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Preface

God, grant me the serenity
to accept things I cannot change,
the courage to change the things I can,
and the wisdom to know the difference.
Reinhold Neibuhr

People usually think of careers as a university pro-
fessor as a continuous progression from an energetic
young scholar with lots of original ideas evolving over
the years of teaching and writing into an obsolete and
occasionally senile old curmudgeon teaching the same
course from the same set of yellowed notes. Yet there
is as much evolution in the nature of these careers as
in any other profession as faculty members frequently
take on additional roles of administration, consultation,
and service.

In my own case, this evolution occurred on an un-
usually rapid pace, since my traditional faculty role as
a teacher and scholar lasted only a decade before I was
thrust into the leadership role of dean of an engineer-
ing college with 5,000 students and 300 faculty mem-
bers. Although continuing into other administrative
roles as provost and then president of the University
of Michigan, I was also quickly drawn into significant
public policy roles, with the appointment by President
Reagan to the National Science Board in 1984 (which I
was later to chair) and election to the National Acad-
emy of Engineering in 1987, following by both service
and chairing many of its boards and studies through
the National Research Council. The visibility of these
roles rapidly cascaded into other policy activities with
various federal agencies (e.g., National Science Foun-
dation, Department of Energy, Department of Educa-
tion, NASA, the National Intelligence Community) and

nonprofit organizations (e.g., the Brookings Institution,
higher education groups such as AAU and APLU, and
numerous state-based organizations).

Indeed, looking back now, I realize that roughly 80%
(40 years) of my career has been involved as much in
leading a broad array of policy studies as in the more
usual activities of the academy (e.g., teaching, research,
and academic leadership).

Hence it seemed an interesting exercise to attempt
to look back over these many projects and studies to
assess their impact-what was recommended, what
gained traction, and what sank beneath the waves with-
out making a ripple-i.e., to assess from this set of case
studies of policy assignments what worked and what
failed. Put another way, were these policy efforts sim-
ply a series of quixotic quests, tilting at one windmill af-
ter another, or did they actually accomplish something.
Although I recognized that this could be a rather frus-
trating and disappointing exercise, perhaps it would at
least be amusing if not educational.

The University of Michigan
Ann Arbor, Michigan
2015
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Chapter 1

Introduction

Looking back over a fifty-year career as a faculty
member at the University of Michigan, it becomes ap-
parent that while this has been anchored at the same
institution for almost half-a-century, my activities have
changed considerably every few years and broadened
substantially to address issues at the national and
global level during this career. Of course during the
early years from 1964 to 1980, these were focused on
the typical faculty activities of teaching and research
in nuclear science and engineering, including brief
stints at two major national laboratories, the Los Ala-
mos National Laboratory and the Lawrence Livermore
National Laboratory. Most of my teaching and research
were involved theoretical studies of nuclear fission re-
actors and controlled thermonuclear fusion, with side
ventures into statistical physics and high powered la-
sers. In addition to the usual production of publications
(100) and PhD students (22 during this period), during
the later years of the 1990s my activities broadened to
include textbooks in nuclear science and engineering
(five major textbooks) and television productions (in-
cluding a 10 course sequence in nuclear engineering
similar to today’s MOOCs).

However my activities shifted dramatically in the
1980s with appointments first as Dean of Engineering
in 1981, then as Provost of the University in 1986, and
finally as the University’s President in 1988, a post I
held until 1996. Beyond the usual leadership respon-
sibilities of academic administration, the University of
Michigan’s prominence as one of the world’s leading
research universities soon enabled me to assume an in-
creasing level of activity in national science policy. In
1984 I was appointed by President Reagan to the Na-
tional Science Board, serving for 12 years and eventu-
ally chairing this Board, regarded as one of the nation’s
leading sources of science policy. In addition, my elec-

tion in 1985 as a member of the National Academy of
Engineering, soon led to engagement with a large num-
ber of policy assignments with organizations such as
the National Research Council, the NRC Committee on
Science, Engineering, and Public Policy, the Executive
Committee and Governing Board of the National Acad-
emies, as well as assignments with federal agencies
such as the National Science Foundation, the National
Aeronautics and Space Administration, the Depart-
ments of Energy, Education, and Commerce, and the
National Intelligence Community. (A more complete
list of these policy activities is provided as an appendix
to this chapter.)

My experience as a scientist, engineer, and univer-
sity academic leader at the University of Michigan led
to chairing a broader range of policy activities, from
higher education to economic development to global
affairs to national security. Indeed, looking back now,
I realize that roughly 80% (40 years) of my career has
been involved as much in leading a broad array of poli-
cy studies as in the more usual activities of the academy
(e.g., teaching, research, and leadership).

Hence it seemed an interesting exercise to attempt
to look back over these many projects and studies to
assess their impact-what was recommended, what
gained traction, and what sank beneath the waves with-
out making a ripple-i.e., to assess from this set of case
studies of policy assignments what worked and what
failed. Put another way, were these policy efforts sim-
ply a series of quixotic quests, tilting at one windmill af-
ter another, or did they actually accomplish something,
recognizing that while this could be a rather frustrating
and disappointing exercise, perhaps it would at least be
amusing if not educational.

To be sure, there are many lessons to be learned
from even failed causes. In such efforts, consistency
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and perseverence can be as important as creativity and
political acumen. It is essential to stay on message to
both key constituencies and broader public bodies as
well. Any uncertainty or wavering will rapidly erode
support for your efforts. Fighting battles you know you
are likely to lose is frustrating, to be sure. But it is also
very important, since giving up the fight and walking
away usually only makes things much worse. Besides,
you might even make things better. Many apparently
hopeless causes have been won. Sometimes, the key to
progress is to continue to beat your head against the
wall, until a window of opportunity is suddenly jarred
open in what appears to be an immovable barrier.

The Organization of this Report

In this report, these activities have been organized
both by topic (e.g., general science and technology
policy, economic development, education, national se-
curity, and global affairs; specific topics such as energy,
information technology, and demographics; and even
amusing topics such as intercollegiate athletics-both
a serious threat to American higher education and a
hopeless topic for corrective action. In several cases
when policy studies of similar issues occurred over a
period of time, these were pulled together. In each case,
an effort is made to explain the nature of the study and
its recommendations (usually quoting directly from the
reports), then to add a personal assessment of impact,
and finally to end each example with a few lessons
learned—perhaps the most valuable contribution of this
report.

References

Deborah D. Stein, Science and Technology Policy-
making: A Primer, CRS Reports for Congress, 2008

James J. Duderstadt, All Publications, University of
Michigan, HathiTrust: http:/ /www.hathitrust.org

JJD Major Policy Activities

National Science Board

1982 University Industry Research
1986 Undergraduate S, M, E Education
1987 NSF in Polar Regions

1988 State of U.S. S&E

1989 Foreign Involvement in US Universities
1989 Loss of Biological Diversity

1992 A Foundation for the 21st Century
1993 Desktop to Teraflop

1994 State of US S&E

1995 K-12 STEM Education

1996 US S&E in Changing World

1998 Graduate Postdoc Education

1998 NSB Strategic Plan

2000 NSB History in Highlights

2006 NSF 2020 Strategic Plan

Other NSF Efforts

Nuclear Engineering Minor Study
Strategic Plan Input for NSF
ACCI Reports

National Science Policy

1992 Chair, NSB Study of Future of NSF
1998 Federal Science and Technology Committee
1998 GUIRR-NSB Stresses on the Academy
1999 Draft Proposal NSF NSB
2000 FS&T Op Ed
2002 Triana Satellite NASA Study
2001 Chair, COSEPUP Scientific Research in the
States
2003 Chair, NAE Study of Engineering Research
2003 DOE Secretary Committee on Research
2006 Chair, NRC Review Committee for Keck Fu-
tures Program
2009 Member, President’s Project Advisory Com-
mittee, FRIB
2010 Chair, Policy and Global Affairs Division,
National Research Council
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National Higher Education Policy

1990s Diversity (Michigan Mandate Leadership)

1994 Chair, NASULGC Federal Relations Commit-
tee

1994 Direct Student Lending Act

1995 BHEF Study with Red Poling

1998 President, Michigan Virtual University

1998 GUIRR-NSB Stresses on the Academy

1998 University for 21st Century

1999 Author, Intercollegiate Athletics

1999 Director, UM Oberlin Kalamazoo project
2000 NASULGC White Paper

2000 ACE Presidency

2000 EDARPA Letter

2001 COSEPUP EARPA

2005 Fixing the Fragmented University

2005 Framing Paper for Commission on Future of
American Higher Education (Spellings Com-
mission), Department of Education

2005 Spellings Commission Quality Subcommittee

2005 Member, Spellings Commission, Department
of Education

2005 Member, Association of Governing Board Task
Force on State of University Presidency

2005 Member, University of California Task Force
on Compensation, Accountability, and Transpar-
encies

2005 Member, Tulane University Post-Katrina Plan-
ning

2005 Learn Grant Act

2005 Diversity in Science and Technology

2007 Member, Evolution of the Research University
Project, National Research Council

2007 Member, Association of Governing Boards,
Miller Center, Public Purpose

2010 Member, National Academies Study of Re-
search Universities

2010 Director, Chicago Council Higher Education
Master Plan for Great Lakes States

2011 New School Conference

2012 De Lange Rice Convocation JJD

2012 National Academies Report on Future of
American Research University

2013 National Academies Research University Proj-
ect, Phase II, The States

2013, National Academies Research University
National Convocation

2014, National Academies Research University
Projec, Phase III

Economic Development

1999 Ontario Master Plan

2003 Regional Learning Ecologies

2004 Member, KC Project Team, Time to Get It
Right

2004 Member, Great Lakes Brookings Project

2005 Chair, Michigan Energy Research Council

2005 Gathering Storm

2005 Michigan Roadmap

2005 Time to Get It Right KC

2005 Member, Great Lakes Brookings Study

2006 Member, Advisory Committee, New Economy
Initiative for Michigan

2007 Chair, Brookings Next Energy Project

2007 Member, Chicago Council study of Regional
Economic Development

2007 Chicago Midwest Media Project

2007 Michigan Roadmap Redux

2008 Chair, Study to Assess Economic Progress of
Greater KC

2009 Kansas City—-time-to-get-it-right-Update

2010 Brookings Hubs of Innovation

2010 Director, Chicago Council HE Master Plan

2011 Midwest Master Plan Launch

2011 Midwest Master Plan Heartland Paper

Information Technology and Cyberinfrastructure

1999 Scholarship in the Digital Age

2001 IT and Future of Research University

2004 IT Forum

2003 Preparing for the Revolution

2005 Cyberinfrastructure Advisory Committee,
NSF

2011 Festshrift for Dan Atkins

2011 NSF DLI Conference

2011 Future of the DC

2012 NSF DLI Workshop Description
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The evolution of activities from science to education to policy
can be seen in the changing nature of the books published.



Engineering

2003 NAE Study of Engineering Research

2004 21st Century Engineering

2005 Engineering Research and America Future
2005 PI NSE Flexner - 21st Century Engineering
2007 5XME Workshop

2007 Engineering Flexner Report

2008 ABET Effort

2008 NAE Study of Lifelong Engineering Learning
2009 Brookings Energy Report

2012 Member, NAE, Educate to Innovate Study

Energy-General

2003 DOE Secretary Committee on Research
2003 DOE-SC SWOT Analysis

2003 DOE_Task_Force

2005 Phoenix Energy Institute

2007 Brookings Next Energy Project

2009 Brookings Energy Report

2011 Glion VIII Duderstadt Black Swans
2012 Member, Review of UT Fracking Study

Energy-Nuclear

1999 Nuclear Energy Research Advisory Commit-
tee

2000 NERAC Testimony

2001 Nuclear Engineering Minor Program

2004 Energy France

2004 Vest Report Secretary of Energy

2009 Member, President’s Project Advisory
Committee,Facility for Rare Ion Beams

2012 Chair, Board of Directors, CASL Energy In-
novation Hub, Department of Energy

International Issues

1989 UM International Center

1992 Michigan Tree Tops Strategy for State Support
2002 JAPAN Revised2

2002 Nagoya Keynote Lecture

2003 UM Co-Chair, World University Workshop
2005 Canadian Provosts

2007 Salzburg Paradigms

2008 Co-Chair, NSF Roundtable for Global Sustain-

ability

Glion Colloquium Topics

1999_Glion_I_Challenges_Facing_HE

2001_Glion_II_University_Governance

2002_Glion_III_Walls_Come_Tumbling_Down

2003_Glion_IV_Reinventing_the_University

2005_Glion_V_Universities_and_Business

2007_Glion_VI_Globalization_of HE

2009 _Glion_VII_Universities_and_Innovation

2012_Glion_VIII_Global Sustainability

2013 Glion IX Sustainability of Research University
Paradigm

Game-Changers and Paradigm Shifts

1999 Activities of the Millennium Project
2013: The View from the Oort Cloud

2013: Game Changers and Paradigm Shifts
2013: The Third Century

Intercollegiate Athletics

1990 Mainstreaming Athletics
2003 Sports Book Epilogue

Specific Universities

1997 Georgia Tech Planning

1997 Iowa State

1998 Texas A&M ideas

1999 Henry Lecture

2003 U Missouri Strategy

2003 Ohio State Talk

2003 UCLA Higher Ed Future
2003 UNC Chapel Hill Talk

2003 USC Strategy

2004 UCSC Accreditation Assessment
2007 UC Compensation Task Force
2002 Oberlin COHFE

2009 Dartmouth Commencement
2010 ASU Grand Challenges

2010 U Hawaii Strategy

2011 UIUC Strategy

2011 CIC Innovation Conference
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Chapter 2

An Environmental Scan

All policy studies are clearly shaped by the con-
text of issues characterizing the period during which
they were conducted. Since this report is looking back
over four decades of such efforts, it seemed appropri-
ate to begin with an “environmental scan” to provide
an appropriate framework. Indeed, such an exercise is
included as the first step in many of the studies them-
selves.

Looking back over history, one can identify certain
abrupt changes, discontinuities in the nature, the fab-
ric, of our civilization. Clearly we live in a time of such
great change, an increasingly global society, driven by
the exponential growth of new knowledge and knitted
together by rapidly evolving information and com-
munication technologies. It is a time of challenge and
contradiction, as an ever-increasing human population
threatens global sustainability; a global, knowledge-
driven economy places a new premium on technologi-
cal workforce skills through phenomena such as out-
sourcing and off-shoring; governments place increasing
confidence in market forces to reflect public priorities
even as new paradigms such as open-source software
and open-content knowledge and learning challenge
conventional free-market philosophies; and shifting
geopolitical tensions are driven by the great disparity
in wealth and power about the globe, manifested in the
current threat to homeland security by terrorism. Yet it
is also a time of unusual opportunity and optimism as
new technologies not only improve the human condi-
tion but also enable the creation and flourishing of new
communities and social institutions more capable of
addressing the needs of our society.

Products to ideas
Manufacturing to services

Public policy to markets

A Knowledge Economy Monopoly to innovation

The Age of Knowledge

Looking back over history, one can identify certain
abrupt changes, discontinuities in the nature, the fabric,
of our civilization. Clearly we live in just such a time of
very rapid and profound social transformation, a tran-
sition from a century in which the dominant human
activity was transportation to one in which communi-
cation technology has become paramount, from econo-
mies based upon cars, planes, and trains to one depen-
dent upon computers and networks. We are shifting
from an emphasis on creating and transporting physi-
cal objects such as materials and energy to knowledge
itself; from atoms to bits; from societies based upon the
geopolitics of the nation-state to those based on diverse
cultures and local traditions; and from a dependence on
government policy to an increasing confidence in the
marketplace to establish public priorities.

Today we are evolving rapidly into a post-indus-
trial, knowledge-based society as our economies are
steadily shifting from material- and labor-intensive
products and processes to knowledge-intensive prod-
ucts and services. A radically new system for creating
wealth has evolved that depends upon the creation
and application of new knowledge. Unlike natural re-
sources, such as iron and oil, which have driven earlier
economic transformations, knowledge is inexhaust-
ible. The more it is used, the more it multiplies and
expands. But knowledge can be created, absorbed, and
applied only by the educated mind. The knowledge
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Global, Knowledge-Driven Economy

1

Products, Systems, Services

Social Liberal Professions

Sciences Arts
Mlcro sciences
/ (Info-bio-nano)

NEW KNOWLEDGE
(R&D, Innovation)

Optimization

Macro-sciences
(Complex systems)

HUMAN CAPITAL
(Lifelong learning)

Vertical Integration

Horizontal Integration
A\

L

Developme

-

Business, Public Policy
International Relations

Applied sciences
Eng, Med, Ag, Arch

INFRASTRUCTURE XICIES

(higher ed, labs, cyber) (R&D, tax, IP)

The way the global knowledge-driven economy works

economy is demanding new types of learners and cre-
ators and new forms of learning and education.

As a survey in The Economist put it, “The value of
‘intangible’ assets—everything from skilled workers to
patents to know-how-has ballooned from 20 percent
of the value of companies in the S&P 500 to 70 percent
today. The proportion of American workers doing jobs
that call for complex skills has grown three times as
fast as employment in general”. (The Economist, 2006)
Economists estimate that 40 to 60 percent of economic
growth each year is due to research and development
activity, particularly in American universities. Another
20 percent of the increased resources each year are
based upon the rising skill levels of our population. In
other words, 60 to 80 percent is really dependent upon
higher education in terms of research and develop-
ment and skills of the labor force. (Augustine, 2005)

Nations are investing heavily and restructuring
their economies to create high-skill, high-pay jobs in
knowledge-intensive areas such as new technologies,
financial services, trade, and professional and techni-
cal services. From Paris to San Diego, Bangalore to
Shanghai, there is a growing recognition throughout
the world that economic prosperity and social well

being in a global knowledge-driven economy requires
public investment in knowledge resources. That is,
regions must create and sustain a highly educated and
innovative workforce and the capacity to generate and
apply new knowledge, supported through policies
and investments in developing human capital, techno-
logical innovation, and entrepreneurial skill. Nations
both large and small, from Finland to China, are reap-
ing the benefits of such investments aimed at stimulat-
ing and exploiting technological innovation, creating
serious competitive challenges to American industry
and business both in the conventional marketplace
(e.g., automobiles) and through new paradigms such
as the off-shoring of knowledge-intensive services (e.g.
software development).

