year master’s degree programs granted by the colleges of science and
engineering (working with the colleges of education) at the nation’s research
universities, enhance the education and skills of current middle and high
school science, mathematics, and technology teachers as well as those with
science, mathematics, and engineering degrees who decide to pursue teach-
ing either upon graduation or later in their career.

The master’s in science education programs (identified for each specific
field) would take place over three full-time summers plus alternate week-
ends during the academic year in science, mathematics, and technology edu-
cation for current teachers. Over the course of 5 years, it would enhance the
education and skills of 50,000 current science, mathematics, and technol-
ogy teachers nationwide and qualify them for higher pay under existing
rules in nearly all school districts.

28US Department of Energy. “Secretary of Energy Advisory Board: Subcommittees.” Avail-
able at: http://www.seab.energy.gov/sub/committees.htm.

29NASA. “Overview: NASA Education Programs.” February 1, 2004. Available at: http://
education.nasa.gov/edprograms/overview/index.html.
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To implement this action, the committee recommends that the federal
government provide 100 to 125 academic research universities (2 or more
per state) the ability to offer four to five programs in mathematics, biology,
chemistry, physics, engineering, computer science, or integrated science for
a total of 500 competitive institutional grants nationwide. The programs
would focus on content education and pedagogy and would each provide
in-classroom training and continuous evaluation for approximately 20 in-
service middle and high school teachers and career changers.3°

The program’s master teachers3! would provide leadership in their own
districts for all the programs included in this recommendation. They would
be mentors for new college graduates teaching in their schools and for the
many very able current teachers who would welcome the opportunity to
upgrade their skills through summer institutes or education to become AP
or IB teachers or pre-AP-IB teachers. Teachers who complete the program
would receive federally funded incentive stipends of $10,000 annually for
up to 5 years provided that they remain in the classroom and engage in
teaching leadership activities.?2 Once the S-year limit has been reached,
teachers can pursue national certification for which many states offer a
financial bonus.

Students learn best from teachers who have strong content knowledge
and pedagogical skills.33 Unfortunately, it is uncertain what science and
mathematics preparation, beyond the basics, is the best training for teach-
ers. Nonetheless, it is known that teachers need to stay current with their
disciplines. Master’s degree programs, particularly those emphasizing con-
tent knowledge, keep teachers updated and provide working teachers the
skills to teach for the future.

The Science Teacher Institute in the University of Pennsylvania’s School
of Arts and Sciences and Graduate School of Education3# is a rigorous pro-

30An example of such a program is Math for America’s Newton fellowship program in New
York City. In this 5-year program, new and mid-career scientists, engineers, and mathematics
receive a stipend to pursue a master’s level teaching program, obtain a teaching certificate,
begin teaching, and are mentored, coached, and provided support as they begin their teaching
career. See http://www.mathforamerica.org.

31This program may be even more effective if such master teachers would be nationally
board certified, and would then become a national pool of teacher leaders.

32Such master teachers should also be eligible for some release time from classroom teaching
to engage in leadership activities.

33National Research Council. Learning and Understanding: Improving Advanced Study of
Mathematics and Science in U.S. Schools. Washington, DC: National Academy Press, 2002;
M. Cochran-Smith and K. M. Zeichner. Studying Teacher Education. Washington, DC: Ameri-
can Educational Research Association, 2005; M. Allen. 2003. Eight Questions on Teacher
Preparation: What Does the Research Say? Washington, DC: Education Commission of the
States, 2003. Available at: http://www.ecs.org/tpreport/.

34“Science Teacher Institute.” Available at: http://www.sas.upenn.edu/PennSTL/.
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gram that trains middle and high school science teachers. Eighty percent of
the education is in a participant’s scientific discipline and 20% percent is in
pedagogy, emphasizing the secondary-classroom applications of inquiry-
based instruction. At the end of 2 years (three summers and alternate Satur-
days during the school year), teachers graduate with master’s of science
degrees in chemistry education or integrated science education. Those teach-
ers have demonstrated a major influence in their schools.3® They mentor
other teachers, update the schools’ curricula, and recruit students into de-
manding science courses. They are the “teachers of teachers” who provide
the academic leadership so urgently needed in school districts across the
country.

An additional 50,000 of those truly outstanding teachers could inspire
and support students and other teachers to work harder at mathematics
and science. Our recommendation would provide the funding and structure
to reach about one-sixth of the nation’s science and mathematics teachers—
about three teachers in each of the more than 15,000 school districts in the
nation.

Action A-2 Part 3: Advanced Placement, International Baccalaureate,
and Pre-AP/IB Education

The third implementation action for the K-12 educational recommen-
dation is a program to train an additional 70,000 AP and IB teachers and
80,000 pre-AP/IB teachers of mathematics and science (at present, the AP
program serves many more students than does the IB program). Teachers
from schools where there are few or no AP or IB courses would receive
priority for this program. The model for this recommendation is the Col-
lege Board’s AP program, which has wide acceptance in secondary and
higher education. It also could be implemented in schools certified by the
International Baccalaureate Organization. So long as they demonstrate sat-
isfactory performance, AP and IB teachers would receive incentives to at-
tend professional development seminars and to tutor and prepare students
outside regular classroom hours. Under the proposed program, their de-
velopment fees would be paid, and they would receive a bonus for each
student who passed an AP or IB examination in mathematics or science.
Implementation in each state would require the creation of a non-profit
organization staffed by talented master teachers who would help local
schools manage the program and enforce high standards.

35C. Blasie and G. Palladino. “Implementing the Professional Development Standards: A
Research Department’s Innovative Masters Degree Program for High School Chemistry Teach-
ers.” Journal of Chemical Education 82(4)(2005):567-570.
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The model for this recommendation is the Dallas-based AP Incentive
Program (APIP),3¢ which offers financial incentives to prepare teachers to
teach demanding courses to ever-increasing numbers of secondary school
students. To serve as large a percentage of students as possible, APIP has
been coupled with a pre-AP program, Laying the Foundation, which be-
gins in the 6th grade to help students prepare for 11th-and 12th-grade AP
and IB examinations. Teachers use vertically aligned lessons based on na-
tional standards and final, comprehensive end-of-course examinations to
measure mastery of essential concepts. The process continues through
middle and high schools to ensure that graduating seniors are prepared
for college work.

The foundation for each program is intensive, 4-year professional de-
velopment, focused on content, delivered by the College Board and by
master teachers in local school districts. Assuming satisfactory perfor-
mance, AP/IB teachers can, under the proposed program, receive annual
incentive payments of $1,800 and pre-AP teachers receive annual incen-
tive payments of $1,000. AP/IB teachers also receive a $100 bonus for
each student who passes an AP examination in mathematics or science.
Pre-AP teachers receive a $25 bonus for each students who passes the end-
of-course examination.

To reach currently underserved areas or populations of students with
specific learning needs, it might be useful to consider implementing online
learning. The University of California College Prep program (UCCP) makes
AP courses available to students who enroll individually or as part of a
school group. In either case, they have online access to teachers and tutors.
The more than 5,000 students currently enrolled are taught by certified
teachers and tutored by paid university undergraduates and graduate
students.

36APIP is part of a statewide initiative to raise educational standards. See Texas Education
Agency. Advanced Placement and International Baccalaureate Examination Results in Texas,
2001-2002. Doc. No. GE03 601 08. Austin, TX: TEA, 2003. In 2001, the Texas Legislature
enacted the Gold Performance Acknowledgement (GPA) system to acknowledge districts and
campuses for high performance on indicators not used to determine accountability ratings
(TEC, §39.0721, 2001). Included is an AP/IB indicator that measures the percentage of non-
special-education students who take an AP or IB examination and the combined percentage of
non-special-education examinees at or above the criterion score on at least one AP or IB
examination (TEC §39.0721, 2001). The percentage of examinations with high scores on AP
or IB was kept as a report-only performance indicator (TEA, 2002). GPA acknowledgment is
given when non-special-education 11th- and 12th-graders take at least one AP or IB examina-
tion, represent 15% or more of the non-special-education in 11th- and 12th-grade students,
and 50% or more of those examinees have at least one score of 3 or above on an AP examina-
tion or 4 or above on an IB examination.

Copyright National Academy of Sciences. All rights reserved.


http://www.nap.edu/11463

Rising Above the Gathering Storm: Energizing and Employing America for a Brighter Economic Future

128 RISING ABOVE THE GATHERING STORM

Action A-2 Part 4: K-12 Curricular Materials Modeled on
World-Class Standards

The fourth part of the K-12 recommendation asks the Department of
Education to convene a national panel to collect K-12 science and math-
ematics teaching materials that have been proven effective or develop new
ones where no effective models exist. All materials would be made available
online, free of charge, as a voluntary national curriculum that would pro-
vide an effective high standard for K-12 teachers.

High-quality teaching is grounded in careful vertical alignment of cur-
ricula, assessments, and student achievement standards. Efforts to directly
evaluate curricular quality have often foundered in the past,3” but the need
still exists. Excellent resources for the development of K-12 science, tech-
nology, and mathematics curricular materials include the National Science
Education Standards,?8 Project 2061,3° and numerous Web-based compen-
dia, including the National Science Digital Library.4® Gateway to Educa-
tional Materials (GEM), sponsored by the US Department of Education, is
a collaborative effort to collect materials and provide them free to educa-
tors. The GEM Web site offers more than 20,000 educational resources,
catalogued by type and grade level. Although GEM can be cumbersome to
use, it has been lauded as an exemplary effort. GEM also has made it clear
that teacher education programs need to add a technology component.*!

Project Lead the Way (PLTW) is a national program with partners in
public schools, colleges and universities, and the private sector.4? The project

37Math and Science Expert Panel. Exemplary Promising Mathematics Programs. Washing-
ton, DC: US Department of Education, 1999; National Research Council. On Evaluating
Curricular Effectiveness: Judging the Quality of K-12 Mathematics Evaluations. Washington,
DC: The National Academies Press, 2004.

38National Research Council. National Science Education Standards. Washington, DC:
National Academy Press, 1996; National Council of Teachers of Mathematics. Principles and
Standards for School Mathematics. Washington, DC: NCTM, 2000. Available at: http://
standards.nctm.org.

39Project 2061, sponsored by the American Association for the Advancement of Science, is
an initiative to reform K-12 education nationwide so that all high school graduates are science
literate. In the first stage of its work, Project 2061 published Science for All Americans, which
outlines what all students should know and be able to do in science, mathematics, and technol-
ogy after 13 years of schooling. See F. J. Rutherford and A. Ahlgren. Science for All Ameri-
cans. Washington, DC: AAAS, October 1990. Available at: http://www.project2061.org/
default_flash.htm.

40The “National Digital Science Library.” See: http://nsdl.org.

“IFor example, see M. A. Fitzgerald and J. McClendon. 2002. “The Gateway to Educational
Materials: An Evaluation Study, Year 3.” A technical report submitted to the US Department
of Education, October 10, 2002. Available at: http://www.geminfo.org/Evaluation/Fitzgerald_
02.10.pdf.

4ZPLTW is now offered in 45 states and the District of Columbia. See http://www.pltw.org/
aindex.htm.
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has developed a 4-year sequence of courses that, when combined with col-
lege preparatory mathematics and science, introduces students to the scope,
rigor, and discipline of engineering and engineering technology. PLTW also
has developed a middle school technology curriculum, Gateway to Tech-
nology. Students participating in PLTW courses are better prepared for col-
lege engineering programs than those exposed only to the more traditional
curricula.

Comprehensive teacher education is a critical component of PLTW, and
the curriculum uses cutting-edge technology and software that require spe-
cialized education. Continuing education supports teachers as they imple-
ment the program and provides for continuous improvement of skills.

ACTION A-3: ENLARGE THE PIPELINE

Enlarge the pipeline of students who are prepared to enter college and
graduate with a degree in science, engineering, or mathematics by increas-
ing the number of students who pass AP and IB science and mathematics
courses. The competitiveness of US knowledge industries will be purchased
largely in the K-12 classroom: We must invest in our students’ mathematics
and science education. A new generation of bright, well-trained scientists
and engineers will transform our future only if we begin in the 6th grade to
significantly enlarge the pipeline and prepare students to engage in advanced
coursework in mathematics and science.

The “other side” of the classroom equation, of course, is the students,*3
our innovators of the future.** Despite expressing an interest in the sub-
jects, many US students avoid rigorous high school work in mathematics
and science.*® All US students should be held to high expectations, and
rigorous coursework should be available to all students. Particular atten-
tion should be paid to increasing the participation of those students in
groups that are underrepresented in science, technology, and mathematics
education, training, and employment.

The first goal of the proposed action is to have 1,500,000 students
taking at least one AP or IB mathematics or science examination by 2010,
an increase to 23% from 6.5% of juniors and seniors who took at least one
AP or IB mathematics or science examination in 2004. We also must in-

43National Research Council. Engaging Schools: Fostering High-School Students’ Motiva-
tion to Learn. Washington, DC: The National Academies Press, 2004.

44K. Hunter. “Education Key to Jobs, Microsoft CEO Says.” Stateline.org, August 17, 2005.

4ST. Lewin. Many Going to College Are Not Ready, Report Says. New York Times, August
17, 2005. Among those who took the 2005 American College Testing (ACT), only 51%
achieved the benchmark in reading, 26% in science, and 41% in mathematics; the figure for
English was 68%.
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crease the number of students who pass those examinations from 230,000
in 2004 to at least 700,000 by 2010. AP and IB programs would be volun-
tary and open to all and would give students a head start by providing them
with college-level courses taught by outstanding high school teachers.#¢ The
result will be better prepared undergraduates who will have a better chance
of completing their bachelor’s degrees in science, engineering, and math-
ematics.*” Table 5-2 shows that a student who passes an AP examination
has a better chance overall—regardless of ethnicity—of completing a
bachelor’s degree within 6 years. Students would be eligible for a 50%
examination fee rebate and a $100 mini-scholarship for each passing score
on an AP or IB mathematics or science examination.

This action is built on standards, testing, and incentives to achieve ex-
cellence in science and mathematics. The APIP program has been successful
across gender, ethnicity, and economic groups. The program proposed
herein would give students the further background they need to study sci-
ence, engineering, and mathematics as undergraduates.

Such advanced coursework can provide the foundation for students to be
internationally competitive in the fields of focus. For example, US students
who passed AP calculus in 2000 were administered the 1995 Trends in Inter-
national Mathematics and Science Study (TIMSS) test.*® Their scores were
significantly higher than the average 1995 US score, and they were higher

460ne researcher estimates that each year 25,000 interested and adequately prepared stu-
dents in the United States are told they cannot take AP or IB courses. He further speculates that
another 75,000 or more students who could do well elect not to take them because no one
encourages them to do so. See J. Mathews. Class Struggle: What’s Wrong (and Right) with
America’s Best Public High Schools. New York: Times Books, 1998. Limiting access to ad-
vanced study occurs in all kinds of educational settings, including the most competitive high
schools in America—schools with adequate resources, qualified teachers, and well-prepared
students. Those schools, while typically advocating college preparation for everyone, create
layers of curricular differentiation, such that only a select group of students are allowed en-
trance into certain AP and honors courses; other students are placed in less vigorous courses.
See P. Attewell. “The Winner Take-All High School: Organizational Adaptations to Educa-
tional Stratification.” Sociology of Education 74(4)(2001):267-296. For a larger discussion of
access to advanced coursework, see National Research Council. 2002. Learning and Under-
standing: Improving Advanced Study of Mathematics and Science in U.S. Schools. Washing-
ton, DC: National Academy Press, 2002.

47Academic opportunities such as AP and IB programs benefit students in several ways.
High school students who participate in AP and IB courses and associated examinations are
exposed to college-level academic content and are challenged to complete more rigorous
coursework. Students with qualifying examination scores are provided the opportunity to earn
college credit or advanced placement, depending on the college or university they attend. Texas
Education Agency. Advanced Placement and International Baccalaureate Examination Result
in Texas 2003-2004. Document no. GEOS 601 11. Austin, TX, 2005. P. 6.

48See Chapter 3 or Appendix D for more detailed discussion of the exam. Available at: http:/
nces.ed.gov/timss/.
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TABLE 5-2 Six-Year Graduation Rate of Students Who Passed AP
Examinations and Students Who Did Not Take AP Examinations

Ethnicity Passed AP Examination Did Not Take AP Examination
White 72% 30%
Hispanic 62% 15%
Blacks 60% 17%

NOTES: Data are for all students graduating from Texas public high schools in 1998 and
enrolling in a Texas public college or university (88,961 students). AP examinations were
given in the core subjects of English, mathematics, science, and social studies to students in
grades 10-12. The percentage shown is the proportion of students who obtained bachelor’s
degrees or higher within 6 years of secondary-school graduation.

SOURCE: National Center for Educational Accountability at: http://www.nc4ea.org.

than the 1995 average scores of the students from all 14 participating coun-
tries. Similarly, US students who passed AP physics in 2000 outperformed the
1995 US national TIMSS average and exceeded the 1995 scores for all par-
ticipating countries except Norway (Table 5-3). It is clear that engaging K-12
students in challenging courses taught by qualified teachers will enhance their
educational experiences and may increase the number of students who enter
college and complete higher education degrees.

Data from the Texas APIP demonstrate that combining incentives and
teacher education can increase student participation (Figure 5-3), and APIP
has increased academic performance for minority students in high school.
The Dallas school district is the nation’s 12th largest. It has a 93% minority
enrollment, and 81% of its students come from low-income households.
Yet Dallas students achieve outstanding AP results. African American and
Hispanic students pass AP examinations in mathematics, science, and En-
glish at a rate four times higher than the national average for minority
students, and female students pass the examinations at twice the national
rate.®?

EFFECTIVE CONTINUING PROGRAMS

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

o Statewide Specialty High Schools. An effective way to increase stu-
dent achievement in science and mathematics is to provide an intensive

49Passing rate is calculated as number of students passing exam per 1,000 junior and senior
high school students in the Dallas Independent School District compared with all of Texas and
all of the United States.
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TABLE 5-3 Achievement of US AP Calculus and Physics Students Who
Participated in the Trends in International Mathematics and Science Study
(TIMSS) in 2000 Compared with Average International Scores from 1995

Mathematics Physics
Average Average
Score Score
US AP calculus students scoring Norway 581
3,4,0r5 596
US AP physics students

US AP calculus students 573 scoring 3, 4, or 5 577
France 557 Sweden 573
Russian Federation 542 Russian Federation 545
Switzerland 533 US AP physics students 529
Australia 525 Germany 522
Cyprus 518 Australia 518
Lithuania 516 International Average 501
Greece 513 Cyprus 494
Sweden 512 Latvia 488
Canada 509 Switzerland 488
International Average 501 Greece 486
Italy 474 Canada 485
Czech Republic 469 France 466
Germany 465 Czech Republic 451
United States 442 Austria 435
Austria 436 United States 423

NOTE: Advanced placement scores on a S-point scale; 3 is considered a passing score by the
College Board, the organization that administers the courses, and colleges and universities
generally require a score of 3, 4, or 5 to qualify for course credit.

SOURCE: E. ]. Gonzalez, K. M. O’Connor, and ]. A. Miles. How Well Do Advanced Placement
Students Perform on the TIMSS Advanced Mathematics and Physics Tests? International Study
Center, Lynch School of Education, Boston College, June 2001. Available at: http://www.timss.org.

learning experience for high-performing students.’® These schools immerse
students in high-quality science and mathematics education, serve as testing
grounds for curricula and materials, provide in-classroom educational op-
portunities for K-12 teachers, and have the resources and staff for summer
programs to introduce students to science and mathematics. One model is
the North Carolina School of Science and Mathematics (NCSSM), which
opened in 1980. NCSSM enrolls juniors and seniors from most of North
Carolina’s 100 counties. NCSSM’s unique living and learning experience

S0K. Powell. “Science Education: Hothouse High.” Nature 435(June 16, 2005):874-875.
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FIGURE 5-3 The number of AP examinations in mathematics, science, and English
taken in APIP schools in the Dallas Independent School District (DISD). The number
of AP examinations taken has increased more than 9-fold over 10 years.

SOURCE: Advanced Placement Strategies. 2005. The 2004 results are based on
updated data received from the Dallas Independent School District for AP examina-
tions in mathematics, science, and English.

made it the model for 16 similar schools around the world. It is the first
school of its kind in the nation—a public, residential high school where
students study a specialized science and mathematics curriculum. At
NCSSM, teachers come for a “sabbatical year,” and the school has a struc-
ture and the personnel it needs to offer summer institutes for outstanding
students.

¢ Inquiry-Based Learning. Summer research programs stimulate stu-
dent interest and achievement in science, mathematics, and technology. Pro-
grams that involve several institutions or public—private partnerships should
be encouraged, as should those designed to stimulate low-income and mi-
nority student participation.

CONCLUSION

Public education is potentially our country’s most valuable asset, yet
our system has too long ignored the development of critical teaching and
workforce skills.
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BOX 5-1
Another Point of View: K-12 Education

Some of those who provided comments to the committee questioned
the ability of K—12 reform based on the existing US educational model to
produce effective, long-lasting improvements in the way our children
learn. The United States currently spends more per student than all but
one other country (Switzerland),? but it is losing ground in educational
performance. Its relatively low student achievement through high school
clearly shows that the system is inefficient, and dedicating additional fund-
ing to this system is not a guarantee of success. In fact, the biggest
concerns involve disparate quality among K—12 institutions and the diffi-
culty of measuring success.

Some question whether K-12 education in the United States really
suffers from low student achievement. International comparisons might
serve merely to highlight the huge funding inequities among US school
districts.®? American scholastic achievement, unlike that in most other
Western nations, varies widely from school to school and even from state
to state. Eighth graders in high-achieving states score even in mathemat-
ics with students in the highest-achieving foreign countries. Some in other
states score, on the average, about even with schoolchildren in scarcely
developed nations. In the United States, many more suburban school
districts can provide smaller classes, better-paid teachers, and more com-
puters than can the schools for most urban and rural children. The under-
privileged groups struggle with gross overcrowding, decayed buildings,
and inadequate funding even for basic instruction. Standardized test
scores generally reflect the disparate distribution of resources.

The committee has examined a number of educational programs that
have been demonstrated to work, identified core program components—
strong content knowledge, practical pedagogical training, ongoing
mentoring and education, and incentives—and recommended that programs
be implemented as one would implement a research program: with built-in
benchmarks, evaluations, and ongoing education—with the expectation that
no one program will fit every situation.

Thorough education in science, mathematics, and technology will start
students on the path to high-technology jobs in our knowledge economy.
To develop an innovative workforce, we must begin now to improve public
education in science and mathematics.’!

S1For another point of view on K-12 education reform, see Box 5-1.
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Some commentators also argue that in industrialized countries there
is no correlation between school achievement and economic success but
that educational reforms often are the least controversial way of planning
social improvement.¢ School changes are less threatening than are di-
rect structural changes, which can involve confronting the whole organi-
zation of industry and government. Reforming education, it is claimed, is
easier and less expensive than examining and correcting the societal
problems that affect our schools directly—economic weaknesses, wealth
and income inequality, an aging population, the prevalence of violence
and drug abuse, and the restructuring of work.

Because there is not a well-developed literature on the effectiveness
of K—=12 learning and teaching interventions, it is challenging to recom-
mend programs with high confidence. For example, some have argued
that the International Baccalaureate program has established neither
teacher qualifications nor standards for faculties and that the Advanced
Placement curriculum needs better quality control.¢ Others have sug-
gested that summer teacher-education programs are merely vehicles for
textbook companies; others argue that any teacher-education programis
worthless unless there is a strong in-classroom, continuing mentoring
component.

a0rganisation for Economic Co-operation and Development. Education at a Glance 2005.
Paris: OECD, 2005. Available at: http://www.oecd.org/dataoecd/41/13/35341210.pdf.

bD, C. Berliner and B. J. Biddle. The Manufactured Crisis: Myths, Fraud, and the Attack on
America’s Public Schools. New York: Addison-Wesley, 1995.

cbid.

9National Research Council. Learning and Understanding: Improving Advanced Study of
Mathematics and Science in U.S. Schools. Washington, DC: National Academy Press, 2002.

Virtually all quality jobs in the global economy will require certain
mathematical and scientific skills. The committee’s objectives are to ensure
that all students will gain these necessary skills and have the opportunity to
become part of a cadre of world-class scientists and engineers who can
create the new products that will in turn broadly enhance the nation’s stan-
dard of living. In short, our goal in producing highly qualified scientists and
engineers is to ensure that, through their innovativeness, high-quality jobs
are available to all Americans.

When fully implemented, the committee’s recommendations will pro-
duce the academic achievement in science, mathematics, and technology
that every student should exhibit and will afford numerous opportunities
for further learning. Excellent teachers, increasing numbers of students
meeting high academic standards, and measurable results will become the
academic reality.
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What Actions Should America Take in
Science and Engineering Research to
Remain Prosperous in the 21st Century?

SOWING THE SEEDS

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.

Flat or declining research budgets for federal agencies and programs
hamper long-term basic and high-risk research, funding for early-career re-
searchers, and investments in infrastructure. Yet all of those activities are
critical for attracting and retaining the best and brightest students in science
and engineering and producing important research results. These factors
are the seeds of innovation for the applied research and development on
which our national prosperity depends.

The Committee on Prospering in the Global Economy of the 21st Cen-
tury has identified a series of actions that will help restore the national
investment in research in mathematics, the physical sciences, and engineer-
ing. The proposals concern basic-research funding, grants for researchers
early in their careers, support for high-risk research with a high potential
for payoff, the creation of a new research agency within the US Department
of Energy (DOE), and the establishment of prizes and awards for break-
through work in science and engineering.

ACTION B-1: FUNDING FOR BASIC RESEARCH

The United States must ensure that an adequate portion of the federal
research investment addresses long-term challenges across all fields, with

136
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the goal of creating new technologies. The federal government should in-
crease our investment in long-term basic research—ideally through reallo-
cation of existing funds,! but if necessary via new funds—by 10% annually
over the next 7 years. It should place special emphasis on research in the
physical sciences, engineering, mathematics, and information sciences and
basic research conducted by the Department of Defense (DOD). This spe-
cial attention does not mean that there should be a disinvestment in such
important fields as the life sciences (which have seen substantial growth in
recent years) or the social sciences. A balanced research portfolio in all
fields of science and engineering research is critical to US prosperity. In-
creasingly, the most significant new scientific and engineering advances are
formed to cut across several disciplines. Investments should be evaluated
regularly to reprioritize the research portfolio—dropping unsuccessful pro-
grams or venues and redirecting funds to areas that appear more promising.

The United States currently spends more on research and development
(R&D) than the rest of the G7 countries combined. At first glance (see Box
6-1), it might seem questionable to argue that the United States should
invest more than it already does in R&D. Furthermore, federal spending on
nondefense research nearly doubled, after inflation, from slightly more than
$30 billion in fiscal year (FY) 1976 to roughly $55 billion in FY 2004.2

However, the committee believes that the commitment to basic research,
particularly in the physical sciences, mathematics, and engineering, is inad-
equate. In 19635, the federal government funded more than 60% of all US
R&D; by 2002 that share had fallen below 30%. During the same period,
there was an extraordinary increase in corporate R&D spending: IBM, for
example, now spends more than $5 billion annually3—more than the entire
federal budget for physical sciences research. Corporate R&D has thus be-
come the linchpin of the US R&D enterprise, but it cannot replace federal
investment in R&D, because corporations fund relatively little basic re-
search—for several reasons: basic research typically offers greater benefits
to society than to its sponsor; it is almost by definition risky and share-
holder pressure for short-term results discourages long-term, speculative
investment by industry.

