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L
eadership in innovation is essential to U.S. prosperity and security. In a global,
knowledge-driven economy, technological innovation—the transformation of
knowledge into products, processes, and services—is critical to competitiveness,
long-term productivity growth, and the generation of wealth. Preeminence in

technological innovation requires leadership in all aspects of engineering: engineering
research to bridge scientific discovery and practical applications; engineering education to
give engineers and technologists the skills to create and exploit knowledge and technolog-
ical innovation; and the engineering profession and practice to translate knowledge into
innovative, competitive products and services.

Historically, engineering research has yielded knowledge essential to translating sci-
entific advances into technologies that affect everyday life. The products, systems, and
services developed by engineers are essential to national security, public health, and the 
economic competitiveness of U.S. business and industry. Engineering research has re-
sulted in the creation of technologies that have increased life expectancy, driven economic
growth, and improved America’s standard of living. In the future, engineering research will
generate technological innovations to address grand challenges in the areas of sustainable
energy sources, affordable health care, sufficient water supplies, and homeland security.

Unfortunately, U.S. leadership in technological innovation seems certain to be seri-
ously eroded unless current trends are reversed. The accelerating pace of discovery and
application of new technologies, investments by other nations in research and develop-
ment (R&D) and the education of a technical workforce, and an increasingly competitive
global economy are challenging U.S. technological leadership and with it future U.S.
prosperity and security. Although many current measures of technological leadership
—percentage of gross domestic product invested in R&D, number of researchers, produc-
tivity level, volume of high-technology production and exports—still favor the United
States, worrisome trends are already adversely affecting the U.S. capacity for innovation.
These trends include: (1) a large and growing imbalance in federal research funding
between the engineering and physical sciences on the one hand and biomedical and life
sciences on the other; (2) increased emphasis on short-term applied R&D in industry and
government-funded research at the expense of fundamental long-term research; (3) erosion
of the engineering research infrastructure due to inadequate investment over many years;
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(4) declining interest of American students in engineering, sci-
ence, and other technical fields; and (5) growing uncertainty
about the ability of the United States to attract and retain gifted
engineering and science students from abroad at a time when for-
eign nationals constitute a large and productive component of the
U.S. R&D workforce.

Today more than ever the nation’s prosperity and security
depend on its technical strengths. The United States will need
robust capabilities in both fundamental and applied engineering
research to address future economic, environmental, health, and
security challenges. To capitalize on opportunities created by sci-
entific discoveries, the nation must have engineers who can invent
new products and services, create new industries and jobs, and
generate new wealth. Applying technological advances to achieve
global sustainability will require significant investment, creativity,
and technical competence. Advances in nanotechnologies,
biotechnologies, new materials, and information and communica-
tion technologies may lead to solutions to difficult environmental,
health, and security challenges, but their development and appli-
cation will require significant investments of money and effort in
engineering research and the engineering workforce.

Current patterns in research funding do not bode well for future U.S. capabilities 
in these critical fields. Record levels of federal funds are being invested in R&D, but these
levels reflect large increases in funding for biomedical and life sciences; investments in other
fields of engineering and science have increased slowly and intermittently (if at all). Because
of competitive pressures, U.S. industry has downsized its large, corporate R&D laboratories
in physical sciences and engineering and reduced its already small share of funding for
long-term, fundamental research. The committee believes that the decline in long-term
industrial research is exacerbating the consequences of the current decline in federal R&D
funding for long-term fundamental research in engineering and physical sciences.

These funding trends have had a predictably negative impact on academic research
and student enrollments in engineering and physical sciences. In fact, foreign nationals
now comprise 40 percent or more of graduate enrollments in physical sciences, mathe-
matics and computer science, and engineering. In addition, nearly two-thirds of the
graduate and undergraduate students in engineering who are U.S. citizens or permanent
residents are white males. Increasing the overall number of American students pursuing
degrees in physical sciences and engineering will be essential to meeting the future chal-
lenges facing the nation, but it will not be enough. We must also increase diversity by
recruiting more women and underrepresented minorities in technical fields to ensure that
we have the intellectual vitality to respond to profound and rapid change.
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Current trends in research investment and workforce
development are early warning signs that the United States
could fall behind other nations, both in its capacity for
technological innovation and in the size, quality, and capability of its technical
workforce. Unless the United States maintains its resident capacity for techno-
logical innovation, as well as its ability to attract the best and brightest engi-
neers and scientists from abroad, the economic benefits of technological
advances may not accrue to Americans.