In the knowledge economy, the key asset driv-
ing corporate value is no longer physical capital or
unskilled labor. Instead it is intellectual and human
capital. An increasingly utilitarian view of higher edu-
cation is reflected in public policy. Education is becom-
ing a powerful political force. Just as the space race
of the 1960s stimulated major investments in research
and education, there are early signs that the skills race
of the 21st Century may soon be recognized as the



dominant domestic policy issue facing our nation. But
there is an important difference here. The space race
galvanized public concern and concentrated national
attention on educating “the best and brightest,” the
academically elite of our society. The skills race of the
21st Century will value instead the skills and knowl-
edge of our entire workforce as a key to economic
prosperity, national security, and social well-being.
The National Governors Association concludes that,
“The driving force behind the 21st Century economy is
knowledge, and developing human capital is the best
way to ensure prosperity.” Some governors are even
taking the courageous step of proposing tax increases
to fund new investments in higher education, research,
and innovation. (NGA, 2007)

Perhaps former University of California president
Clark Kerr stated it best a half-century ago: “The basic
reality for the university is the widespread recognition
that new knowledge is the most important factor in
economic and social growth, and since that is the uni-
versity’s invisible product, it may be the most power-
ful single institution in our culture.” (Kerr, 1963)

A global economy
Rich vs. poor
Global resources (oil, water, ...)

Globalization Global sustainability

Globalization

Whether through travel and
through the arts and culture, or through the interna-

communication,

tionalization of commerce, capital, and labor, or our
interconnectness through common environmental
concerns, the United States is becoming increasingly
linked with the global community. The liberalization of
trade and investment policies, along with the revolu-
tion in information and communications technologies,
has vastly increased the flow of capital, goods, and ser-
vices, dramatically changing the world and our place
in it. Today globalization determines not only regional
prosperity but also national and homeland security.
Our economy and companies are international, span-
ning the globe and interdependent with other nations
and other peoples.

11

Most policy issues are shaped by their global character.

A truly domestic United States economy has ceased
to exist. It is no longer relevant to speak of the health of
regional economies or the competitiveness of American
industry, because we are no longer self-sufficient or self-
sustaining. Our economy and many of our companies
are international, spanning the globe and interdepen-
dent with other nations and other peoples. Worldwide
communication networks have created an international
market, not only for conventional products, but also
for knowledge professionals, research, and educational
services.

As the report of the National Intelligence Coun-
cil's 2020 Project has concluded, “The very magni-
tude and speed of change resulting from a globalizing
world-apart from its precise character-will be a defin-
ing feature of the world out to 2020. During this pe-
riod, China’s GNP will exceed that of all other Western
economic powers except for the United States, with a
projected population of 1.4 billion. India and Brazil will
also likely surpass most of the European nations. Glo-
balization-the growing interconnectedness reflected in
the expanded flows of information, technology, capital,
goods, services, and people throughout the world-will
become an overarching mega-trend, a force so ubiq-
uitous that it will substantially shape all other major
trends in the world of 2020” (National Intelligence
Council, 2004).
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In his provocative book The World Is Flat, Tom
Friedman warns that “Some three billion people who
were excluded from the pre-Internet economy have
now walked out onto a level playing field, from Chi-
na, India, Russia, Eastern Europe, Latin American, and
Central Asia. It is this convergence of new players, on a
new playing field, developing new processes for hori-
zontal collaboration, that I believe is the most impor-
tant force shaping global economics and politics in the
early 21st century” (Friedman, 2005). Or as Craig Bar-
rett, CEO of Intel, puts it: “You don’t bring three billion
people into the world economy overnight without huge
consequences, especially from three societies like India,
China, and Russia, with rich educational heritages.”

Of course, some would contend that rather than
flattening, world economic activity is actually becom-
ing more peaked about concentrations of knowledge-
workers and innovation centers. Others suggest that
rapidly evolving information and communications are
enabling the participation of billions “at the bottom of
the economic pyramid” through microeconomic trans-
actions (Prahalad, 2005). But whether interpreted as a
flattening of the global playing field or a peaking about
concentrations of innovation, most nations have heard
and understood the message about the imperatives of
the emerging global knowledge economy. They are in-
vesting heavily and restructuring their economies to
create high-skill, high-pay jobs in knowledge-intensive
areas such as new technologies, financial services, trade,
and professional and technical services. From Dublin to
Prague, Bangalore to Shanghai, there is a growing rec-
ognition throughout the world that economic prosper-
ity and social well being in a global knowledge-driven
economy require public investment in knowledge re-
sources. That is, regions must create and sustain a high-
ly educated and innovative workforce and the capac-
ity to generate and apply new knowledge, supported
through policies and investments in developing human
capital, technological innovation, and entrepreneurial
skill.

Today’s global corporation conducts its strategy,
management, and operations on a global scale. The
multinational organization has evolved far beyond a
collection of country-based subsidiaries to become in-
stead a globally integrated array of specialized compo-
nents—procurement, management, R&D, manufactur-

ing, sales, etc.—distributed through the world, wherever
attractive markets exist and skilled workers can be
found. Geopolitical borders are of declining relevance
to global business practices. Global corporations are
showing less loyalty to countries of origin and more to
regions in which they find new markets and do busi-
ness (Palmisano, 2006).

It is this reality of the hyper-competitive, global,
knowledge-driven economy of the 21st Century that
is stimulating the powerful forces that will reshape the
nature of our society and our knowledge institutions.
Again to quote Friedman, “Information and telecom-
munications technologies have created a platform
where intellectual work and intellectual capital can be
delivered from anywhere-disaggregated, delivered,
distributed, produced, and put back together again, or
in current business terms and this gives an entirely new
freedom to the way we do work, especially work of an
intellectual nature”. Today rapidly evolving technolo-
gies and sophisticated supply chain management are
allowing “global sourcing”, the ability to outsource not
only traditional activities such as low-skill manufactur-
ing, but to offshore essentially any form of knowledge
work, no matter how sophisticated, to whatever part
of the globe has populations most capable and cost-
effective to perform it. Put another way, “The playing
field is being leveled. Countries like India and China
are now able to compete for global knowledge work as
never before. And America had better get ready for it”
(Friedman, 2005).

Clearly, today’s companies require new skills and
competence that address the challenges and opportu-
nities of globally integrated business. This has particu-
larly serious implications for the future of engineering,
since not only must engineers develop the capacity to
work with multinational teams and be internationally
mobile, but they also must appreciate the great diver-
sity of cultures characterizing both the colleagues they
work with and the markets they must compete in. Fur-
thermore, the American engineer faces the additional
challenge of competing globally with engineers of com-
parable talents and determination in economies with
considerably lower wage structures.

In such a global economy, it is critical that nations
not only have global reach into markets abroad, but
also have the capacity to harvest new ideas and inno-
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The distribution of the world’s population represented by the distorted size of nations. (Worldmapper, 2005)

vation and to attract talent from around the world. In-
terestingly enough, perhaps the best way to do this is
to invest in flagship research universities, since these
are truly international institutions. They reflect a strong
international character among their students, faculty,
and academic programs. These institutions also stand
at the center of a world system of learning and schol-
arship. They are the magnets states use to attract new
talent, new industry, and new resources from around
the world.

Globalization requires thoughtful, interdependent
and globally identified citizens. New technologies are
changing modes of learning, collaboration and expres-
sion. And widespread social and political unrest com-
pels educational institutions to think more concertedly
about their role in promoting individual and civic de-
velopment.

Aging societies
The global teenager
Population mobility

Demographics Cultural diversity

Demographics

Regions face numerous challenges in position-
ing themselves for prosperity in the global economy,
among them changing demographics, limited resourc-
es, and cultural constraints. The populations of most
developed nations in North America, Europe, and Asia

are aging rapidly where over the next decade the per-
centage of the population over 60 will grow to over 30%
to 40%. Half of the world’s population today lives in
countries where fertility rates are not sufficient to re-
place their current populations, e.g. the average fertility
rate in EU has dropped to 1.45, below the 2.1 necessary
for a stable population. Aging populations, out-migra-
tion, and shrinking workforces are having an important
impact, particularly in Europe, Russia, and some Asian
nations such as Japan, South Korea, and Singapore. The
implications are particularly serious for schools, colleg-
es, and universities that now experience not only aging
faculty, but excess capacity that could lead to possible
closure.

In sharp contrast, developing nations in Asia, Af-
rica, and Latin America are characterized by young and
growing populations in which the average age is less
than 20. Here the demand for education is staggering
since in a knowledge economy; it is clear to all that this
is the key to one’s future security. Unless developed
nations step forward and help address this crisis, bil-
lions of people in coming generations will be denied
the education so necessary to compete in, and survive
in, the knowledge economy. The resulting despair and
hopelessness among the young will feed the terrorism
that so threatens our world today.

Today we see a serious imbalance between educa-
tional need and educational capacity—in a sense, many
of our universities are in the wrong place, where pop-
ulations are aging and perhaps even declining rather
than young and growing. This has already triggered
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some market response, with the entry of for-profit pro-
viders of higher education (e.g., Laureate, Apollo) into
providing higher education services on a global basis
through acquisitions of existing institutions or distance
learning technologies. It also is driving the interest in
new paradigms such as the Open Education Resources
movement. (Atkins, 2007) Yet, even if market forces or
international development efforts are successful in ad-
dressing the urgent educational needs of the develop-
ing world, there are also concerns about whether there
will be enough jobs to respond to a growing population
of college graduates in many of these regions.

Growing disparities in wealth and economic oppor-
tunity, frequently intensified by regional conflict, con-
tinue to drive population migration. The flow of work-
ers across the global economy seeking prosperity and
security presents further challenges to many nations.
The burden of refugees and the complexity of absorb-
ing immigrant cultures are particularly apparent in Eu-
rope and North America. There is another demograph-
ic fact of life that need concern us: The United Nations
now projects the Earth’s population in the year 2050
as 9.1 billion, 50% larger than today. Which of course
raises the logical question: Can we sustain a population
of that magnitude on Spaceship Earth? This is an issue
to which I will return momentarily.

America’s population is changing rapidly today.
One of the most significant demographic trends in the
country is that our population is getting older; the baby
boomers are approaching retirement, and the number
of young adults is declining. In the U.S., there are al-
ready more people over the age of sixty-five than teen-
agers in this nation, and this situation will continue for
decades to come. In our lifetime the United States will
not again be a nation of youth, in sharp contrast to the
developing nations in Asia, Africa, and Latin America,
where the average age is less than 20.

Immigration is the principal reason why the United
States stands apart from much of the rest of the de-
veloped world with respect to our demographic chal-
lenges. Like Europe and parts of Asia, our population
is aging, but our openness to immigration will drive
continued growth in our population from 300 million
today to over 450 million by 2050. Today differential
growth patterns and very different flows of immigra-
tion from Asia, Africa, Latin America, the Caribbean,

and Mexico are transforming our population. In fact,
over the past decade, immigration from Latin America
and Asia contributed 53% of the growth in the United
States population exceeding that provided by births
(National Information Center, 2006). As it has been so
many times in its past, America is once again becom-
ing a nation of immigrants, benefiting greatly from
their energy, talents, and hope, even as such mobility
changes the ethnic character of our nation. By the year
2030 current projections suggest that approximately
40% of Americans will be members of racial or ethnic
minority groups. By mid-century we will cease to have
any single majority ethic group. By any measure, we
are evolving rapidly into a truly multicultural society
with a remarkable cultural, racial, and ethnic diversity.
This demographic revolution is taking place within the
context of the continuing globalization of the world’s
economy and society that requires Americans to inter-
act with people from every country of the world.

While such immigrants bring to America incredible
energy, talents, and hope, and continue to diversify the
ethnic character of our nation, this increasing diversity
is complicated by social, political, and economic fac-
tors. The full participation of immigrants and other un-
derrepresented ethnic groups continues to be hindered
by the segregation and non-assimilation of minority
cultures and backlash against long-accepted programs
designed to achieve social equity (e.g., affirmative ac-
tion in college admissions). Furthermore, since most
current immigrants are arriving from developing re-
gions with weak educational capacity, new pressures
have been placed on U.S. educational systems for the
remedial education of large numbers of non-English
speaking students.

Largely as a consequence of immigration, the Unit-
ed States is rapidly becoming one of the most plural-
istic, multicultural nations on earth. Those groups we
refer to today as “minorities” will become the majority
population of our nation in the century ahead, just as
they are today throughout the world and in an increas-
ing number of states, including California, Arizona,
and Texas, The increasing diversity of the American
population with respect to race, ethnicity, gender and
nationality is both one of our greatest strengths and
most serious challenges as a nation. A diverse popula-
tion gives us great vitality. However the challenge of



increasing diversity is complicated by social and eco-
nomic factors. Far from evolving toward one America,
our society continues to be hindered by the segregation
and non-assimilation of minority cultures. Our society
is challenging in both the courts and through referen-
dum long-accepted programs such as affirmative ac-
tion and equal opportunity aimed at expanding access
to higher education to underrepresented communities
and diversifying our campuses and workplaces. (Econ-
omist, 2005)

In this future, the full participation of currently un-
derrepresented minorities will be of increasing concern
as we strive to realize our commitment to equity and
social justice. The achievement of this objective also
will be the key to the future strength and prosperity of
America, since our nation cannot afford to waste the
human talent presented by its minority populations. If
we do not create a nation that mobilizes the talents of all
of our citizens, we are destined for a diminished role in
the global community and increased social turbulence.
Most tragically, we will have failed to fulfill the promise
of democracy upon which this nation was founded.

Exponentiating technologies
Info-bio-nano convergence
Disruptive technologies

Technological Change Technology to social change

Technological Change

The new technologies driving such profound
changes in our world-information technology, biotech-
nology, and nanotechnology—evolve at an exponential
pace. For example, the information and communica-
tions technologies enabling the global knowledge
economy double in power for a given cost every year
or so, amounting to a staggering increase in capacity
of 100 to 1,000 fold every decade. Computer scientists
and engineers believe this trend will continue for the
foreseeable future, suggesting that these technolo-
gies will become a thousand, a million, and a billion
times more powerful as the decades pass. (Reed, 2005;
Kuzweil, 2006)

In particular, the fundamental intellectual activi-
ties of discovery and learning enabling the knowledge
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economy are being transformed by the rapid evolu-
tion of information and communications technol-

ogy. Although many technologies have transformed
the course of human history, the pace and impact of
digital information technology is unprecedented. In
little more than half a century, we have moved from
mammoth computer temples with the compute power
of a digital wristwatch to an ecosystem of billions of
microelectronic devices, linked together at nearly the
speed of light, executing critical complex programs
with astronomical quantities of data. Rapidly evolving
digital technology has played a particularly important
role in expanding our capacity to generate, distribute,
and apply knowledge. It has become an indispensable
platform for discovery, innovation, and learning. Infor-
mation and communications services are increasingly
delivered as a utility, much like electricity, from remote
data centers and networks. Both hardware and soft-
ware are now moving into massive network “clouds”
managed by providers, such as Microsoft, Google, and
Amazon. They provide not only global connectivity

to organizations (e.g., corporations, governments, and
universities) but also to individuals in rapidly chang-
ing forms, such as instant messaging, televideo, crowd
sourcing, and affinity communities.

As Brynjolfsson and McAfee suggest, information
technology is both quantitatively and qualitatively
different in character since it evolves exponentially
(Moore’s Law), is easily and cheaply reproduced be-
cause of its digital character, and is highly recombinant
through networks and ubiquitous access. (Brynjolfs-
son, 2013) More generally it is becoming increasingly
clear that we are approaching an inflection point in the
potential of rapidly evolving information and commu-
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nications technology to transform how the scientific
and engineering enterprise does knowledge work, the
nature of the problems it undertakes, and the broaden-
ing of those able to participate in research activities. To
quote Arden Bement, former director of the National
Science Foundation, “We are entering a second revo-
lution in information technology, one that may well
usher in a new technological age that will dwarf, in
sheer transformational scope and power, anything we
have yet experienced in the current information age”.
(Bement, 2007)

Beyond acknowledging the extraordinary and
unrelenting pace of such exponentially evolving tech-
nologies, it is equally important to recognize that they
are disruptive in nature. Their impact on social institu-
tions such as corporations, governments, and learning
institutions is profound, rapid, and quite unpredict-
able. As Clayton Christensen explains in his book,

The Innovator’s Dilemma, while many of these new
technologies are at first inadequate to displace today’s
technology in existing applications, they later explo-
sively displace the application as they enable a new
way of satisfying the underlying need. (Christensen,
1997) If change is gradual, there will be time to adapt
gracefully, but that is not the history of disruptive
technologies. Hence organizations—and states, regions,
and nations—-must work to anticipate these forces,
develop appropriate strategies, and make adequate in-
vestments if they are to prosper-indeed, survive-such
a period. Procrastination and inaction (not to mention
ignorance and denial) are the most dangerous of all
courses during a time of rapid technological change.