Although federal funding of R&D as a whole has increased in dollar
terms, its share of the gross domestic product (GDP) dipped from 1.25% in
1985 to about 0.78% in 2003 (Figure 6-1). Furthermore, in recent years
much of the federal research budget has been shifted to the life sciences.
From 1998 to 2003, funding for the National Institutes of Health (NIH)

IThe funds could come from anywhere in an agency, not just other research funds.
2P, N. Spotts. “Pulling the Plug on Science?” Christian Science Monitor, April 14, 200S.
3«Corporate R&D Scorecard.” Technology Review, September 2005. Pp. 56-61.
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BOX 6-1
Another Point of View: Research Funding

The committee heard commentary from several respondents who
believe that current R&D funding is robust and that significant additional
federal funding for research is unjustified. Their arguments include the
following:

e Opverall, research and development spending in the United States
is high by international standards and continues to increase. Total R&D
spending (government and industry) has remained remarkably consis-
tent as a percentage of the gross domestic product, indicating that R&D
spending has kept pace with the relatively rapid growth of the US
economy. The fraction of the US federal domestic discretionary budget
devoted to science has remained practically constant for the last 30
years.

e Annual nondefense research spending by the federal government
has nearly doubled in real terms since 1976 and exceeds $56 billion per
year—more than that in the rest of the G-7 countries combined. Govern-
ment funding of overall basic research is increasing in real dollars and
holding its own as a percentage of GDP.

e Additional federal funds should not be committed without better
programmatic justification and improved processes to ensure that such
funds are used effectively. Increases in federal R&D funding should be
based on specific demonstrated needs rather than on a somewhat arbi-
trary decision to increase funds by a given percentage.

Some critics also worry about the challenges of implementing a rapid
increase in research funding. For example, they say that doubling the
NIH budget was a precipitous move. It takes time to recruit new staff and
expand laboratory space, and by the time capacity has expanded, the
pace of budget increases has\ve slowed and researchers have difficulty
in readjusting. Others fear that reallocating additional funds to basic re-
search will draw resources away from the commercialization efforts that
are a critical part of the innovation system.

doubled; funding for the physical sciences, engineering, and mathematics
has remained relatively flat for 15 years (Figure 6-2).

The case of the National Science Foundation (NSF) illustrates the
trends. Despite the authorization in 2002 to double NSF’s budget over a
S-year period, its funding has actually decreased in recent years.* This af-

4American Association for the Advancement of Science. “Historical Data on Federal R&D,
FY 1976-2006.” March 22, 2005. Available at: http://www.aaas.org/spp/rd/hist06p2.pdf.
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FIGURE 6-1 Research and development shares of US gross domestic product, 1953-
2003.

SOURCE: NSF Division of Science Resources Statistics. “National Patterns of
Research Development Resources,” annual series. Appendix Table B-9. Available at:
http://www.nsf.gov/statistics/nsf05308/sectd.htm.
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relatively steady.

SOURCE: American Association for the Advancement of Science. “Trends in Federal
Research by Discipline, FY 1970-2004.” Available at: http://www.aaas.org/spp/rd/
discip04.pdf.
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fects both the number and the grant size of researcher proposals funded. In
2004, for example, only 24% of all proposals to NSF were funded, the
lowest proportion in 15 years.’

Ultimately, increases in research funding must be justified by the results
that can be expected rather than by the establishment of overall budget
targets. But there is a great deal of evidence today that agencies do not
support high-potential research because funding will not allow it. Further-
more, because of lack of funds, NSF in 2004 declined to support $2.1 bil-
lion in proposals that its independent external reviewers rated as very good
or excellent.®

The DOD research picture is particularly troubling in this regard. As
the US Senate Committee on Armed Services has noted, “investment in ba-
sic research has remained stagnant and is too focused on near-term de-
mands.”” A 2005 National Research Council panel’s assessment is similar:
“In real terms the resources provided for Department of Defense basic re-
search have declined substantially over the past decade.”® Reductions in
funding for basic research at DOD—in the “6.1 programs”—have a par-
ticularly large influence outside the department. For example, DOD funds
40% of the engineering research performed at universities, including more
than half of all research in electrical and mechanical engineering, and 17%
of basic research in mathematics and computer science.”

The importance of DOD basic research is illustrated by its products—
in defense areas these include night vision; stealth technology; near-real-
time delivery of battlefield information; navigation, communication, and
weather satellites; and precision munitions. But the investments pay off for
civilian applications too. The Internet, communications and weather satel-
lites, global positioning technology, the standards that became JPEG, and
even the search technologies used by Google all had origins in DOD basic
research. John Deutch and William Perry point out that “the [Department
of Defense] technology base program has also had a major effect on Ameri-
can industry. Indeed, it is the primary reason that the United States leads
the world today in information technology.”10

SNational Science Board. Report of the National Science Board on the National Science
Foundation’s Merit Review Process Fiscal Year 2004. NSB 05-12. Arlington, VA: National
Science Board, March 2005. P. 7.

¢Ibid., pp. 5, 21.

’The Senate Armed Services Committee. Report 108-046 accompanying S.1050, National
Defense Authorization Act for FY 2004.

8National Research Council. Assessment of Department of Defense Basic Research. Wash-
ington, DC: The National Academies Press, 2005. P. 4.

9Tbid., p. 21.

107, M. Deutch and W. J. Perry. Research Worth Fighting For. New York Times, April 13,
2005. P. 19.
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There is also a significant federal R&D budget for homeland security.
For FY 2006 the total is nearly $4.4 billion across all agencies. The Depart-
ment of Homeland Security itself has a $1.5 billion R&D budget, but only
a small portion—$112 million—is earmarked for basic research. The rest
will be devoted to applied research ($399 million), development ($746 mil-
lion), and facilities and equipment ($210 million).!!

Business organizations, trade associations, military commissions, bipar-
tisan groups of senators and representatives, and scientific and academic
groups have all reiterated the critical importance of increased R&D invest-
ment across our economic, military, and intellectual landscape (Table 6-1).
After reviewing the proposals provided in the table and other related mate-
rials, the committee concluded that a 10% annual increase over a 7-year
period would be appropriate. This achieves the doubling that was in prin-
ciple part of the NSF Authorization Act of 2002 but would expand it to
other agencies, albeit over a longer period. The committee believes that this
rate of growth strikes an appropriate balance between the urgency of the
issue being addressed and the ability of the research community to apply
new funds efficiently.

The committee is recommending special attention to the physical sci-
ences, engineering, mathematics, and the information sciences and to DOD
basic research to restore balance to the nation’s research portfolio in fields
that are essential to the generation of both ideas and skilled people for the
nation’s economy and national and homeland security. Most assuredly, this
does not mean that there should be a disinvestment in such important fields
as the life sciences or the social sciences. A balanced research portfolio in all
fields of science and engineering research is critical to US prosperity.

As indicated in the National Academies report Science, Technology,
and the Federal Government: 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

e Bring the best available knowledge to bear on problems related to
national 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.

" American Association for the Advancement of Science. R&'D Funding Update March 4,
2005—Homeland Security R&D in the FY 2006 Budget. Available at: http://www.aaas.org/
spp/rd/hs06.htm1.
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TABLE 6-1 Specific Recommendations for Federal Research Funding

Source

Report

Recommendation

Rep. Frank Wolf (R-Virginia),
chair, Subcommittee on
Commerce, Justice, Science,
and Related Agencies

US Congress and President
Bush

US Commission on National
Security in the 21st Century
(Hart-Rudman)

Defense of Defense

President’s Council of
Advisors on Science and
Technology (PCAST)

Coalition of 15 industry
associations, including US
Chamber of Commerce,
National Association of
Manufacturers, and Business
Roundtable

167 Members of Congress

68 Senators

Letter to President George
W. Bush, May 2005

NSF Authorization Act of
2002, passed by Congress;
signed by the President

Road Map for National
Security: Imperative for
Change, The Phase 111
Report, 2001

Quadrennial Defense
Review Report, 2001

Assessing the US R&*D
Investment, January 2003

Tapping America’s Poten-
tial: The Education for
Innovation Initiative, 2005

Letter to Rep. Wolf, chair,
Subcommittee on Com-
merce, Justice, Science, and
Related Agencies, May 4,
2005

Letter to Sen. Pete Domenici
(R-New Mexico), chair,
Energy and Water Develop-
ment Subcommittee

Triple federal basic R&D
over the next decade

Double the NSF budget over
5 years to reach $9.8 million
by FY 2007

Double the federal R&D
budget by 2010

Allocate at least 3% of the
total DOD budget for defense
science and technology

Target the physical sciences
and engineering to bring
them “collectively to parity
with the life sciences over
the next 4 budget cycles”

Increase R&D spending,
particularly for basic
research in the physical
sciences and engineering, at
NSF, NIST, DOD, and DOE
by at least 7% annually

Increase NSF budget to $6.1
billion in FY 2006, 6%
above the FY 2005 request

Increase funding for DOE
Office of Science by an
inflation-adjusted 3.2% over
FY 2005 appropriation, a
7% increase over the Bush
administration’s FY 2006
request
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TABLE 6-1 continued

Source Report Recommendation

Council on Competitiveness Innovate America, 2004 Allocate at least 3% of the
total DOD budget for
defense science and technol-
ogy; direct at least 20% of
that amount to long-term,
basic research; intensify
support for the physical
sciences and engineering

National Science Board Fulfilling the Promise: A Fund NSF annually at $18.7
Report to Congress on the billion, including about
Budgetary and Program- $12.5 billion for R&D

matic Expansion of the
National Science Founda-
tion, NSB 2004-15

NOTES: NSF, National Science Foundation; DOD, Department of Defense; NIST, National
Institute of Standards and Technology; DOE, Department of Energy.

e Prepare students in American colleges and universities to become
leaders who can extend the frontiers of knowledge and apply new concepts.

e Attract the brightest young students both domestically and
internationally.1?

ACTION B-2: EARLY-CAREER RESEARCHERS

The federal government should establish a program to provide 200
new research grants each year at $500,000 each, payable over 5 years, to
support the work of outstanding early-career researchers. The grants would
be funded by federal agencies (NIH, NSF, DOD, DOE, and the National
Aeronautics and Space Administration [NASA]) to underwrite new research
opportunities at universities and government laboratories.

About 50,000 people hold postdoctoral appointments in the United
States.!3 Those early-career researchers are particularly important because
they often are the forefront innovators. A report in the journal Science states

2NAS/NAE/IOM. Science, Technology, and the Federal Government: National Goals for a
New Era. Washington, DC: National Academy Press, 1993.

3National Science Foundation. “WebCASPAR, Integrated Science and Engineering Data
System.” Available at: http://www.casper.nsf.gov.
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that postdoctoral scholars (those who had completed doctorates but who
had not yet obtained long-term research positions) comprised 43% of the
first authors on the research articles it published in 1999.14 However, as
funding processes have become more conservative and as money becomes
tighter, it has become more difficult for junior researchers to find support
for new or independent research. In 2002, the median age at which investi-
gators received a first NIH grant was 42 years, up from about 35 years in
1981.15 At NSF, the percentage of first-time applicants who received grant
funding fell from 25% in 2000 to 17% in 2004.1¢

There is a wide divergence among fields in the use of postdoctoral re-
searchers and in the percentages heading toward industry rather than aca-
deme. Recent trends suggest that more students are opting for postgraduate
study and that the duration of postdoctoral appointments is increasing,
particularly in the life sciences.!” But new researchers face challenges across
a range of fields.

The problem is particularly acute in the biomedical sciences. In 1980,
investigators under the age of 40 received more than half of the competitive
research awards; by 2003, fewer than 17% of those awards went to re-
searchers under 40.18 Both the percentage and the number of awards made
to new investigators—regardless of age—have declined for several years;
new investigators received fewer than 4% of NIH research awards in
2002.%2 One conclusion is that academic biomedical researchers are spend-
ing long periods at the beginning of their careers unable to set their own
research directions or establish their independence. New investigators thus
have diminished freedom to risk the pursuit of independent research, and
they continue instead with their postdoctoral work or with otherwise con-
servative research projects.20

Postdoctoral salaries are relatively low,2! although several federal pro-
grams support early-career researchers in tenure-track or equivalent posi-

14G. Vogel. “A Day in the Life of a Topflight Lab.” Science 285(1999):1531-1532.

ISNational Research Council. Bridges to Independence: Fostering the Independence of New
Investigators in Biomedical Research. Washington, DC: The National Academies Press, 2005.
P. 37.

16National Science Board, March 2005.

17National Research Council. Bridges to Independence: Fostering the Independence of New
Investigators in Biomedical Research. Washington, DC: The National Academies Press, 2005.
P. 43.

181bid., p. 43.

Blbid., p. 1.

20Tbid., p. 1.

21A Sigma Xi survey found that the median postdoctoral salary was $38,000—below that of
all bachelor’s degree recipients ($45,000). See G. Davis. “Doctors Without Orders.” American
Scientist 93(3, Supplement)(May—June 2005).

Copyright National Academy of Sciences. All rights reserved.


http://www.nap.edu/11463

Rising Above the Gathering Storm: Energizing and Employing America for a Brighter Economic Future

WHAT ACTIONS SHOULD AMERICA TAKE IN RESEARCH? 145

tions. The NSF Faculty Early Career Development Program makes 350-400
awards annually, ranging from $400,000 to nearly $1 million over 5 years,
to support career research and education.?2 Corresponding DOD programs
include the Office of Defense Programs’ Early Career Scientist and Engineer
Award and the Navy Young Investigator Program. The Presidential Early
Career Award for Scientists and Engineers (PECASE) is the highest national
honor for investigators in the early stages of their careers. In 2005, there
were 58 PECASE awards that each provided funding of $100,000 annually
for 5 years (Table 6-2). Still, that group is a tiny fraction of the postdoctoral
research population.

In making its recommendation, the committee decided to use the
PECASE awards as a model for the magnitude and duration of awards. In
determining the number of awards, the committee considered the number
of awards in other award programs and the overall reasonableness of the
extent of the program.

ACTION B-3: ADVANCED RESEARCH
INSTRUMENTATION AND FACILITIES

The federal government should establish a National Coordination Of-
fice for Advanced Research Instrumentation and Facilities to manage a fund
of $500 million per year over the next 5 years—ideally through reallocation
of existing funds, but if necessary via new funds—for construction and
maintenance of research facilities, including the instrumentation, supplies,
and other physical resources researchers need. Universities and the govern-
ment’s national laboratories would compete annually for the funds.

Advanced research instrumentation and facilities (ARIF) are critical to
successful research that benefits society. For example, eight Nobel prizes in
physics were awarded in the last 20 years to the inventors of new instru-
ment technology, including the electron and scanning tunneling micro-
scopes, laser and neutron spectroscopy, particle detectors, and the integrated
circuit.23 Five Nobel prizes in chemistry were awarded for successive gen-
erations of mass-spectrometry instruments and applications.

Advanced research instrumentation and facilities** are defined as in-
strumentation and facilities housing closely related or interacting instru-
ments and includes networks of sensors, databases, and cyberinfrastructure.

22], Tornow, National Science Foundation, personal communication, August 2005.

23National Science Board. Science and Engineering Infrastructure for the 21st Century: The
Role of the National Science Foundation. Arlington, VA: National Science Foundation, 2003.
P. 1.

24NAS/NAE/IOM. Advanced Research Instrumentation and Facilities. Washington, DC: The
National Academies Press, 2006.
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TABLE 6-2 Annual Number of PECASE Awards, by
Agency, 2005

Agency Awards
National Science Foundation 20
National Institutes of Health 12
Department of Energy 9
Department of Defense 6
Department of Commerce 4
Department of Agriculture 3
National Aeronautics and Space Administration 2
Department of Veterans Affairs 2
TOTAL 58

ARIF are distinguished from other types of instrumentation by their ex-
pense and in that they are commonly acquired by large-scale centers or
research programs rather than individual investigators. The acquisition of
ARIF by an academic institution often requires a substantial institutional
commitment and depends on high-level decision-making at both the institu-
tion and federal agencies. ARIF at academic institutions are often managed
by institution administration. Furthermore, the advanced nature of ARIF
often requires expert technical staff for its operation and maintenance.

A recent National Academies committee?® found that there is a critical
gap in federal programs for ARIF. Although federal research agencies re-
search do have instrumentation programs, few allow proposals for instru-
mentation when the capital cost is greater than $2 million. No federal re-
search agency has an agencywide ARIF program.

In addition, the ARIF committee found that instrumentation programs
are inadequately supported. Few provide funds for continuing technical sup-
port and maintenance. The programs tend to support instrumentation for
specific research fields and rarely consider broader scientific needs. The
shortfalls in funding for instrumentation have built up cumulatively and are
met by temporary programs that address short-term issues but rarely long-
term problems. The instrumentation programs are poorly integrated across
(or even within) agencies. The ad hoc ARIF programs are neither well orga-
nized nor visible to most investigators, and they do not adequately match
the research community’s increasing need for ARIF.

When budgets for basic research are stagnant, it is particularly difficult
to maintain crucial investments in instrumentation, and facilities. The Na-

25Tbid.
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tional Science Board (NSB) reports that over the last decade funding for the
US academic research instrumentation and facilities has not kept pace with
funding in the rest of the world.2¢ Nations that are relative newcomers to
science and technology research—South Korea, China, and some European
nations, for example—are investing heavily in instrumentation and facili-
ties that serve as a major attraction to scientists from throughout the world.
NSB recommends increasing the share of the NSF budget devoted to such
tools from the current 22 to 27%.

NSB also cites reports by other organizations that point to major defi-
ciencies in federal research infrastructure including instrumentation and fa-
cilities.2” These organizations include:

e The National Science and Technology Council, which in 19935 stated
that $8.7 billion would be needed just to rectify then-current infrastructure
deficits.28

e NSF, which estimated in 1998 that it would cost $11.4 billion to
construct, repair, or renovate US academic research facilities.?

e NIH, which in 2001 estimated health research infrastructure needs
at $5.6 billion.30

e NASA, which reported a $900 million construction backlog in 2001
and said that $2 billion more would be needed to revitalize and modernize
the aerospace research infrastructure.3!

e The DOE Office of Science, which reported that in 2001 more than
60% of its laboratory space was more than 30 years old and identified
more than $2 billion in capital investments it needed for the next decade.3?

e NSF directorates, which, when surveyed in FY 2001, estimated addi-
tional infrastructure needs of $18 billion through 2010.33

261bid., p. 2.

27Ibid., pp. 18-19.

28National Science and Technology Council. Final Report on Academic Research Infra-
structure: A Federal Plan for Renewal. Washington, DC: White House Office of Science and
Technology Policy, March 17, 1995.

29National Science Foundation, Division of Science Resources Statistics. Science and Engi-
neering Research Facilities at Colleges and Universities, 1998. NSF-01-301. Arlington, VA:
National Science Foundation, October 2000.

30National Institutes of Health, Working Group on Construction of Research Facilities. A
Report to the Advisory Committee of the Director, National Institutes of Health. Bethesda,
MD: National Institutes of Health, July 6, 2001.

31Jefferson Morris. “NASA Considering Closing, Consolidating Centers as Part of Restruc-
turing Effort.” Aerospace Daily 200(1)(October 17, 2001).

32US Department of Energy. Infrastructure Frontier: A Quick Look Survey of the Office of
Science Laboratory Infrastructure. Washington, DC: US Department of Energy, April 2001.

33National Science Board. Science and Engineering Infrastructure for the 21st Century: The Role
of the National Science Foundation. Arlington, VA: National Science Foundation, 2003. P. 19.
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¢ A blue ribbon panel convened by NSF, which estimated that $850
million more per year is needed for cyber infrastructure.3*

One contributor to infrastructure deficits has been the imposition by
the federal government in 1991 of a 26% cap on reimbursement to univer-
sities for “administrative costs,” including funding for construction, main-
tenance, and operation of research facilities. Universities have in most cases
been unable to increase their spending on infrastructure and have had to
shift funds from other nongovernment sources to cover their investments in
this area.?®

NSB concludes that researchers are less productive than they could be
and somewhat more likely to take positions abroad where resources are
increasingly available. It is also important to note that the federal govern-
ment alone has the ability to fund this type of research infrastructure. In-
dustry has little incentive to do so, and state governments and universities
do not have the resources. If the federal government fails to maintain the
national research infrastructure, this infrastructure will continue to decay.

The committee used the 2001 estimates to determine the advanced re-
search instrumentation and facilities needs of the nation. The recommenda-
tion would fund only a portion of that built-up demand, but the committee
believes the proposed amount would be sufficient to at least keep the re-
search enterprise moving forward.

The National Academies committee that developed the report on ARIF
recommended that the White House Office of Science and Technology
Policy (OSTP) enhance federal research agency coordination and coopera-
tion with respect to ARIF. Federal agencies could work together to develop
joint solicitations, invite researchers from diverse disciplines to present op-
portunities for ARIF that would be useful to many fields to multiple agen-
cies, simultaneously, seek out and identify best practices, and discuss the
appropriate balance of funding among people, tools, and ideas, which could
become part of the regular White House Office of Management and Budget-
OSTP budget memorandum.

Therefore, in terms of the management of this fund, this committee
believes that the best model is that of a national coordination office such as
the National Coordination Office for Networking and Information Tech-
nology Research and Development (NCO/NITRD).3¢ The National Coor-

34Report of the National Science Foundation Advisory Panel on Cyberinfrastructure. Revo-
lutionizing Science and Engineering Through Cyberinfrastructure. Arlington, VA: National
Science Foundation, February 2003.

35Council on Governmental Relations. Report of the Working Group on the Cost of Doing
Business. Washington, DC: Council on Governmental Relations, June 2, 2003.

36See http://www.nitrd.gov/.
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dination Office director reports to the director of the OSTP through the
assistant director for technology. Twelve agencies participate, with
each agency retaining its own funds, but, through the National Coordina-
tion Office, agencies are able to work together on technical and budget
planning.

The other example using the National Coordination Office is the Na-
tional Nanotechnology Initiative (NNI),37 which coordinates the multi-
agency efforts in nanoscale science, engineering, and technology and is man-
aged similarly. Twenty-three federal agencies participate in the National
Nanotechnology Initiative, 11 of which have an R&D budget for nano-
technology. Other federal organizations contribute with studies, applica-
tions of results, and other collaborations. A third comparable program is
the global climate change program. Again, the funding remains within each
agency but supports a coordinated research effort.

Federal managers will probably be in the best position to determine the
management of the proposed National Coordination Office for research
infrastructure, but one model might be a design analogous to the manage-
ment of the major research instrumentation (MRI) program of NSF. In that
program, all proposals for instrumentation are submitted to a central
source—the Office of Integrative Activities (OIA). This office then distrib-
utes the proposals throughout NSF for review. Proposal evaluations are
then collected and prioritized, and funding decisions are made. The funding
remains in the different divisions of NSF, but funds are also pooled to sup-
port the instrument based on the relationship to that office’s mission. A
similar mechanism could be used at the interagency level with the National
Coordination Office acting in a similar fashion to NSF’s Office of Integra-
tive Activities.

ACTION B-4: HIGH-RISK RESEARCH

At least 8% of the budgets of federal research agencies should be set
aside for discretionary funding managed by technical program managers in
those agencies to catalyze high-risk, high-payoff research.

An important subset of basic research is the high-risk or transformative
research that involves the new theories, methods, or tools that are often
developed by new investigators—the group demonstrably most likely to
generate radical discoveries or new technologies. These opportunities are
generally first identified at the working level, not by research planning staffs.
Today, there is anecdotal evidence that several barriers have reduced the
national capacity for high-risk, high-payoff work:

37See http://www.nano.gov.
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e Flat or declining funding in many disciplines makes it harder to jus-
tify risky or unorthodox projects.

e The peer review system tends to favor established investigators who
use well-known methods.

e Industry, university, and federal laboratories are under pressure to
produce short-term results—especially DOD, which once was the nation’s
largest source of basic-research funding.

e Increased public scrutiny of government R&D spending makes it
harder to justify non-peer-reviewed awards, and peer reviewers tend to place
confidence in older, established researchers.

e High-risk, high-potential projects are prone to failure, and govern-
ment oversight and media and public scrutiny make those projects increas-
ingly untenable to those responsible for the work.

A National Research Council study indicates that the Department of
Defense’s budgets for basic research have declined and that “there has been
a trend within DOD for reduced attention to unfettered exploration in its
basic research program.”38 The Defense Advanced Research Projects Agency
(DARPA) was created in part because of this consideration (see Box 6-2).3°

Defense Advanced Research Projects Agency managers, unlike program
managers at NSF or NIH, for example, were encouraged to fund promising
work for long periods in highly flexible programs—in other words, to take
risks.* The National Institutes of Health and National Science Foundation
recently acknowledged that their peer review systems today tend to screen
out risky projects, and both organizations are working to reverse this trend.

In 2004, the National Institutes of Health awarded its first Director’s
Pioneer Award to foster high-risk research by investigators in the early to
middle stages of their careers. Similarly, in 1990 the National Science Foun-
dation started a program called Small Grants for Exploratory Research
(SGER), which allows program officers to make grants without formal ex-
ternal review. Small Grants Exploratory Research awards are for “prelimi-
nary work on untested and novel ideas; ventures into emerging research;
and potentially transformative ideas.”*! At $29.5 million, however, the to-
tal SGER budget for 2004 was just 0.5% of NSF’s operating budget for

38National Research Council. Assessment of Department of Defense Basic Research. Wash-
ington, DC: The National Academies Press, 2005. P. 2.

31t’s Time to Sound the Alarm Over Shift from Basic, University Projects. Editorial. San
Jose Mercury News, April 17, 2005.

4ONational Research Council. Assessment of Department of Defense Basic Research. Wash-
ington, DC: The National Academies Press, 2005. P. 2.

#INational Science Board. Report of the National Science Board on the National Science
Foundation’s Merit Review Process Fiscal Year 2004. NSB 05-12. Arlington, VA: National
Science Foundation, March 2005. P. 27.
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BOX 6-2
DARPA

The Defense Advanced Research Projects Agency (DARPA) was es-
tablished with a budget of $500 million in 1958 following the launch of
Sputnik to turn innovative technology into military capabilities. The agency
is highly regarded for its work on the Internet, high-speed microelectron-
ics, stealth and satellite technologies, unmanned vehicles, and new
materials.?

DARPA’s FY 2005 budget is $3.1 billion. In terms of personnel, it is a
small, relatively nonhierarchical organization that uses highly flexible con-
tracting and hiring practices that are atypical of the federal government
as a whole. Its workforce of 220 includes 120 technical staffers, and it
can hire quickly from the academic world and industry at wages that are
substantially higher than those elsewhere in the government. Research-
ers, as intended, typically stay with DARPA only for a few years. Law-
rence Dubois says that DARPA puts the following questions to its princi-
pal investigators, individual project leaders, and program managers:?

e What are you trying to accomplish?

* How is it done today and what are the limitations? What is truly
new in your approach that will remove current limitations and improve
performance? By how much? A factor of 10? 100? More? If successful,
what difference will it make and to whom?

e What are the midterm exams, final exams, or full-scale applica-
tions required to prove your hypothesis? When will they be done?

* What is DARPA’s exit strategy? Who will take the technologies you
develop and turn them into new capabilities or real products?

e How much will it cost?

Dubois quotes a former DARPA program manager who describes the
agency this way:¢

Program management at DARPA is a very proactive activity. It
can be likened to playing a game of multidimensional chess. As
a chess player, one always knows what the goal is, but there
are many ways to reach checkmate. Like a program manager, a
chess player starts out with many different pieces (independent
research groups) in different geographic locations (squares on
the board) and with different useful capabilities (fundamental
and applied research or experiment and theory, for example).
One uses this team to mount a coordinated attack (in one case
to solve key technical problems and for another to defeat one’s
opponent). One of the challenges in both cases is that the target
is continually moving. The DARPA program manager has to deal

continued
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BOX 6-2 Continued

with both emerging technologies and constantly changing cus-
tomer demand, whereas the chess player has to contend with
his or her opponent’s king and surrounding players always mov-
ing. Thus, both face changing obstacles and opportunities. The
proactive player typically wins the chess game, and it is the
proactive program manager who is usually most successful at
DARPA.

al. H. Dubois. DARPA’s Approach to Innovation and Its Reflection in Industry. In Reducing
the Time from Basic Research to Innovation in the Chemical Sciences: A Workshop Report to
the Chemical Sciences Roundtable. Washington, DC: The National Academies Press, 2003.
Chapter 4.

blpid.

bid.

research and education. In 2004, the National Science Board convened a
Task Force on Transformative Research to consider how to adapt NSF
processes to encourage more funding of high-risk, potentially high-payoff
research.