We must take action immediately to overcome existing imbalances in sup-
port for research to address emerging critical challenges. These actions must
include both changes in direction by key stakeholders in the engineering
research enterprise and bold new programs designed specifically to promote
U.S. technological innovation. This conclusion echoes the findings of other
recent assessments by the Council on Competitiveness (2001, 2004), President’s
Council of Advisors on Science and Technology (2002, 2004a,b), National
Science Board (2003), National Academies (COSEPUP, 2002; NAE, 2003, 2004,
2005; NRC, 2001), and other distinguished bodies (DOE, 2003; National
Commission on Mathematics and Science Teaching for the 21st Century, 2000).

Considering the magnitude and complexity of the challenges ahead in energy, secur-
ity, health care, the environment, and economic competitiveness, we simply do not have
the option of continuing to conduct business as usual. We must change how we priori-
tize, fund, and conduct research; how we attract, educate, and train engineers and scien-
tists; how we consider and implement policies and legal structures that affect intellectual
property rights and related issues; and how we maximize contributions from institutions
engaged in technological innovation and workforce development (e.g., universities, cor-
porate R&D laboratories, federal agencies, and national laboratories).

Of course, major undertakings in anticipation of opportunities are always difficult,
but the United States has a history of rising to the occasion in times of need. At least twice
before in times of great challenge and opportunity, the federal government responded in
creative ways that not only served the needs of society, but also reshaped institutions.
Consider, for example, the Land Grant Acts in the nineteenth century, which not only
modernized American agriculture and spearheaded America’s response to the industrial
revolution, but also led to the creation of the great public universities that have trans-
formed American society and sustained U.S. leadership in the production of new knowl-
edge and the creation of human capital. Another example is the G.I. Bill and government-
university research partnerships during the 1940s that were instrumental in establishing
U.S. economic and military leadership.

With this history in mind, and with full recognition of the magnitude of the effort
needed to prepare the United States for long-term technological leadership, the commit-
tee offers the following recommendations.
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Federal Research and Development Budget
RECOMMENDATION 1. The committee strongly recommends that the federal R&D portfolio
be rebalanced by increasing funding for research in engineering and physical science to
levels sufficient to support the nation’s most urgent priorities, such as national defense,
homeland security, health care, energy security, and economic competitiveness. Alloca-
tions of federal funds should be determined by a strategic analysis to identify areas of
research in engineering and science that support these priorities. The analysis should
explicitly include interdependencies among engineering and scientific disciplines to ensure
that important advances are supported by advances in complementary fields to accelerate
technology transfer and innovation.

Long-Term Research and Industry
RECOMMENDATION 2. Long-term basic engineering research should be reestablished as a pri-
ority for American industry. The federal government should design and implement tax
incentives and other policies to stimulate industry investment in long-term engineering
research (e.g., tax credits to support private-sector investment in university-industry col-
laborative research).

Engineering Research Infrastructure
RECOMMENDATION 3. Federal and state governments and industry should invest in upgrad-
ing and expanding laboratories, equipment, and information technologies and meeting
other infrastructural needs of research universities and schools of engineering to ensure
that the national capacity to conduct world-class engineering research is sufficient to
address the technical challenges that lie ahead.