Commodities to innovation
Analysis to synthesis
Reductionism to consilience

Technological Innovation Hierarchy to networks

Technological Innovation

In its major study, Rising Above the Gathering Storm
(Augustine, 2005), the National Academies of Science,
Engineering, and Medicine highlight innovation as the
single most important factor in determining America’s

success throughout the 21st century. “American’s chal-
lenge is to unleash its innovation capacity to drive pro-
ductivity, standard of living, and leadership in global
markets. At a time when macro-economic forces and
financial constraints make innovation-driven growth
a more urgent imperative than ever before, American
businesses, government, workers, and universities face
an unprecedented acceleration of global change, relent-
less pressure for short-term results, and fierce compe-
tition from countries that seek an innovation-driven
future for themselves. For the past 25 years we have
optimized our organizations for efficiency and quality.
Over the next quarter century, we must optimize our
entire society for innovation” (Council on Competitive-
ness, 2005).

Of course innovation is more than simply new tech-
nologies. It involves how business processes are inte-
grated and managed, how services are delivered, how
public policies are formulated, and how markets and
more broadly society benefit (Lynn, 2007). However
it is also the case that in a global, knowledge-driven
economy, technological innovation-the transforma-
tion of new knowledge into products, processes, and
services of value to society—is critical to competitive-
ness, long-term productivity growth, and an improved
quality of life. The National Intelligence Council’s 2020
Project concludes, “the greatest benefits of globaliza-
tion will accrue to countries and groups that can access
and adopt new technologies” (National Intelligence
Council, 2004). This study notes that China and India
are well positioned to become technology leaders, and
even the poorest countries will be able to leverage pro-
lific, cheap technologies to fuel-although at a slower
rate-their own development. It also warns that this
transition will not be painless and will hit the middle
classes of the developed world in particular, bringing
more rapid job turnover and requiring professional
retooling. Moreover, future technology trends will be
marked not only by accelerating advancements in in-
dividual technologies but also by a force-multiplying
convergence of the technologies—information, biologi-
cal, materials, and nanotechnologies—that have the po-
tential to revolutionize all dimensions of life.

In summary, the 2020 Project warns that “A nation’s
or region’s level of technological achievement generally
will be defined in terms of its investment in integrating
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The role of technological innovation in the knowledge economy

and applying the new globally available technologies—
whether the technologies are acquired through a coun-
try’s own basic research or from technology leaders.
Nations that remain behind in adopting technologies
are likely to be those that have failed to pursue poli-
cies that support application of new technologies—such
as good governance, universal education, and market
reforms—and not solely because they are poor.”

This has been reinforced by a recent study by the
National Academy of Engineering that concludes,
“American success has been based on the creativity, in-
genuity, and courage of innovators, and innovation that
will continue to be critical to American success in the
twenty-first century. As a world superpower with the
largest and richest market, the United States has con-
sistently set the standard for technological advances,
both creating innovations and absorbing innovations
created elsewhere” (Duderstadt, 2005).

It is certainly true that many of the characteristics
of our nation that have made the United States such
a leader in innovation and economic renewal remain
strong: a dynamic free society that is continually re-
newed through immigration; the quality of American
intellectual property protection and the most flexible
labor laws in the world, the best regulated and most ef-
ficient capital markets in the world for taking new ideas
and turning them into products and services, open
trade and open borders (at least relative to most other
nations), and universities and research laboratories that

are the envy of the world. If all of this remained in place,
strong and healthy, the United States would continue to
remain prosperous and secure, even in the face of an
intensely competitive global knowledge economy. We
would continue to churn out the knowledge workers,
the ideas and innovation, and the products and services
(even if partially outsourced) that would dominate the
global marketplace.

But today many nations are investing heavily in the
foundations of modern innovation systems, includ-
ing research facilities and infrastructure and a strong
technical workforce. Unfortunately, the United States
has failed to give such investments the priority they
deserve in recent years. The changing nature of the in-
ternational economy, characterized by intense compe-
tition coexisting with broad-based collaboration and
global supply chains and manifested in unprecedented
U.S. trade deficits, underscores long-standing weak-
nesses in the nation’s investment in the key ingredi-
ents of technological innovation: new knowledge (re-
search), human capital (education), and infrastructure
(educational institutions, laboratories, cyberinfrastruc-
ture). Well-documented and disturbing trends include:
skewing of the nation’s research priorities away from
engineering and physical sciences and toward the life
sciences; erosion of the engineering research infrastruc-
ture; a relative decline in the interest and aptitude of
American students for pursuing education and training
in engineering and other technical fields; and growing
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uncertainty about our ability to attract and retain gifted
science and engineering students from abroad at a time
when foreign nationals constitute a large and produc-
tive fraction of the U.S. R&D workforce.

Tomorrow’s Possibilities
Global Sustainability

While history has always been characterized by
periods of both change and stability — war and peace,
intellectual progress and decadence, economic pros-
perity and contraction — today the pace and magnitude
of such changes have intensified, driven by the power-
ful forces of globalization, changing demographics,
rapidly evolving technologies and the expanded flows
of information, technology, capital, goods, services and
people worldwide. Economies are pushing the human
exploitation of the Earth’s environment to the limits;
the military capacity of the great powers could destroy
the world population many times over, business cor-
porations have become so large that they can influence
national policies, the financial sector has become so
complex and unstable that it has the capacity to trigger
global economic catastrophes in an instant, and cor-
rupted regimes leading to failed states still appear in
all parts of the world. Many believe that the impact of
human activities, ever more intense, globally distrib-
uted and interconnected, threatens the very sustain-
ability of humankind on Earth, at least in terms that
we currently understand and enjoy.

While the fruits of development and modernity
are indisputable, the negative consequences of these
recent developments appear to be increasingly seri-
ous. For example, there is compelling evidence that the
growing population and invasive activities of human-
kind are now altering the fragile balance of our planet.
The concerns are multiplying in number and intensify-
ing in severity: the destruction of forests, wetlands and
other natural habitats by human activities, the extinc-
tion of millions of species and the loss of biodiversity;
the buildup of greenhouse gases and their impact on
global climates; the pollution of our air, water and
land. We must find new ways to provide for a human
society that presently has outstripped the limits of
global sustainability.
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The melting of Arctic summer ice is a sign of
how serious global warming has become.

So, too, the magnitude, complexity, and interde-
pendence (not to mention accountability) of business
practices, financial institutions, markets and govern-
ment policies now threaten the stability of the global
economy, as evidenced by the impact of complex
financial instruments and questionable market incen-
tives in triggering the collapse of the global financial
markets that led to the “Great Recession” of 2008-2009.
Again, the sustainability of current business practices,
government policies and public priorities must be
questioned.

Of comparable concern are the widening gaps in
prosperity, health and quality of life characterizing de-
veloped, developing and underdeveloped regions. To
be sure, there are some signs of optimism: a slowing
population growth that may stabilize during the 21st
century, technological advances such as the “green
revolution” that have fed much of the world, and the
rapid growth of developing economies in Asia and
Latin America. of the world’s population from extreme
poverty. Yet it is estimated that one-sixth of the world’s
population still live in extreme poverty, suffering from
diseases such as malaria, tuberculosis, AIDS, diarrhea
and others that prey on bodies weakened by chronic
hunger, claiming more than 20,000 lives daily. These
global needs can only be addressed by the commit-
ment of developed nations and the implementation of
technology to alleviate poverty and disease.

The world’s research universities have for many
years been actively addressing many of the important
issues associated with global sustainability. The “green
revolution” resulting from university programs in ag-
ricultural science has lifted a substantial portion of the
world’s population from the ravages of extreme pover-



ty. University scientists were the first to alert the world
to the impact of human activities on the environment
and climate, e.g., the impact of CFCs on atmospheric
ozone depletion; the destruction of forests, wetlands
and other natural habitats by human activities leading
to the extinction of thousands of biological species and
the loss of biodiversity; and the buildup of greenhouse
gases, such as carbon dioxide and their impact on the
global climate. University biomedical research has
been key to dealing with global health challenges,
ranging from malaria to Nile virus to AIDS, and the
international character of research universities, char-
acterized by international programs, collaboration and
exchanges of students and faculty provide them with a
unique global perspective.

Universities are also crucial to developing academ-
ic programs and culture to produce a new generation
of thoughtful, interdependent and globally identified
citizens. These institutions are evolving rapidly to ac-
cept their global responsibilities, increasingly becom-
ing universities not only “in” the world, in the sense of
operating in a global marketplace of people and ideas,
but “of” the world, accepting the challenge of extend-
ing their public purpose to addressing global concerns.
To quote from the 1999 Glion Declaration:

“The daunting complexity of the challenges that
confront us would be overwhelming if we were to
depend only on existing knowledge, traditional re-
sources, and conventional approaches. But universities
have the capacity to remove that dependence by the
innovations they create. Universities exist to liber-
ate the unlimited creativity of the human species and
to celebrate the unbounded resilience of the human
spirit. In a world of foreboding problems and loom-
ing threats, it is the high privilege of universities to
nurture that creativity, to rekindle that resilience, and
so provide hope for all of Earth’s peoples.” (Rhodes,
2009)

Energy

There are few contemporary challenges facing our
nation-indeed, the world-more threatening than the
unsustainable nature of our current energy infrastruc-
ture. Every aspect of contemporary society is depen-
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dent upon the availability of clean, affordable, flex-
ible, and sustainable energy resources. Yet our current
energy infrastructure, heavily dependent upon fossil
fuels, is unsustainable. While there are substantial re-
serves of coal, oil, and national gas—particularly with
new technologies such as hydraulic fracturing of shale
deposits_the mining, processing, and burning of these
fossil fuels poses increasingly unacceptable risk to both
humankind and the environment, particularly within
the context of global climate change. Furthermore, the
security of our nation is threatened by our reliance on
foreign energy imports from unstable regions of the
world. Clearly if the federal government is to meet its
responsibilities for national security, economic prosper-
ity, and social well-being, it must move rapidly and ag-
gressively to address the need for a sustainable energy
future for the United States. Yet time is not on our side.

The increasing consensus that utilization of fossil fu-
els in energy production is already causing significant
global climate change. Evidence of global warming is
now incontrovertible-increasing global surface and air
temperatures, receding glaciers and polar ice caps, ris-
ing sea levels, and increasingly powerful weather dis-
ruptions all confirm that unless the utilization of fossil
fuels is sharply curtailed, humankind could be serious-
ly threatened. Although there continues to be disagree-
ment over particular strategies to slow global climate
change-whether through regulation that restricts the
use of fossil fuels or through market pressures (e.g.,
“cap and trade” strategies)-there is little doubt that
energy utilization simply must shift away from fossil
fuels toward non-hydrocarbon energy sources (IPCC,
2007).

Alternative energy technologies such as electric- or
hybrid cars, hydrogen fuels, nuclear power, and renew-
able energy sources such as solar, wind, or biofuels still
require considerable research and development before
they evolve to the point of massive utilization. Numer-
ous studies from groups such as the National Acad-
emies, the President’s Council of Advisors on Science
and Technology, and the American Association for the
Advancement of Science have given the very highest
priority to launching a massive federal R&D effort to
develop sustainable energy technologies.

In fact, ahigh level task force created by the Secretary
of Energy’s Advisory Board stated in the strongest pos-
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sible terms: “America cannot retain its freedom, way
of life, or standard of living in the 21st century with-
out secure, sustainable, clean, and affordable sources of
energy. America can meet its energy needs if and only
if the nation commits to a strong and sustained invest-
ment in research in physical science, engineering, and
applicable areas of life science, and if we translate ad-
vancing scientific knowledge into practice. The nation
must embark on a major research initiative to address
the grand challenge association with the production,
storage, distribution, and conservation of energy as
both an element of its primary mission and an urgent
priority of the United States. “(Vest, 2005)

Yet today there is ample evidence that both the mag-
nitude and character of federal energy R&D programs
are woefully inadequate to address the urgency of the
current energy challenges faced by this nation.

The scale of the necessary transformation of our en-
ergy infrastructure is immense. It is estimated that over
$16 trillion in capital investments over the next two de-
cades will be necessary just to expand energy supply to
meet growing global energy demands, compared to a
global GDP of $44 trillion and a U.S. GDP of $12 trillion.
Put another way, to track the projected growth in elec-
tricity demand, the world would need to bring online
anew 1,000 MWe powerplant every day for the next 20
years! Clearly this requires a federal R&D effort com-
parable in scale to the Manhattan Project or the Apollo
Program. (Lewis, 2007)

Yet over the past two decades, energy research has
actually been sharply curtailed by the federal govern-
ment (75% decrease), the electrical utility industry (50%
decrease), and the domestic automobile industry (50%
decrease). Today the federal government effort in ener-
gy R&D is less than 20% of its level during the 1980s! To
gain a better sense of the priority given today to energy
research, one might compare the $2.7 billion proposed
for the President’s Advanced Energy Initiative with the
$17 billion NASA budget, the $30 billion NIH budget,
or the $83 billion R&D budget for DOD. More specifi-
cally, of the current annual $23 B budget of the Depart-
ment of Energy, only $6.1 B goes for basic scientific re-
search and technology development related to energy.

How much should the federal government be in-
vesting in energy R&D? A comparison of the size of
the energy sector ($1.9 T) compared to health care ($1.7

T) and national defense ($1.2 T) would suggest annual
R&D investments in the range of $40 to $50 B, roughly
ten times the current investments. Clearly Washington
has yet to take the energy crisis seriously—and as a con-
sequence our nation remains at very great risk.

Beyond scale, there are few technology infrastruc-
tures more complex than energy, interwoven with ev-
ery aspect of our society. Moving to sustainable energy
technologies will involve not simply advanced scien-
tific research and the development of new technologies,
but as well complex issues of social priorities, economic
and market issues, international relations, and politics
at all levels. Little wonder that one commonly hears the
complaint that “The energy crisis is like the weather;
everybody complains about it, but nobody does any-
thing about it!”

Global Poverty and Health

During the past several decades, technological ad-
vances such as the “green revolution” have lifted a
substantial portion of the world’s population from the
ravages of poverty. In fact, some nations once burdened
by overpopulation and great poverty such as India and
China, now are viewed as economic leaders in the 21st
century. Yet today there remain substantial and widen-
ing differences in the prosperity and quality of life of
developed, developing, and underdeveloped regions;
between the North and South Hemisphere; and within
many nations (including the deplorable level of pov-
erty tolerated in our own country).

It is estimated that roughly one-sixth of the world’s
population, 1.5billion people, still live in extreme pover-
ty-defined by Jeffrey Sachs as “being so poor you could
die tomorrow”, mostly in sub-Saharan Africa, parts of
South America, and much of central Asia. Put in even
starker terms, “More than 8 million people around the
world die each year because they are too poor to stay
alive. Malaria, tuberculosis, AIDS, diarrhea, respiratory
infections, and other diseases prey on bodies weakened
by chronic hunger, claiming more than 20,000 lives each
day” (Sachs, 2004).

These massive global needs can only be addressed
by both the commitment of developed nations and
the implementation of technology to alleviate poverty
and disease. The United States faces a particular chal-



lenge and responsibility in this regard. With just 5% of
the world’s people, we control 25% of its wealth and
produce 25% to 30% of its pollution. It is remarkable
that the richest nation on earth is the lowest per capita
donor of international development assistance of any
industrialized country. As the noted biologist Peter Ra-
ven observes, “The United States is a small part of a
very large, poor, and rapidly changing world, and we,
along with everyone else, must do a better job. Global-
ization appears to have become an irresistible force, but
we must make it participatory and humane to alleviate
the suffering of the world’s poorest people and the ef-
fective disenfranchisement of many of its nations” (Ra-
ven, 2003).

Infrastructure

Engineering of the 20th century was remarkable
in its capacity to meet the needs of a rapidly growing
global population, building great cities, transportation
networks, and economic infrastructure. To be sure, it
also developed horrific weapons of mass-destruction
that laid to waste entire nations and their populations
in global conflict. Yet eventually rebuilding occurred,
and at least in much of the world, the infrastructure is
in place to provide for societal well being and security.

Yet much of this infrastructure is aging, already in-
adequate to meet not simply population growth but
growing economic activity. The patchwork approach
used all too often to rebuild civic infrastructure—electri-
cal distribution networks, water distribution systems,
roads and bridges—has created new complexities poorly
understood and even more difficult to address. These in-
frastructure challenges are intensified by demographic
trends toward urbanization, where jobs and resources
are found. A recent United Nation’s study notes that for
the first time in human history, more people are living
in cities than rural areas. Over the next 30 years, more
than two billion people will be added to the population
of cities in the developing world, where within the next
decade urban will exceed rural populations.

When combined with the incredible strain on ur-
ban systems in developing nations caused by popula-
tion concentrations in mega-cities of tens of millions or
transportation networks overwhelmed by the desire
for mobility, it is clear that entirely new technologies
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and engineering approaches are needed to build and
maintain the infrastructure necessary to accommodate
a global population of 8 to 10 billion while preserving
the capacity of the planet to support humankind.

Clearly U.S. engineering must play a critical role in
meeting the most basic needs of the world’s popula-
tion. New technologies are needed to address urgent
needs for food, water, shelter, and education in the de-
veloping world. Yet even in our own country the in-
creasing complexity of our society requires new levels
of reliability and confidence. When levies fail in New
Orleans, a bridge falls in Minneapolis, a blackout oc-
curs in the Northeast, or a national computer network
goes down under cyberattack, people become not only
more aware of the impact of technology on personal
safety and public health, but moreover question the
competency of American engineering to design and
manage such complex systems. Such failures, both un-
avoidable and yet predictable, diminish our ability to
contribute value to society, placing a high premium on
reliability and, when necessary, recovery and forthright
communication.

As economic activity shifts from exploitation of nat-
ural resources and the manufacturing of material goods
to knowledge services, i.e., from atoms to bits, we will
need entirely new intellectual paradigms to create value
in the global knowledge economy. Just as two decades
ago new methods such as total quality management
and lean manufacturing reshaped our factories and
companies while triggering entirely new forms of en-
gineering, today we need to develop the new methods
capable of creating innovation in a services economy
characterized by extraordinarily complex global sys-
tems. The engineering profession will be challenged to
develop new and more powerful approaches to design,
innovation, systems integration, and entrepreneurial
activities in support of the global knowledge economy
(Donofrio, 2005).