Several accounts indicate that although program managers might have
the authority to fund at least some high-risk research, they often lack incen-
tives do so. Partly for this reason, the percentage of effort represented by
such pursuits is often quite small—1 to 3% being common. The committee
believes that additional discretionary funding will enhance the transforma-
tional nature of research without requiring additional funding. Some com-
mittee members thought 5% was sufficient, others 10%. Thus, 8% seemed
a reasonable compromise and is reflected in the committee’s recommended
action. The degree to which such a program will be successful depends
heavily on the quality and coverage of the program staff.

ACTION B-5: USE DARPA AS A MODEL FOR ENERGY RESEARCH

The federal government should create a DARPA-like organization
within the Department of Energy called the Advanced Research Projects
Agency-Energy (ARPA-E) that reports to the under secretary for science
and is charged with sponsoring specific R&D programs to meet the nation’s
long-term energy challenges.*?

420ne committee member, Lee Raymond, shares the alternative point of view on this recom-
mendation as summarized in Box 6-3.
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BOX 6-3
Another Point of View: ARPA-E

Energy issues are potentially some of the most profound challenges
to our future prosperity and security, and science and technology will be
critical in addressing them. But not everyone believes that a federal pro-
gram like the proposed ARPA-E would be an effective mechanism for
developing bold new energy technologies. This box summarizes some of
the views the committee heard about ARPA-E from those who disagree
with its utility.

Some believe that such applied energy research is already well funded
by the private sector—by large energy companies and, increasingly, by
venture capital firms—and that the federal government should fund only
basic research. They argue that there is no shortage of long-term re-
search funding in energy, including that sponsored by the federal gov-
ernment. DOE is the largest individual government supporter of basic
research in the physical sciences, providing more than 40% of associ-
ated federal funding. DOE provides funding and support to researchers
in academe, other government agencies, nonprofit institutions, and in-
dustry. The government spends substantial sums annually on research,
including $2.8 billion on basic research and on numerous technologies.
Given the major investment DOE is already making in energy research, it
is argued that if additional federal research is desired in a particular field
of energy, it should be accomplished by reallocating and optimizing the
use of funds currently being invested.

It is therefore argued that no additional federal involvement in energy
research is necessary, and given the concerns about the apparent short-
age in scientific and technical talent, any short-term increase in federally
directed research might crowd out more productive private-sector re-
search. Furthermore, some believe that industry and venture capital in-
vestors will already fund the things that have a reasonable probability of
commercial utility (the invisible hand of the free markets at work), and
what is not funded by existing sources is not worthy of funding.

Another concern is that an entity like ARPA-E would amount to the
government’s attempt to pick winning technologies instead of letting mar-
kets decide. Many find that the government has a poor record in that
arena. Government, some believe, should focus on basic research rather
than on developing commercial technology.

Others are more supportive of DOE research as it exists and are con-
cerned that funding ARPA-E will take money away from traditional sci-
ence programs funded by DOE’s Office of Science in high-energy phys-
ics, fusion energy research, material sciences, and so forth that are
of high quality and despite receiving limited funds produce Nobel-prize-
quality fundamental research and commercial spinoffs. Some believe that
DOE’s model is more productive than DARPA’s in terms of research
quality per federal dollar invested.

Copyright National Academy of Sciences. All rights reserved.
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Perhaps no experiment in the conduct of research and engineering has
been more successful in recent decades than the Defense Advanced Research
Projects Agency model. The new agency proposed herein is patterned after
that model and would sponsor creative, out-of-the-box, transformational,
generic energy research in those areas where industry by itself cannot or
will not undertake such sponsorship, where risks and potential payoffs are
high, and where success could provide dramatic benefits for the nation.
ARPA-E would accelerate the process by which research is transformed to
address economic, environmental, and security issues. It would be designed
as a lean, effective, and agile—but largely independent—organization that
can start and stop targeted programs based on performance and ultimate
relevance. ARPA-E would focus on specific energy issues, but its work (like
that of DARPA or NIH) would have significant spinoff benefits to national,
state, and local government; to industry; and for the education of the next
generation of researchers. The nature of energy research makes it particu-
larly relevant to producing many spinoff benefits to the broad fields of
engineering, the physical sciences, and mathematics, fields identified in this
review as warranting special attention. Existing programs with similar goals
should be examined to ensure that the nation is optimizing its investments
in this area. Funding for ARPA-E would begin at $300 million for the initial
year and increase to $1 billion over 5 years, at which point the program’s
effectiveness would be reevaluated. The committee picked this level of fund-
ing the basis of its review of the budget history of other new research activi-
ties and the importance of the task at hand.

The United States faces a variety of energy challenges that affect our
economy, our security, and our environment (see Box 6-4). Fundamentally,
those challenges involve science and technology. Today, scientists and engi-
neers are already working on ideas that could make solar and wind power
economical; develop more efficient fuel cells; exploit energy from tar sands,
oil shale, and gas hydrates; minimize the environmental consequences of
fossil-fuel use; find safe, affordable ways to dispose of nuclear waste; devise
workable methods to generate power from fusion; improve our aging
energy-distribution infrastructure; and devise safe methods for hydrogen
storage.*3

ARPA-E would provide an opportunity for creative “out-of-the box”
transformational research that could lead to new ways of fueling the nation
and its economy, as opposed to incremental research on ideas that have
already been developed. One expert explains, “The supply [of fossil-fuel
sources] is adequate now and this gives us time to develop alternatives, but

4M. S. Dresselhaus and 1. L. Thomas. “Alternative Energy Technologies.” Nature
414(2001):332-337.

Copyright National Academy of Sciences. All rights reserved.
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BOX 6-4
Energy and the Economy

Capital, labor, and energy are three major factors that contribute to
and influence economic growth in the United States. Capital is the equip-
ment, machinery, manufacturing plants, and office buildings that are nec-
essary to produce goods and services. Labor is the availability of the
workforce to participate in the production of goods and services. Energy
is the power necessary to produce goods and services and transport
them to their destinations. These three components are used to compute
a country’s gross domestic product (GDP), the total of all output pro-
duced in the country. Without these three inputs, business and industry
would not be able to transform raw materials into goods and services.

Energy is the power that drives the world’s economy. In the industrial-
ized nations, most of the equipment, machinery, manufacturing plants,
and office buildings could not operate without an available supply of en-
ergy resources such as oil, natural gas, coal, or electricity. In fact, energy
is such an important component of manufacturing and production that its
availability can have a direct impact on GDP and the overall economic
health of the United States.

Sometimes energy is not readily available because the supply of a
particular resource is limited or because its price is too high. When this
happens, companies often decrease their production of goods and ser-
vices, at least temporarily. On the other hand, an increase in the avail-
ability of energy—or lower energy prices—can lead to increased eco-
nomic output by business and industry.

Situations that cause energy prices to rise or fall rapidly and unex-
pectedly, as the world’s oil prices have on several occasions in recent
years, can have a significant impact on the economy. When these situa-
tions occur, the economy experiences what economists call a “price
shock.” Since 1970, the economy has experienced at least four such
price shocks attributable to the supply of energy. Thus, the events of the
last several decades demonstrate that the price and availability of a single
important energy resource—such as oil—can significantly affect the world
economy.

SOURCE: Adapted from Dallas Federal Reserve Bank at www.dallasfed.org/educate/everyday/
ev2.html.

the scale of research in physics, chemistry, biology and engineering will
need to be stepped up, because it will take sustained effort to solve the
problem of long-term global energy security.”#4

441bid.

Copyright National Academy of Sciences. All rights reserved.
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Although there are those who believe an organization like ARPA-E is
not needed (Box 6-3), the committee concludes that it would play an impor-
tant role in resolving the nation’s energy challenges; in advancing research
in engineering, the physical sciences, and mathematics; and in developing
the next generation of researchers. A recent report of the Secretary of En-
ergy Advisory Board’s Task Force on the Future of Science Programs at the
Department of Energy notes, “America can meet its energy needs only if we
make a strong and sustained investment in research in physical science,
engineering, and applicable areas of life science, and if we translate advanc-
ing scientific knowledge into practice. The current mix of energy sources is
not sustainable in the long run.”#> Solutions will require coordinated ef-
forts among industrial, academic, and government laboratories. Although
industry owns most of the energy infrastructure and is actively developing
new technologies in many fields, national economic and security concerns
dictate that the government stimulate research to meet national needs (Box
6-4). These needs include neutralizing the provision of energy as a major
driver of national security concerns. ARPA-E would invest in a broad port-
folio of foundational research that is needed to invent transforming tech-
nologies that in the past were often supplied by our great industrial labora-
tories (see Box 6-5). Funding of research underpinning the provision of new
energy sources is made particularly complex by the high-cost, high-risk,
and long-term character of such work—all of which make it less suited to
university or industry funding.

Among its many missions, DOE promotes the energy security of the
United States, but some of the department’s largest national laboratories
were established in wartime and given clearly defense-oriented missions,
primarily to develop nuclear weapons. Those weapons laboratories, and
some of the government’s other large science laboratories, represent signifi-
cant national investments in personnel, shared facilities, and knowledge. At
the end of the Cold War, the nation’s defense needs shifted and urgent new
agendas became clear—development of clean sources of energy, new forms
of transportation, the provision of homeland security, technology to speed
environmental remediation, and technology for commercial application.
Numerous proposals over recent years have laid the foundation for more
extensive redeployment of national laboratory talent toward basic and ap-
plied research in areas of national priority.*¢

43Secretary of Energy’s Advisory Board, Task Force on the Future of Science Programs at the
Department of Energy. Critical Choices: Science, Energy and Security. Final Report. Washing-
ton, DC: US Department of Energy, October 13, 2003. P. 5.

46Secretary of Energy Advisory Board. Task Force on Alternative Futures for the Depart-
ment of Energy National Laboratories (the “Galvin Report”). Washington, DC: US Depart-
ment of Energy, February 1995; President’s Council of Advisors on Science and Technology.

Copyright National Academy of Sciences. All rights reserved.
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BOX 6-5
The Invention of the Transistor

In the 1930s, the management of Bell Laboratories sought to develop
a low-power, reliable, solid-state replacement for the vacuum tube used
in telephone signal amplification and switching. Materials scientists had
to invent methods to make highly pure germanium and silicon and to add
controlled impurities with unprecedented precision. Theoretical and ex-
perimental physicists had to develop a fundamental understanding of the
conduction properties of this new material and the physics of the inter-
faces and surfaces of different semiconductors. By investing in a large-
scale assault on this problem, Bell announced the “invention” of the tran-
sistor in 1948, less than a decade after the discovery that a junction of
positively and negatively doped silicon would allow electric current to
flow in only one direction. Fundamental understanding was recognized
to be essential, but the goal of producing an economically successful
electronic-state switch was kept front-and-center. Despite this focused
approach, fundamental science did not suffer: a Nobel Prize was
awarded for the invention of the transistor. During this and the following
effort, the foundations of much of semiconductor-device physics of the
20th century were laid.

Introducing a small, agile, DARPA-like organization could improve
DOE’s pursuit of R&D much as DARPA did for the Department of Defense.
Initially, DARPA was viewed as “threatening” by much of the department’s
established research organization; however, over the years it has been widely
accepted as successfully filling a very important role. ARPA-E would identify
and support the science and technology critical to our nation’s energy infra-
structure. It also could offer several important national benefits:

e Promote research in the physical sciences, engineering, and
mathematics.

e Create a stream of human capital to bring innovative approaches to
areas of national strategic importance.

Federal Energy Research and Development for the Challenges of the Twenty-first Century.
Report on the Energy Research and Development Panel, the President’s Committee of Advi-
sors on Science and Technology. Washington, DC, November 1997; Government Accounting
Office. Best Practices: Elements Critical to Successfully Reducing Unneeded RDTEE Infra-
structure. US GAO Report to Congressional Requesters. Washington, DC: US Government
Accounting Office, January 8, 1998.

Copyright National Academy of Sciences. All rights reserved.
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e Turn cutting-edge science and engineering into technology for en-
ergy and environmental applications.

e Accelerate innovation in both traditional and alternative energy
sources and in energy-efficiency mechanisms.

e Foster consortia of companies, colleges and universities, and labora-
tories to work on critical research problems, such as the development of
fuel cells.

The agency’s basic administrative structure and goals would mirror
those of DARPA, but there would be some important differences. DARPA
exists mainly to provide a long-term “break-through” perspective for the
armed forces. DOE already has some mechanisms for long-term research,
but it sometimes lacks the mechanisms for transforming the results into
technology that meets the government’s needs. DARPA also helps develop
technology for purchase by the government for military use. By contrast,
most energy technology is acquired and deployed in the private sector, al-
though DOE does have specific procurement needs. Like DARPA, ARPA-E
would have a very small staff, would perform no R&D itself, would turn
over its staff every 3 to 4 years, and would have the same personnel and
contracting freedoms now granted to DARPA. Box 6-6 illustrates some
energy technologies identified by the National Commission on Energy Policy
as areas of research where federal research investment is warranted that is
in research areas in which industry is unlikely to invest.

ACTION B-6: PRIZES AND AWARDS

The White House Office of Science and Technology Policy (OSTP) should
institute a Presidential Innovation Award to stimulate scientific and engineer-
ing advances in the national interest. While existing Presidential awards ad-
dress lifetime achievements or promising young scholars, the proposed awards
would identify and recognize individuals who develop unique scientific and
engineering innovations in the national interest at the time they occur.

A number of organizations currently offer prizes and awards to stimu-
late research, but an expanded system of recognition could push new scien-
tific and engineering advances that are in the national interest. The current
presidential honors for scientists and engineers are the National Medal of
Science,*’” the National Medal of Technology, and the Presidential Early
Career Awards for Scientists and Engineers. The National Medal of Science
and the National Medal of Technology recognize career-long achievement.

The Presidential Early Career Awards for Scientists and Engineers pro-

47See http://www.nsf.gov/nsb/awards/nms/medal.htm.

Copyright National Academy of Sciences. All rights reserved.
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BOX 6-6
lllustration of Energy Technologies

The National Commission on Energy Policy in its December 2004
report, Ending the Energy Stalemate: A Bipartisan Strategy to Meet
America’s Energy Challenges, recommended doubling the nation’s an-
nual direct federal expenditures on “energy research, development, and
demonstration” (ERD&D) to identify better technologies for energy sup-
ply and efficient end use. Improved technologies, the commission indi-
cates, will make it easier to

e Limit oil demand and reduce the fraction of it met from imports
without incurring excessive economic or environmental costs.

e Improve urban air quality while meeting growing demand for
automobiles.

e Use abundant US and world coal resources without intolerable im-
pacts on regional air quality and acid rain.

e Expand the use of nuclear energy while reducing related risks of
accidents, sabotage, and proliferation.

e Sustain and expand economic prosperity where it already exists—
and achieve it elsewhere—without intolerable climatic disruption from
greenhouse-gas emissions.

The commission identified what it believes to be the most promising
technological options where private sector research activities alone are
not likely to bring them to that potential at the pace that society’s inter-
ests warrant. They fall into the following principal clusters:

e Clean and efficient automobile and truck technologies, includ-
ing advanced diesels, conventional and plug-in hybrids, and fuel-cell
vehicles

* Integrated-gasification combined-cycle coal technologies for
polygeneration of electricity, steam, chemicals, and fluid fuels

e Other technologies that achieve, facilitate, or complete car-
bon capture and sequestration, including the technologies for carbon
capture in hydrogen production from natural gas, for sequestering car-
bon in geologic formations, and for using the produced hydrogen effi-
ciently

e Technologies to efficiently produce biofuels for the transport sector

e Advanced nuclear technologies to enable nuclear expansion by
lowering cost and reducing risks from accidents, terrorist attacks, and
proliferation

e Technologies for increasing the efficiency of energy end use
in buildings and industry.

SOURCE: Chapter VI, Developing Better Energy Technologies for the Future. In National
Commission on Energy Policy. 2004. Ending the Energy Stalemate: A Bipartisan Strategy to
Meet America’s Energy Challenges. Available at: http://www.energycommission.org.
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http://www.nap.edu/11463

Rising Above the Gathering Storm: Energizing and Employing America for a Brighter Economic Future

160 RISING ABOVE THE GATHERING STORM

gram, managed by the National Science and Technology Council, honors and
supports the extraordinary achievements of young professionals for their in-
dependent research contributions.*8 The White House, following recommen-
dations from participating agencies, confers the awards annually.

New awards could encourage risk taking; offer the potential for finan-
cial or non-remunerative payoffs, such as wider recognition for important
work; and inspire and educate the public about current issues of national
interest. The National Academy of Engineering has concluded that prizes
encourage nontraditional participants, stimulate development of potentially
useful but under funded technology, encourage new uses for existing tech-
nology, and foster the diffusion of technology.*’

For those reasons, the committee proposes that the new Presidential
Innovation Award be managed in a way similar to that of the Presidential
Early Career Awards for Scientists and Engineers. OSTP already identifies
the nation’s science and technology priorities each year as part of the bud-
get memorandum it develops jointly with the Office of Management and
Budget. This year’s topics are a good starting point for fields in which inno-
vation awards (perhaps one award for each research topic) could be given:

e Homeland security R&D.

e High-end computing and networking R&D.

e National nanotechnology initiative.

¢ High-temperature and organic superconductors.

e Molecular electronics.

e Wide-band-gap and photonic materials.

e Thin magnetic films.

¢ Quantum condensates.

e Infrastructure (next-generation light sources and instruments with
subnanometer resolution).

e Understanding complex biological systems (focused on collabora-
tions with physical, computational, behavioral, social, and biological re-
searchers and engineers).

e Energy and the environment (natural hazard assessment, disaster
warnings, climate variability and change, oceans, global freshwater sup-
plies, novel materials, and production mechanisms for hydrogen fuel).

“8The participating agencies are the National Science Foundation, National Science and
Technology Council, National Aeronautics and Space Administration, Environmental Protec-
tion Agency, Department of Agriculture, Department of Commerce, Department of Defense,
Department of Energy, the Department of Health and Human Services’ National Institutes of
Health, Department of Transportation, and Department of Veterans Affairs.

4’National Academy of Engineering. Concerning Federally Sponsored Inducement Prizes in
Engineering and Science. Washington, DC: National Academy Press, 1999.
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The proposed awards would be presented, shortly after the innovations
occur, to scientists and engineers in industry, academe, and government
who develop unique ideas in the national interest. They would illustrate the
linkage between science and engineering and national needs and provide an
example to students of the contributions they could make to society by
entering the science and engineering profession.

Conclusion

Research sows the seeds of innovation. The influence of federally funded
research in social advancement—in the creation of new industries and in
the enhancement of old ones—is clearly established. But federal funding for
research is out of balance: Strong support is concentrated in a few fields
while other areas of equivalent potential languish. Instead, the United States
needs to be among the world leaders in all important fields of science and
engineering. But, new investigators find it increasingly difficult to secure
funding to pursue innovative lines of research. An emphasis on short-term
goals diverts attention from high-risk ideas with great potential that may
take more time to realize. And the infrastructure essential for discovery and
for the creation of new technologies is deteriorating because of failure to
provide the funds needed to maintain and upgrade it.

Copyright National Academy of Sciences. All rights reserved.
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in Science and Engineering Higher

Education to Remain Prosperous in
the 21st Century?

BEST AND BRIGHTEST

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, scien-
tists, and engineers from within the United States and throughout
the world.

We live in a knowledge-intensive world. “The key strategic resource
necessary for prosperity has become knowledge itself in the form of edu-
cated people and their ideas,” as Jim Duderstadt and Farris Womack! put
it. In this context, the focus of global competition is no longer only on
manufacturing and trade but also on the production of knowledge and the
development and recruitment of the “best and brightest” from around the
world. Developed and developing nations alike are investing in higher edu-
cation, often on the model of US colleges and universities. They are training
undergraduate and graduate scientists and engineers? to provide the exper-
tise they need to compete in creating jobs for their populations in the 21st-
century economy. Numerous national public and private organizations?

1J. J. Duderstadt and F. W. Womack. Beyond the Crossroads: The Future of the Public
University in America. Baltimore, MD: Johns Hopkins University Press, 2003.

2Natural sciences and engineering is defined by the National Science Foundation as natural
(physical, biological, earth, atmospheric, and ocean sciences), agricultural, and computer sci-
ences; mathematics; and engineering.

3Some examples are National Science Board. The Science and Engineering Workforce: Re-
alizing America’s Potential. NSB 03-69. Arlington, VA: National Science Foundation, 2003.
Volume 1; Council on Competitiveness. Innovate America. Washington, DC: Council on
Competitveness, 2004.
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have recommended a national effort to increase the numbers of both do-
mestic and international students pursuing science, technology, engineer-
ing, and mathematics degrees in the United States.*

There is concern that, in general, our undergraduates are not keeping
up with those in other nations. The United States has increased the propor-
tion of its college-age population earning first university degrees in the natu-
ral sciences and engineering over the last quarter-century, but it has still lost
ground, now ranking 20th globally on this indicator.®

There are even more concerns about graduate education. In the 1990s,
the enrollment of US citizens and permanent residents in graduate science
and engineering programs declined substantially. Although enrollments be-
gan to rise again in 2001, by 2003 they had not yet returned to the peak
numbers of the early 1990s.¢ Meanwhile, the United States faces new chal-
lenges in the recruitment of international graduate students and postdoctoral
scholars. Over the past several decades, graduate students and postdoctoral
scholars from throughout the world have come to the United States to take
advantage of what has been the premier environment in which to learn and
conduct research. As a result, international students now constitute more
than a third of the students in US science and engineering graduate schools,
up from less than one-fourth in 1982. More than half the international
postdoctoral scholars are temporary residents, and half that group earned
doctorates outside the United States.

Many of the international students educated in the United States choose
to remain here after receiving their degrees, and they contribute much to
our ability to create knowledge, produce technological innovations, and
generate jobs throughout the economy. The proportion of international
doctorate recipients remaining in the United States after receiving their de-
grees increased from 49% in the 1989 cohort to 71% in 2001.7 But the
consequences of the events of September 11, 2001, included drastic changes
in visa processing, and the number of international students applying to
and enrolling in US graduate programs declined substantially. More re-
cently, there have been signs of recovery; however, we are still falling short
of earlier trends in attracting and retaining such students. As other nations
develop their own systems of graduate education to recruit and retain more
highly skilled students and professionals, often modeled after the US sys-

“Another point of view presented in Box 7-1.

SNational Science Board. Science and Engineering Indicators 2004. NSB 04-01. Arlington,
VA: National Science Foundation, 2004.

®National Science Foundation. Graduate Enrollment in Science and Engineering Programs
Up in 2003, but Declines for First-Time Foreign Students: Info Brief. NSF 05-317. Arlington,
VA: National Science Foundation, 2005.

7The National Academies. Policy Implications of International Graduate Students and Post-
doctoral Scholars in the United States. Washington, DC: The National Academies Press, 2005.
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BOX 7-1
Another Point of View: Science and
Engineering Human Resources

Some believe that calls for increased numbers of science and engi-
neering students are based more on the fear of a looming crisis than on
a reaction to reality. Indeed, skeptics argue that there is no current docu-
mented shortage in the labor markets for scientists and engineers. In
fact, in some areas we have just the opposite.2 For example, during the
last decade, there have been surpluses of life scientists at the doctoral
level, high unemployment of engineers, and layoffs in the information-
technology sector in the aftermath of the “dot-bomb.”

Although there have been concerns about declining enrollments of
US citizens in undergraduate engineering programs and in science and
engineering graduate education, and these concerns have been com-
pounded by recent declines in enrollments of international graduate stu-
dents, enroliments in undergraduate engineering and of US citizens in
graduate science and engineering have recently risen.

All of this suggests that the recommendations for additional support
for thousands of undergraduates and graduates could be setting those
students up for jobs that might not exist. Moreover, there are those who
argue that international students crowd out domestic students and that a
decline in international enrollments could encourage more US citizens,
including individuals from underrepresented groups, to pursue graduate
education.

Over the last decade, there has been similar debate over the number
of H-1B visas that should be issued, with fervent calls both for increasing
and for decreasing the cap. A recent report of the National Academies
argued that there was no scientific way to find the “right” number of
H-1Bs and that determining the appropriate level is and must be a politi-
cal process.?

2J. Mervis. “Down for the Count.” Science 300(5622)(2003):1070-1074.
bNational Research Council. Building a Workforce for the Information Economy. Wash-
ington, DC: National Academy Press, 2001.

tem, we face even further uncertainty about our ability to attract those
students to our institutions and to encourage them to become US citizens.

We must also encourage and enable US students from all sectors of our
own society to participate in science, mathematics, and engineering pro-
grams, at least at the level of those who would be our competitors. But
given increased global competition and reduced access to the US higher

Copyright National Academy of Sciences. All rights reserved.
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education system, our nation’s education and research enterprise must ad-
just so that it can continue to attract many of the best students from abroad.
The Committee on Prospering in the Global Economy of the 21st Cen-
tury proposes four actions to improve the talent pool in postsecondary edu-
cation in the sciences and engineering: stimulate the interest of US citizens
in undergraduate study by providing a new program of 4-year undergradu-
ate scholarships; facilitate graduate education by providing new, portable
fellowships; provide tax credits to companies and other organizations that
provide continuing education for their practicing scientists and engineers;
and recruit and retain the best and brightest students, scientists, and engi-
neers worldwide by making the United States the most attractive place to
study, conduct research, and commercialize technological innovations.

ACTION C-1: UNDERGRADUATE EDUCATION

Increase the number and proportion of US citizens who earn bachelor’s
degrees in the physical sciences, the life sciences, engineering, and math-
ematics by providing 25,000 new 4-year competitive undergraduate schol-
arships each year to US citizens attending US institutions.

The Undergraduate Scholar Awards in Science, Technology, Engineer-
ing, and Mathematics (USA-STEM) program would help to increase the
percentage of 24-year-olds with first degrees in the natural sciences or engi-
neering from the current 6% to the 10% benchmark already met or
substatially surpassed by Finland, France, Taiwan, South Korea, and the
United Kingdom (see Figure 3-17).8 To achieve this result, the committee
recommends the following:

e The National Science Foundation should administer the program.

e The program should provide 25,000 new 4-year scholarships each
year to US citizens attending domestic institutions to pursue bachelor’s de-
grees in science, mathematics, engineering, or another field designated as a
national need. (Eventually, there would be 100,000 active students in the
program each year.)

e Eligibility for these awards and their allocation would be based on
the results of a competitive national examination.

e The scholarships would be distributed to states based on the size of
their congressional delegations and would be awarded by states.

e Recipients could use the scholarships at any accredited US institution.

8In 2000, there were 3,711,400 24-year-olds in the United States, of whom 5.67% held
bachelor’s degrees in the natural sciences and engineering.
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e The scholarships would provide up to $20,000 per student to pay
tuition and fees.

e The program would also grant the recipients’ institutions $1,000
annually.

e The $1.1 billion program would phase in over 4 years beginning at
$275 million per year.

e The federal government would grant funds to states to defray rea-
sonable administrative expenses.

e Steps would be taken to ensure that the receipt of USA-STEM schol-
arships brought considerable prestige to the recipients and to the secondary
institutions from which they are graduating.

The undergraduate years have a profound influence on career direc-
tion, and they can provide a springboard for students who choose to major
and then pursue graduate work in science, mathematics, and engineering.
However, many more undergraduates express an interest in science, math-
ematics, and engineering than eventually complete bachelor’s degrees in
those fields. A focused and sizeable national effort to stimulate undergradu-
ate interest and commitment to these majors will increase the proportion of
24-year-olds achieving first degrees in the relevant disciplines.