Quality of the Technical Workforce
RECOMMENDATION 4. Considering the importance
of technological innovation to the nation, a major
effort should be made to increase the participa-
tion of American students in engineering. To this
end, the committee endorses the findings and 
recommendations of a 2005 National Academy 
of Engineering report, Educating the Engineer of
2020: Adapting Engineering Education to the New
Century, which calls for system-wide efforts by
professional societies, industry, federal agencies,
and educators at the higher education and K–12
levels to align the engineering curriculum and
engineering profession with the needs of a global,

RECOMMENDATIONS
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knowledge-driven economy with the goal of increasing
student interest in engineering careers. Engineering
education requires innovations, not only in the content
of engineering curricula, but also in teaching methods
that emphasize the creative aspects of engineering to
excite and motivate students.

RECOMMENDATION 5. All participants and stakeholders in the engineering community
(industry, government, institutions of higher education, professional societies, et al.)
should place a high priority on encouraging women and underrepresented minorities to
pursue careers in engineering. Increasing diversity will not only increase the size and
quality of the engineering workforce, but will also introduce diverse ideas and experiences
that can stimulate creative approaches to solving difficult challenges. Although this is 
likely to require a very significant increase in investment from both public and private
sources, increasing diversity is clearly essential to sustaining the capacity and quality of the
U.S. scientific and engineering workforce.

RECOMMENDATION 6. A major federal fellowship-traineeship program in strategic areas
(e.g., energ;, info-, nano-, and biotechnology; knowledge services; etc.), similar to the 
program created by the National Defense Education Act, should be established to ensure
that the supply of next-generation scientists and engineers is adequate.

RECOMMENDATION 7. Immigration policies and practices should be streamlined (without
compromising homeland security) to restore the flow of talented students, engineers, and
scientists from around the world into American universities and industry.

Industry and Research Universities
RECOMMENDATION 8. Links between industry and research universities should be expanded
and strengthened. The committee recommends that the following actions, funded through
a combination of tax incentives and federal grants, be taken:

� Support new initiatives that encourage multidisciplinary research to address
major challenges facing the nation and the world.

� Streamline and standardize intellectual-property and technology-transfer policies
in American universities to facilitate the transfer of new knowledge to industry.

� Support industry engineers and scientists as visiting “professors of practice” in
engineering and science faculties.

� Provide incentives for corporate R&D laboratories to host advanced graduate and
postdoctoral students (e.g., fellowships, internships, etc.).

Discovery-Innovation Institutes
RECOMMENDATION 9. Multidisciplinary discovery-innovation institutes should be estab-
lished on the campuses of research universities to link fundamental scientific discoveries
with technological innovations to create products, processes, and services to meet the
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needs of society. Funding for the insti-
tutes should be provided by federal and
state governments, industry, founda-
tions, the venture capital and investing
community, and universities.

With the participation of many scientific disciplines and professions,
as well as various economic sectors (industry, government, states, and
institutions of higher education), discovery-innovation institutes would
be similar in character and scale to academic medical centers and agri-
cultural experiment stations that combine research, education, and 
professional practice and drive transformative change. As experience
with academic medical centers and other large research initiatives has
shown, discovery-innovation institutes would stimulate significant
regional economic activity, such as the location nearby of clusters of
start-up firms, private research organizations, suppliers, and other com-
plementary groups and businesses.

On the federal level, the discovery-innovation institutes should be funded jointly by
agencies with responsibilities for basic research and missions that address major national
priorities (e.g., National Science Foundation [NSF], U.S. Department of Energy, National
Aeronautics and Space Administration, U.S. Department of Defense, U.S. Department of
Homeland Security, U.S. Department of Transportation, U.S. Department of Commerce,
Environmental Protection Agency, and U.S. Department of Health and Human Services).

States would be required to contribute to the institutes (perhaps by providing capital
facilities). Industry would provide challenging research problems, systems knowledge, and
real-life market knowledge, as well as staff who would work with university faculty and
students in the institutes. Industry would also fund student internships and provide direct
financial support for facilities and equipment (or share its facilities and equipment).
Universities would commit to providing a policy framework (e.g., transparent and efficient
intellectual property policies, flexible faculty appointments, responsible financial manage-
ment, etc.), educational opportunities (e.g., integrated curricula, multifaceted student
interaction), knowledge and technology transfer (e.g., publications, industrial outreach),
and additional investments (e.g., in physical facilities and cyberinfrastructure). Finally, the
venture capital and investing community would contribute expertise in licensing, spin-off
companies, and other avenues of commercialization.