Still More Possibilities

There are other possibilities that might be consid-
ered for the longer-term future. Balancing population
growth in some parts of the world might be new pan-
demics, such as AIDS or an avian flu virus, that appear
out of nowhere to ravage our species. The growing
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Perhaps mankind will once again launch an era
of space exploration....to Mars and beyond.

divide between rich and poor, the developed nations
and the third world, the North and South hemispheres,
could drive even more serious social unrest and terror-
ism, perhaps armed with even more terrifying weap-
ons.

Then, too, the unrelenting-indeed, accelerating
pace—of technology could benefit humankind, extend-
ing our lifespan and quality of life (although perhaps
aggravating population growth in the process), meet-
ing the world’s needs for food and shelter and perhaps
even energy, and enabling vastly new forms of commu-
nication, transportation, and social interaction. Perhaps
we will rekindle our species’ fundamental quest for
exploration and expansion by resuming human space-
flight and eventually colonizing our solar system and
beyond.

The acceleration of technological progress has been
the central feature of the past century and is likely to
be even more so in the century ahead. But technology
will also present new challenges that almost seem tak-
en from the pages of science fiction. Clearly if digital
technology continues to evolve at its current pace for
the next decade, creating machines a thousand, a mil-
lion, a billion times more powerful that those which
are so dominating our world today, then phenomena
such as the emergence of machine consciousness and
intelligence become very real possibilities during this
century.

John von Neumann once speculated that “the ever
accelerating progress of technology and changes in the
mode of human life gives the appearance of approach-
ing some essential singularity in the history of the race
beyond which human affairs, as we know them, could

Or perhaps we will encounter a technological
singularity such as artificial intelligence

not continue.” The acceleration of technological prog-
ress has been the central feature of the past century and
is likely to be even more so in the century ahead. Some
futurists have even argued that we are on the edge of
change comparable to the rise of human life on Earth.
The precise cause of this change is the imminent cre-
ation by technology of entities with greater than human
intelligence. For example, as digital technology contin-
ues to increase in power a thousand-fold each decade,
at some point computers (or, more likely, large comput-
er networks) might “awaken” with superhuman intel-
ligence. Or biological science may provide the means to
improve natural human intellect. (Kurzweil, 2005).

When greater-than-human intelligence drives tech-
nological evolution, that progress will be much more
rapid, including possibly the creation of still more in-
telligent entities, on a still shorter timescale. To use Von
Neumann'’s terminology, at such a technological “sin-
gularity”, our old models must be discarded and a new
reality appears, perhaps beyond our comprehension.
We probably cannot prevent the singularity, driven as
it is by humankind’s natural competitiveness and the
possibilities inherent in technology, we are likely to be
the initiators. We have the freedom to establish initial
conditions, make things happen in ways that are less
inimical than others.

Technology could present new challenges that seem
almost taken from the pages of science fiction. Clearly if
digital technology continues to evolve at its current pace
for the next decade, creating machines a thousand, a
million, a billion times more powerful that those which
are so dominating our world today, then phenomena
such as the emergence of machine consciousness and



intelligence become very real possibilities during this
century. In fact some even suggest that we could en-
counter a “technological singularity,” a point at which
technology begins to accelerate so rapidly (for example,
as intelligent machines develop even more intelligent
machines) that we lose not only the ability to control
but even to predict the future.

Clearly phenomena such as machine consciousness,
contact by extraterrestrial intelligence, or cosmic ex-
tinction from a wandering asteroid are possibilities for
our civilization, but just as clearly they should neither
dominate our attention nor our near-term actions. In-
deed, the most effective way to prepare for such unan-
ticipated events is to make certain that our descendants
are equipped with education and skills of the highest
possible quality.

When confronted with these concerns—particularly
those associated with the challenge of a global, knowl-
edge-driven economy to our national prosperity and
security, some suggest that the emergence of Fried-
man’s “flat world” is just another one of those econom-
ic challenges that arise every decade or so to stimulate
American industry to bump up its competitiveness
yet another notch. Hakuna Matata, not to worry! Af-
ter all, many predicted doom and gloom in the face of
Japanese competition in the 1980s. American industry
found a way to adapt and compete. Just look at the dif-
ficulties Japan faces today.

It is certainly true that many of the characteristics
of our nation that have made the United States such
a leader in innovation and economic renewal remain
strong: a dynamic free society that is continually re-
newed through immigration; the quality of American
intellectual property protection and the most flexible
labor laws in the world, the best regulated and most ef-
ficient capital markets in the world for taking new ideas
and turning them into products and services, open
trade and open borders (at least relative to most other
nations), and universities and research laboratories that
are the envy of the world. If all of this remained in place,
strong and healthy, the United States would continue to
remain prosperous and secure, even in the face of an
intensely competitive global knowledge economy. We
would continue to churn out the knowledge workers,
the ideas and innovation, and the products and services
(even if partially outsourced) that would dominate the

global marketplace.
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Chapter 3

National Science Policy

My experience in science policy really began with
my appointment by President Reagan to the National
Science Board in 1984. The NSB, comprised of 24 mem-
bers appointed by the President and confirmed by the
Senate is not only the oversight board for the National
Science Foundation but assigned major responsibility
for science policy developed by the organic act creating
the NSF itself. During my 12 years on the NSB, I served
both as chair of its Education and Human Resources
Committee but eventually as the chair of the National
Science Board itself from 1992 to 1995. During this pe-
riod and afterward I have been involved in a number of
studies concerned with national science policy and the
role of the federal government.

The Future of the National Science Foundation
and the National Science Board

The establishment of an external commission by the
National Science Board is a remarkable event, occur-
ring only a few times in our history. During my tenure
as NSB Chairman, the Director of the National Science
Foundation, Walter Massey, and I decided to form just
such a commission, chaired by William Danforth and
Robert Galvin, to consider the futures of both the NSB
and the NSF during a period of considerable change.

The Commission began with the mission statement
for the NSF: “To promote the progress of science; to
advance national health, prosperity, and welfare; to
secure the national defense; and for other purposes.”
(National Science Foundation Act of 1950) The goal was
to help the NSB better understand the role of science
and engineering in meeting national goals and a better
linking of scientific results with those goals. The Com-
mission urged that the role of the NSF should be further
clarified within an overall national policy, the goal of

The NSB during my years as chair

which should be to maintain the premier position of US
science and engineering and its capability to contribute
more fully to America’s priorities.

The beginning premise was that while NSF repre-
sented only about 4% of the federal R&D budget, it has
had extraordinary impact on our nation’s leadership in
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Leaders and members of the NSB Commission

science and engineering—and hence upon our national
security, economic prosperity, and social well-being.
Key here was its unusually broad mandate to strength-
en American science and engineering, a partnership of
trust with America’s scientists, engineers, and academ-
ic institutions, a reliance on investigator-initiated pro-
poses and selection of the best of these based on merit,
strong education programs, and the flexibility to pur-
sue new ideas-all characteristics they believed should
be preserved.

The Commission observed the transformation of
the political, economic, and social context occurring
both domestically and abroad was changing how we
as a society view and support science and engineer-
ing research. It stressed the fundamental importance
of continuing the National Science Foundation’s basic
mission of supporting first-rate research, identified and
defined by the best researchers within the academic re-
search community. At the same time the Commission
also underscored the importance of supporting key
strategic research areas in response to scientific oppor-
tunities to meet national goals.

The challenges the National Science Foundation
faced went to the core of our assumptions about the
role of science in our society. In the context of enhanced

public confidence in and support of science and engi-
neering research the Foundation faced the challenge of
better positioning itself to respond to strategic research
opportunities. Strong linkages between research and
education would be critical to this endeavor, as would
be more effective partnerships between the academic
research community and other sectors of our society
such as industry and government.

The Commission identified challenging issues that
would require NSF attention. These included evolving
research fields, interdisciplinary opportunities, increas-
ing dependencies among stages in technology devel-
opment, grant size, student support, improved science
education, knowledge diffusion and facility needs. Yet
the Commission also acknowledged that the NSF bud-
get was inadequate to support even its present respon-
sibilities and programs, and that the National Science
Foundation would find it difficult to respond to these
new challenges without an increase in resources.

Hence the Commission recommended that both
the NSB and the NSF leadership work closely with the
White House to generate a strong science policy into
which the NSF mission fit. In particular, they stressed
the need for NSF to be both responsive to national
needs as voiced by society as well as the intellectual
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priorities initiated by scientists and engineers.
More specifically, the Commission set out two im-
portant goals:

i) To support first-rate research at many points on
the frontiers of knowledge, identified and defined by
the best researchers, and

ii) To achieve a balanced allocation of resources in
strategic research areas in response to scientific oppor-
tunities to meet national goals.

While strongly supporting the initiation of proposals
by investigators determined by merit, the Commission
cautioned that many fields not covered by traditional
disciplines offered challenges for new knowledge and
opportunities for creative, investigative research wor-
thy of strong support, and this might require excep-
tions from current NSF funding practices.

The Commission’s report affirms the importance
of the NSF’s historical mission, provides an excellent
starting point for assessing the new environment for
research and education, and offered recommendations
for meeting the needs imposed by these changes.

General Recommendations

To realize these benefits of the NSF and its research
community more fully, the Commission commended to
the National Science Board and the broader scientific
community the following recommendations:

1. The United States should have a stronger and
more coherent policy wherein science and engineering
can contribute more fully to America’s strength. The
Board is encouraged to work with the President, his
Science Advisor, and the Federal Coordinating Council
on Science, Engineering, and Technology to assess the
health of science and engineering broadly and to gener-
ate a stronger policy into which the NSF mission fits.

2. Society’s support for the NSF and for university
research is based on the confident expectation that the
generation of new knowledge and the education of a
skilled workforce are necessary (though not sufficient)
investments to achieve our national goals of a high
quality of life in a productive and growing economy.
In accepting society’s support, the scientific community

A Foundation
for the 21st Century:

A Progressive Framework for
the National Science Foundation

Report of the National Science Board Commission
on the Future of the Nallonal Science Foundation

Movembes 10, 1982

Final Report of the NSB Commission

naturally assumes an obligation to be both responsive
to national needs voiced by society as well as the intel-
lectual priorities solely initiated by the scientist or en-
gineer.

3. The Commission strongly supported the initiation
of proposals by investigators and selection of those to
be funded by merit review carried out by experts. This
method has proved to be the best way of tapping into
the creativity of research scientists and engineers. Pe-
riodic examination of how to improve the functioning
of the system is in order. The system, of course, must
assure the selection of work of the highest quality and
promise.

4. The NSB, the NSF, and the science and engineering
community must better come to grips with the reality
that many fields not covered by traditional disciplines
offer challenges for new knowledge and opportunities
for creative, investigative research worthy of the most
gifted scholar. These fields should be valid candidates
for support and may both yield key knowledge and en-
able timely response to national goals.

5. Since the private sector plays the major role in
the translation of knowledge into new products and
services, and since the speed and efficiency of this pro-
cess is an important factor in a productive and growing



economy, it is appropriate that the NSB involve the pri-
vate sector more fully than heretofore in the decisions
which affect the classes of research allocation as well
as some evaluation of the effectiveness of the expendi-
tures. It is more than incidentally significant that scien-
tific advances are as likely to be driven by advances in
technology as the reverse, and the interplay between
parties who are conversant in both fields holds promise
of synergy.

Research Recommendations

1. The NSB’s and NSF’s key role in the support of
research in science and engineering should be strongly
reaffirmed.

2. The NSB and the NSF should encourage interdis-
ciplinary work and cooperation among sectors. Nature
knows nothing about disciplinary boundaries.

3. There is a convergence between science and tech-
nology arising from technology today having a stron-
ger basis in theory and data, which creates increased
demand for research at every stage of the innovation
process. Goals for science are, for the most part, nec-
essarily long-term. However, new knowledge from
fundamental research is important early-on, to the
technical community, as a guide for anticipating future
progress in technology and in the selection of strategies
for future developments.

4.Ttis urged that the size of NSF grants be examined.
Many believe that on average, NSF individual research
grants are too small. Examination of separate fields and
wide consultation within the community would help
in understanding the issues. Research grants should be
sufficient to do the work.

5. The management of NSF should from time to time
review the make up and combinations of Directorates
to maintain the most effective focus and management
of the selection process, taking into account the evalu-
ation of research, the desirability of interdisciplinary
research, the needs of different types of research and
efficiency of operation.

6. The diffusion and dissemination of the knowl-
edge and skills derivable from scientific and engineer-
ing discoveries are important. Although complex, the
system is working better than many presume. It works
particularly well when university trained researchers
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and professionals move from position to position in
academia or in industry.

7. The Foundation should more aggressively lead in
communicating the “case” for science and engineering,
which deserve a high priority in the mind of public of-
ficials and citizens alike.

8.The NSF should both set an example and work
with others in fostering international cooperation and
agreements for the most effective ex change of research
results and for research collaboration. To do so is ben-
eficial to all parties, as important discoveries can be
made anywhere.

9. Undergraduate education is enriched by faculty
participating in research. Research is essential to pre-
paring graduate students for scientific careers in aca-
demia, government, and industry. The Commission
endorsed the importance of graduate fellowships and
traineeships. Students are quite responsive to perceived
national needs in their selection of fields of research.
The involvement of underrepresented groups should
continue to be vigorously encouraged.

10. Successful research requires increasingly sophis-
ticated instrumentation and facilities. The Commission
urged the NSB to maintain surveillance over the state of
these national resources and to work for a national plan
to keep them adequate for the conduct of pioneering
science and engineering.

Education Recommendations

1. A major priority for the NSB and the NSF should
continue to be education in science and engineering.
NSF’s support of education has a cascading influence.
The Foundation should be at the leading edge of ever-
emerging improvements in curricula, and methodolo-
gies of teaching and training for research.

2. The NSF should encourage further development
of joint science, engineering, and management educa-
tion by implementing previous research recommenda-
tions, which call for recognizing the importance and
equivalence of scholarly research in a broader range of
fields.

3. The Foundation is chartered to support improved
education in mathematics and science throughout all
the school years, from kindergarten through graduate
and post doctoral studies. The two most critical areas
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needing improvement are K-12 education and under-
graduate education.

Structural Recommendations

1. Measurement of systems generates improved
quality of operations. All reasonable measurements of
the quality of the output of research, the quality of re-
search allocation and the other principal functions of
the Foundation should be subject to rigorous and com-
mon sense metrics for the evaluation and increase in
the quality of its activities.

2. NSF should continue to support shared, com-
mon use facilities that cannot be built and maintained
by individual institutions. Such facilities make econom-
ic sense and are an essential part of the research infra-
structure for many individual investigators.

Concluding Remarks

The Commission strongly urged that the role of both
the National Science Foundation and the National Sci-
ence Board be further clarified within an overall nation-
al policy, the goal of which should be to maintain the
premier position of U.S. science and engineering while
regaining America’s lead in the commercialization of
technology.

More specifically, it recommended that the United
States should have a stronger and more coherent policy
wherein science and engineering can contribute more
fully to America’s strength. It stated that ”A call of
this nature is not new. The strategy has been voiced in
many terms—national science policy, national technol-
ogy policy, and others. We do not emphasize a title. But,
we do advocate a broad national policy going beyond
science and engineering and including technology and
its applications. The policy should be responsive to the
voice and needs of society. NSF, with its emphasis on
research in science and engineering and its complemen-
tary emphasis on education for science and engineer-
ing, will play a major, direct, and cascading role in ful-
filling the overall policy.”

It stressed that the National Science Board, in
helping to develop a national science and technology
policy, should move quickly to propose a role for the
NSF based on its past mission and a vision of what is

needed today. In this plan the NSF should build on its
accomplishments and strengths, specifically its part-
nership with the scientists and engineers of the nation’s
colleges and universities in developing outstanding
research and strong science education; its partnership
with the Department of Education and state and local
governments working to strengthen science education
in grades K-12; and its role in maintaining the nation’s
scientific infrastructure. The plan should include a re-
sponse to the recommendations of this Commission in
order to strengthen and make more effective the work
of the NSF in meeting national goals.

In particular, it urged the NSB and those involved in
the planning to resist any pressures to strip the NSF of
its full spectrum of research goals and linkage mecha-
nisms, from engineering research centers, to computer
networks, to pure science and mathematics. The great
strength of American science and of American univer-
sities is the absence of rigid cultural barriers between
science and engineering and between pure research
and its applications. To address this issue the Commis-
sion urged that the NSF’s responsibilities, as spelled
out in its mission statement, and its budgetary needs be
examined in the context of a newly conceived federal
R&D budget that supports the stronger, broader policy.
Reallocation of funds could achieve an energizing re-
sult that stimulates academic scientists and engineers,
government officials, and people from industry to serve
better the U.S. public.

Finally, the Commission focused on the role of the
National Science Board in influencing a stronger science
and engineering and technology policy for the Nation.
“The Board and the National Science Foundation are
today the lead organizations representing the interests
of broad science and engineering in the United States.
The Board must work with its peers in the private and
public sectors so that the nation might formulate a
much needed science and technology roadmap. We are
convinced that students, scientists, engineers, industry,
and the public would join together to build and build
on that roadway. It is a journey we must begin.”

The 1992 Report of the NSB Commission on the Fu-
ture of the National Science Foundation and National
Science Board triggered a number of important follo-
won studies and actions.
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Federal
Funds for

Soience and
Technology

The Press Report (1995)

Allocating Federal Funds for Science and Tech-
nology: National Goals for a New Era, National
Research Council Report (1995)

One of the earliest responses to the recommendations
of the Danforth-Galvin Commission was an effort to
better define national goals for federal investment in
science and technology. This NRC study, chaired by
Frank Press, President of the National Academy of Sci-
ence (and hence sometimes referred to as “The Press
Report”) recommended two goals to guide federal in-
vestment in science and technology:

1) The United States should be among the world
leaders in all major areas of science. Achieving this
goal would allow this nation quickly to apply and
extend advances in science wherever they occur.