The scholarship program’s motivation is twofold. First, in the long run,
the United States might not have enough scientists and engineers to meet its
national goals if the number of domestic students from all demographic
groups, including women and students from underrepresented groups, does
not increase in proportion to our nation’s need for them. It should be noted
that there is always concern about the availability of jobs if the supply of
scientists and engineers were to increase substantially. Although it is impos-
sible to fine-tune the system such that supply and demand balance precisely
in any given year, it is important to have sufficient numbers of graduates for
the long-term outlook. Furthermore, it has been found that, for example,
undergraduate training in engineering forms an excellent foundation for
graduate work in such fields as business, law, and medicine. Finally, it is
clear that an inadequate supply of scientists and engineers can be highly
detrimental to the nation’s well-being.

The second motivation for the program is to ensure that the fields of
science, engineering, and mathematics recruit and develop a large share of
the best and brightest US students. It should be considered a great achieve-
ment to participate in the USA-STEM program, and the honor of selection
should be accompanied by significant recognition. To retain eligibility, re-
cipients would be expected to maintain a specified standard of academic
excellence in their college coursework.

Increasing participation of underrepresented minorities is critical to
ensuring a high-quality supply of scientists and engineers in the United States
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over the long term. As minority groups increase as a percentage of the US
population, increasing their participation rate in science and engineering is
critical if we are just to maintain the overall participation rate in science
among the US population.? Perhaps even more important, if some groups
are underrepresented in science and engineering in our society, we are not
attracting as many of the most talented people to an important segment of
our knowledge economy.10

In postsecondary education, there are many principles that help
minority-group students succeed, regardless of field. The Building Engineer-
ing and Science Talent!! (BEST) committee outlined eight key principles to
expand representation:

¢ Institutional leadership: Committing to inclusiveness across the cam-
pus community.

e Targeted recruitment: Investing in and supporting a K-12 feeder system.

¢ Engaged faculty: Rewarding faculty for the development of student
talent.

e Personal attention: Addressing, through mentoring and tutoring, the
learning needs of each student.

e Peer support: Giving students opportunities for interaction that
builds support across cohorts and promotes allegiance to an institution,
discipline, and profession.

e Enriched research experience: Offering beyond-the-classroom hands-
on opportunities and summer internships that connect to the world of work.

e Bridge to the next level: Fostering institutional relationships to show
students and faculty the pathways to career development.

¢ Continuous evaluation: Monitoring results and making appropriate
program adjustments.

BEST goes on to note that even with all the design principles in place,
comprehensive financial assistance for low-income students is critical be-

“National Science and Technology Council. Ensuring a Strong US Scientific, Technical, and
Engineering Workforce in the 21st Century. Washington, DC: Executive Office of the Presi-
dent of the United States, 2000; Congressional Commission on the Advancement of Women
and Minorities in Science, Engineering, and Technology Development. Land of Plenty: Diver-
sity as America’s Competitive Edge in Science, Engineering, and Technology. Arlington, VA:
National Science Foundation, 2000.

10Fechter and Teitelbaum have argued that “underrepresentation is an indicator of talent
that is not exploited to its fullest potential. Such underutilization, which can exist simulta-
neously with situations of abundance, represents a cost to society as well as to the individuals
in these groups.” A. Fechter and M. S. Teitelbaum. “A Fresh Approach to Immigration.”
Issues in Science and Technology 13(3)(1997):28-32.

HBuilding Engineering and Science Talent (BEST). 2004. A Bridge for All: Higher Educa-
tion Design Principles in Science, Technology, Engineering and Mathematics. San Diego, CA:
BEST. Available at: http://www.bestworkforce.com.
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cause socioeconomic status also is an important determinant of success in
higher education.

ACTION C-2: GRADUATE EDUCATION

The federal government should fund Graduate Scholar Awards in Sci-
ence, Technology, Engineering, and Mathematics (GSA-STEM), a new
scholarship program that would provide 5,000 new portable 3-year com-
petitively awarded graduate fellowships each year for outstanding US citi-
zens in science, mathematics, and engineering programs pursuing degrees at
US universities. Portable fellowships would provide funds directly to stu-
dents, who would choose where they wish to pursue graduate studies in-
stead of having to follow faculty research grants.

Typically, college seniors and recent graduates consider several factors
in deciding whether to pursue graduate study. An abiding interest in a field
and the encouragement of a mentor often contribute to the positive side of
the balance sheet. The availability of financial support, the relative lack of
income while in school, and job prospects upon completing an advanced
degree also weigh on students’ minds, no matter how much society sup-
ports their choices. The National Defense Education Act was a tremendous
stimulus to graduate study in the 1960s, 1970s, and early 1980s, but has
been incrementally restricted to serve a broader set of goals (see Box 7-2). A
similar effort is now called for to meet the nation’s long-term need for
scientists and engineers in universities, government, nonprofit organizations,
the national laboratory system, and industry.

The committee makes the following recommendations:

e The National Science Foundation (NSF) should administer the
program.

e Recipients could use the grants at any US institution to which they
have been admitted.

e The program should be advised by a board of representatives from
federal agencies who identify areas of national need.

e Tuition and fee reimbursement would be up to $20,000 annually,
and each recipient would receive an annual stipend of $30,000. Those
amounts would be adjusted over time for inflation.

e The program would be phased in over 3 years.

e The federal government would provide appropriate funding to aca-
demic institutions to defray reasonable administrative expenses.

There has been much debate in recent years about whether the United
States is facing a looming shortage of scientists and engineers, including
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BOX 7-2
National Defense Education Act

Adopted by Congress in response to the launch of Sputnik and the emerging
threat to the United States posed by the Soviet Union in 1958, the original National
Defense Education Act (NDEA) boosted education and training and was accom-
panied by simultaneous actions that created the National Aeronautics and Space
Administration and the Advanced Research Project Agency (now the Defense
Advanced Research Projects Agency) and substantially increased NSF funding. It
was funded with federal funds of about $400-500 million (adjusted to US$ 2004
value). NDEA provided funding to enhance research facilities; fellowships to thou-
sands of graduate students pursuing degrees in science, mathematics, engineer-
ing, and foreign languages; and low-interest loans for undergraduates in these
fields.

By the 1970s the act had been largely superseded by other programs, but its
legacy remains in the form of several federal student-loan programs.2 The legisla-
tion ultimately benefited all higher education as the notion of defense was ex-
panded to include most disciplines and fields of study.?

Today, however, there are concerns about the Department of Defense (DOD)
workforce. This workforce has experienced a real attrition of more than 13,000
personnel over the last 10 years. At the same time, the DOD projects that its
workforce demands will increase by more than 10% over the next 5 years (by
2010). Indeed, several major studies since 1999 argue that the number of US
graduates in critical areas is not meeting national, homeland, and economic secu-
rity needs.¢ Science, engineering, and language skills continue to have very high
priority across governmental and industrial sectors.

Many positions in critical-skill areas require security clearances, meaning that
only US citizens may apply. Over 95% of undergraduates are US citizens, but in
many of the science and engineering fields fewer than 50% of those earning PhDs
are US citizens. Retirements also loom on the horizon: over 60% of the federal
science and engineering workforce is over 45 years old, and many of these people
are employed by DOD. Department of Defense and other federal agencies face
increased competition from domestic and global commercial interests for top-of-
their-class, security-clearance-eligible scientists and engineers.

In response to those concerns, DOD has proposed in its budget submission a
new NDEA. The new NDEA includes a number of new initiatives that some believe
should be accomplished by 2008—the 50th anniversary of the original NDEA.4

4Association of American Universities. A National Defense Education and Innovation Ini-
tiative: Meeting America’s Economic and Security Challenges in the 21st Century. Washing-
ton DC: AAU, 2006. Available at: http://www.aau.edu.

bM. Parsons. “Higher Education Is Just Another Special Interest.” The Chronicle of Higher
Education 51(22)(2005):B20. Available at: http://chronicle.com/prm/weekly/v51/i22/22b02001.
htm.

“National Security Workforce. Challenges and Solutions Web page. Available at: http://
www.defenselink.mil/ddre/doc/NDEA_BRIEFING.pdf.

dSee http://www.defenselink.mil/ddre/nde2.htm and H.R. 1815, National Defense Au-
thorization Act for Fiscal Year 2006, Sec. 1105. Science, Mathematics, and Research Trans-
portation (SMART) Defense Education Program—National Defense Education Act (NDEA),
Phase I.
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those at the doctoral level. Although there is not a crisis at the moment and
there are differences in labor markets by field that could lead to surpluses in
some areas and shortages in others, the trends in enrollments and degrees
are nonetheless cause for concern in a global environment wherein science
and technology play an increasing role. The rationale for the fellowship is
that the number of people with doctorates in the sciences, mathematics, and
engineering awarded by US institutions each year has not kept pace
with the increasing importance of science and technology to the nation’s
prosperity.

Currently, the federal government supports 7,000 full-time graduate
fellows and trainees. Most of these grants are provided either to institutions
or directly to students by the NSF’s Graduate Research Fellowship program
and Integrative Graduate Education and Research Traineeship Program
(IGERT) or by the National Institutes of Health Ruth L. Kirschstein Na-
tional Research Service Award program. The US Department of Education,
through its Graduate Assistance in Areas of National Need program, also
provides traineeships and has a mechanism for identifying areas for grant-
making to academic programs. Those are important sources of support, but
they meet only a fraction of the need. The proposed 5,000 new fellowships
each year eventually will increase to 22,000 the number of graduate stu-
dents supported at any one time, thus helping to increase the number of US
citizens and permanent residents earning doctorates in nationally important
fields.

Portable graduate fellowships should attract high-quality students and
offer them access to the best education possible. Students who have unen-
cumbered financial support could select the US academic institutions that
best meet their interests and that offer the best opportunities to broaden
their experience before they begin focusing on specific research. The fellow-
ships would offer substantial and steady financial support during the early
years of graduate study, with the assumption that the recipients would find
support from other means, such as research assistantships, once research
subjects and mentors were identified.

An alternative point of view is that the support provided under this
recommendation should be provided not—or not only—to individuals but
also to programs that would use the funds both to develop a comprehen-
sive approach to doctoral education and to support students through
traineeships. Such institutional grants could be used by federal funders to
directly require specific programmatic changes as well. They would also
allow institutions to recruit promising students who might not apply for
portable fellowships.

But, in the view of the committee, providing fellowships directly to
students creates a greater stimulus to enroll and offers an additional posi-
tive effect: improvement of educational quality. The fellowships create com-
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petition among institutions that would lead to enhanced graduate programs
(mentoring, course offerings, research opportunities, and facilities) and pro-
cesses (time to degree, career guidance, placement assistance). To be sure,
institutions can and should undertake many of those improvements in
graduate programs even without this stimulus, and many have already
implemented reforms to make graduate school more enticing. Institutional
efforts to prepare graduate students for the jobs they will obtain in industry
or academe and to improve the benefits and work conditions for post-
doctoral scholars also could make career prospects more attractive.

The new program proposed here and led by NSF should draw advice
from representatives of federal research agencies to determine its areas of
focus. On the basis of that advice, NSF would make competitive awards
either as part of its existing Graduate Research Fellowship program or
through a separate program established specifically to administer the fel-
lowships. The focus on areas of national need is important to ensure an
adequate supply of suitably trained doctoral scientists, engineers, and math-
ematicians and appropriate employment opportunities for these students
upon receipt of their degrees.

As discussed in Box 7-1, one question is whether these programs will
simply produce science and engineering students who are unable to find
jobs. There are also questions that the goal of increasing the number of
domestic students is contrary to the committee’s other concern about the
potential for declining numbers of outstanding international students. As
past National Academies reports have indicated, projecting supply and de-
mand in science and engineering employment is prone to methodological
difficulties. For example, the report Forecasting Demand and Supply of
Doctoral Scientists and Engineers: Report of a Workshop on Methodology
(2000) observed:

The NSF should not produce or sponsor “official” forecasts of supply and
demand of scientists and engineers, but should support scholarship to improve
the quality of underlying data and methodology.

Those who have tried to forecast demand in the past have often failed
abysmally. The same would probably be true today.

Other factors also influence the decisions of US students. As the recent
COSEPUP study, Policy Implications of International Graduate Students
and Postdoctoral Scholars in the United States, says:

Recruiting domestic science and engineering (S&E) talent depends heavily on
students’ perception of the S&XE careers that await them. Those perceptions
can be solidified early in the educational process, before students graduate from
high school. The desirability of a career in S&E is determined largely by the
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prospect of attractive employment opportunities in the field, and to a lesser
extent by potential remuneration. Some aspects of the graduate education and
training process can also influence students’ decisions to enter S&E fields. The
“pull factors” include time to degree, availability of fellowships, research assis-
tantships, or teaching assistantships, and whether a long post doctoral appoint-
ment is required after completion of the PhD.

Taking those factors into account, the committee decided to focus its
scholarships for domestic students on areas of national need as deter-
mined by federal agencies, with input from the corporate and business
community.

In the end, the employment market will dictate the decisions students
make. From a national perspective, global competition in higher education
and research and in the recruitment of students and scholars means that the
United States must invest in the development and recruitment of the best
and brightest from here and abroad to ensure that we have the talent, ex-
pertise, and ideas that will continue to spur innovation and keep our nation
at the leading edge of science and technology.

ACTION C-3: CONTINUING EDUCATION

To keep practicing scientists and engineers productive in an environ-
ment of rapidly changing science and technology, the federal government
should provide tax credits to employers who help their eligible employees
pursue continuing education.

The committee’s recommendations are as follows:

e The federal government should authorize a tax credit of up to $500
million each year to encourage companies to sustain the knowledge and
skills of their scientific and engineering workforce by offering opportunities
for professional development.

e The courses to be pursued would allow employees to maintain and
upgrade knowledge in the specific fields of science and engineering.

e The courses would be required to meet reasonable standards and
could be offered internally or by colleges and universities.

Too often, business does not invest adequately in continuing education
and training for employees, partly from the belief that investments could be
lost if the training makes employees more marketable, and partly from the
belief that maintaining skills is the personal responsibility of a professional.
Tax credits would allow businesses to encourage continuing professional
development—a benefit to employees, companies, and the economy.

Tax credits can also help industries adapt to technological change. The
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information-technology industry, for example, has continuing difficulty in
matching worker skills and employer demand. The consequence is that
employers cite worker shortages even when there is relatively high unem-
ployment. That mismatch can be remedied by encouraging companies to
invest in retraining capable employees whose skills have become obsolete as
the technology landscape changes.

ACTION C-4: IMPROVE VISA PROCESSING

The federal government should continue to improve visa processing for
international students and scholars to provide less complex procedures, and
continue to make improvements on such issues as visa categories and dura-
tion, travel for scientific meetings, the technology alert list, reciprocity agree-
ments, and changes in status.

Since 9/11, the nation has struggled to improve security by more closely
screening international visitors, students, and workers. The federal govern-
ment is now also considering tightening controls on the access that interna-
tional students and researchers have to technical information and equip-
ment. One consequence is that fewer of the best international scientists and
engineers are able to come to the United States, and if they do enter the
United States, their intellectual and geographic mobility is curtailed.

The post-9/11 approach fosters an image of the United States as a less
than welcoming place for foreign scholars. At the same time, the home
nations of many potential immigrants—such as China, India, Taiwan, and
South Korea—are strengthening their own technology industries and uni-
versities and offering jobs and incentives to lure scientists and engineers to
return to their nations of birth. Other countries have taken advantage of
our tightened restrictions to open their doors more widely, and they recruit
many who might otherwise have come to the United States to study or
conduct research.

A growing challenge for policy-makers is to reconcile security needs
with the flow of people and information from abroad. Restrictions on ac-
cess to information and technology—much of it already freely available—
could undermine the fundamental research that benefits so greatly from
international participation. One must be particularly vigilant to ensure that
thoughtful, high-level directives concerning homeland security are not un-
necessarily amplified by administrators who focus on short-term safety
while unintentionally weakening long-term overall national security. Any
marginal benefits in the security arena have to be weighed against the abil-
ity of national research facilities to carry out unclassified, basic research
and the ability of private companies with federal contracts to remain inter-
nationally competitive. An unbalanced increase in security will erode the
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nation’s scientific and engineering productivity and economic strength and
will destroy the welcoming atmosphere of our scientific and engineering
institutions. Such restrictions would also add to the incentives for US com-
panies to move operations overseas.

Many recent changes in visa processing and in the duration of Visas
Mantis clearances have already made immigration easier. Visas Mantis is a
program intended to provide additional security checks for visitors who
may pose a security risk. The process, established in 1998 and applicable to
all nonimmigrant visa categories, is triggered when a student or exchange-
visitor applicant intends to study a subject on the technology alert list.

The committee endorses the recommendations made by the National
Academies in Policy Implications of International Graduate Students and
Postdoctoral Scholars in the United States,'? particularly Recommendation
4-2, which states the following;:

If the United States is to maintain leadership in S&E, visa and immigration
policies should provide clear procedures that do not unnecessarily hinder the
inflow of international graduate students and postdoctoral scholars. New regu-
lations should be carefully considered in light of national-security consider-
ations and potential unintended consequences.

a. Visa Duration: Implementation of the Student and Exchange Visitor In-
formation System (SEVIS), by which consular officials can verify student and
postdoctoral status, and of the United States Visitor and Immigrant Status Indi-
cator Technology (US-VISIT), by which student and scholar status can be moni-
tored at the point of entry to the United States, should make it possible for
graduate students’ and postdoctoral scholars’ visas to be more commensurate
with their programs, with a duration of 4-5 years.

b. Travel for Scientific Meetings: Means should be found to allow interna-
tional graduate students and postdoctoral scholars who are attending or ap-
pointed at US institutions to attend scientific meetings that are outside the
United States without being seriously delayed in re-entering the United States
to complete their studies and training.

c. Technology Alert List: This list, which is used to manage the Visas Man-
tis program, should be reviewed regularly by scientists and engineers. Scientifi-
cally trained personnel should be involved in the security-review process.

d. Visa Categories: New nonimmigrant-visa categories should be created
for doctoral-level graduate students and postdoctoral scholars. The categories
should be exempted from the 214b (see Box 7-3) provision whereby applicants
must show that they have a residence in a foreign country that they have no
intention of abandoning. In addition to providing a better mechanism for em-

12The National Academies. Policy Implications of International Graduate Students and Post-
doctoral Scholars in the United States. Washington, DC: The National Academies Press, 2005.
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BOX 7-3
The 214b Provision of the Immigration and Nationality Act:
Establishing the Intent to Return Home

The Immigration and Nationality Act (INA) has served as the primary
body of law governing immigration and visa operations since 1952. A
potential barrier to visits by foreign graduate students is Section 214(b)
of the INA, in accordance with which an applicant for student of exchange
visa must provide convincing evidence that he or she plans to return to
the home country, including proof of a permanent domicile in the home
country. Legitimate applicants may find it hard to prove that they have no
intention to immigrate, especially if they have relatives in the United
States. In addition, both students and immigration officials are well aware
that an F or J visa often provides entrée to permanent-resident status. It
is not surprising that application and enforcement of the standard can
depend on pending immigration legislation or economic conditions.2

4G. Chelleraj, K. E. Maskus, and A. Mattoo. The Contributions of Skilled Immigration and
International Graduate Students to US Innovation. Working Paper N04-10. Boulder, CO: Cen-
ter for Economic Analysis, University of Colorado at Boulder, September 2004. P. 18 and
Table 1.

bassy and consular officials to track student and scholar visa applicants, these
categories would provide a means for collecting clear data on numbers and
trends of graduate-student and postdoctoral-scholar visa applications.

e. Reciprocity Agreements: Multiple-entry and multiple-year student visas
should have high priority in reciprocity negotiations.

f. Change of Status: If the United States wants to keep the best students
once they graduate, procedures for change of status should be clarified and
streamlined.

ACTION C-5: EXTEND VISAS AND EXPEDITE
RESIDENCE STATUS OF SCIENCE AND ENGINEERING PHDS

The federal government should provide a 1-year automatic visa exten-
sion to international students who receive doctorates or the equivalent in
science, technology, engineering, mathematics, or other fields of national
need at qualified US institutions to remain in the United States to seek
employment. If these students are offered jobs by US-based employers and
pass a security screening test, they should be provided automatic work per-
mits and expedited residence status. If students are unable to obtain em-
ployment within 1 year, their visas would expire.

Copyright National Academy of Sciences. All rights reserved.


http://www.nap.edu/11463

Rising Above the Gathering Storm: Energizing and Employing America for a Brighter Economic Future

176 RISING ABOVE THE GATHERING STORM

To create the most attractive setting for study, research and commer-
cialization—and to attract international students, scholars, scientists, engi-
neers, and mathematicians—the United States government needs to take
steps to encourage international students and scholars to remain in the
United States. These steps should be taken because of the contributions
these people make to the United States and their home country.

As discussed in COSEPUP’s international students report, a knowledge-
driven economy is more productive if it has access to the best talent regard-
less of national origin. International graduate students and postdoctoral
scholars are integral to the quality and effectiveness of the US science and
engineering (S&E) enterprise. If the flow of these students and scholars
were sharply reduced, research and academic work would suffer until an
alternative source of talent were found. There would be a fairly immediate
effect in university graduate departments and laboratories and a later cu-
mulative effect on hiring in universities, industry, and government. There is
no evidence that modest, gradual changes in the flow like those experienced
in the recent past would have an adverse effect.

High-end innovation is a crucial factor for the success of the US
economy. To maintain excellence in S&E research, which fuels high-end
innovation, the United States must be able to recruit talented people. A
substantial proportion of those talented people—students, postdoctoral
scholars, and researchers—currently come from other countries.

The shift to staffing research and teaching positions at universities with
nontenured staff, which depends in large part on a supply of international
graduate students and postdoctoral scholars, should be the subject of a
major study.

Multinational corporations (MNCs) hire international PhDs in similar
proportion to the output of university graduate and postdoctoral programs.
The proportion of international researchers in several large MNCs is around
30-50%. MNCs appreciate international diversity in their research staff.
They pay foreign-born and domestic researchers the same salaries, which
are based on degree, school, and benchmarks in the industry.

It is neither possible nor desirable to restrict US S&E positions to US
citizens; this could reduce industries’ and universities’ access to much of the
world’s talent and remove a substantial element of diversity from our society.

One study of Silicon Valley illustrates the importance of international
scientists and engineers to the US economy. It found that

By the end of the 1990s, Chinese and Indian engineers were running 29 percent
of Silicon Valley’s technology businesses. By 2000, these companies collectively
accounted for more than $19.5 billion in sales and 72,839 jobs. And the pace of
immigrant entrepreneurship has accelerated dramatically in the last decade. . . .
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Far beyond their role in Silicon Valley, the professional and social networks
that link new immigrant entrepreneurs with each other have become global
institutions that connect new immigrants with their counterparts at home.
These new transnational communities provide the shared information, con-
tacts, and trust that allow local producers to participate in an increasingly
global economy.

Silicon Valley’s Taiwanese engineers, for example, have built a vibrant two-
way bridge connecting them with Taiwan’s technology community. Their In-
dian counterparts have become key middlemen linking U.S. businesses to low-
cost software expertise in India. These cross-Pacific networks give skilled
immigrants a big edge over mainstream competitors who often lack the lan-
guage skills, cultural know-how, and contacts to build business relationships in
Asia. The long-distance networks are accelerating the globalization of labor
markets and enhancing opportunities for entrepreneurship, investment, and
trade both in the United States and in newly emerging regions in Asia.!3

In response to those findings, the committee, in this proposed action, is
endorsing a recommendation made by the Council on Competitiveness in
its report Innovate America'* to extend a 1-year automatic visa extension
to international students who receive doctorates or the equivalent in sci-
ence, technology, engineering, mathematics, or other fields of national need
at qualified US institutions to remain in the United States to seek employ-
ment. If these students are offered jobs by US-based employers and pass a
security screening test, they should be provided automatic work permits
and expedited residence status. If students are unable to obtain employment
within 1 year, their visas would expire.

ACTION C-6: SKILLS-BASED IMMIGRATION

The federal government should 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 US
citizenship. In the interim, the number of H-1B visas should be increased by
10,000, and the additional visas should be available for industry to hire science
and engineering applicants with doctorates from US universities.!®

13A. Saxenian. “Brain Circulation: How High-Skill Immigration Makes Everyone Better
Off.” The Brookings Review 20(1)(Winter 2002). Washington, DC: The Brookings Institute,
2002.

14Council on Competitiveness. Innovate America. Washington, DC: Council on Competi-
tiveness, 2004.

15Since the report was released, the committee has learned that the Consolidated Appropria-
tions Act of 2003, signed into law on December 8, 2004, exempts individuals that have re-
ceived a master’s or higher education degree from a US university from the statutory cap (up to

Copyright National Academy of Sciences. All rights reserved.


http://www.nap.edu/11463

Rising Above the Gathering Storm: Energizing and Employing America for a Brighter Economic Future

178 RISING ABOVE THE GATHERING STORM

As discussed in the previous section, highly skilled immigrants make a
major contribution to US education, research, entrepreneurship, and soci-
ety. Therefore, it is important to encourage not only students and scholars
to stay, but also other people with science, engineering, and mathematics
PhDs regardless of where they receive their PhDs.

For the United States to remain competitive with Europe, Canada, and
Australia in attracting these international highly skilled workers, the United
States should implement a points-based immigration system. As discussed
in a recent Organisation for Economic Co-operation and Development re-
port,!6 skill-based immigration points systems, although not widespread,
are starting to develop. Canada, Australia, New Zealand, and the UK use
such systems to recruit highly skilled workers. The Czech Republic set up a
pilot project that started in 2004.

In 2004, the European Union Justice and International Affairs council
adopted a recommendation to facilitate researchers from non-EU countries,
which asks member states to waive requirements for residence permits or to
issue them automatically or through a fast-track procedure and to set no
quotas that would restrict their admission. Permits should be renewable
and family reunification facilitated. The European Commission has adopted
a directive for a special admissions procedure for third-world nationals com-
ing to the EU to perform research. This procedure will be in force in 2006.

e Canada has put into place a points-based program aimed at fulfilling its
policy objectives for migration, particularly in relation to the labor-market
situation. The admission of skilled workers depends more on human capital
(language skills and diplomas, professional skills, and adaptability) than on
specific abilities.!” Canada has also instituted a business-immigrant selection
program to attract investors, entrepreneurs, and self-employed workers.

20,000). The bill also raised the H-1B fee and allocated funds to train American workers. The
committee believes that this provision is sufficient to respond to its recommendation—even
though the 10,000 additional visas recommended is specifically for science and engineering
doctoral candidates from US universities, which is a narrower subgroup.

16Unless otherwise noted, policies listed are from an overview presented in Organisation for
Economic Co-operation and Development. Trends in International Migration: 2004 Annual
Report. Paris: OECD, 2005. OECD members countries include Australia, Austria, Belgium,
Canada, the Czech Republic, Denmark, Finland, France, Germany, Greece, Hungary, Iceland,
Ireland, Italy, Japan, Korea, Luxembourg, Mexico, The Netherlands, New Zealand, Norway,
Poland, Portugal, the Slovak Republic, Spain, Sweden, Switzerland, Turkey, the United King-
dom, and the United States.

17 Applicants can check online their chances to qualify for migration to Canada as skilled
workers. A points score is automatically calculated to determine entry to Canada under the
Skilled Worker category. See Canadian Immigration Points Calculator Web site at: http:/
www.workpermit.com/canada/points_calculator.htm.
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e Germany instituted a new immigration law on July 9, 2004. Among its
provisions, in the realm of migration for employment, it encourages settle-
ment by high-skilled workers, who are eligible immediately for permanent
residence permits. Family members who accompany them or subsequently
join them have access to the labor market. Like Canada, Germany encour-
ages the immigration of self-employed persons, who are granted temporary
residence permits if they invest a minimum of 1 million euros and create at
least 10 jobs. Issuance of work permits and residence permits has been con-
solidated. The Office for Foreigners will issue both permits concurrently, and
the Labor Administration subsequently approves the work permit.

e UK!8 The UK Highly Skilled Migrant Programme (HSMP) is an im-
migration category for entry to the UK for successful people with sought-
after skills. It is in some ways similar to the skilled migration programs for
entry to Australia and Canada. The UK has added an MBA provision to the
HSMP. Eligibility for HSMP visas is assessed on a points system with more
points awarded in the following situations:

— Preference for applicants under 28 years old.
Skilled migrants with tertiary qualifications.
High-level work experience.