Some of the existing NSF-sponsored engineering research centers (ERCs) may serve 
as a starting point for the development of discovery-innovation institutes. Yet the multi-
disciplinary scope and scale of the research, education, innovation, and technology-transfer
activities of fully developed discovery-innovation institutes will certainly dwarf the im-
portant, but more limited, activities of ERCs.
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To ensure that the discovery-innovation institutes lead to transformative
change, they should be funded at a level commensurate with past federal 
initiatives and current investments in other areas of research, such as bio-
medicine and manned spaceflight. Federal funding would ultimately
increase to several billion dollars per year distributed throughout the engi-
neering research and education enterprise; states, industry, foundations, and
universities would invest comparable amounts.

The committee recognizes that current federal and state budgets are
severely constrained and are likely to remain so for the foreseeable future.
Nevertheless, as the public comes to understand the importance of leader-
ship in technological innovation to the nation’s economic prosperity and
security, the committee believes this initiative could be given a high priority
in the federal budget process.

To transform the technological innovation capacity of the United States,
the discovery-innovation institutes should be implemented on a national
scale and backed by a strong commitment to excellence by all participants.
Most of all, they would be engines of innovation that would transform insti-
tutions, policies, and cultures and enable our nation to solve critical prob-
lems and maintain its leadership in the global, knowledge-driven society of
the twenty-first century.

CONCLUSION

E
xciting opportunities in engineering lie ahead. Some involve rapidly emerging
fields, such as information systems, bioengineering, and nanotechnology. Others
involve critical national needs, such as sustainable energy sources and homeland
security. Still others involve the restructuring of engineering education to ensure

that engineering graduates have the skills, understanding, and imagination to design and
manage complex systems. To take advantage of these opportunities, however, investment
in engineering research and education must be a much higher priority.

The country is at a crossroads. We can either continue on our current course—living
on incremental improvements to past technical developments and gradually conceding
technological leadership to trading partners abroad—or we can take control of our destiny
and conduct the necessary research, capture the intellectual property, commercialize 
and manufacture the products, and create the high-skill, high-value jobs that define a
prosperous nation. The United States has the proven ability and resources to maintain the
global lead in innovation. Engineers and scientists can meet the technological challenges
of the twenty-first century, just as they met the challenges of World War II by creating the
tools for military victory and just as they mounted an effective response to the challenge
of Sputnik and Soviet advances in space.
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A
merican success has been based on the creativity, ingenuity, and courage of
innovators, and innovation will continue to be critical to U.S. success in the
twenty-first century. As a superpower with the largest and richest market in the
world, the United States has consistently set the standard for technological

advances, both creating innovations and absorbing innovations created elsewhere. From
Neil Armstrong’s walk on the Moon to cellular camera phones, engineering and scientific
advances have captured people’s imaginations and demonstrated the wonders of science.

The astounding technological achievements of the twentieth century would not have
been possible without engineering (see Box 1), specifically engineering research, which
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ENGINE OF INNOVATION

BOX 1 TWENTIETH-CENTURY INNOVATION

The greatest engineering achievements of the twentieth century led to innovations that transformed

everyday life.  Beginning with electricity, engineers have brought us a wide range of technologies,

from the mundane to the spectacular.  Refrigeration opened new markets for food and medicine.

Air conditioning enabled population explosions in places like Florida and Arizona.  The invention of

the transistor, followed by integrated circuits, ushered in the age of ubiquitous computerization,

impacting everything from education to entertainment.  The control of electromagnetic radiation has

given us not only radio and television, but also radar, x-rays, fiber optics, cell phones, and microwave

ovens.  The airplane and automobile have made the world smaller, and highways have transformed

the landscape.