2) The United States should maintain clear leader-
ship in some areas of science. The decision to select a
field for leadership would be based on national objec-
tives and other criteria external to the field of research.

These goals provided the foundation upon which
federal science and technology (FS&T) budgetary pol-
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Role of the National Academies

Annual FS&T Analysis

Developing methodology to do intermational
banchmarking in various disciplines (8.g.,
materials science, mathematics, immunology)

Working with federal govemment to include
benchmarking in application of Government
Performance Results Act (GPRA) to research
programs of federal agencies

Role of the National Academies in assessing progress
on the recommendations of the Press Report.

icy should be built and analyzed. The study further-
more recommended that the Executive Office of the
President and Congress develop a more coherent bud-
get process for determining the federal investment in
programs that create new knowledge and technologies
to meet these goals. It recommended that the President
should present annually a Federal Science and Technol-
ogy (FS&T) Budget proposal that addresses both cur-
rent national priorities and the investments necessary
to sustain a world-class science and technology enter-
prise, where the Federal Science and Technology bud-
get was designed to reflect the real federal investment
in the creation of new knowledge and technologies and
excluding many elements of the usual federal research
and development budget (R&D) such as the testing and
evaluation of new weapons systems. For example in
2014 while the federal R&D budget amounted to $150
billion, the FS&T budget that created new knowledge
was $60 billion. This was felt to be a better measure of
whether our nation was investing adequately in scien-
tific research to sustain our economic prosperity, public
health, and national security.

As a member of the NRC Committee on Science,
Technology, and Public Policy, for a number of years I
chaired the development of an annual FS&T report that
tracked both federal investment in knowledge creation
as well as the degree to which the federal government
was investing adequately in those areas of major prior-
ity to the nation. Of particular concern during the first
decade of the 21st Century was the degree to which the
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OBSERVATIONS ON THE
PRESIDENT’S FISCAL YEAR
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The FS&T analysis by the National Academies

FS&T budgets of key mission agencies such as the De-
partments of Defense, Energy, and Commerce began to
decline. Indeed, the only federal agency experiencing
a major growth in its FS&T budget was the National
Institutes of Health, which expanded for a time due to a
commitment in the 1990s to double its budget. Howev-
er in recent years, even that has declined significantly,
dropping 40% below the original doubling target.

NSB and NSF Strategic Planning Activities

Throughout the 1990s and early 2000s, the strategic
planning activities of both the National Science Board
and the National Science Foundation echoed many of
the themes of the 1992 NSB Commission, even as the
planning environment continue to evolve, e.g. from the
end of the Cold War transition (early 1990s) to the dot-
com evolution (late 1990s) to terrorism and national
security (early 2000s) to today’s concern with energy,
climate change, and global sustainability.

In testimony before the National Science Board in
2009, T suggested updating the 1992 NSB Board study
to reflect several new themes:

FS&T Reports

1999 2000 2001 2002 2003

The sequence of NRC FS&T reports
Intellectual (“ideas”)

NSF is frequently criticized for the disciplinary silos
resulting from the strong domain-focus of the R&RA
directorates. Of course, this structure is necessary to
some degree since many important scientific communi-
ties depend upon it. But there also needs to be a balance
between domain-specific activities and those that span
(or perhaps even ignore) the traditional disciplines.

In a similar sense, there needs to be a better diversity
and balance among the nature of research programs.
One of the NSF staff members once distinguished
among “pathfinders” (research that breaks paradigms
in a Kuhnian sense), “trailblazers” (that explore new
directions), “pioneers” (that build the paths to new
paradigms and establish the firm foundations of new
disciplines), and “settlers” (that populate the new disci-
plines). In current language, this would span the spec-
trum from “transformational” to “established” to per-
haps “translational” research activities. Again, the key
here is balance, since all are important and necessary
to fulfill NSF’s dual responsibilities both to the scien-
tific community and to the nation that supports these
efforts.

Two related points: Transformational research re-
quires “essential singularities” or “outliers”, those
whose work falls beyond the radar screen but who
may be the key to major advances. Unfortunately, these
are just the scientists usually ignored by peer review.
Special steps are necessary to include them in the NSF
portfolio. Second, it is also important to remember that
NSF’s mission spans BOTH science AND engineering.
While a growing amount of research activity spans
both endeavors, the intellectual purpose of each differs:
science tries to understand what is; engineering tries to
create what has never been to address a societal need.



Continuing to provide advice to NSF and NSB

And, of course, this is just the balance between curios-
ity-driven and use-inspired investigations sought by
earlier planning efforts.

Education (“people”)

Here the biggest challenge is science and mathemat-
ics at the K-12 level. During the late 1990s when I served
on COSEPUP, we organized several meetings bringing
together leading educators and scientists to understand
the total disconnect between the expanding base of
scientific knowledge in areas of neuroscience/cogni-
tive science and teaching practice in our schools. Try as
we might, we were unable to get a handle on just how
the National Academies could remedy this divide. But
since the NSF is actually the only federal agency doing
real research on learning (the Department of Education
is largely an entitlement-focused organization with lit-
tle rigorous research capacity), the Foundation has both
a great opportunity as well as a national obligation to
play a leadership role in this area (perhaps leading an
interdepartmental effort with the DoEd and NIH). The
NSF science of learning centers are an important start,
but much more is needed.

The challenge in undergraduate education is a way
to stimulate more experimentation (along the lines of
Olin College) within a framework that will facilitate the
propagation of successful efforts. I viewed the NSF’s
most important role as one of catalyzing institution-
based and largely institution-funded efforts through
providing credibility through highly visible grants.
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The Future of the NSB

Many institutions are ready to explore truly transfor-
mative projects but they need a political umbrella to al-
low them to push aside campus resistance. The prestige
provided by an NSF grant can help them do this.

At the graduate level, it is long past time for a
“Flexner Report” for the PhD, which is rapidly diverg-
ing in both character and objective among the disci-
plines. While the humanities still consider the purpose
of the PhD as preparing future faculty, the physical sci-
ences and engineering view it as preparing researchers,
while the biomedical community now views it as only
the next educational stage on the way to the postdoc,
which has become the true “terminal” educational
stage.

Another important issue: the original purpose of
graduate education was to recapture the Universitas
Magistrorum et Scholarium theme of a learning commu-
nity of masters and scholars. Yet today, in many disci-
plines this has become a feudal system in which gradu-
ate students are frequently used as indentured servants
in large research grants. This is driven, I believe, by the
dominance of research assistantships as the primary
mechanism for graduate student support in science and
engineering. Perhaps now, some 40 years after the Man-
sfield Amendment, it is time to return to fellowships
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and traineeships as the dominant form of graduate
student support, thereby providing more flexibility to
graduate students and re-establishing the learning re-
lationship between “masters and scholars” rather than
the feudal relationship between lord and serf.

One more concern: It is becoming increasingly clear
that the states are rapidly losing not only the capacity
but, indeed, the rationale for the support of graduate
(and professional) education at world-class levels. Not
only are these graduates highly mobile, but the knowl-
edge they produce through their research is quickly
available to the world through “open” innovation and
knowledge resource paradigms. More specifically,
many of the states are beginning to conclude that they
cannot, will not, and probably should not continue to
support advanced education (or institutions) at world-
class levels. Without federal intervention many of us
fear that the United States will lose the contributions of
world-class public research universities, since the pri-
orities of the states (with aging populations) are rapidly
diverging from those of the nation (e.g., competing in a
knowledge-driven global economy). More on this later.
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Infrastructure (“tools”)

Many disciplines (e.g., biomedical, engineering,
social sciences) are evolving toward the need for large
multi-institution research centers, much as physics and
astronomy have done over the past several decades.
Few institutions can afford the acquisition and mainte-
nance of massive experimental or computational facili-
ties.

It is no longer enough for the NSF to fund principle
investigators and avoid insofar as possible funding the
capabilities required by those researchers. Unfortunate-
ly, the unrelenting pressure to fund more and more PI-
based research has increased the burdens on research
universities. Unpopular as it may be with research fac-
ulty, the Foundation needs to engage the issue of its re-
sponsibility for the support of research infrastructure in
a comprehensive and systematic fashion.

The difficulty of addressing this need is exacerbated
by the peer review funding approach. In some instanc-
es the best approach for the research community would
be to award a single-or at most several grants-that
would be tightly coordinated to provide a cost-effective
facility or national infrastructure. Funding a number of
loosely coordinated projects at a number of universities



through peer review and competition is not only cost-
ly but also likely not to meet the needs of some fields.
(Here a good example is cyberinfrastructure.) The up-
shot is that the NSF needs a different approach to com-
munity infrastructure needs-strong program officers
combined with coordinating organizations like NCAR,
although not limited to particular disciplines. Further,
the NSF advisory structure needs to be more oriented
to these challenges and less dominated by research fac-
ulty members who sometimes have little concern with
the health of the overall research enterprise.

Funding (and politics, of course)

In my final remarks, I suggested that NSF add to
the holy trinity of people, ideas, and tools the not-so-
holy theme of politics (or at least funding). Both the
1993 and 2005 NSB studies stressed the importance of
an NSF portfolio balanced among curiosity/investiga-
tor-driven investigations and use-inspired programs
aimed at addressing urgent national priorities. This, of
course, has been a dominant theme of NIH, riding this
approach to a funding level now six times that of NSF.

It is critical that NSF be more clearly seen by the
“body politic” as absolutely essential to national pri-
orities such as innovation-driven economic competive-
ness, energy sustainability, climate change (and global
sustainability), science education, and even public
health. While some of this is packaging and marketing,
it is also the case that NSF needs to do a better job of
aligning its programs with national priorities, since this
is what the public (and their elected representatives)
thinks it is paying for...

In the near term, I suggested a more highly vis-
ible role of NSF in addressing key national priorities
would be very important to getting initiatives such as
the America COMPETES Act adequately funded, par-
ticularly in a post-stimulus world with a serious federal
current account deficit! This legislation is the near-term
key to fixing the serious underfunding of the Foun-
dation and enabling it to meet its current challenges,
honor its responsibilities, and exploit some very excit-
ing opportunity.
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Council on Competitiveness Report

Rising Above the Gathering Storm

During the early years of the 21st Century there
were increasing concerns expressed about the ero-
sion of federal R&D investments and policies that
were essential to sustaining innovation and American
competitiveness. Studies by the President’s Council of
Advisors on Science and Technology (PCAST) found
that from 1993 to 2000, federal support for the physical
sciences and engineering had remained relatively flat,
with decreasing support in some critical areas (e.g.,
computer technology). furthermore federal support
for graduate students in these areas also had declined
significantly over the past two decades.

PCAST was also worried about the low interest of
students in STEM careers, particularly as global out-
sourcing of jobs became more apparent. Cumbersome
immigration policies in the wake of 9-11 was threaten-
ing the pipeline of talented foreign science and engi-
neerng students. As Craig Barrett, CEO of Intel, stated
the challenge: “The U.S. is not graduating the volume
of scientists and engineers we need, we do not have
a lock on the infrastructure, we do not have a lock on
the new ideas, and we are either flat-lining, or in real
dollars cutting back, our investments in physical sci-
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ence and engineering. The only crisis the U.S. thinks it
is in today is the war on terrorism. It is not!”

The Council on Competitiveness joined in with a
National Innovation Initiative, framed by the premise
that “Innovation will be the single most important
factor in determining America’s success throughout
the 21st Century. The challenge is to unleash American
innovation capacity to drive productivity, standard of
living and leadership in global markets. For the past
25 years we have optimized our organizations for ef-
ficiency and quality. Over the next quarter century, we
must optimize our entire society for innovation.”

In response to these concerns, in 2005 the National
Academies Committee on Science, Engineering, and
Public Policy launched a very intense and rapid study
chaired by Norm Augustine, named Rising Above the
Gathering Storm (apparently originally entitled “The
Gathering Storm” after Churchhill’s warning about a
possible war in Europe...but since the COSEPUP re-
port was drafted at the time of Hurricane Katrina, they
felt they should add “Rising Above” to the title. At the
same time, the National Academy of Engineering was
involved in a major study of the importance of engi-
neering research to the nation, which I was chairing.
These two studies were on parallel tracks and timing,

* AMERICAN
GomPETITIVENESS
W IniTiaTive

Leaping voe Woato iv Innovation

White House Innovation Initiative

but I will discuss the engineering research study in a
later chapter.

The goals of RAGS were impressive:

Double federal support of long-term basic research
over next 7 years

Create a program to support 200 of the nation’s
promising young researchers with grants of $500,000
(over 5 years) at a cost of $100 million per year when
fully implemented

Institute a National Coordination Office for Re-
search Infrastructure to manage a centralized research-
infrastructure fund of $500 million per year over the
next 5 years

Provide federal research agencies with the discre-
tion and resources to catalyze high-risk, high-payoff
research

Create in the Department of Energy (DOE) an orga-
nization like the Defense Advanced Research Projects
Agency (DARPA) called the Advanced Research Proj-
ects Agency-Energy (ARPA-E)

Institute a Presidential Innovation Award to stimu-
late scientific and engineering advances in the national
interest.
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American COMPETES Act

Preparation of K12 Math and Science teachers:
10,000 Teachers, 10 Million Minds

Higher Education Policies: Developing the Best and
the Brightest

Economic Policy: Incentives for Innovation

Interestingly enough, the RAGS report quickly
caught the attention of President Bush, who reframed
it as the American Competitiveness Initiative in his
2006 State of the Union address, adopting most of the
recommendations of the RAGS report. With strong bi-
partisan support this led to rapid passage by Congress
of the America COMPETES Act (a rather tortured acro-
nysm for “America Creating Opportunities to Mean-
ingully Promote Excellence in Technology, Education,
and Science Act”, which authorized many of the RAGS
recommendations:

Doubling funding for the National Science Founda-
tion (NSF) from approximately $5.6 billion in Fiscal
Year 2006 to $11.2 billion in Fiscal Year 2011.

Setting the Department of Energy Office of Science
on track to double in funding over ten years, increas-
ing from $3.6 billion in Fiscal Year 2006 to over $5.2
billion in Fiscal Year 2011.

Authorizing the National Institute of Standards
and Technology (NIST) from approximately $703 mil-
lion in Fiscal Year 2008 to approximately $937 million
in Fiscal Year 2011 and requiring NIST to set aside no
less than 8 percent of its annual funding for high-risk,
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Rising Above the Gathering Storm Committee

high-reward innovation acceleration research.

Directing NASA to increase funding for basic re-
search and fully participate in interagency activities to
foster competitiveness and innovation, using the full
extent of existing budget authority.

Strengthen Educational Opportunities in Science,
Technology, Engineering, Mathematics, and Critical
Foreign Language

Authorizing competitive grants to States to pro-
mote better alignment of elementary and secondary
education with the knowledge and skills needed for
success in postsecondary education

Strengthening the skills of thousands of math and
science teachers by establishing training and education
programs at summer institutes

Assisting states in establishing or expanding state-
wide specialty schools in math and science

Developing and implementing programs for bach-
elor degrees in math, science, engineering, and critical
foreign languages
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Expanding existing NSF graduate research fellow-
ship and traineeship program

Unfortunately, as Congress began to consider the
association legislation to provide the necessary fund-
ing for these authorization, a disagreement broke out
between a Republican White House and a Democratic
Congress that led to removing the funding for the
America COMPETES Act in late 2006. Although some
progress was made in funding as a part of the stimu-
lus package proposed by President Obama to address
the challenges of the 2008 recession, and the America
COMPETES Act was reauthorized in 2010, the neces-
sary funding has still not been provided, and the effort
remains on a dream...

Securing the American Dream

In 2014 anew study launched by the American Acad-
emy of Arts and Sciences and chaired by Neal Lane and
Norman Augustine added to this two-decade long ef-
fort to shape an effective science policy for America’s
future: The key recommendations of this study were:

Federal Basic Research luvestment
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Recommended goal for basic research funding

Prescription 1 — Secure America’s Leadership in Sci-
ence, Engineering and Medical Research - Especially Basic
Research - by Providing Sustainable Federal Funding and
Setting Long-Term Investment Goals

The study recommended that the President and
Congress work together to establish a sustainable real
growth rate of at least 4% in the federal investment in
basic research, approximating the average growth rate
sustained between 1975 and 1992. This growth rate
would produce a target of at least 0.3% of GDP for fed-
erally-supported basic research by 2032, i.e., one-tenth
of the national goal for combined public and private
R&D that has been adopted by several presidents. Such
an increase in support for basic research should not
come at the expense of investments in applied research
or development, both of which will remain essential for
fully realizing the benefits of scientific discoveries and
new technologies that emerge from basic research.

As the U.S. economy improves, the federal govern-
ment should strive to exceed this rate, with the goal of
returning to the sustainable growth path for basic re-
search established between 1975 and 1992.

Productive first steps could include:

* A “Sense of the Congress” resolution affirming the
importance of these goals as a high priority invest-
ment in America’s future;

e Strong reauthorization bills, following the mod-
el set by the 2007 and 2010 America COMPETES
Acts, that reinforce the use of expert peer review



in determining the scientific merit of competitive
research proposals in all fields and authorize the
investments necessary to renew America’s com-
mitment to science and engineering research and
STEM education;

* Appropriations necessary to realize the promise of
the authorization acts; and

e Establishment of an aggressive goal of at least 3.3%
GDP for the total national R&D investment (by all
sources) and a national discussion of the merit and
means of attaining that goal.

The President and Congress should adopt multi-
year appropriations for agencies (or parts of agencies)
that primarily support research and graduate STEM
education. Providing research agencies with advanced
notice of pending budgetary changes would allow re-
search agencies to adjust their grant portfolios and the
construction of new facilities accordingly. The resulting
efficiency gains would bring costs down while enhanc-
ing research productivity.