— Past earnings.

— In a few rare cases, HSMP points are also awarded if one has an
achievement in one’s chosen field.

— One may also score bonus points if one is a skilled migrant seeking to
bring a spouse or partner who also has high-level skills and work experience.

e Australia encourages immigration of skilled migrants, who are as-
sessed on a points system with points awarded for work experience, quali-
fications, and language proficiency.!® Applicants must demonstrate skills in
specific job categories.

18The UK Highly Skilled Migrant Programme Web page also has a points calculator. Avail-
able at: http://www.workpermit.com/uk/highly_skilled_migrant_program.htm.
19See points calculator at: http://www.workpermit.com/australia/point_calculator.htm.
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ACTION C-7:
REFORM THE CURRENT SYSTEM OF “DEEMED EXPORTS”20

The current system of “deemed export” should be reformed. The new
system should provide international students and researchers engaged in
fundamental research in the United States with access to information and
research equipment in US industrial, academic, and national laboratories
comparable with the access provided to US citizens and permanent resi-
dents in a similar status. It would, of course, exclude information and facili-
ties restricted under national security regulations. In addition, the effect of
deemed-exports regulations on the education and fundamental research
work of international students and scholars should be limited by removing
from the deemed-exports technology list all technology items (information
and equipment) that are available for purchase on the overseas open market
from foreign or US companies or that have manuals that are available in the
public domain, in libraries, over the Internet, or from manufacturers.

The controls governed by the Export Administration Act and its imple-
menting regulations extend to the transfer of “technology.” Technology is
considered “specific information necessary for the ‘development,’ ‘produc-
tion,” or ‘use’ of a product,” and providing such information to a foreign
national within the United States may be considered a “deemed export”
whose transfer requires an export license?! (italics added). The primary re-
sponsibility for administering deemed exports lies with the Department of
Commerce (DOC), but other agencies may have regulations to address the
issue. Deemed exports are currently the subject of significant controversy.

20The 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 informa-
tion that is subject to export controls—for example, about some kinds of computer hard-
ware—to a foreign national within the United States may be “deemed” an export, and that
transfer requires an 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.

21«Generally, technologies subject to the Export Administration Regulations (EAR) are those
which are in the United States or of US origin, in whole or in part. Most are proprietary.
Technologies which tend to require licensing for transfer to foreign nationals are also dual-use
(i.e., have both civil and military applications) and are subject to one or more control regimes,
such as National Security, Nuclear Proliferation, Missile Technology, or Chemical and Bio-
logical Warfare.” (“Deemed Exports” Questions and Answers, Bureau of Industry and Secu-
rity, Department of Commerce.) The International Traffic in Arms Regulations (ITAR), ad-
ministered by the Department of State, control the export of technology, including technical
information, related to items on the US Munitions List. Unlike the EAR, however, “publicly
available scientific and technical information and academic exchanges and information pre-
sented at scientific meetings are not treated as controlled technical data.”
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In 2000, Congress mandated annual reports by agency offices of in-
spector general (IG) on the transfer of militarily sensitive technology to
countries and entities of concern; the 2004 reports focused on deemed ex-
ports. The individual agency IG reports and a joint interagency report con-
cluded that enforcement of deemed-export regulations had been ineffective;
most of the agency reports recommended particular regulatory remedies.?2

DOC sought comments from the public about the recommendations
from its IG before proposing any changes. The department earned praise
for this effort to reach out to potentially affected groups and is currently
reviewing the 300 plus comments it received, including those from the lead-
ers of the National Academies.?

On July 12, 20035, the Department of Defense (DOD) issued a notice in
the Federal Register seeking comments on a proposal to amend the Defense
Federal Acquisition Regulation Supplement (DFARS) to address require-
ments for preventing unauthorized disclosure of export-controlled informa-
tion and technology under DOD contracts that follow the recommenda-
tions in its IG report. The proposed regulation includes a requirement for
access-control plans covering unique badging requirements for foreign
workers and segregated work areas for export-controlled information and
technology, and it does not mention the fundamental-research exemption.2*
Comments were due by September 12, 2005.

Many of the comments in response to DOC expressed concern that the
proposed changes were not based on systematic data or analysis and could
have a significant negative effect on the conduct of research in both univer-
sities and the private sector, especially in companies with a substantial num-
ber of employees who are not US citizens.

CONCLUSION

The knowledge-driven global economy compels America to develop and
recruit the finest experts available. Our students and our society prospered
under a system of higher education and research that was the global leader
in the second half of the 20th century. For a half-century at least, the United
States has attracted graduate students and scholars from around the world.
The system worked to our benefit, and it cannot now be taken for granted.

22Reports were produced by DOC, DOD, the Department of Energy (DOE), the Depart-
ment of State, the Department of Homeland Security, and the Central Intelligence Agency.
Only the interagency report and the reports from DOC, DOD, and DOE are publicly
available.

23The letter from the presidents of the National Academies may be found at: http://
www7.nationalacademies.org/rscans/Academy_Presidents_Comments_to_DOC.PDF.

24Federal Register 70(132)(July 2005):39976-39978. Available at: http://a257.g.akamai
tech.net/7/257/2422/01jan20051800/edocket.access.gpo.gov/2005/05-13305.htm.
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What Actions Should America Take in
Economic and Technology Policy to
Remain Prosperous in the 21st Century?

INCENTIVES FOR INNOVATION

Recommendation D: Ensure that the United States is the premier
place in the world to innovate; invest in downstream activities
such as manufacturing and marketing; and create high-paying jobs
based on innovation by such actions as modernizing the patent
system, realigning tax policies to encourage innovation, and en-
suring affordable broadband access.

As Wm. A. Wulf, President of the National Academy of Engineering,
points out, “There is no simple formula for innovation. There is, instead, a
multi-component ‘environment’ that collectively encourages, or discourages,
innovation.”! That environment encompasses such factors as research fund-
ing, an educated workforce, a culture that encourages risk taking, a finan-
cial system that provides patient capital for entrepreneurial activity, and
intellectual property protection.? For more than a century, the United States
has been a world leader in the development of new technology and the
creation of new products. Its international competitive advantage rests in
large part on a favorable environment for discovery and application of
knowledge—its intellectual property.

IWm. A. Wulf. “Review and Renewal of the Environment for Innovation.” Unpublished
paper, 2005.
2An alternative point of view is presented in Box 8-1.
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Setting a policy framework that supports innovation is critical for at
least two reasons. First, it enhances the competitiveness of US-based indus-
tries and supports domestic economic growth. Second, the nation stands to
benefit from well-paying jobs if multinational corporations see the United
States as the best place to perform research and development (R&D) and
other activities related to innovation and ultimately to build factories and
offices here.?

Our own history and contemporary international examples show that
leadership in research is not a sufficient condition for gaining the lion’s
share of benefits from innovation. Recent developments in Japan illustrate
what can happen to a science- and technology-based economy that does not
adapt its innovation environment to changing conditions. Japan’s growth
trajectory in various science and engineering inputs and outputs (R&D in-
vestment, science and engineering workforce, patents) since the early 1990s
has been similar to what it was before that time.* Yet its ability to profit
from innovation in the form of higher productivity and income has recently
fallen. Part of the explanation for the change is in the dual nature of the
Japanese economy: World-class manufacturing that serves a global market
exists side-by-side with inefficient industries, such as construction.® Eco-
nomic mismanagement and a lack of flexibility in labor and capital markets
also are to blame.

In contrast, in the middle 1990s the United States saw a jump in pro-
ductivity growth from that which had prevailed since the first oil shock of
the early 1970s.6 In addition to continuous gains in manufacturing produc-
tivity and productivity growth generated by the use of information technol-
ogy, the creation of new business methods that took advantage of informa-
tion technology were widespread here.

Science and technology and the innovation process are not zero-sum
games in the international context.” The United States has proved adept in

3National Research Council. A Patent System for the 21st Century. Washington, DC: The
National Academies Press, 2004. P. 18.

4B. Steil, D. G. V. Nelson, and R. R. Nelson. Technological Innovation and Economic
Performance. Princeton, NJ: Princeton University Press, 2002.

SD. W. Jorgenson and M. Kuroda. Technology, Productivity, and the Competitiveness of US
and Japanese Industries. In T. Arrison, C. F. Bergsten, E. M. Graham, and M. C. Harris, eds.
Japan’s Growing Technological Capability: Implications for the US Economy. Washington,
DC: National Academy Press, 1992. Pp. 83-97.

6W. Nordhaus. The Sources of the Productivity Rebound and the Manufacturing Employ-
ment Puzzle. Working Paper 11354. Cambridge, MA: National Bureau of Economic Research,
200S.

7Wm. A. Wulf. Observations on Science and Technology Trends: Their Potential Impacts
on Our Future. In A. G. K. Solomon, ed. Technology Futures and Global Wealth, Power and
Conflict. Washington, DC: Center for Strategic and International Studies, 2005. Pp. 9-16.
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BOX 8-1
Another Point of View: Innovation Incentives

Some critics say the argument that the US economy is lagging in inno-
vation compared with other nations, or even compared with its own his-
torical performance, is not supported by the evidence. Indeed, compar-
ing the current situation with that of 1989 is instructive and striking in this
regard.

In 1989, the US economy had been suffering from extremely poor
overall productivity growth for almost two decades.2 By 2005, the United
States had experienced almost a decade of accelerated productivity
growth, briefly interrupted by the 2001 recession.?

In 1989, a panel of experts documented a long-term decline in US
industrial performance in several critical sectors.¢ A decade later, a simi-
lar assessment showed US industry to be resurgent across a variety of
sectors, including several that had been troubled in 1989.9 In 2005, US-
based companies—Google, Apple, Boeing, Genentech—remain at the
global forefront in commercializing new technology and creating new
markets based on innovation.

In contrast, the economies of most other developed nations have suf-
fered from slower growth in gross domestic product (GDP), productivity,
and income—and from higher unemployment and inflation.®

What accounts for this “American economic miracle,” and will it con-
tinue? Various studies have identified key factors, although there is some
disagreement over sustainability. In the area of innovation, structural US
advantages include our system of research universities with both govern-

the past at taking advantage of breakthroughs and inventions from abroad.8
But as other nations increase their innovation capacity, the United States
must reassess its own environment for innovation and make adjustments to
maintain leadership and to maximize the benefits of science and engineer-
ing for the public at large.

The innovation environment encompasses a broad range of policy ar-
eas. The Committee on Prospering in the Global Economy of the 21st cen-
tury focused on intellectual property protection, the R&D tax credit, other
tax incentives for innovation, and the availability of high-speed Internet
access. Although some other important components of the innovation envi-
ronment were not examined in detail, such as the corporate tax rate and
tax-forgiveness policies in various nations, the committee believes the spe-

SNAS/NAE/IOM. Capitalizing on Investments in Science and Technology. Washington, DC:
National Academy Press, 1999.
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ment and private funding, the diverse portfolio of government-funded re-
search awarded through peer review, strong intellectual property and
securities regulation, and the financing of innovation “led by a uniquely
dynamic venture capital industry.”f

It is generally considered important for the United States to continue
to reassess the environment for innovation and to address shortcomings
wherever possible; some believe current incentives for companies to in-
novate and commercialize are strong and not in need of a significant
overhaul.

aP. W. Bauer. “Are WE in a Productivity Boom? Evidence from Multifactor Productivity
Growth.” Cleveland, OH: Federal Reserve Bank of Cleveland, October 15, 1999. Table 1.
Available at: http://www.clevelandfed.org/research/Com99/1015.pdf.

bD. W. Jorgenson, M. S. Ho, and K. J. Stiroh. “Projecting Productivity Growth: Lessons
from the US Growth Resurgence.” Discussion Paper 02-42. Washington, DC: Resources for
the Future, July 2002. Available at: http://www.Rff.org/Documents/RFF-DP-02-42.pdf#fsearch
='U.S.%20productivity%20growth’; Bureau of Labor Statistics. “Productivity and Costs, 2nd
Quarter 2005, Revised.” News Release, September 7, 2005. Available at: http://www.bls.gov/
news.release/prod2.nr0.htm.

°M. Dertouzos, R. Lester, and R. Solow. Made in America: Regaining the Productive Edge.
Cambridge, MA: MIT Press, 1989.

dNational Research Council. US Industry in 2000: Studies in Competitive Renewal. Wash-
ington, DC: National Academy Press, 1999.

°R. J. Gordon. Why Was Europe Left at the Station When America’s Productivity Locomo-
tive Departed? Working Paper 10661. Cambridge, MA: National Bureau of Economic Re-
search, August 2004. Available at: http://www.nber.org/papers/w10661/.

R. J. Gordon. The United States. In B. Steil, D. G. Victor, and R. R. Nelson, eds. Techno-
logical Innovation and Economic Performance. Princeton, NJ: Princeton University Press,
2002. Pp. 49-73.

cific changes recommended here create significant opportunities. It should
be noted that several focus-group members and reviewers raised product
liability and tort reform as areas for potential improvement. However, the
committee determined that the Class Action Fairness Act of 2005, which
represents a major policy change, is a step forward in the national approach
to issues of product liability.?

ACTION D-1: ENHANCE THE PATENT SYSTEM

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

9Statement on S.5, the Class-Action Fairness Act of 2005. White House press statement.
February 18, 2005.
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research to enhance innovation. The patent system requires reform of four
specific kinds:

e Provide the US Patent and Trademark Office with sufficient re-
sources to make intellectual-property protection more timely, predictable,
and effective.

e Reconfigure the US 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 US system into alignment with
patent systems in Europe and Japan.

o Shield research uses of patented inventions from infringement liabil-
ity. One recent court decision could jeopardize the long-assumed ability of
academic researchers to use patented inventions for research.

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

The US patent system is the nation’s oldest intellectual-property
policy.1%11 A sound system for patents enhances social welfare by encour-
aging invention and the dissemination of useful technical information.12 It
also provides incentives for investment in commercialization that promotes
economic growth, creates jobs, and advances other social goals.13

Balance is a critical element of a sound patent system. Without ad-
equate intellectual-property protection, incentives to create are compro-
mised. On the other hand, too much protection slows the application of
valuable ideas. Thus, it is imperative that the US Patent and Trademark

10The US Patent and Trademark Office (USPTO), mandated by the US Constitution, awarded
its first patent on July 31, 1790, to Samuel Hopkins for an improvement in “making Pot ash
and Pearl ash by a new Apparatus and Process.”

HArticle 1, section 8 of the Constitution reads, “Congress shall have power . . . to promote
the progress of science and useful arts, by securing for limited times to authors and inventors
the exclusive right to their respective writings and discoveries.” Available at: http://www.uspto.
gov/web/offices/pac/doc/general/#ptsc/.

12The USPTO offers this simplified definition: “A patent is an exclusive right granted for an
invention, which is a product or a process that provides, in general, a new way of doing
something, or offers a new technical solution to a problem. . . .” In addition, a patent item
must be sufficiently different from what has been used or described before that it may be said
to be non-obvious to a person having ordinary skill in the area of technology related to the
invention. For example, the substitution of one color for another or changes in size, are ordi-
narily not patentable. Available at: http://www.uspto.gov/web/offices/pac/doc/general/#ptsc/.

I3M. Myers, quoted in Changes Needed to Improve Operation of US Patent System. Na-
tional Research Council News Release. Washington, DC: The National Academies, April 19,
2004.
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Office (USPTO) and the courts scrupulously protect patent rights and rigor-
ously enforce patent law.14

Concerns over questions of patent policy have previously led the Na-
tional Academies to conduct an extensive study of the field, emphasizing
questions related to innovation and technology.'® That study explored
stresses in the system and suggested remedies to promote vitality and im-
prove the functioning of the patent system. This committee believes that
several of those recommendations are particularly important, and they are
reflected in the first three patent system action items contained herein.

The first priority with regard to patent reform is for Congress and the
administration to increase the resources available to the USPTO. Patents
are now acquired more frequently and asserted and enforced more vigor-
ously than at any time in the past. That surge in activity is indicative that
business, universities, and public entities attach great importance to patents
and are willing to incur considerable expense to acquire, exercise, and de-
fend them. There is evidence that the increased workload at the USPTO,
with no significant concomitant increase in examiner staffing or other re-
sources, has resulted in a decline in the quality of patent examinations and
increased litigation costs after patents are granted.!¢ Earlier reports by the
National Academies and the Council on Competitiveness identify increas-
ing USPTO capabilities having high priority.!”

The National Academies report outlines how additional resources
should be used. This includes having the USPTO hire and train additional
examiners and implementing more capable electronic processing. It also
notes that the USPTO should create a strong multidisciplinary analytical
capability to assess management practices and proposed changes; provide
an early warning of new technologies proposed for patenting; and conduct
reliable, consistent reviews of reputable quality that address officewide per-
formance and the performance of individual examiners.18

The second important action is to harmonize the US patent system with
systems in other major economies by instituting postgrant review and mov-
ing from a first-to-invent to a first-inventor-to-file system. In addition to
bringing the United States more in line with the patent policies of the rest of

14See http://www.federalreserve.gov/boarddocs/speeches/2004/200402272/default/.

I5National Research Council. A Patent System for the 21st Century. Washington, DC: The
National Academies Press, 2004. P. 18.

167, L. King. Patent Examination Procedures and Patent Quality. In W. M. Cohen and S. A.
Merrill, eds. Patents in the Knowledge-Based Economy. Washington, DC: The National Acad-
emies Press, 2003. Pp. 54-73.

17See National Research Council. A Patent System for the 21st Century. Washington, DC:
The National Academies Press, 2004, especially pp. 103-108; Council on Competitiveness.
Innovate America. Washington, DC: Council on Competitiveness, 2004, especially p. 69.

18See National Research Council. A Patent System for the 21st Century. Washington, DC:
The National Academies Press, 2004. Pp. 103-108.
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the world, these changes would increase the efficiency and predictability of
the US system. Increased harmonization would aid US inventors who seek
global protection for their inventions.

The only way to challenge a patent under the current system is by litiga-
tion. This has led to abuses, such as laying broad claims—sometimes with-
out reason or merit—to patents in hopes of receiving a generous settlement
from a competitor who wishes to avoid long and expulsive litigation. Of-
ten, competitors or other interested parties are the best available source of
information about the state of the art. Inviting their input in a process of
administrative review—the so-called opposition system—would allow for
“peer review” of recently granted patents to serve as a second check or
quality assurance of the initial examination by the patent office. Such oppo-
sition is much less expensive than litigation, open to anyone, and much
faster—decisions can sometimes be made in 1 day. The 2004 National Acad-
emies report explains, in considerable detail, how such a system, which it
calls “Open Review,” would work.1?

The United States still uses a first-to-invent rather than a first-to-file
patent system. This requires a complex, expensive, and time-consuming
(5-10 years) process to sort out who has the patent rights. It also absorbs
the time of some of the most experienced patent examiners. Ultimately, the
amount of resources devoted to resolving the priority question (which is
resolved in favor of the first filer over two-thirds of the time)2? outweighs
the benefits, and the time and personnel required could be put to better use
improving the quality of basic examinations.

Some might argue that the proposed changes would put smaller inven-
tors at a disadvantage. However, resolving disputes through an opposition
process is far less expensive than is litigation, and that alone would consti-
tute a significant benefit to small companies and individual inventors with
worthy claims. Periodic surveys by the American Intellectual Property Law
Association indicate that patent litigation costs—now millions of dollars
for each party in a case where the stakes are substantial—are increasing at
double-digit annual rates. The relatively low cost of filing provisional appli-
cations to establish priority under a first-to-file system would not constitute
a significant burden on small inventors.

The third recommended action is to preserve some existing research
exemptions from infringement liability.2! Until recently, it was widely be-

1bid., pp. 95-103.

20See http://www.oblon.com/media/index.php?id=181.

21The committee recognizes the interest of some reviewers in re-examining aspects of the
technology transfer process governed by the Bayh-Dole Act and related legislation, but issues
related to Bayh-Dole are controversial and have been under discussion for years. The committee
believes that establishing a research exemption for infringement liability is a higher priority.
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lieved, especially in the academic research community, that uses of patented
inventions purely for research were shielded from infringement liability by
an experimental-use exception first articulated in 19th-century case law.
But in Madey v. Duke University,?? a suit brought by a former Duke Uni-
versity professor and laboratory director, the Federal Circuit Court upended
that notion by holding that there is no protection for research conducted as
part of the university’s normal “business” of investigation and education,
regardless of its commercial or noncommercial character.

By the time Madey arrived before the court, most universities had estab-
lished intellectual-property offices, and there were clear difficulties in distin-
guishing commercially motivated research from “pure” academic research.
The court, without addressing that issue directly, decided that for a major
research university even noncommercial research projects “unmistakably fur-
ther the institution’s legitimate business objectives, including educating and
enlightening students and faculty participating in these projects.”?? Activities
that further “business objectives,” including research projects that “increase
the status of the institution and lure lucrative research grants, students and
faculty,” are ineligible for an experimental use defense.

Thus, the court regarded virtually all research as a means of advancing
the “legitimate business objectives” of a university. The result, wrote one
observer, “is a seemingly disingenuous opinion that neither conforms to the
implications of precedent nor explains the reasons for steering the law in a
different direction, but pretends that prior courts never meant to give re-
search science special treatment.”2* Because the courts have not traced the
experimental-use defense, case by case, as a tool for mediating between the
private interests of patent owners and the public interest of open scientific
progress, that issue awaits resolution.

The 2004 National Academies study offers two alternatives.2’ The pre-
ferred solution would be the passage of appropriately narrow legislation to
shield some research uses of patented inventions from infringement liabil-
ity. If progress on the legislative front is delayed, the Office of Management
and Budget might consider extending to grantees the “authorization and
consent” protection that is provided to contractors, provided that such pro-
tection is strictly limited to research and does not extend to resulting com-
mercial products or services.

22Madey v. Duke Univ. 307 F.3d 1351. Available at: 2002 U.S. App. LEXIS 20823, 64
U.S.P.Q.2d. (BNA) 1737 (Fed. Cir. 2002).

231bid.

24R. Eisenberg. “Science and the Law: Patent Swords and Shields.” Science 299(5609)(2003):
1018-1019.

25National Research Council. A Patent System for the 21st Century. Washington, DC: The
National Academies Press, 2004. P. 82.

Copyright National Academy of Sciences. All rights reserved.
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The final action proposed herein for modernizing the patent system—
and the only one our committee did not derive from the 2004 National
Academies report—is to change intellectual-property laws that constitute
barriers to innovation in specific industries. The two main problem areas
are in the pharmaceutical and information-technology industries. It is par-
ticularly expensive to create and market new drugs and medicines, and the
costs are unlikely to be recovered unless there is predictable intellectual-
property protection of appropriate duration. The interaction of the US Food
and Drug Administration (FDA) approval process and the patent system
poses unique challenges to the pharmaceutical industry. The inherent risk
to drug developers is illustrated by the reality that more than 90% of phar-
maceutical candidates fail in clinical testing.2¢ Furthermore, only 1 in 1,000
new formulations tested reach clinical trials,2” and a relatively small minor-
ity of those, perhaps one-third, pay back the cost of even their own re-
search.28 It is critical that a balance be struck in finding an appropriate
period of exclusivity such that innovation is stimulated and sustained but
patients have access to generic-drug-pricing structures.

Current intellectual-property protection for new medicines is governed
under the Hatch-Waxman law, enacted in 1984, to give 14 years of patent
protection after FDA approval of a new medicine. However, the law does
not provide the same period for sustained marketing exclusivity. It curtails
the ability to extend patents and provides opportunities for early patent
challenges. The protection of data under the law is roughly one-half as long
as the period afforded in Europe, creating a relative disadvantage for the
United States in attracting pharmaceutical businesses?’ (see Box 8-2).

In the near term, the United States should adopt the European period of
10-11 years. However, research should be undertaken to determine whether
this period is adequate, given the complexity and length of drug develop-
ment today.

Patent issues are also particularly important to the information-
technology industry, especially in software and Internet-related activities.
The volume and unpredictability of litigation have recently attracted con-
siderable attention and are currently being reviewed by Congress. An

26C. Austin, L. Brady, T. Insel, and F. Collins. “NIH Molecular Libraries Initiative.” Science
306(2004):1138-1139.

27Tufts Center for the Study of Drug Development. “Backgrounder: How New Drugs Move
Through the Development and Approval Process.” November 1, 2001. Available at: http:/
csdd.tufts.edu/NewsEvents/RecentNews.asp?newsid=4.

28H. Grabowski, J. Vernon, and J. DiMasi. “Returns on Research and Development for
1990s New Drug Introductions.” Pharmacoeconomics 20(Supplement 3)(2002):11-29.

29International Association of Pharmaceutical Manufacturers & Associations. “A Review of
Existing Data Exclusivity Legislation in Selected Countries.” January 2004. Available at: http:
/www.who.int/intellectualproperty/topics/ip/en/Data.exclusivity.review.doc.

Copyright National Academy of Sciences. All rights reserved.
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BOX 8-2
A Data-Exclusivity Case Study

Incentives to innovate could be considerably improved by enhancing
data-package exclusivity. In the case of incentives to develop new medi-
cines, data-package exclusivity protects for a period of years an
innovator’s regulatory submission package to the Food and Drug Admin-
istration from being used as a source of information by a company that
produces generic products. The period in Europe is 10 years plus an
additional year if the innovator has gained approval for more than one
indication. The United States grants data exclusivity for a new chemical
entity for 5 years; a second indication is entitled to 3 years of exclusivity.
Those periods are generally too short to stimulate investment. Thus, in-
novation incentives in the United States are almost entirely patent-driven.

The current system has been successful in stimulating the creation of
new molecules, but the limitations of the patent system sometimes result
in denying patients the best that the pharmaceutical industry could offer.
The limitations are due largely to the time constraints under which the
patent system operates. Patents generally must be filed as quickly as
possible after an invention occurs, and the ticking clock creates a tension
with other aspects of drug development.2

The demands for data on a molecule’s safety and efficacy are in-
creasing. The generation of the necessary data requires time and money.
It is to patients’ benefit for as much time as appropriate to be devoted to
the development of the data, but spending the time lessens the return on
the developer’s investment because it encroaches on the patent term.
Bringing a new medicine to patients requires a sequence of major break-
throughs, which in the current system must be accomplished well before
the life of a patent runs out. Often, the clock does run out, and the innova-
tor must start over with a new molecule simply to get time “back on the
clock.” As a result, there is an ever-growing “graveyard” currently com-
prising more than 10 million compounds. There is no incentive to exhume
these compounds in the absence of substantial data-package exclusiv-
ity, because patents will be either unavailable or of such narrow cover-
age that they would be easy to avoid in developing a related drug.

In addition, there is little incentive to pursue new indications for old
molecules without appropriate data-package protection. Indeed, when
no compound patent covers the product, there is a disincentive to de-
velop new indications. Generic medicines may be approved for a smaller
number of indications than those associated with the innovator’s drug. If
there is no compound patent and one of the indications is unpatentable,
the generic medicine may be approved only for the unpatented indica-
tion. The innovator’s entire market could then be eroded because

continued
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BOX 8-2 Continued

physicians have the latitude to prescribe the generic compound for any
indications, including patented ones. Every reasonable effort should be
made to encourage the development of new indications for known com-
pounds because of the greater level of knowledge about safety for
already-marketed compounds than for brand-new ones.

aThe pressure to file for patents as quickly as possible after an invention occurs is inevi-
table in a global knowledge economy, whether or not the United States stays with the current
first-to-invent system or moves to a first-inventor-to-file system. Most of the world follows the
latter system. Innovators seeking patent protection in the three major patenting regions (the
United States, Europe, and Japan) must therefore manage their patent filings consistent with
the first-inventor-to-file system.

additional complexity of sector-specific issues is that intellectual-property
laws vary among nations, affecting innovation differently in different in-
dustries. The committee concludes that those issues are opportunities for
Congress and other relevant federal entities to take productive actions, in-
cluding those outlined above.