Even commonplace technologies, such as farm equipment, household appliances, water distribution,

and medicine, required sophisticated engineering research and application.  One of the essential,

often overlooked, miracles of engineering in the twentieth century was the provision of clean drink-

ing water, which was the primary contributor to doubling life expectancy in the United States.

So many complex engineering achievements have become part of everyday life that engineering and

engineering research are often taken for granted.  We give little thought, for example, to the vast

worldwide system that brings oil from the ground to our fuel tanks.  Without engineering research,

the world would be less accessible, poorer, and far less interesting.

For more on the contributions of engineers, see Constable and Somerville, 2003.
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leads to the conversion of scientific discoveries into functional,
marketable, profitable products and services.

Engineers take new and existing knowledge and make it useful,
typically generating new knowledge in the process. For example,
an understanding of the physics of magnetic resonance on the
atomic scale did not become useful in everyday life until engineers
created magnetic resonance imaging machines and the computers
to run them. And researchers could not have discovered these
magnetic properties until engineers had created instrumentation
that enabled them to pursue research on atomic and subatomic
scales. Without engineering research, innovation, especially
groundbreaking innovation that creates new industries and trans-
forms old ones, simply does not happen.

In fact, groundbreaking innovation was the driving force
behind American success in the last century. An endless number of
innovations—from plastics to carbon fibers, electricity generation
and distribution to wireless communications, clean water and trans-
portation networks to pacemakers and dialysis machines—has
transformed the economy, the military, and society, making
Americans more prosperous, healthier, and safer in the process.

Consider, for example, the long, productive history of collab-
oration between engineering and medicine in the development of
medical technologies (e.g., devices, equipment, and pharmaceuti-
cals) and in support of medical research (e.g., instrumentation,
computational tools, etc.) (NAE, 2003). Engineers created the
tools of drug discovery and production, materials for joint replace-

ments, lasers for eye surgery, heart-lung machines for open-heart surgery, and a host of
imaging technologies, just to name a few remarkable achievements. Future engineering
research will apply knowledge of microsystems and nanotechnology to diagnostics and
therapeutics, providing effective treatment of a variety of chronic conditions (NAE, 2005a).
Revolutions in bioengineering and genomics and the associated promise of huge advances
in diagnostic tools and therapies testify to the continued vitality of the partnership
between engineering and medicine.

Future breakthroughs dependent on engineering research will have equally powerful
impacts. Sustainable energy technologies for power generation and transportation could
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halt, and someday even reverse, the accumulation of atmos-
pheric carbon dioxide and ozone. Low-cost, robust pumps,
microfilters, and diagnostic tests could ensure that clean
water is available to all and wipe out waterborne illnesses.
Preventing terrorism could be greatly improved when vigi-
lant sensors as small as grains of sand can activate
autonomous robots to respond to security breaches
(O’Harrow, 2004). Technological innovations already under
development can make all of these things possible . . . with
the help of engineers.

The innovations that flow from engineering research are not simply nice to have, like
high-definition television; many are essential to the solutions of previously intractable
challenges. Engineering research in materials, electronics, optics, software, mechanics,
and many other fields will provide technologies to slow, or even reverse, global warming,
to maintain water supplies for growing populations, to ameliorate traffic congestion and
other urban maladies, and to generate high-value products and services to maintain the
U.S. standard of living in a world of intense competition. To meet these and other grand
challenges, the United States must be an innovation-driven nation that can capitalize on
advances in life sciences, physical sciences, and engineering.

Based on current trends in research funding, graduate enrollments, and student
achievement, however, serious doubts are emerging about the long-term health of the U.S.
engineering research enterprise. Unless something is done quickly to reverse these trends,
the United States risks becoming a consumer of innovations developed elsewhere rather
than a leader. Leadership in the life sciences alone, although very important to the na-
tional welfare, will not be enough. To enjoy the full benefits of innovation, generate the
jobs and wealth that flow from commercialization, and improve the lives of as many
Americans as possible, the United States must invest in fundamental engineering research
and the education and training of world-class researchers.