The White House Office of Management and Budget
(OMB) should also establish a strategic capital budget
process for funding major research instrumentation
and facilities, ideally in the context of a broader nation-
al capital budget that supports the nation’s infrastruc-
ture, and that enabling legislation specifically preclude
earmarks or other mechanisms that avoid merit review.

The President should include with his annual bud-
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get request to Congress a rolling long-term (5-10 year)
plan for the allocation of federal R&D investments —
especially funding for major instrumentation that re-
quires many years to plan and build.

Prescription 2 — Ensure that the American People Receive

Maximum Benefits from Federal Investments in Research

e Establish long-term planning based on regular assess-
ments of the state of American SE&T;

*  Reduce administrative burdens and revise institutional
policies that reduce productivity;

*  Reaffirm the importance of peer review;

*  Expand the research community’s involvement in SE&T
policy

*  Provide Congress with the information it needs.

The President should publish a biennial “State of
American Science, Engineering and Technology” report
giving the Administration’s perspective on issues such
as those addressed by the Science and Engineering In-
dicators published by the NSF National Science Board
(NSB), and with input from the federal agencies that
sit on the President’s National Science and Technology
Council (NSTC). The report, if released with the Presi-
dent’s budget, could provide information that would
be useful for both the appropriations and authorization
legislative processes.

To facilitate this and other reviews, the President
and Congress should empower the NSB to expand the
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scope of its activities to include providing policy stud-
ies and recommendations on all matters relating to the
status of America’s science and engineering research
enterprise, as specified in the NSF charter. (Note this
was also a recommendation of the NSB study of 1992.)

A series of actions were proposed to enhance the
productivity of America’s researchers, particularly
those based at universities:

i) OSTP and OMB should lead an effort to stream-
line or eliminate practices and regulations governing
federally-funded research that have become burden-
some and add to the universities’ administrative over-
head, while not yielding appreciable benefits.

ii) Universities should adopt “best practices” tar-
geted at capital planning, cost-containment efforts, and
resource sharing with outside parties, such as those de-
scribed in the 2012 NRC report “Research Universities
and the Future of America.” (Discussed in Chapter 4.)

iii) The President and Congress should reaffirm the
principle that competitive expert peer review is the best
way to assure excellence. Hence, peer review should re-
main the mechanism used by federal agencies to make
research award decisions, and review process and crite-

1995 2000 2005 2010 2015 2020 2025 2030

ria should be left to the discretion of the agencies them-
selves. In the case of basic research, scientific merit,
based on the opinions of experts in the field, should re-
main the primary consideration for awarding support.

The report recommended that research funding
agencies accelerate their efforts to reduce the time that
researchers spend writing and reviewing proposals, as
by expanding the use of pre-proposals, providing ad-
ditional feedback from program officers, allowing au-
thors to respond to reviewers’ comments, further nor-
malizing procedures across the federal government,
and by experimenting with new approaches to stream-
line the grant process.

Universities and the NIH should gradually adopt
practices to foster an appropriately sized and sustain-
able biomedical research workforce. Key goals should
include reducing the length of graduate school and
postdoctoral training and shifting support for edu-
cation to training grants and fellowships; providing
funding for Masters programs that may provide more
appropriate training for some segments of the biomedi-
cal workforce now populated by PhDs; enhancing the
role of staff scientists in university laboratories and core



facilities; reducing the percentage of faculty salaries

supported solely by grants; and securing a renewed

commitment from senior scientists to serve on review
boards and study sections.

The National Academies, the American Association
for the Advancement of Science (AAAS) and American
Academy of Arts and Sciences should convene a series
of meetings of non-government organizations, founda-
tions, and professional societies that focus on science,
engineering and medical research, for the purpose of
establishing a formal task force, alliance or new orga-
nization to:

e develop a common message about the nature and
importance of science and engineering research
that could be disseminated by all the organizations;

e elevate SE&T issues in the minds of the American
public, business community and political figures,
at all levels and restore appropriate public trust;

e ensure that the recommendations offered by exist-
ing SE&T policy organizations, academies and oth-
er advisory bodies remain current and front-and-
center with institutional leaders and policy makers
in all GUI sectors;

* cooperate with organizations that are focused on
business and commerce, national and domestic se-
curity, education and workforce, health and safety,
energy and environment, culture and the arts, and
other societal needs and interests to encourage a
discussion of the role of SE&T in society; and

* offer assistance — in real time — to government (fed-
eral and state), universities, private foundations
and leaders in business and industry to help with
implementation of policy reforms.

In order to obtain analysis on science and technol-
ogy issues, Congress should: (1) significantly expand
the SE&T assessment capabilities of the Government
Accountability Office (GAO), including the size of the
technical staff, or establish and fund a new organiza-
tion for that purpose; and (2) explore ways to tap the
expertise of American researchers in a timely and non-
biased way. In particular, consideration should be given
to ways in which either GAO or another organization
with scientific and technical expertise could use crowd-
sourcing and participatory technology assessment to
rapidly collect research, data, and analysis related to
specific scientific issues.
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Prescription 3 — Regain America’s Standing as an In-
novation Leader by Establishing a More Robust National
Government-University-Industry Research Partnership

The President or Vice President should convene a
“Summit on the Future of America’s Research Enter-
prise” with participation from all GUI sectors and the
philanthropic community. The Summit should have a
bold action agenda to: assess the current state of sci-
ence, engineering and medical research in the U.S. in a
global context; review successful approaches to bring-
ing each sector into closer collaboration; determine
where further actions are needed to encourage collabo-
ration; and form a new compact to ensure that the U.S.
remains a leader in science, engineering, technology
and medicine in the coming decades.

The President and Congress, in consultation with
leaders of the nation’s research universities and cor-
porations, should enact legislation to supplement the
Bayh-Dole Act and the Stevenson-Wydler Act by re-
moving lingering barriers to University-Industry re-
search cooperation and providing new incentives. This
legislation should:

e Incentivize the adoption of the best practices for
technology transfer;

e Improve technology transfer by increasing the flex-
ibility of university intellectual property policies;
and

e Amend the U.S. tax code to encourage closer uni-
versity-industry cooperation. For example, in the
case of industry-funded research conducted in uni-
versity buildings financed with tax-exempt bonds,
the tax code should be amended to allow univer-
sities to enter into advance licensing agreements
with industry.

The report recommended that the nation’s research
universities:

e revise IP policies and practices to favor the creation
of stronger research partnerships with companies
over the maximization of revenues;

e adopt innovative models for technology transfer
that can better support the universities’ mission to
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produce and export new knowledge and educate
students;

enhance early exposure of graduate students (in-
cluding doctoral students) to a broad range of non-
research career options in business, industry, gov-
ernment and other sectors and ensure they have the
necessary skills to be successful;

expand professional master’s degree programs in
science and engineering, with particular attention
to students interested in non-research career op-
tions; and

increase permeability across sectors through re-
search collaborations and faculty research leaves.
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Trends in R&D for various federal agencies

Since very few universities generate significant revenue
from technology transfer, there was also the suggest-
ing that the intellectual property resulting from public
funding should be regarded as a “public good” rather
than a revenue stream for universities.

Federal agencies that operate or provide major fund-
ing for national laboratories should review their cur-
rent missions, management and operations, including
the effectiveness of collaborations with universities and
industry, and phase in changes as appropriate. While
consultation with these laboratories is critical in carry-
ing out such reviews, the burden of reviews and other
agency requirements is already heavy and should, over



time, be reduced.

Corporate boards and chief executives should give
higher priority to funding research in universities and
work with university presidents and boards to develop
new forms of partnership—collaborations that can jus-
tify increased company investments in university re-
search, especially basic research projects that provide
new concepts for translation to application and are best
suited for training the next generation of scientists and
engineers.

Congress should act to make the R&E (Research
and Experimentation) tax credit permanent, as recom-
mended by PCAST, the National Academies, the Busi-
ness Roundtable, and many others. Doing so would
provide an incentive for industry to invest in long-term
research, including collaborative research with univer-
sities such as recommended under Action 3.5.

The study strongly supported the recommendation
made by many other organizations, including PCAST
and the National Academies, to increase the number
of H-1B visas and reshape its policies on foreign-born
researchers. Productive steps include allowing foreign
students who receive a graduate degree in STEM from
a U.S. university to receive a green card (perhaps con-
tingent on receiving a job offer) and stipulating that
each employment-based visa automatically covers a
worker’s spouse and children.

In summary, the recommendations presented in
this report, if acted upon, would move the nation in
a productive direction — from gliding to propelling
research, from an unguided to a strategic enterprise,
from short-term to long-term focus, from linear to con-
vergent thinking, from a 20th century to a 21st century
partnership — by establishing a more robust research
partnership across all sectors and securing American
competitiveness through sustainable federal funding
for basic research. It is the hope that Americans from
all backgrounds and professions can work together to
achieve these goals and ensure that our nation contin-
ues to thrive for decades to come.

Impact Assessment

This set of studies over the course of three decades
demonstrates both a certain continuity in science policy
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concerns as well as the slow progress characterizing
action on these issues. It also indicates that impact re-
quires patience and sustained efforts, since when prog-
ress actually occurs, it is as much due to the opening
of unexpected windows of opportunity, and frequently
characterized by a two-steps forward, one-step back—or
vice versa.

As this chapter demonstrates, over the past two de-
cades there have been numerous studies involving the
nation’s leading scientists, engineering, corporate lead-
ers, and university leaders that the nation is seriously
under investing in the research that made it a great
nation in the 20th Century. Yet throughout this period
federal investment in both basic and applied research
continued to fall, with the R&D commitments of the
United States lagging increasingly far behind other na-
tions. Despite a brief spike in the late 1990s with the
doubling of NIH budgets (which have since dropped
by 40%) and the ARRA stimulus package, federal re-
search has continued to drop. The anticipated bonus in-
vestment from the end of the Cold War never appeared.

The response of Congress has been particularly dis-
turbing, as conservative members have not only failed
to view R&D as a priority but indeed wasteful, particu-
larly in its investment in the social sciences and global
issues such as climate change. Compared to earlier ini-
tiatives such as the Morrill Act and the strong invest-
ments in R&D following WWII, many in Congress saw
no need in investing in either the development and ap-
plication of new knowledge nor in education.

While science and technology policy can point to
the future, today’s political leaders refuse to respond.
Whether it takes new political leadership-a 21st presi-
dent with the vision and political skill of a Roosevelt
(either TR or FDR), a more sophisticated and effective
lobbying effort on the part of corporate leaders, or a cri-
sis such as the disappearance of Florida beneath the ris-
ing oceans as the polar ice caps melt, or a massive pan-
demic driven by unforeseen forces such as an airborne
Ebola virus, the reality today is that the R&D windmill
seems quite resistant to change.
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Chapter 4

Research Universities

Research Universities and the Future of America
(National Academies)

The crucial importance of the research university as
a key asset in achieving economic prosperity and secu-
rity is widely understood, as evidenced by the efforts
that nations around the globe are making to create and
sustain institutions of world-class quality. Yet while
America’s research universities remain the strongest
in the world, they are threatened by many forces: the
economic challenges faced by the nation and the states,
the emergence of global competitors, changing student
demographics, and rapidly evolving technologies. And
even as other nations have emulated the United States
in building research universities to drive economic
growth, America’s commitment to sustaining the re-
search partnership that built a great industrial nation
seems to have waned.

During past eras of challenge and change, our na-
tional leaders have acted decisively to enable univer-
sities to enhance American prosperity and security.
While American was engaged in the Civil War, Con-
gress passed the Morrill Land-Grant Act of 1862 to
forge a partnership between the federal government,
the states, higher education, and industry aimed at cre-
ating universities that could extend educational oppor-
tunities to the working class while conducting the ap-
plied research that would enable American to become
world leaders in agriculture and industry. Eighty years
later, emerging from the Great Depression and World
War II, Congress acted once again to strengthen that
partnership by investing heavily in basic research and
graduate education to build the world’s finest research
universities, capable of providing the steady stream of
well-educated graduates and scientific and technologi-
cal innovations central to our robust economy, vibrant

culture, vital health enterprise, and national security in
a complex, competitive, and challenging world.

Today, our nation once again faces a period of rapid
and profound economic, social, and political transfor-
mation driven by the growth in knowledge and inno-
vation. Educated people, the knowledge they produce,
and the innovation and entrepreneurial skills they pos-
sess have become the keys to economic prosperity, pub-
lic health, and national security. As President Obama
stated the challenge in his 2011 State of the Union Ad-
dress:

“The world has changed. In a single generation, rev-
olutions in technology have transformed the way we
live, work and do business. The competition for jobs
is real. But this shouldn’t discourage us. The future is
ours to win. But to get there, we can’t just stand still.
We need to out-innovate, out-educate, and out-build
the rest of the world.”

Investing in innovation creates the jobs of the future.
Investing in education prepares our citizens to fill these
jobs. Building the infrastructure for a knowledge-based
economy will ensure prosperity and security for our
nation.

Key to the achievement of all three of these goals
is the American research university, which, through its
research, creates the new knowledge required for inno-
vation; through its advanced graduate and professional
programs, produces scientists, engineers, physicians,
and others capable of applying innovation to create
economic value; and through its development and
deployment of advanced infrastructure, such as infor-
mation and communications technology, provides the
foundation for the knowledge economy.

Economists estimate that 40 to 60 percent of eco-
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nomic growth each year is due to research and devel-
opment activity. Another 20 percent of the increased
resources each year are based upon the rising skill lev-
els of our population. When asked to identify the one
federal policy that could most increase the long-term
economic growth rate, economists put further invest-
ment in education and research at the top of the list.

Despite the fact that in the past United States built
the world’s leading research universities, today our
nation is not adequately investing in its research uni-
versities, nor has it developed a national strategy to
support them. For many years, public universities have
seen steep reductions in state appropriations per stu-
dent. Federal support for university research has also
been declining in real terms, at the same time that other
countries have increased funding for research and de-
velopment. Meanwhile, American business and indus-
try have not fully partnered with research universities
to create the industrial leadership that was found in the
past in large corporate research labs, such as Bell Labs.

The unfortunate consequence of the low priority
given to support the unique missions of the American
research university by the states, the federal govern-
ment, and the public puts not only the leadership of
higher education at risk, but also threatens the econom-
ic prosperity and security of the nation.

A Request from Congress

To address these concerns, in 2010 Congressional
leaders (including Senators Lamar Alexander and Bar-
bara Mikulski and Representatives Bart Gordon and
Ralph Hall) made the following request to the National
Academies of Science and Engineering and the Institute
of Medicine:

“America’s research universities are admired
throughout the world, and they have contributed im-
measurably to our social and economic well-being. Our
universities, to an extent unparalleled in other coun-
tries, are our nation’s primary source of long-term sci-
entific, engineering, and medical research. We are con-
cerned that they are at risk.

“We ask the National Academy of Sciences, the Na-
tional Academy of Engineering, and the Institute of
Medicine to assembly a distinguished group of indi-

1 s o il M £

The United States has 35 of the world’s leading re-
search universitites.

viduals to assess the competitive position of American
research universities, both public and private, and to
respond to the following question:

“What are the top 10 actions that Congress, state
governments, research universities, and others can take
to maintain the excellence in research and doctoral edu-
cation needed to help the United States compete, pros-
per, and achieve national goals for health, energy, the
environment, and security in the global community of
the 21st Century?”

In response, the National Academy leadership re-
cruited an extraordinary group of participants in this
effort, roughly balanced between leaders of American
research university, industry, government, and science,
with an exceptional chairman, Chad Holliday, former
CEO of Dupont and current nonexecutive chair of the
Bank of American board of directors. (I served both as
a member of the committee and, as chair of the Policy
and Global Affairs Division of the National Research
Council, which hosted the study, help to organize, keep
on track, and develop following activities for the study.)

Findings of the National Academies Study
The Key Concerns
While America’s research universities remain the

strongest in the world, they are threatened today by
many forces:
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The economic challenges faced by the nation and
the states,

The emergence of global competitors competing for
the best students, faculty, resources, and impact
on the global economy.

Changing demographics,

Rapidly evolving technologies,

Inadequate investment, and

The absence of a bold national strategy.

Of particular concern were the following issues:

1. Federal policies no longer place a priority on uni-
versity research and graduate education (basic research
funding has dropped off roughly 20% over the past de-
cade...and with the current meat-axe approach to the
economy, could well decline another 20% in the next
several years).

2. In the face of economic challenges and the pri-
orities of aging populations, states no longer are either
capable or willing to support their public research uni-
versities at world-class levels. They have lost roughly
35% of their state support since 2000. In fact, state sup-
port on an inflation adjusted basis is now back to the
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ARE AMERICAN
RESEARCH UNIVERSITIES
RIDING ON THIN ICE?

STUDY ON RESEARCH UNIVERSITIES

SERM et

The NRC Committee agreed with Congress that the
nation’s research universities were at some risk.

levels of the 1960s. (At Michigan, our state support is
now below 8% of our academic budget and 4% of our
total budget...including hospitals, housing, and foot-
ball teams...)

3. Business and industry have largely abandoned
the basic and applied research that drove American in-
dustrial leadership in the 20th century (e.g., Bell Labs),
largely ceding this responsibility to research universi-
ties but with only minimal corporate support.

4. Research universities themselves have failed to
achieve the cost efficiency and productivity enhance-
ment in teaching and research required of an increas-
ingly competitive world. There is great public con-
cern...and misunderstanding about the rising “price”
of higher education in America...although equal mis-
understanding of its value to the nation.

While in the wake of the 2008 meltdown of the eq-
uity markets and subsequent recession, all research
universities were facing challenges, there was general
agreement that perhaps the more serious challenges
were faced by the nation’s public research universi-
ties as the states withdrew support. As John Hennessy
put it looking across San Francisco Bay at the damage
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The research partnerships that built America.