ACTION D-2: STRENGTHEN THE RESEARCH AND
EXPERIMENTATION TAX CREDIT

Enact a stronger research and development tax credit to encourage pri-
vate investment in innovation. The current Research and Experimentation
(R&E) Tax Credit goes to companies that increase their research and devel-
opment spending above a base amount calculated from their spending in
prior years. Congress and the Administration should make the credit per-
manent,3? and it should be increased from 20 to 40% of the qualifying
increase so that the US tax credit is competitive with that of other countries.
The credit should be extended to companies that have consistently spent
large amounts on research and development so that they will not be subject
to the current de facto penalties for having previously invested in research
and development.

Much of the benefit of industry R&D spending accrues to society in
ways that cannot be captured by individual firms. The R&E Tax Credit and
similar policies in other nations are designed to promote more R&D invest-
ment and to encourage the creation and retention of jobs in the country that
provides the tax incentive.

30The current R&D tax credit expired in December 2003.
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Econometric studies have estimated that the tax credit encourages at least
as much R&D spending as the credit costs in forgone tax revenue—and per-
haps as much as twice that amount—particularly over the long term.3! Politi-
cal and community leaders traditionally have viewed R&D incentives prima-
rily as a tax issue, but their effect on jobs could be even more significant.
R&D incentives directly create or sustain high-wage, high-skill jobs in places
where the research is conducted. When long-term gains in productivity, in-
come, and tax revenue are added to the immediate gain in R&D spending
encouraged by the tax credit, it seems clear that the credit is a cost-effective
mechanism for encouraging innovation and creating quality jobs.

The first change the committee recommends, namely making the credit
permanent, is perhaps the most straightforward. Since the introduction of
the tax credit in 1980, it has been extended repeatedly, allowed to lapse,
and periodically modified, all without being formalized as a permanent,
reliable element of policy.32 Over the years, numerous committees and
groups have recommended that the credit be made permanent so that com-
panies can plan longer term investments in US-based R&D with the knowl-
edge that the credit will be available.?® The Council on Competitiveness
recently echoed the call to make the tax credit permanent.3*

The second change, increasing the credit from 20 to 40%, would be
more controversial and, in the near term, more costly. The cost of the cur-
rent tax credit is estimated at $5.1 billion for fiscal year (FY) 2005. The cost
for FY 2006 is estimated at about $4.2 billion, assuming the current credit,
due to expire December 31, 2005, is extended once again.?* The committee
therefore estimated that permanent extension of the credit would cost about
$5 billion per year (roughly what the credit currently costs), and that the
other recommended changes (doubling the rate and expanding eligibility)
could potentially result in doubling the cost.

There are several reasons to increase the rate, not the least of which is
that the effective current credit is 13%, rather than 20%, for companies
that deduct R&D expenses.3¢ A higher percentage would raise the incentive
effect of the credit.

31B. H. Hall and J. van Reenen. How Effective Are Fiscal Incentives for R&*D? A Review of the
Evidence. Working Paper 7098. Cambridge, MA: National Bureau of Economic Research, 1999.

32As currently extended, the R&D tax credit will expire on December 31, 2005.

33National Research Council. Harnessing Science and Technology for America’s Economic
Future. Washington, DC: National Academy Press, 1999. P. 46.

34Council on Competitiveness. Innovate America. Washington, DC: Council on Competi-
tiveness, 2004. P. 59.

35See Budget of the United States Government, Fiscal Year 2006, Analytical Perspectives.
Washington, DC: US Government Printing Office, 2005. P. 65. Available at: http://a255.g.
akamaitech.net/7/255/2422/07feb20051415/www.gpoaccess.gov/usbudget/fy06/pdf/spec.pdf.

36This is due to the Section 280C limitation in the Internal Revenue Code. See J. R. Oliver.
“Accounting and Tax Treatment of R&D: An Update.” The CPA Journal 73(7)(2003):46-49.

Copyright National Academy of Sciences. All rights reserved.
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It also is important to consider in international context the issue of
whether the United States is keeping pace with other economies as an at-
tractive location for R&D (see Table 8-1). Federal R&D tax credits rarely
determine the type of research performed, but they can influence where the
work is conducted.3”-38 As of 2000, the most recent year for which data are
available, foreign-based multinational corporations (MNCs) performed $26
billion in R&D in the United States. US-based MNCs performed $19.8
billion in R&D overseas.3® There is an obvious advantage in having MNCs
locate operations in the United States as not only does it maintain the em-
ployment of the scientists and engineers at corporate research laboratories,
but research activities are often located near production facilities that affect
the employment of all workers where we already benefit from their contri-
butions to US corporate R&D.40

The Organisation for Economic Co-operation and Development
(OECD) has noted a trend in member countries toward more generous tax
incentives for R&D investments.*! By moving to a higher, permanent tax
credit, the United States will be better positioned to compete against credits
already offered elsewhere.

Likewise, national policy must be conformed to ensure appropriate re-
visions of regulations interpreting and implementing the federal R&E tax
credit. Practical and uniform guidelines for the conduct of tax audits related
to the federal R&E tax credit must also be adopted. Federal research tax-
credit regulations should be updated to reflect the changing impact of tech-
nology on the character of R&D, such as expanded use of databases pro-
vided by external parties and the greater conduct of R&D through joint
ventures. Any national policy on tax credits and related incentives should
recognize the importance of having states and localities also conform their
laws to embrace a focus on research and innovation.

37QOrganisation for Economic Co-operation and Development. “Tax Incentive for Research
and Development: Trends and Issues.” Available at: http://www.oecd.org/dataoecd/12/27/
2498389.pdf.

38]. M. Poterba. Introduction. In J. M. Poterba, ed. Borderline Case: International Tax
Policy, Corporate Research and Development, and Investment. Washington, DC: National
Academy Press, 1997. P. 3. This is not to say that there is evidence that companies locate R&D
in the country that has the best R&D tax credit. In fact, the industry perspectives in the
Poterba volume suggest otherwise. And the second OECD paper referenced above indicates
that the differential between the overall corporate tax rate and the credit is the key factor. For
example, Ireland has a low overall corporate tax rate, so its R&D tax credit was not as
effective as it would have been had the overall corporate tax rate been higher.

39National Science Board. Science and Engineering Indicators 2004. NSB 04-01. Arlington,
VA: National Science Foundation, 2004. Pp. 4-64-4-65.

40Ibid., Tables 4-50, 4-51, and 4-52.

#“1Q0rganisation for Economic Co-operation and Development. Science, Technology, and
Industry Outlook. Paris: OECD, 2004. P. 67.

Copyright National Academy of Sciences. All rights reserved.
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Finally, the definition of applicable expenses used to calculate the tax
credit should be expanded to allow companies that have consistently main-
tained high levels of R&D spending to claim the credit. As currently writ-
ten, the credit rewards companies that have high R&D expenditures com-
pared with a base period. Companies that consistently invest large amounts,
but do not appreciably increase those amounts over time, can be entitled to
little or no credit. The formula should be amended so as not to penalize
consistent R&D investors but rather to allow companies with significant
and consistent R&D investments to receive tax credits.

Credit should be allowed for all relevant research expenditures (in con-
trast with the current incremental approach) by, for example, broadening
the definition of qualifying expenditures. Qualifying expenditures could be
broadened to include some legitimate costs of conducting research, such as
employee benefit costs (defined benefits, retirement plans, healthcare plans,
and so on) related to qualifying wages, as well as 100% of contract research
costs (as opposed to the current 65%). In a different method, qualifying
expenditures could be redefined to include all Internal Revenue Code (IRC)
Section 174 expenditures (a much broader definition of R&D expenditures).
A portion of the IRC ( the Section 280C limitation) that reduces the federal
R&D credit by 35% might also be repealed (the limitation has the result
that the 20% tax credit available in the United States today is really only a
13% credit).

ACTION D-3: PROVIDE INCENTIVES FOR
US-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 ex-
haustive examination, but alternatives to current economic policies should
be examined and, if deemed beneficial to the United States, pursued. These
alternatives could include changes in overall corporate tax rates and special
tax provisions, providing incentives for the purchase of high-technology
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 compre-
hensive analysis to examine how the United States compares with other
nations as a location for innovation 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 and for the jobs result-
ing from that investment. From a tax standpoint, that is not now the case.

Countries around the world are working to bolster innovation, often

by improving the tax environment for high-technology business activities
(see Box 8-3, Finland; Box 8-4, South Korea; Box 8-3, Ireland; Box 8-6,

Copyright National Academy of Sciences. All rights reserved.
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BOX 8-3
Finland

The rapid growth of Finland’s high-technology economy is often seen
as testament to long-term strategic planning, systematic investment, and
the ability to adopt innovative policies more quickly than other nations. In
the 1970s, Finland’s political leaders, research community, and labor
unions engaged in planning to focus R&D funding in electronics, biotech-
nology, and materials technology. Sustained government support paid
off, as electronics-based exports grew from 4% of Finland’s economy in
1980 to 33% of all exports in 2003.2 Today, Finland’s private and public
sectors invest 3.5% of GDP into R&D programs (ranked second in the
world), and the proportion of its population working as research scien-
tists is the highest in the world.?

aQrganisation for Economic Co-operation and Development. Innovation Policy and Per-
formance: A Cross-Country Comparison. Paris: OECD, 2005.

bQrganisation for Economic Co-operation and Development. Main Science & Technology
Indicators. Paris: OECD, 2005.

BOX 8-4
South Korea

South Korea recently established an agency to coordinate innovation
policies and R&D strategies within the Ministry of Science and Technol-
ogy. Aimost 40% of all postsecondary degrees awarded there are in sci-
ence and engineering, compared with 15% in the United States.2 The
government is seeking to double its expenditures on R&D between 2002
and 2007.

20rganisation for Economic Co-operation and Development. Education Database. Paris:
OECD, 2005.

Singapore; and Box 8-7, Canada). There are strengthening signs that
changes in US tax policy are needed to encourage investment in America.
The flexibility of US capital markets, particularly for financing small, high-
technology enterprises through venture capital and public stock offerings,
had been one of our major strengths, encouraging companies to focus their
innovation in the United States. The rapid rise of venture capital in the late
1990s, however, was followed by the precipitous collapse of the technology
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BOX 8-5
Ireland

The success of the “Celtic Tiger” in the 1990s was remarkable, espe-
cially in comparison with other member nations of the European Union.
In 1987, Irish GDP per capita was 69% of the European Union average,
but by 2003 it had reached 136%.2 Ireland’s unemployment fell from
17% to 4% over the same period. How did Ireland go from being one of
Europe’s poorest nations to one of the richest? First, Ireland aggres-
sively courted multinational corporations and maintained a business-
friendly 12.5% corporate tax rate.? Most of the world’s top pharmaceuti-
cal, medical device, and software concerns now have operations in
Ireland.¢ Second, the government placed a strong emphasis on second-
ary and higher education, and tuition has been free since 1996. Partici-
pation in Irish higher education surpasses the OECD average. Today,
Ireland is focused on increasing its public R&D spending and production
of scientists and engineers to complement strong growth in R&D perfor-
mance by foreign multinational corporations. The goal is to increase total
R&D intensity in the economy from 1.4% of GDP in 2002 to 2.5% by
2010.9

2Tiger, Tiger, Burning Bright.” The Economist 373(8397)(2004):4-6.

bHeritage Foundation. “Ireland. 2005 Index of Economic Freedom.” 2005. Available at:
http://www.heritage.org.

°T. Friedman. The End of the Rainbow. New York Times, June 29, 2005. P. A-23.

dOrganisation for Economic Co-operation and Development. Science, Technology, and
Industry Outlook. Paris: OECD, 2005. P. 56.

BOX 8-6
Singapore

Singapore is continuing its long history of active government involve-
ment to promote innovation. This includes a major investment in Biopolis,
opened in October 2002, which Singapore intends to be a world-class
biomedical sciences R&D hub for Asia.2 It is backed with a portfolio of
scholarships, fellowships, and grants to attract students and researchers
from around the world. Another initiative is the Standards, Productivity,
and Innovation Board,? which combines incentives and other help to
increase the number of Singapore’s small and medium-size high-
technology and e-commerce businesses, improve national productivity
and entrepreneurship, and expand the nation’s position in retail markets.

aSee http://www.one-north.com/pages/lifeXchange/index.asp. Accessed September 15,
2005.
bSee http://www.spring.gov.sg/portal/main.html. Accessed September 15, 2005.
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BOX 8-7
Canada

Canada’s two-part innovation strategy covers almost every aspect of
that nation’s economic and educational systems. The first part, called
Achieving Excellence: Investing in People, Knowledge, and Opportunity,
is a plan to expand the Canadian economy.2 The second part is Knowl-
edge Matters: Skills and Learning for Canadians, which outlines plans to
improve Canadian education.? The overall goal of the programs is to
strengthen Canada’s economy by improving quality in, and access to,
elementary, secondary, and higher education; by promoting R&D in the
sciences and engineering; and by extending the new programs and re-
forms from the federal government to the smallest township.

aGovernment of Canada. Achieving Excellence: Investing in People, Knowledge and Op-
portunity. Executive Summary. Ottawa, ON: Government of Canada, 2002. Available at: http:
/lwww.innovationstrategy.gc.ca/gol/innovation/site.nsf/en/in02425.html.

bGovernment of Canada. Knowledge Matters: Skills and Learning for Canadians. Execu-
tive Summary. Ottawa, ON: Government of Canada, 2002. Available at: http://www11.sdc.
gc.ca/sl-ca/doc/summary.shtml.

stock bubble in 2001. Venture-capital investments have been fairly flat since
then, so the United States no longer has that advantage.*? Perhaps equally
important is the fact that investment capital tends to be highly mobile and
to follow opportunity irrespective of national borders.

The committee believes that the United States can and should do more,
particularly in tax policy, to encourage long-term investments in innova-
tion, but it was not able to examine all options and their implications within
the schedule mandated for our study. Several creative new approaches to
capital-gains taxation were discussed, including the option of reducing rates
for very-long-term investments or offering more liberal allowances for loss
writeoffs. The overall corporate tax rate, which some industry groups see as
high by international standards (although there is controversy about this),
is important for determining where companies invest in R&D and down-
stream activities. Finally, incentives for the purchase of high-tech manufac-
turing and research equipment—through tax credits and accelerated depre-
ciation—were considered.

Those new approaches would have widespread consequences for the
economy as a whole and for our national fiscal position. It would be neces-

42Gee the National Venture Capital Association Web site at: http://www.nvca.org.
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sary to structure any new incentives as a comprehensive, integrated pack-
age. It would also be useful to compare the effects of various options, espe-
cially with reference to what other nations are doing. Any such analysis
should examine US and foreign tax systems with a view to developing a
package of incentives to ensure that the United States remains a highly at-
tractive place for long-term innovation-related investments and for location
of the follow-on jobs they produce.

ACTION D-4:
ENSURE UBIQUITOUS BROADBAND INTERNET ACCESS

Several nations are well ahead of the United States in providing broad-
band access for home, school, and business. That capability can be expected
to 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 prompt
action—mainly in the regulatory arena and in spectrum management—to
ensure widespread affordable broadband access in the near future.

The production of information-technology equipment and the use of
information technology have been important engines for US productivity
growth in a range of industries and for the resulting low-inflation economic
expansion (briefly, but significantly, interrupted in 2001) that the nation
has experienced since the mid-1990s.43 The OECD estimates that the per-
centage of total capital investment accounted for by spending on that equip-
ment is significantly higher in the United States than it is in other OECD
economies.* Industries as diverse as financial services, retail, entertainment,
and logistics and transportation are being transformed by information
technology.

Although some believe that broadband access is not critical to US com-
petitiveness, the committee disagrees. The information technology revolu-
tion will continue to fuel economic growth, the creation of high-paying
jobs, and US leadership in science and engineering well into the future.
Accelerating progress toward making broadband connectivity available and
affordable for all US citizens and businesses is critical. Although penetra-
tion of broadband service in the United States is increasing rapidly, broad-
band leaders such as South Korea and Japan are still far ahead.*’

4R. J. Gordon. Technology and Economic Performance in the American Economy. Work-
ing Paper 8771. Cambridge, MA: National Bureau of Economic Research, 2002.

44QOrganisation for Economic Co-operation and Development. The Economic Impact of
ICT. Paris: OEDC, 2004. P. 67.

45P. Gralla. “U.S. Lags in Broadband Adoption Despite VoIP Demand, Says Report.” EE
Times Online, December 16, 2004. Available at: http://www.eet.com/showArticle.jhtml?
articleID=55800449.
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President Bush has announced a national goal of ubiquitous broadband
access in the United States.*® The committee urges the Administration and
Congress to take the necessary steps to meet that goal. Many of the barriers
to more rapid broadband penetration lie in the area of telecommunications
regulation and spectrum policy, where in some cases entrenched industry
interests are clashing to preserve and extend the advantages offered under
policies promulgated in the past.*”

Telecommunication infrastructure will be crucial to the competitive-
ness of any country in the 21st century. It is the medium by which data are
accessed, consultations take place, and decisions are transmitted. One has
only to look at the vast amounts of information transmitted by the financial
community, the use of information in the retail market (for example, Wal-
Mart, the largest retailer in the world, owes much of its competitiveness to
its information-technology infrastructure for tracking sales, inventory, and
consumer purchasing trends in real time), and the growth of online sales in
almost every business segment of the economy.

As the Internet becomes more dominant in communication, informa-
tion access, commerce, education, and entertainment, the key infrastructural
factor will be broadband access. The potential effects on society and indi-
viduals of distance learning, telemedicine, Internet entertainment, and de-
livery of government services demonstrates how great the impact of broad-
band on the competitiveness of any country could be. The United States
was an early leader in Internet broadband penetration but recently has fallen
out of the top 10 countries in per capita broadband access. In fact, vast
rural regions of the United States are devoid of affordable bidirectional
broadband capability. Just as the United States was a leader in providing
ubiquitous telecommunication capability to its citizens in the 20th century
and reaped the benefits of voice-connectivity technology, it should be a
leader in facilitating broadband Internet connectivity to its citizens in the
21st century. That infrastructure not only will support existing commerce
but will facilitate the growth of new industries.

Broadband access clearly is not a “big-company issue;” large compa-
nies can generally afford the technology, and many have already put it in
place in order to compete. Broadband is an important issue for ordinary
citizens (providing, for example, the ability to telecommute on a national
and international scale) as well as small and medium-sized businesses. As
many of us have found when calling a company to help fix our computer,
making an airline reservation, or getting guidance on how to help a sick
child in the middle of the night, the person we call may be virtually any-

46<Bush Pushes Ubiquitous Broadband by 2007.” Reuters, March 26, 2004.

47R. Hundt. “Why Is Government Subsidizing the Old Networks When ‘Big Broadband’
Convergence Is Inevitable and Optimal?” New America Foundation Issue Brief. December
2003.
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where, whether rural or urban, at home or in a call center, in the United
States or overseas. If we expect all of our citizens and companies to be
competitive, universal availability of affordable broadband should be a
matter of national policy.

Some of the programs and policies already being pursued in the United
States, such as federal R&D funding and accelerated tax depreciation on
equipment purchases, do cost the federal government money in terms of
outlays and forgone direct revenue. However, the committee believes that
the most important needed changes are in the regulatory and spectrum man-
agement areas. Policy changes in both of these areas have a broad impact
on the incentives of private companies to invest in infrastructure and to
develop competitive services. Recent examples of regulatory changes in-
clude Federal Communications Commission decisions to free newly de-
ployed broadband infrastructure from legacy regulation and to develop a
framework for deployment of Broadband over Power Lines (BPL). These
sorts of regulatory changes do not entail financial investments by the fed-
eral government. The future of spectrum management is another particu-
larly critical area.* And, as is the case with regulatory policy, changes in
spectrum policy would not necessarily entail costs to the federal govern-
ment and might even result in additional revenue.

CONCLUSION

The United States, if it is to ensure the continued high standard of living
and security of its citizens, must maintain its position as the world’s premier
place for innovation, for investment in downstream activities such as manu-
facturing and marketing, and for creation of high-paying jobs. We can do
this if, while implementing the other recommendations made herein, we
modernize the patent system, realign tax policies to encourage innovation,
and ensure the nation meets the goal of affordable broadband Internet ac-
cess for all. The committee could not examine every possibility, but appro-
priate policy changes should be pursued in each of these areas. A compre-
hensive comparative analysis of tax rules, conducted by the Council of
Economic Advisers and the Congressional Budget Office, could elucidate
how we stack up against other nations as a location for innovation and
related follow-on activities. The object of that examination and the adop-
tion of the recommendations in this chapter would be to ensure that the
United States provides the innovation-friendly environment needed to re-
main a highly attractive place to invest in the future.

48See US Department of Commerce. Spectrum Policy for the 21st Century: The President’s
Spectrum Policy Initiative. Report 1. Washington, DC: US Department of Commerce, June
2004. Available at: http://www.ntia.doc.gov/reports/specpolini/presspecpolini_report1_
06242004.htm.
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What Might Life in the United States
Be Like if It Is Not Competitive in
Science and Technology?

Since World War II, the United States has led the world in science and
technology, and our significant investment in research and education has
translated into benefits from security to healthcare and from economic com-
petitiveness to the creation of jobs. As we enter the 21st century, how-
ever, our leadership is being challenged. Several nations have faster growing
economies, and they are investing an increasing percentage of their resources
in science and technology. As they make innovation-based development a
central economic strategy, we will face profoundly more formidable com-
petitors as well as more opportunities for collaboration. Our nation’s lead
will continue to narrow, and in some areas other nations might overtake us.
How we respond to the challenges will affect our prosperity and security in
the coming decades.

To illustrate the stakes of this new game, it is useful to examine the
changing nature of global competition and to sketch three scenarios for US
competitiveness—a baseline scenario, a pessimistic case, and an optimistic
case. The scenarios demonstrate the importance of maintaining the nation’s
lead in science and technology.

“THE AMERICAN CENTURY”

In the second half of the 20th century, the United States led the world in
many areas. It was the world’s superpower, it had the highest per capita
income of any major economy, it was first among developed countries in
economic growth, and it generated the largest share of world exports—with
less than 5% of the world’s population, it consumes 24 % of what the world

204
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produces.! US-based multinational corporations dominated most industrial
sectors. In the 1990s, the United States experienced the longest economic
boom in its history, driven in large part by investments in information tech-
nology and by accelerating productivity.

Central to prosperity over the last 50 years has been our massive invest-
ment in science and technology. Government spending on research and de-
velopment (R&D) soared after World War II, and government spending on
R&D as a percentage of the gross domestic product (GDP) reached a peak
of 1.9% in 1964 (it has since fallen to 0.8%?2). By 1970, the United States
enrolled 30% of all postsecondary students in the world, and more than
half the world’s science and engineering doctorates were awarded here.?

Today, with just 5% of the world’s population, the United States em-
ploys nearly one-third of the world’s scientific and engineering researchers,
accounts for 40% of all R&D spending, publishes 35% of science and engi-
neering articles, and obtains 44 % of science and engineering citations.* The
United States comes out at or near the top of global rankings for competi-
tiveness. The International Institute for Management Development ranks
the United States first in global competitiveness; the World Economic Fo-
rum puts us second (after Finland) in overall competitiveness and first in
technology and innovation.’

Leadership in science and technology has translated into rising stan-
dards of living. Technology improvements have accounted for up to one-
half of GDP growth and at least two-thirds of productivity growth since
1946.% Business Week chief economist Michael Mandel argues that, with-
out innovation, the long-term growth rate of the US economy would have
been closer to 2.5% annually rather than the 3.6% that has been the aver-
age since the end of World War IL If our economy had grown at that lower

ICenter for Sustainable Energy Systems, University of Michigan, “US Energy System
Factsheet.” August 2005. Available at: http://css.snre.umich.edu/css_doc/CSS03-11.pdf.

2American Association for the Advancement of Science. “US R&D as Percent of Gross
Domestic Product, 1953-2003.” May 2004. Available at: www.aaas.org/spp/rd. Based on Na-
tional Science Foundation data in National Science Board. Science and Engineering Indicators
2004. NSB 04-01. Arlington, VA: National Science Foundation, 2004. Figure 4-5.

3R. B. Freeman. Does Globalization of the Scientific/Engineering Workforce Threaten US
Economic Leadership? Working Paper 11457. Cambridge, MA: National Bureau of Economic
Research, June 2005. P. 3.

“Ibid., p. 1.

SIMD. World Competitiveness Yearbook (2005); World Economic Forum. The Global Com-
petitiveness Report, 2004-2005. New York: Oxford University Press, 2004.

6G. Tassey. R&'D Trends in the US Economy: Strategies and Policy Implications. NIST
Planning Report 99-2. Gaithersburg, MD: National Institute of Standards and Technology,
April 1999.
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rate over the last 50 years, he says, it would be 40% smaller today, with
corresponding implications for jobs, wages, and the standard of living.”

NEW GLOBAL INNOVATION ECONOMY

The dominant position of the United States depended substantially on
our own strong commitment to science and technology and on the com-
parative weakness of much of the rest of the world. But the age of relatively
unchallenged US leadership is ending. The importance of sustaining our
investments is underscored by the challenges of the 21st century: the rise of
emerging markets, innovation-based economic development, the global in-
novation enterprise, the new global labor market, and an aging population
with expanding entitlements.

Emerging Markets

Over the last two decades, the global economy has been transformed.
With the fall of the Berlin Wall in 1989, the collapse of the Soviet Union in
1991, China’s entry into the World Trade Organization in 2001, and India’s
recent engagement with international markets, almost 3 billion people have
joined the global trading system in little more than a decade.

In the coming years, developing markets will drive most economic
growth. Goldman Sachs projects that within 40 years the economies of
Brazil, Russia, India, and China (the so-called BRICs) together could be
larger than those of the G6 nations together—the United States, Japan, the
United Kingdom, Germany, France, and Italy (Figure 9-1). The BRICs cur-
rently are less than 15% the size of the G6.8 But India’s economy could be
larger than Japan’s by 2032, and China could surpass every nation other
than the United States by 2016 and reach parity with the United States by
2041.

The enormous populations of the BRICs (China’s population is now
4.4 times and India’s is 3.6 times the size of the US population’) mean that
even though per capita income in those nations will remain well below that
in the developed world, the BRICs will have a growing middle class of
consumers. Within a decade, nearly 80% of the world’s middle-income con-
sumers could live in nations outside the currently industrialized world.

7M. J. Mandel. Rational Exuberance: Silencing the Enemies of Growth and Why the Future
Is Better Than You Think. New York: Harper Business, 2004. P. 27.

8Goldman Sachs. Dreaming with the BRICs: The Path to 2050. Global Economics. Paper
No. 99. New York: Goldman Sachs, October 2003.

9US Census Bureau Data Base. “Total Mid-Year Population, 2004-2050.” Available at: http:
/lwww.census.gov/ipc/www/idbsprd.html.
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FIGURE 9-1 Projected growth of emerging markets for selected countries, in billions
of constant 2003 US dollars, 2000-2050.

SOURCE: Goldman Sachs. Dreaming with the BRICs: The Path to 2050. Global
Economics. Paper No. 99. New York: Goldman Sachs, October 2003.

China alone could have 595 million middle-income consumers and 82 mil-
lion upper-middle-income consumers,!? a combined number that is double
the total projected population of the United States in that period. China’s
domestic market is already the largest in the world for more than 100 prod-
ucts. With 300 million subscribers and rising, China already is by far the
biggest mobile-telephone market in the world. Only a small fraction of its
population has Internet access, but China still has 100 million computer
users, second only to the United States. China has become the second larg-
est market for personal computers, and it will soon pass the United States.!?
Many US companies—including Google, Yahoo, eBay, and Cisco—expect
China to be their largest market in the next 20 years.!2

For decades, the United States has been the world’s largest and most
sophisticated market for an enormous range of goods and services. US con-
sumers have stimulated productivity around the world with our apparently
insatiable demand. Foreign multinational companies have invested in the

10p, A. Laudicina. World Out of Balance: Navigating Global Risks to Seize Competitive
Advantage. New York: McGraw-Hill, 2005. P. 76.