It was the federal government (and Congress) that created the partnership among the federal government, the
states, industry, and higher education that built the world’s leading research universities.

the State of California was doing to UC-Berkeley, “The
states are methodically destroying the world-class qual-
ity and capacity of our leading public research universi-
ties, putting the nation at great risk. Endowments will
recover rapidly, but state support is unlikely to recover
for at least a generation!!!”

The Key Themes

In various breakout groups we began to converge
on a framework of themes for various stakeholders:

To the Public: Update Vannevar Bush'’s Science the
Endless Frontier themes for 21 century (economy, health,
and security) We are still fundamentally strong, but
threatened.

Federal Government: We are seriously under invest-

ing in this key asset necessary for economic prosperity,
national security, and social well-being, putting the na-
tion at considerable risk. However we recognize cur-
rent economic constraints and are prepared to work

with you to address our common problems, restructur-
ing our activities and sacrificing as necessary.

States: In a global economy increasingly driven by

knowledge and innovation, your public research uni-
versities are not only a critical asset to your citizens but
also to the nation.

Business: Stress the role of the research univer-
sity as a key source of intellectual and human output.
Build business-university government partnerships to
achieve mutual interests.

Universities: Stop whining and agree to “man up”!
Accept fact that significant restructuring will be neces-
sary to address SWOT themes, including transforming
the faculty culture. Look at every activity to see how it
can be done more efficiently and at higher quality.

More specifically, the Committee decided to frame
its recommendations with the theme of partnership
among universities, federal and state governments, and
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Today it is time to recommit once again to this research partnership, rebuilding it for a new century.

stakeholders such as business and industry that has
been key to the evolution and leadership of the Ameri-
can research university.

Here the committee stressed that America’s research
universities did not become the best in the world just
by accident but by deliberate, visionary policy choices
made by our political leadership, even during the most
difficult of times, as evidenced by the Morrill Act 150
years ago during the early years of the Civil War and
the research policies drafted by Vannevar Bush in the
last years of World War II)!

During past eras of challenge and change, our na-
tional leaders have acted decisively to create innova-
tion partnerships to enable the nation’s universities to
enhance American security and prosperity. Today our
nation faces new challenges, a time of rapid and pro-
found economic, social, and political transformation
driven by the growth in knowledge and innovation.

A decade into the 21st century, a resurgent America
must stimulate its economy, address new threats, and
position itself in a competitive world transformed by
technology, global competitiveness, and geopolitical
change. In this milieu, educated people, the knowledge
they produce, and the innovation and entrepreneurial
skills they possess, particularly in the fields of science
and engineering, have become the keys to America’s
future. Therefore it is essential that as a nation we both
reaffirm and revitalize the unique partnership that has

long existed among the nation’s research universities,
the federal government, the states, and business and
industry.

The Ten Recommendations

The approach taken by the Research University
Committee was framed by several key principles:

1. A balanced set of commitments by each of the
partners--federal government, state governments, re-
search universities, and business and industry--to pro-
vide leadership for the nation in a knowledge-intensive
world and to develop and implement enlightened poli-
cies, efficient operating practices, and necessary invest-
ments.

2. Linkages and interdependencies among these
commitments that provide strong incentives for partici-
pation at comparable levels by each partner.

3. Sulfficient flexibility to accommodate the differ-
ences among research universities and the diversity
of their various stakeholders. While merit, impact,
and need should continue to be the primary criteria
for awarding research grants and contracts by federal
agencies, investment in infrastructure should consider
additional criteria such as regional and/or cross-insti-
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tutional partnerships, program focus, and opportuni-
ties for building significant research capacity.

4. A recognition of the importance of supporting the
comprehensive and interdependent nature of research
university, spanning the full spectrum of academic and
professional disciplines including the arts and humani-
ties

5. A commitment to a decade-long effort when
both challenges and opportunities are likely to change,
evolving from an early emphasis on more efficient poli-
cies and practices to later increases in investment as the
economy improves.

The actions we called for are organized to accom-
plish three broad goals. The first four recommendations
will strengthen the partnership among universities,
federal and state governments, philanthropy, and the
business community in order to revitalize university
research and speed its translation into innovative prod-
ucts and services.

Recommendation 1: Within the broader framework

of United States innovation and research and develop-
ment (R&D) strategies, the federal government should
adopt stable and effective policies, practices, and fund-
ing for university-performed R&D and graduate edu-
cation.

Over the next decade as the economy improves,
Congress and the administration should invest in basic
research and graduate education at a level sufficient to
produce the new knowledge and educated citizens nec-
essary to achieve national goals. As a core component
of a national plan to raise total national R&D funded by
all sources (government, industry, and philanthropy)
to 3 percent of GDP, Congress and the administration
should provide full funding of the amount authorized
by the America COMPETES Act. That would double
the level of basic research conducted by National Sci-
ence Foundation, the National Institute of Standards
and Technology, and the Department of Energy Office
of Science, as well as sustain our nation’s investment in
other key areas of basic research, including biomedical
research. Note that this recommendation is not calling
for new programs, but rather asking the Congress to

SUMMARY

RESEARCH UNIVERSITIES
AND THE FUTURE OF AMERICA

Ten Breakthrough Actions Vital to
Our Nation’s Prosperity and Security

The report of the National Academies Committee

achieve funding goals authorized earlier for various
federal research agencies.

Recommendation 2: The states should strive to re-

store appropriations for higher education to levels
that allow public research universities to operate at
world-class levels while providing them with greater
autonomy to enable them to compete strategically and
respond with agility to new opportunities.

Over the past two decades, in the face of shifting
public priorities and weak economies, states have deci-
mated the support of public higher education, cutting
appropriations per enrolled student by an average of
30 percent, or more than $15 billion each year nation-
ally. Yet even as the states have been withdrawing the
support necessary to keep these institutions at world-
class levels, they have also been imposing upon them
increasingly intrusive regulation. As the leader of one
prominent private university put it, “The states are me-
thodically dismantling their public universities where
the majority of the nation’s campus research is con-
ducted and two-thirds of its scientists, engineers, phy-



sicians, teachers, and other knowledge professionals
are produced.”

Hence, we challenge the states to recognize that the
devastating cuts and meddlesome regulations imposed
on their public research universities is not only harm-
ing their own future, but also putting at great risk the
nation’s prosperity, health, and security.

Recommendation 3: The role of business in the re-

search partnership should be strengthened, facilitating
the transfer of knowledge, ideas, and technology to so-
ciety and accelerating “time to innovation” in order to
achieve our national goals.

We recommend strongly that the relationship be-
tween business and higher education should shift from
that of a customer-supplier—of graduates and intellec-
tual property—to a peer-to-peer nature, stressing col-
laboration in areas of joint interest. Strong support of
a permanent federal R&D tax credit and more efficient
management of intellectual property by businesses and
universities to improve technology transfer are also
needed. Such a tax credit would stimulate new research
partnerships, new knowledge and ideas, new products
and industries in America, and new jobs. Better man-
agement of intellectual property would result in more
effective dissemination of research results, thus also
generating economic growth and jobs.

Recommendation 4: Universities must increase cost-
effectiveness and productivity in order to provide a
greater return on investment for taxpayers, philanthro-
pists, corporations, foundations, and other research
Sponsors.

It is essential that the nation’s research universities
strive to address the American public’s concern that
their costs are out of control. To this end, universities
should set and achieve bold goals in cost-containment,
efficiency, and productivity. They should strive to con-
strain the cost escalation of all continuing activities—
academic and auxiliary—to the national inflation rate
(not the higher education price index) or less through
improved efficiency and productivity. That will require
the development of powerful and strategic tools for
financial management and cost accounting, tools that
better enable universities to determine the most effec-
tive methods for containing costs and increasing pro-
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ductivity and efficiency. It is essential that universities,
working together with key constituencies, intensify ef-
forts to educate people about the distinct character of
American research universities and cease promoting
activities that create a public sense of unbridled excess
on campuses.

The next three actions are intended to streamline
and improve the productivity of research operations
within universities.

Recommendation 5: Create a Strategic Investment
Program that funds initiatives at research universities
that are vital to advancing education and research in
areas of key national priority.

We recommend that the program begin with two 10-
year initiatives. The first would be an endowed faculty
chairs program to facilitate the careers of young investi-
gators. During a time of economic difficulty and limited
faculty retirements, it would help ensure that America
is developing the research faculty we need for the fu-
ture. We also call for a research infrastructure program
that is initially focused on advancement of campus cy-
berinfrastructure, but perhaps evolves later to address
as well emerging needs for the physical research infra-
structure as they arise. Matching grant requirements
would generate additional funds from private or state
support.

Recommendation 6: Strive to cover the full costs of

research projects and other activities they procure from
research universities in a consistent and transparent
manner.

Today, many research universities are forced to sub-
sidize underfunded sponsored research grants from re-
sources designated for other important university mis-
sions such as undergraduate tuition and patient fees
for clinical care. This is no longer acceptable and must
cease. If the federal government and other research
sponsors would cover the full costs, research universi-
ties could hold steady or reduce the amount of fund-
ing from other sources like tuition that they have had
to provide for research procured by the federal gov-
ernment. Universities should be able to allocate their
various resources more strategically for their intended
purpose. Both sponsored research policies and cost re-
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covery negotiations should be applied in a consistent
fashion across all academic institutions.

Recommendation 7: Reduce or eliminate regulations

that increase administrative costs, impede research pro-
ductivity, and deflect creative energy without substan-
tially improving the research environment.

Federal and state policymakers and regulators
should review the costs and benefits of federal and
state regulations, eliminating those that are redundant,
ineffective, inappropriately applied to the higher edu-
cation sector, or impose costs that outweigh the benefits
to society. Furthermore, the federal government should
also harmonize regulations and reporting requirements
across federal agencies. Reducing and eliminating
regulations could trim administrative costs, improve
productivity, and increase the nimbleness of American
universities. With greater freedom, they will be better
positioned to respond to the needs of their constituents
and the larger society.

The final three recommendations will ensure that
America’s pipeline of future talent in science, engineer-
ing, and other research areas remains creative and vi-
tal, leveraging the abilities of all of its citizens and at-
tracting the best students and scholars from around the
world.

Recommendation 8: Improve the capacity of gradu-
ate programs to attract talented students by addressing
issues such as attrition rates, time to degree, funding,
and alignment with both student career opportunities
and national interests.

Research universities should restructure doctoral
education to enhance pathways for talented under-
graduates, improve completion rates, shorten time-to-
degree, and strengthen the preparation of graduates for
careers both in and beyond the academy. To this end,
the federal government should achieve a better balance
of fellowships, traineeships, and research assistant-
ships. Both universities and research sponsors should
address the many concerns characterizing postdoctoral
research appointments including the excessive length
and low compensation of such service and the mis-
alignment of these experiences with career opportuni-
ties. Such efforts would increase cost-effectiveness and

ensure that we can draw from the “best and brightest”
for our nation’s future doctorates.

Recommendation 9: Secure for the United States the

full benefits of education for all Americans, including
women and underrepresented minorities, in science,
mathematics, engineering, and technology.

Research universities should intensify their efforts
to improve science education throughout the educa-
tion ecosystem, including K-12 and undergraduate
education. Furthermore, all research partners should
take action to increase the participation and success
of women and underrepresented minorities across all
academic and professional disciplines and especially
in science, mathematics, and engineering. As careers in
STEM fields continue to expand, recruiting more un-
derrepresented minorities and women into those fields
is essential in order to meet the workforce needs of our
nation and to secure economic prosperity and social
well-being.

Recommendation 10: Ensure that the United States

will continue to benefit strongly from the participation
of international students and scholars in our research
enterprise.

Federal agencies should make visa processing for
international students and scholars who wish to study
or conduct research in America as efficient and effec-
tive as possible, consistent also with homeland-security
considerations. That should include the possibility of
granting residency to each foreign citizen who earns a
doctorate in an area of national need from an accredited
research university (“attaching a green card to each di-
ploma”).

These recommendations reflect the consensus of ex-
tensive testimony before the National Academies com-
mittee, both oral and written, from many constituencies
including federal agencies, business leaders, state gov-
ernments, and, of course, leaders of American higher
education. While sometimes bold and ambitious, we
believe our recommendations and actions are necessary
to preserve one of the nation’s most important assets:
its world-class research university. While achieving
these goals will be challenging, particularly in a rapidly
changing economic environment, we believe that it is



important to state what we think is needed and then
to develop implementation strategies in collaboration
with the various constituencies that are key to achiev-
ing these goals.

It is important to keep the recommendations and
the report sufficiently flexible to adapt to unforeseen
challenges and opportunities as they arise. For exam-
ple, the staging of implementation steps will depend
significantly upon economic circumstances. During the
current economic recession, most of the focus should
probably be on those federal and state policies and uni-
versity practices designed to improve cost-containment
and productivity. As the current economic crisis recedes
and the economy improves later in the decade, atten-
tion should turn to restoring or increasing investments
in research and graduate education.

Next Steps

The National Academies viewed this report as the
launch of a decade-long (or longer) effort involving
many constituencies, much like the RAGS effort. It is
important to keep the recommendations and the report
sufficiently flexible to adapt to unforeseen challenges
and opportunities as they arise. (Recall here that in the
case of RAGS, this led to the initial American Competi-
tiveness Initiative of the White House followed by the
American COMPETES Act passed by Congress.)

For example, the staging of implementation steps
will depend significantly upon economic circumstanc-
es. During the current economic recession, most of the
focus will likely be on those federal and state policies
and university practices designed to improve cost-con-
tainment and productivity. As the economy improves
later in the decade the current economic crisis recedes,
attention will turn to restoring or increasing invest-
ments in research and graduate education.

The actions recommended in the research univer-
sity study will require significant policy changes, pro-
ductivity enhancement, and investments on the part
of each member of the research partnership. However
the National Academies believe these recommenda-
tions comprise a fair and balanced program for each of
America’s research partners-research universities, the
federal government, the states, and business and indus-
try—that will generate significant returns to the nation.
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We also believe such commitments are necessary for
the future prosperity, health, and security of America!

Regional Meetings

Following the release of the National Academies re-
ort on the future of the American research university in
June, 2012, a series of meetings were held at the state
level involving governors, state legislators, business
leaders, and university presidents”

e Pittsburgh (11/19/12): Successfully focused its
meeting on the role of Carnegie Mellon University, the
University of Pittsburgh, and the Pitt Medical Center in
re-building the Pittsburgh economy over the last sev-
eral decades.

e Nashville (1/16/13): Focused on how the state
of Tennessee could borrow ideas from its neighbors --
Ohio, North Carolina, and Georgia -- to enhancing the
role of its universities in technological development,
innovation, and economic growth. Vanderbilt used the
forum to discuss how it might develop a university-
state-business partnership to enhance Nashville’s role
as a drug development center.

e Tucson (2/25/13): Enumerated a list of actions
that Arizona universities might take to better facilitate
research partnerships with local industry. These includ-
ed reforming ITAR (International Traffic in Arms Regu-
lations) regulations and developing new intellectual
property and tenure advancement paradigms to make
industry and university reward systems more comple-
mentary.

e Ann Arbor (4/12/13): Discussed ways that Michi-
gan business leaders can spur investment in higher ed-
ucation and develop linkages between their companies
and state higher education institutions. Specific sug-
gestions included a tax incentive model that encour-
ages industry to invest in higher education or research,
improve tech transfer by opening dialogues between
research faculty and industry, and industry programs
that help recruit and retain top talent (e.g. loan repay-
ment assistance).
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Summary of Investment Goals
(Annual Growth Targets Achieved by|2022)

New Investments Requested in Report ($B/y)

Federal Support for Research Universities

Full Funding of the American COMPETES Act (RU share) %6
Full-cost funding of research grants (no net increase)
Reduction of regulatory burdens
Strategic Investment Fund (requiring matching grants)
Junior faculty chairs
Cyberinfrastructure / research infrastructure
Graduate fellowships and traineeships
STEM programs for women and minorities
R&D Tax Credits for industry-university research partnerships
Total new federal support

=i

R oS R S

State support
Restoration of appropriations per student to 1990 levels

Private Sector
Strategic Investment Fund Matching Grants
Industry-University research partnerships (R&D Tax Credit)

o D

Research university productivity and cost reduction (20%)

Total Investment Requested from All Sources

Implications for Research Universities (3B /y)

Impact of Federal Actions

Full funding of American COMPETES Act (RU share) 56
Relief from full-cost funding of research grants (20% of $30B/y) 6

Relief from reduction of regulatory burdens (5% of $30 B/y) 1.5
7

Strategic Investment Fund

Graduate fellowships and traineeships 2
STEM programs 1
State Support

Private Sector
Strategic Investment Fund matching grants
Industry-University research partnerships (R&D Tax Credit) 6

o

Research university funds available for reallocation through
productivity and cost-containment 15

Total new resources available to research universities

NOTE: Implications for UM: $1.5 By (= a 530 B endowment)!!!
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515

515

§15

$63B/y

235

15

15

15
$68B /v



James Duderstadt and Chad Holliday interviewed
by Judy Woodruff at the Time Summit

e Morgantown (4/26/13): Reviewed the actions
that West Virginia University has taken to implement
recommendations from the report. These include devel-
oping a website to track costs and improve productiv-
ity, and launching a campus-wide initiative that out-
lines areas for strategic investment in which WVU has
potential for growth and a high return on investment.

e Boulder (5/29/13): Discussed threats to Colora-
do’s research ecosystem and identified best practices
for bridging the cultural divide between industry and
universities. These include a New Technology Meetup
program that links that link entrepreneurs, attorneys,
scientists, and investors, and CU Boulder’s new Office
for Industry and Special Opportunity.

e Dallas (6/4/13): Enumerated a list of actions that
universities might take to improve productivity and
efficiency and contain costs. These include better asset
utilization, increased revenue generation (not tuition-
based), and strategic deployment of administrative
services. Discussed the importance of strategic invest-
ments and the large benefits that can come from strate-
gic public-private partnerships.

e San Diego (6/6/13): Identified key challenges and
opportunities in broadening participation in STEM
fields. These include the need to formalize educational
and career pathways and refocus efforts on scaling best
practices and programs. San Diego’s excellent research
and innovation ecosystem may be a model for other re-
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MATIOMAL RESE

Speaking at the National Convocation
on the future of research universities

gions.