HC. Prestowitz. Three Billion New Capitalists: The Great Shift of Wealth and Power to the
East. New York: Basic Books, 2005. P. 74.

12D, Gillmor. Now Is Time to Face Facts, Make Needed Investment. San Jose Mercury
News, March 14, 2004.
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United States to gain access to our markets, giving this nation the largest
stock of foreign direct investment in the world and employing 5.4 million
Americans.!3 New products and services are designed, marketed, and
launched here. Technical standards are set here. But as other markets over-
take us, we could lose these advantages.

Innovation-Based Development

Driving the rapid growth in developed economies and in emerging mar-
kets is a new emphasis on science and technology. A report of the President’s
Council of Advisors on Science and Technology (PCAST) notes, “Other
countries are striving to replicate the US innovation ecosystem model to
compete directly against our own.”!* Through investments in R&D, infra-
structure, and education and aided by foreign direct investment, many na-
tions are rapidly retooling their economies to compete in technologically
advanced products and services.

One sign of this new priority is increased R&D spending by many gov-
ernments. The European Union (EU) has stated its desire to increase total
R&D spending (government and industry) from less than 2% of GDP to
3% (the United States currently spends about 2.7%).15 From 1992 to 2002,
China more than doubled its R&D intensity (the ratio of total R&D spend-
ing to GDP), although the United States still spends significantly more than
China does both in gross terms and as a percentage of GDP. Other nations
also have increased their numbers of students, particularly in science and
engineering. India and China are large enough that even if only relatively
small portions of their populations become scientists and engineers, the size
of their science and engineering workforce could still significantly exceed
that of the United States. India already has nearly as many young profes-
sional engineers (university graduates with up to 7 years of experience) as
the United States does, and China has more than twice as many.1®

Multinational corporations are central to innovation-based develop-
ment strategies, and nations around the world have introduced tax benefits,
subsidies, science-based industrial parks, and worker-training programs to

13QOrganization for International Investment. “The Facts About Insourcing.” Available at: http:
/www.ofii.org/insourcing/.

14President’s Council of Advisors on Science and Technology. Sustaining the Nation’s Inno-
vation Ecosystems, Information Technology Manufacturing and Competitiveness. Washing-
ton, DC: White House Office of Science and Technology Policy, December 2004. P. 15.

150rganisation for Economic Co-operation and Development. Science, Technology and
Industry Outlook 2004. Paris: OECD, 2004. P. 25. Available at: http://www.oecd.org/
document/63/0,2340,en_2649_33703_33995839_1_1_1_1,00.html.

16McKinsey and Company. The Emerging Global Labor Market: Part II—The Supply of
Offshore Talent in Services. New York: McKinsey and Company, June 2005.
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lure the owners of high-technology manufacturing and R&D facilities.
China uses those tools and its enormous potential market to encourage
technology transfer to Chinese partner companies.!” Most of the world’s
leading computer and telecommunications companies have R&D invest-
ments in China, and they are competing with local high-technology enter-
prises for market share. High-tech goods went from about 5% of China’s
exports in 1990 to 20% in 2000. Foreign enterprises accounted for 80% of
China’s exports in capital- and technology-intensive sectors in 1995, but
they were only responsible for 50% by 2000. The United States now has a
$30 billion advanced-technology trade deficit with China.

There was once a belief that developing nations would specialize in
low-cost commodity products and developed economies would focus on
high technology, allowing the latter to maintain a higher standard of living.
Developing nations—South Korea, Taiwan, India, and China—have ad-
vanced so quickly that they can now produce many of the most advanced
technologies at costs much lower than in wealthier nations. Most analysts
believe that the United States, Europe, and Japan still maintain a lead in
innovation—developing the new products and services that will appeal to
consumers. But even here the lead is narrowing and temporary. And while
the United States does currently maintain an advantage in terms of the avail-
ability of venture capital to underwrite innovation, venture capitalists are
increasingly pursuing what may appear to be more promising opportunities
around the world.

The Global Innovation Enterprise

Among the most powerful drivers of globalization has been the spread
of multinational corporations. By the end of the 20th century, nearly 63,000
multinationals were operating worldwide.18 Over the last few decades, cor-
porations have used new information technologies and management prac-
tices to outsource production and business processes. Shifting from a verti-
cally integrated structure to a network of partners allows companies to
locate business activities in the most cost-efficient manner. The simulta-
neous opening of emerging markets and the rapid increase in workforce
skill levels in those nations helped stimulate the offshore placement of key
functions. First in manufacturing, then in technical support and back-office

17E. H. Preeg. The Emerging Chinese Advanced Technology Superstate. Arlington, VA:
Manufacturers Alliance/MAPI and Hudson Institute, 2005; K. Walsh. Foreign High-Tech
R&D in China: Risks, Rewards, and Implications for US-China Relations. Washington, DC:
Henry L. Stimson Center, 2003.

18United Nations Conference on Trade and Development. World Investment Report 2004:
The Shift Towards Services. New York and Geneva: United Nations, 2004.
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operations, next in software design, increasingly sophisticated work is be-
ing performed in developing economies. Innovation itself is being both
outsourced and sent offshore.!® This is all part of the process that Thomas
Friedman calls “the flattening of the world.”20

Locations that combine strong R&D centers with manufacturing capa-
bilities have a clear competitive advantage. Hence, in addition to the avail-
ability of scientists and engineers whose salaries are a fraction of the sala-
ries of their US counterparts, India and China offer synergies between
manufacturing and R&D. Top-level R&D and design are still conducted
mostly in the United States, but global companies are becoming increas-
ingly comfortable with offshore R&D, and other nations are rapidly in-
creasing their capabilities.2!

In 1997, China had fewer than 50 research centers that were managed
by multinational corporations; by mid-2004, there were more than 600.22
Much of the R&D currently performed in developing markets is designed
to tailor products to local needs, but as local markets grow, the most ad-
vanced R&D could begin to migrate there. That said, it should be noted
that the United States also benefits from offshore R&D—the amount of
foreign-funded R&D conducted here has quadrupled since the mid-1980s.
In fact, more corporate R&D investment now comes into the United States
than is sent out of the country.2

The Emerging Global Labor Market

The three trends discussed already—the opening of emerging markets,
innovation-based development, and the global innovation enterprise—have
created a new global labor market, with far-reaching implications.

In the last few years, the phenomenon of sending service work overseas
has garnered a great deal of attention in developed nations. The movement
of US manufacturing jobs offshore through the 1980s and 1990s had major
consequences for domestic employment in those sectors, although many
argue that productivity increases were responsible for most of the reported

PCouncil on Competitiveness. Going Global: The New Shape of American Innovation.
Washington, DC: Council on Competitiveness, 1998.

20T. L. Friedman. The World Is Flat: A Brief History of the 21st Century. New York: Farrar,
Straus, and Giroux, 2005.

21President’s Council of Advisors on Science and Technology. Sustaining the Nation’s Inno-
vation Ecosystems, Information Technology Manufacturing and Competitiveness. Washing-
ton, DC: White House Office of Science and Technology Policy, December 2004. P. 11.

22R. B. Freeman. Does Globalization of the Scientific/[Engineering Workforce Threaten US
Economic Leadership? Working Paper 11457. Cambridge, MA: National Bureau of Economic
Research, June 2005. P. 9.

23K. Walsh. Foreign High-Tech R&D in China: Risks, Rewards, and Implications for US-
China Relations. Washington, DC: Henry L. Stimson Center, 2003.
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job losses.2* Until recently, it seemed that jobs in the service sector were safe
because most services are delivered face-to-face and only a small fraction is
traded globally. But new technologies and business processes are opening
an increasing number of services to global competition, from technical sup-
port to the reading of x-rays to stock research to the preparation of income
taxes and even to the ordering of hamburgers at drive-through windows.
There is a US company that uses a receptionist in Pakistan to welcome
visitors to its office in Washington via flat-screen television.2® The transfor-
mation of collaboration brought about by information and communica-
tions technologies means that the global workforce is now more easily
tapped by global businesses. It is important to note, however, that a recent
McKinsey Company report estimates that only 13% of the potential talent
supply in low-wage nations is suited for work in multinational companies
because the workers lack the necessary education or language skills.2¢ But
that is 13% of a very large number.

Forrester Research estimates that 3.4 million US jobs could be lost to
offshoring by 2015.27 Ashok Bardhan and Cynthia Kroll calculate that more
than 14 million US jobs are at risk of being sent offshore.28 The Information
Technology Association of America (ITAA), Global Insight,2? and McKinsey
and Company?? all argue that those losses will be offset by net gains in US
employment—presuming that the United States takes the steps needed to
maintain a vibrant economy. Many experts point out that the number of
jobs lost to offshoring is small compared with the regular monthly churning
of jobs in the US economy. McKinsey, for example, estimates that about
225,000 jobs are likely to be sent overseas each year, a small fraction of the
total annual job churn. In 2004, the private sector created more than 30
million jobs and lost about 29 million; the net gain was 1.4 million jobs.3!

24American Electronics Association. Offshore Outsourcing in an Increasingly Competitive
and Rapidly Changing World: A High-Tech Perspective. Washington, DC: American Elec-
tronics Association, March 2004.

25S. M. Kalita. Virtual Secretary Puts New Face on Pakistan. Washington Post, May 10,
200S. P. AO1.

26McKinsey and Company. The Emerging Global Labor Market: Part [I—The Supply of
Offshore Talent in Services. New York: McKinsey and Company, June 2005. P. 23.

27Forrester Research. Near-Term Growth of Offshoring Accelerating. Cambridge, MA:
Forrester Research, May 14, 2004.

28A. Bardhan and C. Kroll. The New Wave of Outsourcing. Fisher Center Research Reports
#1103. Berkeley, CA: University of California, Berkeley, Fisher Center for Real Estate and
Urban Economics, November 2, 2003.

2YInformation Technology Association of America. The Impact of Offshore IT Software
and Services Outsourcing on the US Economy and the IT Industry. Lexington, MA: Global
Insight (USA), March 2004.

30McKinsey and Company. Offshoring: Is It a Win-Win Game? New York: McKinsey and
Company, August 2003.

31US Bureau of Labor Statistics. “NEWS: Business Employment Dynamics: First Quarter
2005.” November 18, 2005. Available at: http://www.bls.gov/rofod/3640.pdf.
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Once again, this suggests that the US economy will continue to create new
jobs at a constant rate, an assumption that in turn depends on our contin-
ued development of new technologies and training of workers for the jobs
of the 21st century. Economists and others actively debate whether out-
sourcing or, more generally, free trade with low-wage countries with rap-
idly improving innovation capacities will help or hurt the US economy in
the long term.32 The optimists and the pessimists, however, agree on two
fundamental points: in the short term, some US workers will lose their jobs
and face difficult transitions to new, higher skilled careers; and in the long
term, America’s only hope for continuing to create new high-wage jobs is to
maintain our lead in innovation.

Aging and Entitlements

The enormous and growing supply of labor in the developing world is
but one side of a global demographic transformation. The other side is the
aging populations of developed nations. The working-age population is al-
ready shrinking in Italy and Japan, and it will begin to decline in the United
States, the United Kingdom, and Canada by the 2020s. More than 70 mil-
lion US baby boomers will retire by 2020, but only 40 million new workers
will enter the workforce.33 Europe is expected to face the greatest period of
depopulation since the Black Death, shrinking to 7% of world population
by 2050 (from nearly 25% just after World War II).34 East Asia (including
China) is experiencing the most rapid aging in the world. At the same time,
India’s working-age population is projected to grow by 335 million people
by 2030—almost equivalent to the entire workforce of Europe and the
United States today.3® Those extreme global imbalances suggest that immi-
gration will continue to increase.

Population dynamics have major economic implications. The
Organisation for Economic Co-operation and Development (OECD)

32%. C. Mann. Globalization of IT Services and White Collar Jobs. Washington, DC: Insti-
tute for International Economics, 2003; J. Bhagwati, A. Panagariya, and T. N. Srinivasan.
“The Muddles Over Outsourcing.” Journal of Economic Perspectives 18(Summer 2004):93-
114 offer examples of the optimist view; R. Gomory and W. Baumol. Global Trade and
Conflicting National Interests. Cambridge, MA: MIT Press, 2001; P. A. Samuelson. “Where
Ricardo and Mill Rebut and Confirm Arguments of Mainstream Economists Supporting Glo-
balization.” Journal of Economic Perspectives 18(Summer 2004):135-146 offer a more pessi-
mistic perspective.

33P. A. Laudicina. World Out of Balance: Navigating Global Risks to Seize Competitive
Advantage. New York: McGraw-Hill, 2005. P. 49.

34United Nations, Department of Economic and Social Affairs, Population Division. “The
World at Six Billion.” October 12, 1999. Available at: http://www.un.org/esa/population/
publications/sixbillion/sixbillion.htm.

35P. A. Laudicina. World Out of Balance: Navigating Global Risks to Seize Competitive
Advantage. New York: McGraw-Hill, 2005. P. 62.
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projects that the scarcity of working-age citizens will hamper economic
growth rates between 2025 and 2050 for Europe, Japan, and the United
States.3¢ The Center for Strategic and International Studies (CSIS) estimates
that the average cost of public pensions in the developed world will grow by
7% of GDP between now and the middle of the century; public health
spending on the elderly will grow by about 6% of GDP.3” There are now 3
pension-eligible elders in the developed world for every 10 working-age
adults. Thirty-five years from now, the ratio will be 7 to 10. Here in the
United States, the ratio of adults aged 60 and over to working-age adults
aged 15-59 is expected to increase from .26 to .47 over the same period.38

Those trends have profound implications for US leadership in science
and technology:

e The US science and engineering workforce is aging while the supply
of new scientists and engineers who are US citizens is decreasing. Immigra-
tion will continue to be critical to filling our science and engineering needs.

e The rapidly increasing costs of caring for the aging population will
further strain federal and state budgets and add to the expense columns of
industries with large pension and healthcare obligations. It will thus be-
come more difficult to allocate resources to R&D or education.

e Aging populations and rising healthcare costs will drive demand for
innovative and cost-effective medical treatments.

Taken together, those trends indicate a significant shift in the global
competitive environment. The importance of leadership in science and tech-
nology will intensify. As companies come to see innovation as the key to
revenue growth and profitability, as nations come to see innovation as the
key to economic growth and a rising standard of living, and as the planet
faces new challenges that can be solved only through science and technol-
ogy, the ability to innovate will be perhaps the most important factor in the
success or failure of any organization or nation.

A recent report from the Council on Competitiveness argues that “in-
novation will be the single most important factor in determining America’s
success through the 21st century.”3? The United States cannot control such
global forces as demographics, the strategies of multinational corporations,

36Central Intelligence Agency. Long-Term Global Demographic Trends: Reshaping the Geo-
political Landscape. Langley, VA: CIA, July 2001. P. 25.

37P. G. Peterson. “The Shape of Things to Come: Global Aging in the 21st Century.” Jour-
nal of International Affairs 56(1)(Fall 2002). New York: Columbia University Press.

38R. Jackson and N. Howe. The 2003 Aging Vulnerability Index. Washington, DC: CSIS
and Watson Wyatt Worldwide, 2003. P. 43.

39Council on Competitiveness. Innovate America. Washington, DC: Council on Competi-
tiveness, December 2004.
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and the policies of other nations, but we can determine how we want to
engage with this new world, with all of its challenges and opportunities.

SCENARIOS FOR AMERICA’S FUTURE IN
SCIENCE AND TECHNOLOGY

To highlight the choices we face, and their implications, it is useful to
examine three scenarios that address the changing status of America’s lead-
ership in science and engineering.

Scenario 1: Baseline,
America’s Narrowing Lead

What is likely to happen if we do not change our current approach to
science and technology? The US lead is so large that it is unlikely that any
other nation would broadly overtake us in the next decade or so. The Na-
tional Intelligence Council argues that the United States will remain the
world’s most powerful actor—economically, technologically, and militar-
ily—at least through 2020.40 But that does not mean the United States will
not be challenged. The Center for Strategic and International Studies con-
cludes, “Although US economic and technology leadership is reasonably
assured out to 2020, disturbing trends now evident threaten the foundation
of US technological strength.”4!

Over the last year or so, a virtual flood of books and articles has ap-
peared expressing concern about the future of US competitiveness.*?> They
identify trends and provide data to show that the relative position of the
United States is declining in science and technology, in education, and in
high-technology industry.*3 All of this leads to a few simple extrapolations

4ONational Intelligence Council. Mapping the Global Future: Report of the National Intelli-
gence Council’s 2020 Project. Pittsburgh, PA: Government Printing Office, December 2004.

#1Center for Strategic and International Studies. Technology Futures and Global Power,
Wealth and Conflict. Washington, DC: CSIS, May 20035. P. viii.

42Some of the most prominent publications include A. Segal. “Is America Losing Its Edge?
Innovation in a Globalized World.” Foreign Affairs (November/December 2004):2-8; G.
Colvin. “America Isn’t Ready.” Fortune, July 25, 2005; K. H. Hughes. Building the Next US
Century: The Past and Future of US Economic Competitiveness. Washington, DC: Woodrow
Wilson Center Press, 2005; R. D. Atkinson. The Past and Future of America’s Economy: Long
Waves of Innovation That Power Cycles of Growth. Northampton, MA: E. Elgar, 2004; and
R. Florida. The Flight of the Creative Class: The New Global Competition for Talent. New
York: Harper Business, 2005.

43The Task Force on the Future of US Innovation. The Knowledge Economy: Is the United
States Losing Its Competitive Edge, Benchmarks for Our Innovation Future. Washington,
DC: The Task Force on the Future of US Innovation, February 2005.
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for our global role over the next 30 years, assuming that we change nothing
in our approach to science and education.

The US share of global R&D spending will continue to decline.

e US R&D spending will continue to lead the world in gross terms,
but R&D intensity (spending as a percentage of GDP) will continue to fall
behind that of other nations.

e US R&D will rely increasingly on corporate R&D spending.

e Industry spending now accounts for two-thirds of all US R&D.

e Total government spending on all physical sciences research is less
than the $5 billion that a single company—IBM—spends annually on R&D,
although an increasing amount of IBM’s research, like that of most large
corporations, is now performed abroad.

e Most corporate R&D is focused on short-term product development
rather than on long-term fundamental research.

e US multinational corporations will conduct an increasing amount of
their R&D overseas, potentially reducing their R&D spending in the United
States, because other nations offer lower costs, more government incen-
tives, less bureaucracy, high-quality educational systems, and in some cases
superior infrastructure.

The US share of world scientific output will continue to decline.

e The share of US patents granted to US inventors is already declining,
although the absolute number of patents to US inventors continues to
increase.

e US researchers’ scientific publishing will decline as authors from
other nations increase their output.

e The number of scientific papers published by US researchers
reached a plateau in 1992.44

e Europe surpassed the United States in the mid-1990s as the world’s
largest producer of scientific literature.

e If current trends continue, publications from the Asia Pacific re-
gion could outstrip those from the United States within the next 6 or 7
years.4

44National Science Board. Science and Engineering Indicators 2004. NSB 04-01. Arlington,
VA: National Science Foundation, 2004. Table 5-30.

4SA. von Bubnoff. “Asia Squeezes Europe’s Lead in Science.” Nature 436(7049)(July 21,
2005):314.
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The US share of scientists and engineers will continue to decline.

e Other nations will have larger numbers of students receiving under-
graduate degrees in science and engineering. In 2000, more than 25 coun-
tries had a higher percentage of 24-year-olds with degrees in science and
engineering than did the United States.*®

e The number of graduate degrees awarded in science and engineering
will decline.

e The number of new doctorates in science and engineering peaked
in the United States in 1998.

® By 2010, China will produce more science and engineering doctor-
ates than the United States does.4”

e The US share of world science and engineering doctorates granted
will fall to about 15% by 2010, down from more than 50% in 197048
(Figure 9-2).

¢ International students and workers will make up an increasing share
of those holding US science and engineering degrees and will fill more of
our workforce.

e In 2003, foreign students earned 38% of all US doctorates in sci-
ence and engineering, and they earned 59% of US engineering doctorates.*’

e In 2000, foreign-born workers occupied 38% of all US doctoral-
level science and engineering jobs, up from 24% just 10 years earlier.>?

Our ability to attract the best international researchers will continue to
decline.

e From 2002 to 2003, 1,300 international students enrolled in US sci-
ence and engineering graduate programs. In each of the 3 years before that,
the number had risen by more than 10,000.5!

46National Science Foundation. Science and Engineering Indicators 2004. Arlington, VA:
National Science Foundation, 2004. Appendix Table 2-33.

47R. B. Freeman. Does Globalization of the Scientific/[Engineering Workforce Threaten US
Economic Leadership? Working Paper 11457. Cambridge, MA: National Bureau of Economic
Research, June 2005. P. 4.

#1bid., p. 5.

49National Science Foundation. Survey of Earned Doctorates, 2003. Arlington, VA: Na-
tional Science Foundation, 2005.

S0R. B. Freeman. Does Globalization of the Scientific/Engineering Workforce Threaten US
Economic Leadership? Working Paper 11457. Cambridge, MA: National Bureau of Economic
Research, June 2005. P. 36.

51National Science Foundation. Graduate Enrollment in Science and Engineering Programs
Up in 2003, but Declines for First-Time Foreign Students. NSF 05-317. Arlington, VA: Na-
tional Science Foundation, 2005.
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FIGURE 9-2 China and European Union production of science and engineering
doctorates compared with US production, 1975-2010.

SOURCE: R. B. Freeman. Does Globalization of the Scientific/Engineering
Workforce Threaten US Economic Leadership? Working Paper 11457. Cambridge,
MA: National Bureau of Economic Research, June 2005.

e After a decline of 6% from 2001 to 2002, first-time, full-time en-
rollment of students with temporary visas fell 8% in 2003.°2

e Snapshot surveys indicate international graduate student enrollments
decreased again in 2004 by 6 %733 but increased by 1% in 2005.

e In the early 1990s, there were more science and engineering students
from China, South Korea, and Taiwan studying at US universities than
there were graduates in those disciplines at home. By the mid-1990s, the
number attending US universities began to decline and the number studying
in Asia increased significantly.>*

PCAST observes, “While not in imminent jeopardy, a continuation of
current trends could result in a breakdown in the web of ‘innovation eco-
systems’ that drive the successful US innovation system.”>> Economist Ri-

321bid.

33H. Brown. Council of Graduate Schools Finds Declines in New International Graduate
Student Enrollment for Third Consecutive Year. Washington, DC: Council of Graduate
Schools, November 4, 2004; H. Brown. 2005. Findings from 2005 CGS International Gradu-
ate Admissions Survey I11: Admissions and Enrollment. Washington, DC: Council of Gradu-
ate Schools. Available at: http://www.cgsnet.org/pdf/CGS2005IntlAdmitIIl_Rep.pdf.

54The Task Force on the Future of US Innovation. The Knowledge Economy: Is the United
States Losing Its Competitive Edge, Benchmarks for Our Innovation Future. Washington,
DC: The Task Force on the Future of US Innovation, February 2005.

35President’s Council of Advisors on Science and Technology. Sustaining the Nation’s Inno-
vation Ecosystems, Information Technology Manufacturing and Competitiveness, Washing-
ton, DC: White House Office of Science and Technology Policy, December 2004. P. 13.
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chard Freeman says those trends foreshadow a US transition “from being a
superpower in science and engineering to being one of many centers of
excellence.”® He adds that “the country faces a long transition to a less
dominant position in science and engineering associated industries.”>”

The United States still leads the world in many areas of science and
technology, and it continues to increase spending and output. But our share
of world output is declining, largely because other nations are increasing
production faster than we are, although they are starting from a much lower
base. Moreover, the United States will continue to lead the world in other
areas critical to innovation—capital markets, entrepreneurship, and
workforce flexibility—although here as well our relative lead will shrink as
other nations improve their own systems.

The biggest concern is that our competitive advantage, our success in
global markets, our economic growth, and our standard of living all depend
on maintaining a leading position in science, technology, and innovation.
As that lead shrinks, we risk losing the advantages on which our economy
depends. If these trends continue, there are several likely consequences:

e The United States will cease to be the largest market for many high-
technology goods, and the US share of high-technology exports will con-
tinue to decline.

e Foreign direct investment will decrease.

e Multinational corporations (US-based and foreign) will increase their
investment and hiring more rapidly overseas than they will here.

e The industries and jobs that depend on high-technology exports and
foreign investment will suffer.

e The trade deficit will continue to increase, adding to the possibility
of inflation and higher interest rates.

e Salaries for scientists, engineers, and technical workers will fall be-
cause of competition from lower-wage foreign workforces, and broader
salary pressures could be exhibited across other occupations.

e Job creation will slow.

e GDP growth will slow.

e Growth in per capita income will slow despite our relatively high
standard of living.

e Poverty rates and income inequality, already more pronounced here
than in other industrialized nations, could increase.

56R. B. Freeman. Does Globalization of the Scientific/Engineering Workforce Threaten US
Economic Leadership? Working Paper 11457. Cambridge, MA: National Bureau of Economic
Research, June 2005. P. 2.

S7Ibid., p. 3.
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Today’s leadership position is built on decisions that led to investments
made over the past 50 years. The slow erosion of those investments might
not have immediate consequences for economic growth and job creation,
but the long-term effect is predictable and would be severe. Once lost, the
lead could take years to recover, if indeed it could be recovered. Like a
supertanker, the US economy does not turn on a dime, and if it goes off
course it could be very difficult to head back in the right direction.

Given that they already have a commanding lead in many key sectors, it
is likely that US multinational corporations will continue to succeed in the
global marketplace. To do so, they will shift jobs, R&D funds, and re-
sources to other places. Increasingly, it is no longer true that what is good
for GM (or GE or IBM or Microsoft) is good for the United States. What it
means to be a US company is likely to change as all multinationals continue
to globalize their operations and ownership. As China and other developing
nations become larger markets for many products and services, and as they
maintain their cost advantages, US companies will increasingly invest there,
hire there, design there, and produce there.

This nation’s science and technology policy must account for the new
reality and embrace strategies for success in a world where talent and capi-
tal can easily choose to go elsewhere.

Scenario 1 is the most likely case if current trends in government poli-
cies continue both here and in other nations and if corporate strategies
remain as they are today. Two other scenarios represent departures from
recent history. As such, they are more speculative and less detailed.

Scenario 2: Pessimistic Case,
America Falls Decisively Behind

In Scenario 1, the United States continues to invest enough to maintain
current trends in science and technology education and performance, lead-
ing to a slow decline in competitiveness. Scenario 2 considers what might
happen if the commitment to science and technology were to lessen. Al-
though that would run counter to our national history, several factors might
lead to such an outcome:

e Rising spending on social security, Medicare, and Medicaid (now
42% of federal outlays compared with 25% in 1975) limit federal and state
resources available for science and technology.’8 In 2003, Social Security,
Medicare, and Medicaid accounted for 8.4% of GDP. If growth continues

38W. B. Bonvillian. “Meeting the New Challenge to US Economic Competitiveness.” Issues
in Science and Technology 21(1)(Fall 2004):75-82.
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at the current rate, the federal government’s total spending for Medicare
and Medicaid alone would reach 22% of GDP by 2050.

e The war on terrorism refocuses government resources on short-term
survival rather than long-term R&D.

e Increasingly attractive opportunities overseas draw industrial R&D
funding and talented US scientists and engineers away from the United
States.

e Higher US effective corporate tax rates discourage companies from
investing in new facilities and research in the United States.

e Excessive regulation of research institutions reduces the amount of
money available for actual research.

Those possibilities would exacerbate and accelerate the trends noted in
Scenario 1:

e The availability of scientists and engineers could drop precipitously
if foreign students and workers stop coming in large numbers, either be-
cause immigration restrictions make it more difficult or because better op-
portunities elsewhere reduce the incentives to work in the United States.

e US venture capitalists begin to place their funds abroad, searching
for higher returns.

e Short-term cuts in funding for specific fields could lead to a rapid
decline in the number of students in those disciplines, which could take
decades to reverse.

o If they were faced with a lack of qualified workers, multinational
corporations might accelerate their overseas hiring, building the capabilities
of other nations while the US innovation system atrophies.

e Multinationals from China, India, and other developing nations,
building on success in their domestic markets and on supplies of talented,
low-cost scientists and engineers, could begin to dominate global markets,
while US-based multinationals that still have a large percentage of their
employees in the United States begin to fail, affecting jobs and the broader
economy.

¢ Financing the US trade deficit, now more than $600 billion or
about 6% of GDP, requires more than $2 billion a day of foreign invest-
ment. Many economists argue that such an imbalance is unsustainable in
the long term.>® A loss of competitiveness in key export industries could
lead to a loss of confidence in the US ability to cover the debt, bringing on
a crisis.

39C. Prestowitz. Three Billion New Capitalists: The Great Shift of Wealth and Power to the
East. New York: Basic Books, 2005. P. xii.
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¢ As innovation and investment move overseas, domestic job creation
and wage growth could stall, lowering the overall standard of living in the
United States.

The rapid pace of technological change and the increasing mobility of
capital knowledge and talent mean that our current lead in science and
technology could evaporate more quickly than is generally recognized if we
fail to support it. The consequences would be enormous, and once lost, our
lead would be difficult to regain.

Scenario 3: Optimistic Case,
America Leads in Key Areas

The relative competitive lead enjoyed by the United States will almost
certainly shrink as other nations rapidly improve their science and technol-
ogy capacity. That means greater challenges for the United States, but it
also presents an opportunity to raise living standards and improve quality
of life around the world and to create a safer world. The United States
might have a smaller share of the world’s economy, but the economy itself
will be larger. For that reason, the success of other nations need not imply
the failure of the United States. But it does require that the United States
maintain and extend its capacity to generate value as part of a global inno-
vation system.

If we increase our commitment to leadership in science and technology,
there are several likely results:

e Although the US share of total scientific output continues to decline,
the United States maintains leadership across key areas.

e US researchers become leaders of global research networks.

e The US education system sets the standard for quality and innova-
tion, giving graduates a competitive edge over the larger number of lower
wage scientists and engineers trained in the developing world.

e Qur universities and national laboratories act as centers for regional
innovation, attracting and anchoring investment from around the world.

e Qur economy generates sufficient growth to reduce our trade imbal-
ances, reduce the federal budget deficit, and support an aging population.

e Investors continue to find it attractive to place their funds in US
firms seeking to innovate and generate jobs in America.

e US leadership in science and technology supports our military lead-
ership and addresses the major challenges of homeland security.

The rapid worldwide development that has resulted from advances in
science and technology has raised global standards of living, but it also
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spawned a range of challenges that, paradoxically, will have to be solved
through appropriate investments in research:

e To maintain its current rate of growth, by 2020 China will need
to boost energy consumption by 150%, and India will need to do so
by 100%.0 It will be essential to develop clean, affordable, and reliable
energy.

e The increased movement of people around the world will lead to
more outbreaks of communicable diseases. Meanwhile, aging populations
will require new treatments for chronic diseases.

® As the means to develop weapons of mass destruction become more
widely available, security measures must advance.

e In an increasingly interconnected economy, even small disruptions
to communications, trade, or financial flows can have major global conse-
quences. Methods to manage complex systems and respond quickly to emer-
gencies will be essential.

The strains of managing global growth will require global collabora-
tion. Around the world, the growing scale and sophistication of science and
technology mean that we are much more likely to be able to solve those and
other problems that will confront us. Advances in information technology,
biotechnology, and nanotechnology will improve life for billions of people.
The leadership of the United States in science and technology will make a
critical contribution to those efforts and will benefit the lives of Americans
here at home. Each challenge offers an opportunity for the United States to
position itself as the leader in the markets that will be created for solutions
to global challenges in such fields as energy, healthcare, and security.

It is important to recognize that all nations in the global economy are
now inextricably linked. Just as global health, environmental, and security
issues affect everyone, so are we all dependent on the continued growth of
other economies. It is clearly in America’s interest for China, India, the EU,
Japan, and other nations to succeed. Their failure would pose a far greater
threat to US prosperity and security than would their success. In the global
economy, no nation can prosper in isolation. However, it is the thesis of
this report that it is important that such global prosperity be shared by the
citizens of the United States.

60National Intelligence Council. Mapping the Global Future: Report of the National Intelli-
gence Council’s 2020 Project. Pittsburgh, PA: Government Printing Office, December 2004.
P. 62.
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CONCLUSION

It is easy to be complacent about US competitiveness and pre-eminence
in science and technology. We have led the world for decades, and we con-
tinue to do so in many fields. But the world is changing rapidly, and our
advantages are no longer unique. Without a renewed effort to bolster the
foundations of our competitiveness, it is possible that we could lose our
privileged position over the coming decades. For the first time in genera-
tions, our children could face poorer prospects for jobs, healthcare, secu-
rity, and overall standard of living than have their parents and grandpar-
ents. We owe our current prosperity, security, and good health to the
investments of past generations. We are obliged to renew those commit-
ments to ensure that the US people will continue to benefit from the re-
markable opportunities being opened by the rapid development of the glo-
bal economy.
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Committee and Professional Staff
Biographic Information

NORMAN R. AUGUSTINE [NAE] (Chair) retired in 1997 as chair and
chief executive officer of Lockheed Martin Corporation. Previously, he
served as chair and chief executive officer of the Martin Marietta Corpora-
tion. On retiring, he joined the faculty of the Department of Mechanical
and Aerospace Engineering at Princeton University. Earlier in his career, he
had served as under secretary of the Army and as assistant director of
defense research and engineering. Mr. Augustine has been chair of the
National Academy of Engineering and served 9 years as chairman of the
American Red Cross. He has also been president of the American Institute
of Aeronautics and Astronautics and served as chairman of the Jackson
Foundation for Military Medicine. He has been a trustee of the Massachu-
setts Institute of Technology and Princeton. He is a trustee emeritus of
Johns Hopkins University and serves on the President’s Council of Advisors
on Science and Technology and on the Department of Homeland Security’s
Advisory Council. He is a former chairman of the Defense Science Board.
He is on the boards of Black and Decker, Lockheed Martin, Procter and
Gamble, and Phillips Petroleum, and he has served as chairman of the
Business Roundtable Taskforce on Education. He has received the National
Medal of Technology and the Department of Defense’s highest civilian
award, the Distinguished Service Medal, five times. Mr. Augustine holds a
BSE and an MSE in aeronautical engineering, both from Princeton Univer-
sity, and has received 19 honorary degrees. He is the author or coauthor of
four books.
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CRAIG R. BARRETT [NAE] is chief executive officer of Intel Corpora-
tion. He received a BSc in 1961, an MS in 1963, and a PhD in 1964, all in
materials science from Stanford University. After graduation, he joined the
faculty of Stanford University in the Department of Materials Science and
Engineering and remained through 1974, rising to the rank of associate
professor. Dr. Barrett was a Fulbright Fellow at Danish Technical Univer-
sity in Denmark in 1972 and a North Atlantic Trade Organization Post-
doctoral Fellow at the National Physical Laboratory in England from 1964
to 1965. He was elected to the National Academy of Engineering in 1994
and became NAE chair in July 2004. Dr. Barrett joined Intel in 1974 as a
technology-development manager. He was named a vice president in 1984,
and was promoted to senior vice president in 1987 and executive vice
president in 1990. Dr. Barrett was elected to Intel’s board of directors in
1992 and was named the company’s chief operating officer in 1993. He
became Intel’s fourth president in May 1997 and chief executive officer in
1998. Dr. Barrett is a member of the boards of directors of Qwest Commu-
nications International Inc., the National Forest Foundation, Achieve, Inc.,
the Silicon Valley Manufacturing Group, and the Semiconductor Industry
Association. In addition to serving as cochairman of the National Alliance
of Business Coalition for Excellence in Education, Dr. Barrett served on the
National Commission on Mathematics and Science Teaching for the 21st
Century (also known as the Glenn Commission). Dr. Barrett is the author
of over 40 technical papers dealing with the influence of microstructure on
the properties of materials and of a textbook on materials science, Prin-
ciples of Engineering Materials. He was the recipient of the American Insti-
tute of Mining, Metallurgical, and Petroleum Engineers Hardy Gold Medal
in 1969.

GAIL CASSELL [IOM] is vice president of scientific affairs and Distin-
guished Lilly Research Scholar for Infectious Diseases of Eli Lilly and Com-
pany. She was previously the Charles H. McCauley Professor and chairman
of the Department of Microbiology at the University of Alabama Schools of
Medicine and Dentistry at Birmingham, a department that ranked first in
research funding from the National Institutes of Health under her leader-
ship. She is a current member of the Director’s Advisory Committee of the
National Centers for Disease Control and Prevention. She is a past presi-
dent of the American Society for Microbiology (ASM), a former member of
the National Institutes of Health (NIH) Director’s Advisory Committee,
and a former member of the Advisory Council of the National Institute of
Allergy and Infectious Diseases of NIH. Dr. Cassell served 8 years on the
Bacteriology-Mycology 2 Study Section and as chair for 3 years. She also
was previously chair of the Board of Scientific Councilors of the Center for
Infectious Diseases of the Centers for Disease Control and Prevention. Dr.
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Cassell has been intimately involved in establishment of science policy and
legislation related to biomedical research and public health. She is the
chairman of the Public and Scientific Affairs Board of ASM, is a member of
the Institute of Medicine, has served as an adviser on infectious diseases and
indirect costs of research to the White House Office of Science and Tech-
nology Policy, and has been an invited participant in numerous congres-
sional hearings and briefings related to infectious diseases, antimicrobial
resistance, and biomedical research. She has served on several editorial
boards of scientific journals and has written over 250 articles and book
chapters. Dr. Cassell has received several national and international awards
and an honorary degree for her research in infectious diseases.

STEVEN CHU [NAS] is the director of E.O. Lawrence Berkeley National
Laboratory, and a professor of physics and cellular and molecular biology
at the University of California, Berkeley. Previously, he held positions at
Stanford University and AT&T Bell Laboratories. Dr. Chu’s research in
atomic physics, quantum electronics, polymer physics, and biophysics in-
cludes tests of fundamental theories in physics, the development of methods
to laser-cool and trap atoms, atom interferometry, and the manipulation
and study of polymers and biologic systems at the single-molecule level.
While at Stanford, he helped to start Bio-X, a multidisciplinary initiative
that brings together the physical and biologic sciences with engineering and
medicine. Dr. Chu has received numerous awards and is a cowinner of the
Nobel Prize in physics (1997). He is a member of the National Academy of
Sciences, the American Philosophical Society, the American Academy of
Arts and Sciences, and the Academica Sinica and is a foreign member of the
Chinese Academy of Sciences and the Korean Academy of Science and
Engineering. Dr. Chu also serves on the boards of the William and Flora
Hewlett Foundation, the University of Rochester, NVIDIA, and the
(planned) Okinawa Institute of Science and Technology. He has served on
numerous advisory committees, including the Executive Committee of the
National Academy of Sciences Board on Physics and Astronomy, the Na-
tional Institutes of Health Advisory Committee to the Director, and the
National Nuclear Security Administration Advisory Committee to the Di-
rector. Dr. Chu received his AB degrees in mathematics and physics from
the University of Rochester, a PhD in physics from the University of Cali-
fornia, Berkeley, and a number of honorary degrees.

ROBERT M. GATES has been the president of Texas A&M University, a
land-grant, sea-grant, and space-grant university, since August 2002. Dr.
Gates served as interim dean of the George Bush School of Government and
Public Service at Texas A&M from 1999 to 2001. He served as director of
central intelligence from November 1991 until January 1993. In that posi-
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tion, he headed all foreign-intelligence agencies of the United States and
directed the Central Intelligence Agency (CIA). Dr. Gates is the only career
officer in CIA’s history to rise from entry-level employee to director. He
served as deputy director of central intelligence from 1986 to 1989 and as
assistant to the president and deputy national security adviser at the White
House from January 1989 to November 1991. Dr. Gates joined the CIA in
1966 and spent nearly 27 years as an intelligence professional, serving six
presidents. During that period, he spent nearly 9 years at the National
Security Council, serving four presidents of both political parties. Dr. Gates
has been awarded the National Security Medal and the Presidential Citizens
Medal, has twice received the National Intelligence Distinguished Service
Medal, and has three times received CIA’s highest award, the Distinguished
Intelligence Medal. He is the author of the memoir From the Shadows: The
Ultimate Insider’s Story of Five Presidents and How They Won the Cold
War, published in 1996. He serves as a member of the board of trustees of
the Fidelity Funds and on the board of directors of NACCO Industries,
Inc., Brinker International, Inc., and Parker Drilling Company, Inc. Dr.
Gates received his bachelor’s degree from the College of William and Mary,
his master’s degree in history from Indiana University, and his doctorate in
Russian and Soviet history from Georgetown University.

NANCY S. GRASMICK is Maryland’s first female state superintendent of
schools. She has served in that post since 1991. Dr. Grasmick’s career in
education began as a teacher of deaf children at the William S. Baer School
in Baltimore City. She later served as a classroom and resource teacher,
principal, supervisor, assistant superintendent, and associate superinten-
dent in the Baltimore County Public Schools. In 1989, she was appointed
special secretary for children, youth, and families, and in 1991, the state
Board of Education appointed her state superintendent of schools. Dr.
Grasmick holds a PhD from the Johns Hopkins University, an MS from
Gallaudet University, and a BS from Towson University. She has been a
teacher, an administrator, and a child advocate. Her numerous board and
commission appointments include the President’s Commission on Excel-
lence in Special Education, the US Army War College Board of Visitors, the
Towson University Board of Visitors, the state Planning Committee for
Higher Education, and the Maryland Business Roundtable for Education.
Dr. Grasmick has received numerous awards for leadership, including the
Harold W. McGraw, Jr. Prize in Education.

CHARLES O. HOLLIDAY, JR. [NAE] is the chairman of the board and
chief executive officer of DuPont. He became chief executive officer in 1998
and chairman in 1999. He started at DuPont in 1970 at DuPont’s Old
Hickory site after receiving a BS in industrial engineering from the Univer-
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sity of Tennessee. He is a licensed professional engineer. In 2004, he was
elected a member of the National Academy of Engineering and became
chairman of the Business Roundtable’s Task Force for Environment, Tech-
nology, and Economy the same year. Mr. Holliday is a past chairman of the
World Business Council for Sustainable Development (WBCSD), the Busi-
ness Council, and the Society of Chemical Industry—American Section. While
chairman of WBCSD, Mr. Holliday was coauthor of Walking the Talk,
which details the business case for sustainable development and corporate
responsibility. Mr. Holliday also serves on the board of directors of HCA,
Inc. and Catalyst and is a former director of Analog Devices.

SHIRLEY ANN JACKSON [NAE] is the 18th president of Rensselaer Poly-
technic Institute, the oldest technologic research university in the United
States, and has held senior leadership positions in government, industry,
research, and academe. Dr. Jackson is immediate past president of the
American Association for the Advancement of Science (AAAS) and chair-
man of the AAAS board of directors, a member of the National Academy of
Engineering, and a fellow of the American Academy of Arts and Sciences
and the American Physical Society, and she has advisory roles in other
national organizations. She is a trustee of the Brookings Institution, a life
member of the Massachusetts Institute of Technology Corporation, a mem-
ber of the Council on Foreign Relations, and a member of the Executive
Committee of the Council on Competitiveness. She serves on the boards of
Georgetown University and Rockefeller University, on the board of direc-
tors of the New York Stock Exchange, and on the board of regents of the
Smithsonian Institution, and she is a director of several major corporations.
Dr. Jackson was chairman of the US Nuclear Regulatory Commission in
1995-1999; at the Commission, she reorganized the agency and revamped
its regulatory approach by articulating and moving strongly to risk-
informed, performance-based regulation. Before then, she was a theoretical
physicist at the former AT&T Bell Laboratories and a professor of theoreti-
cal physics at Rutgers University. Dr. Jackson holds an SB in physics, a PhD
in theoretical elementary-particle physics from the Massachusetts Institute
of Technology, and 31 honorary doctoral degrees.

ANITA K. JONES [NAE] is Lawrence R. Quarles Professor of Engineering
and Applied Science. She received her PhD in computer science from
Carnegie Mellon University (CMU) in 1973. She left CMU as an associate
professor when she cofounded Tartan Laboratories. She was vice-president
of Tartan from 1981 to 1987. In 1988, she joined the University of Virginia
as a professor and the chair of the Computer Science Department. From
1993 to 1997 she served at the US Department of Defense, where as direc-
tor of defense research and engineering, she oversaw the department’s sci-
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ence and technology program, research laboratories, and the Defense Ad-
vanced Research Projects Agency. She received the US Air Force Meritori-
ous Civilian Service Award and a Distinguished Public Service Award. She
served as vice chair of the National Science Board and cochair of the
Virginia Research and Technology Advisory Commission. She is a member
of the Defense Science Board, the Charles Stark Draper Laboratory Corpo-
ration, National Research Council Advisory Council for Policy and Global
Affairs, and the Massachusetts Institute of Technology Corporation. She is
a fellow of the Association for Computing Machinery, the Institute of
Electrical and Electronics Engineers, and American Association for the Ad-
vancement Science, and she is the author of 45 papers and two books.

JOSHUA LEDERBERG [NAS/IOM] is Sackler Foundation Scholar at
Rockefeller University in New York. He is a cowinner of the Nobel Prize in
1958 for his research in genetic structure and function in microorganisms.
As a graduate student at Yale University, Dr. Lederberg and his mentor
showed that the bacterium Escherichia coli could share genetic information
through recombinant events. He went on to show in 1952 that bacterio-
phages could transfer genetic information between bacteria in Salmonella.
In addition to his contributions to biology, Dr. Lederberg did extensive
research in artificial intelligence, including work in the National Aeronau-
tics and Space Administration experimental programs seeking life on Mars
and the chemistry expert system DENDRAL. Dr. Lederberg is professor
emeritus of molecular genetics and informatics. He received his PhD from
Yale University in 1948.

RICHARD LEVIN is the president of Yale University and Frederick Will-
iam Beinecke Professor of Economics. In his writings and public testimony,
Dr. Levin has described the substantial benefits of government funding of
basic scientific research conducted by universities. A specialist in the eco-
nomics of technologic change, Dr. Levin has written extensively on such
subjects as intellectual-property rights, the patent system, industrial re-
search and development, and the effects of antitrust and public regulation
on private industry. Before his appointment as president, he devoted him-
self for two decades to teaching, research, and administration. He chaired
Yale’s Economics Department and served as dean of the Graduate School
of Arts and Sciences. Dr. Levin is a director of Lucent Technologies and a
trustee of the William and Flora Hewlett Foundation, one of the largest
philanthropic organizations in the United States. He served on a presiden-
tial commission reviewing the US Postal Service and as a member of the
bipartisan commission reviewing US intelligence capabilities. As a member
of the Board of Science, Technology, and Economic Policy at the National
Academy of Sciences, Dr. Levin cochaired a committee that examined the
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effects of intellectual-property rights policies on scientific research and made
recommendations for a patent system meeting the needs of the 21st century.
He received his bachelor’s degree in history from Stanford University in
1968 and studied politics and philosophy at Oxford University, where he
earned a bachelor of letters. In 1974, he received his PhD in economics
from Yale and was named to the Yale faculty. He holds honorary degrees
awarded by Peking, Harvard, Princeton, and Oxford Universities. He is a
fellow of the American Academy of Arts and Sciences.

C. D. (DAN) MOTE, JR. [NAE] began his tenure as president of the
University of Maryland and as Glenn L. Martin Institute Professor of Engi-
neering in 1998. Before assuming the presidency at Maryland, Dr. Mote
served on the University of California, Berkeley (UCB) faculty for 31 years.
From 1991 to 1998, he was vice chancellor at UCB, held an endowed chair
in mechanical systems, and was president of the UC Berkeley Foundation.
He earlier served as chair of UCB’s Department of Mechanical Engineering.
Dr. Mote’s research is in dynamic systems and biomechanics. Internation-
ally recognized for his research on the dynamics of gyroscopic systems and
the biomechanics of snow skiing, he has produced more than 300 publica-
tions; holds patents in the United States, Norway, Finland, and Sweden;
and has mentored 56 PhD students. He received his BS, MS, and PhD in
mechanical engineering from UCB. Dr. Mote has received numerous awards
and honors, including the Humboldt Prize awarded by the Federal Republic
of Germany. He is a recipient of the Berkeley Citation, an award from the
University of California similar to an honorary doctorate, and was named
distinguished engineering alumnus. He has received three honorary degrees.
He is a member of the National Academy of Engineering and serves on its
Council. He was elected to honorary membership in the American Society
of Mechanical Engineers International, its most distinguished recognition,
and is a fellow of the American Academy of Arts and Sciences, the Interna-
tional Academy of Wood Science, the Acoustical Society of America, and
the American Association for the Advancement of Science. He serves as
director of the Technology Council of Maryland and the Greater Washing-
ton Board of Trade. In its latest survey, Washington Business Forward
magazine named him one of the 20 most influential people in the metro-
politan Washington area.

CHERRY MURRAY [NAS, NAE] is the deputy director for science and
technology at Lawrence Livermore National Laboratory (LLNL), in which
she is the senior executive responsible for overseeing the quality of science
and technology in the laboratory’s scientific and technical programs and
disciplines. Dr. Murray came to LLNL from Bell Labs, Lucent Technologies,
where she served as senior vice president for physical sciences and wireless
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research. She joined Bell Labs in 1978 as a member of the technical staff. She
was promoted to a number of positions over the years, including department
head for low-temperature physics, department head for condensed-matter
physics and semiconductor physics, and director of the physical research
laboratory. In 2000, Dr. Murray became vice president for physical sciences,
and in 2001, senior vice president. Dr. Murray received her BS and PhD in
physics from the Massachusetts Institute of Technology.

PETER O’DONNELL, JR. is president of the O’Donnell Foundation of
Dallas, a private foundation that develops and funds model programs
designed to strengthen engineering and science education and research.
In higher education, the O’Donnell Foundation provided the challenge
grant that led to the creation of 32 science and engineering chairs at the
University of Texas (UT) at Austin. Also at UT-Austin, it developed the
plan that created the Institute for Computational Engineering and Sci-
ence, and it constructed the Applied Computational Engineering and Sci-
ence Building to foster interdisciplinary research at the gradate level. In
medicine, Mr. O’Donnell endowed the Scholars in Medical Research Pro-
gram, designed to launch the most promising new assistant professors on
their biomedical careers and thereby help to develop future leaders of
medical science. In public education, Mr. O’Donnell created the Advanced
Placement Incentive Program, which has increased the number of stu-
dents, especially Hispanic and Black students, who pass college-level
courses in mathematics, science, and English while still in high school.
The incentive program is now in 43 school districts in Texas and served as
the model for both the state of Texas and the federal Advanced Placement
(AP) incentive programs. Mr. O’Donnell is chairman of Advanced Place-
ment Strategies, Inc., a nonprofit organization he founded to manage and
implement the AP incentive program in Texas schools. He served as a
member of President Reagan’s Foreign Intelligence Advisory Board, as
commissioner of the Texas National Research Laboratory Commission,
and on the State of Texas Select Committee on Higher Education. He is a
trustee of the Cooper Institute, a member of the Presidents’ Circle of the
National Academy of Sciences, and a founding member of the National
Innovation Initiative Council on Competitiveness. Mr. O’Donnell has
pursued a career in investments and philanthropy. He received his BS in
mathematics from the University of the South and an MBA from the
Wharton School of the University of Pennsylvania.

LEE R. RAYMOND [NAE] is the chairman of the board and chief executive
officer of Exxon Mobil Corporation. Dr. Raymond was chairman of the
board and chief executive officer of Exxon Corporation from 1993 until its
merger with Mobil Oil Corporation in 1999. He served as a director of
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Exxon Corporation from 1984 until the merger. Since joining the organiza-
tion in 1963, Dr. Raymond has held a variety of management positions in
domestic and foreign operations, including Exxon Company, USA; Creole
Petroleum Corporation; Exxon Company, International; Exxon Enterprises;
and Esso Inter-America, Inc. He served as the president of Exxon Nuclear
Company, Inc., in 1979 and moved to New York in 1981, when he was
named executive vice president of Exxon Enterprises. In 1983, Dr. Raymond
was named president and director of Esso Inter-America Inc. with responsi-
bilities for Exxon’s operations in the Caribbean and Central and South
America. He served as the senior vice president of Exxon Corporation from
1984 to 1987 and as its president from 1987 to 1993 and in 1996. Dr.
Raymond has been a director of J.P. Morgan Chase & Co. or a predecessor
institution since 1987 and served as a member of the Committee on Director
Nominations and Board Affairs and Chairman of the Committee on Man-
agement Development and Executive Compensation. He serves as a director
of the United Negro College Fund, the chairman of the American Petroleum
Institute, trustee and vice chairman of the American Enterprise Institute, and
trustee of the Wisconsin Alumni Research Foundation. He is a member of the
Business Council, the Business Roundtable, the Council on Foreign Rela-
tions, the National Academy of Engineering, the Emergency Committee for
American Trade, and the National Petroleum Council. He is secretary of the
Energy Advisory Board, the Singapore-US Business Council, the Trilateral
Commission, and the University of Wisconsin Foundation. Dr. Raymond
graduated in 1960 from the University of Wisconsin with a bachelor’s degree
in chemical engineering. In 1963, he received a PhD in chemical engineering
from the University of Minnesota.

ROBERT C. RICHARDSON [NAS] is the F. R. Newman Professor of
Physics and the vice provost for research at Cornell University. He received
a BS and an MS in physics from Virginia Polytechnic Institute. After serving
in the US Army, he obtained his PhD from Duke University in 1966. He is
a member of the National Academy of Sciences. He is also member of the
Governing Board at Duke University, the American Association for the
Advancement of Science, and Brookhaven Science Associates. Dr. Rich-
ardson has served as chair of various committees of the American Physical
Society (APS) and recently completed a term on the Governing Board of the
National Science Board. Dr. Richardson was awarded the Nobel Prize for
the discovery that liquid helium-3 undergoes a pairing transition similar to
that of superconductors. He has also received a Guggenheim fellowship, the
Eighth Simon Memorial Prize (of the British Physical Society), the Buckley
Prize of the APS, and an honorary doctor of science degree from the Ohio
State University. He has published more than 95 scientific articles in major
research journals.
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P. ROY VAGELOS [NAS, IOM] is retired chairman and chief executive
officer of Merck & Co., Inc. He received an AB in 1950 from the University
of Pennsylvania and an MD in 1954 from Columbia University. After a
residency at the Massachusetts General Hospital in Boston, he joined the
National Institutes of Health, where from 1956 to 1966 he served as senior
surgeon and then section head of comparative biochemistry. In 1966, he
became chairman of the Department of Biological Chemistry at Washing-
ton University School of Medicine in St. Louis; in 1973, he founded the
university’s Division of Biology and Biomedical Sciences. He joined Merck
Research Laboratories in 1975, where he was president until 1985, when
he became CEO and later chairman of the company. He retired in 1994.
Dr. Vagelos is a member of the National Academy of Sciences, the Ameri-
can Academy of Arts and Sciences, and the American Philosophical Society.
He has received many awards in science and business and 14 honorary
doctorates. He has been chairman of the board of the University of Pennsyl-
vania, a member of the Business Council and the Business Roundtable, and
a member of the boards of TRW, McDonnell Douglas, Estee Lauder, and
Prudential Finance. He also served as cochair of the New Jersey Performing
Arts Center and president and CEO of the American School of Classical
Studies in Athens. He is chairman of Regeneron Pharmaceuticals and
Theravance, two biotechnology companies. He is also chairman of the
Board of Visitors at Columbia University Medical Center, where he chairs
the capital campaign. He serves on a number of