¢ Baltimore (6/20/13): Enumerated a list of actions
that universities and industry leaders might take to bet-
ter facilitate research partnerships and develop Mary-
land’s entrepreneurial infrastructure. These included
expanding Entrepreneur-in-Residence programs, de-
veloping a strategic working group composed of federal
agency and university leaders to develop and promote
a cohesive and consistent set of research priorities, and
persuading top science advisory panels like PCAST
and NSTC to engage with regulatory burden issues.

A National Convocation

In October, 2013, a major national convocation was
held at the National Academy of Sciences to evaluate
both feedback and possible follow through to gain trac-
tion for the recommendations of the report.

There was a strong consensus that this project was
of sufficient importance that it should continue to be
a priority for the National Academies for the next de-
cade. Among the suggested next steps were:

Revitalizing the Partnership

Create a more unified voice portraying the long-
term damage of sequestration to university R&D and
hence to the nation’s prosperity and security.

Build a coalition capable of convincing Congress to
address the emerging “innovation deficit” by provid-
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Key participants in the next phase of the American research university project

ing for real and sustained growth in the budgets in the
key federal research agencies, in keeping with the vi-
sion set forth in the America COMPETES Act.

Create a 501(c) 3 organization similar to Research
America that could implement a sustained lobbying ef-
fort on behalf of broad national research policy.

Encourage the federal government to create match-
ing grant programs for R&D investment that stimulate
matching support from states and other stakeholders
(industry, foundations, philanthropy). Perhaps early
authorization of the Strategic Initiative Fund (matching
grants for junior faculty endowments and cyberinfra-
structure investments) for now, then seeking funding as
the economy improves.

Support university efforts to launch an effective PR
campaign that stresses the damage states are causing
not only to themselves but also to national prosperity
and security by inadequate investments in education
and workforce development in an increasingly com-
petitive world.

Developing a model “social contract” for the states
that provides more agility and autonomy to universi-
ties, to protect the world-class quality of their research
universities until adequate state support is restored.
(Note: Avoid the term “privatization” but rather stress

that these must be provided with great agility if they
are to become more “self-sufficient .)

Establish clear intellectual property policies at re-
search universities consistent with the policies recom-
mended by the recent 2010 NRC study on “Managing
University IP in the Public Interest.” Hold regional
workshops to promote implementation of the reports
recommendations

Create models for peer-to-peer relationships be-
tween universities and industry and establish, support
and utilize mechanisms such at the University-Industry
Partnership as a mechanism to share these models. Pro-
mote deeper relationships with a problem focused ba-
sis, such as discussed in the ARISE 1II report.

Industry should make strong use of its influence on
government policies at the national and state level in
areas of mutual interest (e.g., STEM immigration, sup-
port of R&D in key strategic areas)

Broaden new paradigms to promote economic de-
velopment such as DOC’s “regional innovation clus-
ters” and DOE’s “energy innovation hubs” capable
of rebuilding the nation’s capacity for translational
research through peer-to-peer relationships among in-
dustry, national labs, and research universities.

Support the creation of innovative new government
programs and approaches to supporting early stage



proof-of-concept and market analysis work at univer-
sities. The recently introduced TRANSFER Act, which
would allow for agencies to devote a small percentage
of of their STTR funds to develop and support new
proof-of-concept programs at universities is one such
example which should be supported.

Encourage membership organizations such as AAU
and APLU to set and achieve broad goals in cost-con-
tainment, efficiency, and productivity.

Launch a major National Academy effort to docu-
ment the relationship between the cost, price, and value
of a college education and make this analysis broadly
available to the American public (using standing boards
such as NRC’s BHEW and STEP).

Publicize the very significant efforts of public re-
search universities to stabilize the actual costs of edu-
cation and research driven by the dramatic decline in
state support. Encourage wealthy private universities
to demonstrate their capacity control cost escalation
and avoid competition by outspending other institu-
tions.

Launch a campaign to better explain the complexi-
ties of financing higher education and research to pol-
icy makers, business leaders and to the general public.
This includes highlighting what has already been done
by both public and private universities to contain costs
and stabilize tuition. Another key component of this
campaign should be to educate key audiences about
the importance of American research universities rath-
er than simply compete for visibility with one another.

Working closely with industry, develop and imple-
ment more powerful strategic tools for financial man-
agement and cost accounting in ALL activities, e.g.,
business, instructional, and auxiliary (i.e., hospitals,
housing, athletics) operations.

Seek agreement among institutions to better con-
strain the excessive cost increases in high visibility aux-
iliary activities such as intercollegiate athletics, which
are damaging the credibility of the cost containment in
academic programs.

Research universities, together with key stakehold-
ers, should mount a major campaign to educate key
audiences about the importance of American research
universities rather than simply compete for visibility
with one another.
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Strengthening Research Universities

Seek Congressional legislation that would initially
authorize these programs as multi-agency efforts, sell-
ing this as a way for the federal government to use
matching grants (some requiring a 2 to 1 match) from
other stakeholders such as states and philanthropy, but
possibly delaying funding of these federal programs
until more favorable economic conditions are achieved.

Universities ought to identify other sources of po-
tential support, such as crowd funding for research.
Though in its infancy, such solicitations by institutions
might be used to enhance visibility and understanding
of the exciting and worthy research underway, even if
they do not immediately yield significant funding.

Work with OMB and COFAR to establish an effec-
tive mechanism for ongoing dialogue and discussion
surrounding issues related to paying for the real and
necessary costs associated with research conducted by
universities on behalf of the federal government. This
will include discussing the implementation of new
guidance expected to be issued later this year by OMB
relating to this matter.

Seek agreement from the membership of AAU and
APLU to work together to convince other stakeholders
(e.g., industry and foundations) of the importance of
providing full support the costs associated with spon-
sored research.

Conduct a study, similar to the 1996 study conduct-
ed by Arthur Andersen at the request of the Govern-
ment, University, Industry Research Roundtable, that
provides a dollar to dollar comparison on how univer-
sity expenditures and federal reimbursement of F&A
expenses compares those of National Laboratories,
non-profit research institutes and private industry.

Conduct specific studies to determine the actual
amount of university subsidy required for research
grants characterized by excessive cost-sharing and
inadequate indirect cost recovery from each federal
agency and private sponsor, along with data identify-
ing where the funds for these subsidies come from as
well as their impact on other activities of the university
(e.g., undergraduate tuition?).

Since Congress has already expressed an interest in
this subject, including hearings, efforts should be made
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to conduct the study requested by Congress in the most
recent reauthorization of the higher education act of the
need (if any), the effectiveness, and the burden of exist-
ing and all future federal regulations pertaining to both
higher education and research. Similar efforts should
be undertaken at the state level.

Unnecessary regulations should be eliminated or
appropriately changed so that ensure accountability,
but do not provide for excess regulatory or cost bur-
den. A primary target for immediate reform is current
requirements for university effort reporting.

The White House should task the research busi-
ness models working group to engage the university
research community in a dialogue about which regula-
tions could be modified in a way that would both en-
sure accountability but also reduce cost and burden.

Congress should examine the current auditing prac-
tices of inspector generals to see if they are excessive,
unwarranted and thus resulting in overly conservative
and costly compliance measures being taking by uni-
versities.

Buildling Talent

Organizations such as AAU, APLU, AGS, and NRC
should explore the possibility of a “Flexner Report”
approach to doctoral education that recognizes the
unique character of particular disciplines (e.g., natural
sciences, social sciences, humanities, engineering, bio-
medical, etc.) and both document and address serious
issues such as attrition rates, time-to-degree, and future
employment objectives.

Effort should be made to implement recommenda-
tion made by the CGS in its report titled: The Path For-
ward: The Future of Graduate Education in the United
States .

Better data should be collected by U.S. research uni-
versities to better document, understand and address
issues such as attrition rates, time-to-degree, and future
employment opportunities.

Working with the NRC, major federal agencies
should assess the impact of particular forms of gradu-
ate student support (e.g., fellowships, traineeships, re-
search assistantships, teaching assistantships) on time-
to-degree, attrition rates, and career preparation.

A concerted effort should be made by both research

universities and federal agencies to address the plight
of postdoctoral scholars. In particular, the recommen-
dations of NRC COSEPUP studies of postdoctoral edu-
cation (both those of 2000 and the current study) should
be seriously considered for immediate implementation
by lead federal agencies such as NSF and NIH.

Higher education organizations such as AAU and
APLU should request that each of their members pro-
vide a detailed plan for their engagement with K-12
education as part of a study of both the level of com-
mitment and effectiveness of this mission (perhaps sup-
ported through a grant from DoEd or foundations).

Higher education organizations such as AAU and
APLU, working with disciplinary societies, should
continue their efforts to improve the quality of under-
graduate STEM education at their universities by pro-
moting the usage of evidence based teaching practices
by faculty.

The federal government should collect and publish
detailed annual comparisons of the participation of
women and underrepresented minorities for each of
the nation’s research universities at all levels (e.g., un-
dergraduate, graduate, professional)

Research universities, working closely with indus-
try, should strongly push for immigration reform poli-
cies that not only streamline visa policies for interna-
tional students and faculty but go further by enabling
residency for each non-U.S. citizen who earns a doctor-
ate from a regionally accredited university, subject to
homeland security concerns.

Both public and private universities should better
stress the importance of their impact on regional eco-
nomic prosperity through their unique access to both
global economic and talent markets.

Impact
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A FRAMING PAPER
Time Summit on Higher Education
October 10, 2014

SOME PREMISES

¢ Congressional Premise: “America’s research uni-
versities are admired throughout the world, and they
have contributed immeasurably to our social and eco-
nomic well-being. Our universities, to an extent un-
paralleled in other countries, are our Nation’s primary
source of long-term scientific, engineering, and medical
research. We are concerned that they are at risk.”

* National Academies Premise: Research universi-
ties provide the new knowledge and train the research-
ers necessary to sustain an innovation-driven and glob-
ally competitive national economy. As a follow-up to
the Rising Above the Gathering Storm, the National
Academies propose to undertake a study of the compet-
itive position of U.S. research universities, public and
private, and assess their ability to maintain the quality
work needed to drive economic growth and competi-
tiveness and advance the nation’s goals in health, envi-
ronmental quality, energy, and national security.

e Jonathan Cole: “Within the past century, and es-
pecially within the past 60 years, the United States has
built the greatest system of higher learning in the world.
What has made our universities so distinguished is not
the quality of our undergraduate education. Other sys-
tems of higher learning, including our own liberal-arts
colleges, compete well against research universities in
transmitting knowledge to undergraduates. While such
transmission of knowledge is a core mission of our uni-
versities, it is not what makes them the best. Our finest
universities have achieved international pre-eminence
because they produce a very high percentage of the
most important fundamental and practical discoveries
in the world. That is true across the board: in the scienc-
es and engineering, the social and behavioral sciences,
and the humanistic disciplines.”

* One of the great strengths of American higher ed-
ucation is the presence of a system of world-class public
and private research universities, sustained by public

policies that ensure sufficient balance in financial assets,
flexibility, and quality to serve the diverse needs of the
nation. It is essential that federal policies in areas such
as tax benefits, student financial aid, research funding,
and regulation sustain quality, diversity, and balance
in the research university system rather than threaten
competitive balance and drive predatory behavior.

* For the past century American research universi-
ties have served as both the stepping stone for mem-
bers of an increasingly diverse population to move into
the knowledge professions (including science and engi-
neering) and as a magnet to attract outstanding inter-
national students and faculty members to America as
immigrants who have played critical roles in achieving
national prosperity and security.

e The core educational and research activities of re-
search universities require subsidies from an array of
patrons—federal and state governments, students, and
the private sector (foundations, corporations, donors).
Yet the current model for financing world-class educa-
tion and research appears to be increasingly unsustain-
able from all sources: federal support (threatened by
growing federal debt), state support (collapsing with
state budgets and shifting priorities), corporate support
(declining for both research and employee education),
tuition (approaching a market ceiling), gifts and en-
dowments (sufficient for only a small number of insti-
tutions), and clinical income (threatened by new health
legislation).

e Both public and private universities have an obli-
gation to serve the public purpose and meet the needs
of the nation, since all benefit from public support, and
while characterized by different legal status and gover-
nance, are in fact public bodies.

SOME QUESTIONS CHARACTERIZING
U.S. RESEARCH UNIVERSITIES

0. What is a research university?

Defined by their role in creating new knowledge
and educating those capable of generating new knowl-



edge, e.g., Universitas Magistrorum et Scholarium

The roughly 100 U.S. institutions that have achieved
international pre-eminence in producing a very high
percentage of the most important fundamental and
practical discovers in the world. They are the engines
of our prosperity.

(Note Jonathan Cole: “What has made these uni-
versities so distinguished is NOT the quality of their
undergraduate programs. While such transmission of
knowledge is a core mission of our universities, it is
now what makes them the best.”)

1. Why are they important?

Congress: America’s research universities are ad-
mired throughout the world, and they have contrib-
uted immeasurably to our social and economic well-be-
ing. Our universities, to an extent unparalleled in other
countries, are our Nation’s primary source of long-term
scientific, engineering, and medical research.

National Academies: Research universities provide
the new knowledge and train the researchers necessary
to sustain an innovation-driven and globally competi-
tive national economy.

Glion Declaration: For a thousand years the univer-
sity has benefited our civilization as a learning commu-
nity where both the young and the experienced could
acquire not only knowledge and skills, but the values
and discipline of the educated mind. It has defended
and propagated our cultural and intellectual heritage,
while challenging our norms and beliefs. It has pro-
duced the leaders of our governments, commerce, and
professions. It has both created and applied new knowl-
edge to serve our society. And it has done so while pre-
serving those values and principles so essential to aca-
demic learning: the freedom of inquiry, an openness to
new ideas, a commitment to rigorous study, and a love
of learning.

2. Whom do they serve?

The nation? The states? The world?
The public? Industry? Students?
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3. How many “world-class” research universities do
we need?

Currently less than 100
30 private
60 public
(use David Ward’s estimate that it takes 5 M citizens to
support one world-class public research university)
Do we need more?

4. Who should support the core functions of the re-
search university?

Old model:

Privates supported by tuition, philanthropy, endow-
ment

Publics supported by states and tuition

New model: Graduate education and research sup-
ported primarily by federal government? (Just as
they are in most other nations?)

5. How should they be governed?

Old model: Privates by trustees. Publics by politi-
cal governing boards

New model: Hybrid boards representing multiple
constituencies?

6. How diverse should the American research sys-
tem be?

Comprehensive Us?

Specialized (MIT, Caltech?) Liberal Arts (Princeton?)
Graduate only (Rockefeller?)

Geographical distribution?

7. What is the balance among their roles?

Knowledge generation (research and scholarship)

Human resources (graduate education, professional
education)

Knowledge diffusion (innovation, tech transfer)

Undergraduate education

Service missions

Health care

Economic development
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International development

Entertainment (e.g., commercial-scale college

sports???)

8. How should the research university ecosystem
evolve?

Intensely competitive vs. highly coordinated
(market-driven or policy-driven)

Entrepreneurial

Federal policies

State policies

9. Patrons and missions

UG education (parents, states, endowment)

Graduate education (feds)

Professional education (students)

Research and scholarship (feds)

Culture, values, humanities (private, foundations)

Knowledge diffusion (entrepreneurial, private sec-
tor, states, feds)

Other patrons (investment community, internation-
al)

Financed from “value” of degree (e.g., income-con-
tingent loans)

10. To what degree do we need to address the in-
ternal character of the American research university,
e.g., graduate education, research culture (e.g., its feu-
dal nature of exploiting young scholars), challenges to
academic integrity and values from forces such as com-
mercialization, anti-intellectualism, etc.

TODAY’S CHALLENGES

Unsustainable financial models: Grad ed /research
requires subsidy

Ivy Model: Focus on a small, high quality UG col-
lege for future leaders who will then pay back through
philanthropy resources sufficient to build a massive en-
dowment that can be used to sustain graduate educa-
tion and scholarship (Yale, Harvard, Stanford)

UC Model: Exceptionally generous state support,
part of which is designed to finance world-class gradu-

ate education and scholarship (UC, UNC, UT)

Today the Ivy Model is available only to a handful
of elite private universities whose endowments have
reached a level of $1 M/student or higher. With tuition
levels now approaching a ceiling, it is unlikely that
many other private institutions will be able to create the
required endowments.

The UC Model looks increasingly problematic in the
face of anticipated erosion of state support of public
research universities over the next several decades as
aging populations give highest priority for tax dollars
to retirement security, health care, and tax relief rather
than education.

In real dollars, our nation’s investment in basic re-
search peaked earlier this decade, then dropped and
has remained flat in recent years. Federal policymakers
have expressed a desire to bolster research funding but
they have not yet followed through. Corporate support
of both campus-based research and employee educa-
tion has also dropped over the past decade. Further-
more, other resources that have subsidized graduate
education and research such as clinical income are like-
ly to decline in view of current federal policies (health
care legislation, federal debt reduction).

In the current difficult financial climate, many pri-
vate universities are facing challenging times as their
endowments have seriously eroded. A few private re-
search universities have endowments large enough to
emerge strong from the current economic situation in
the long-run. Smaller privates, however, may face a de-
cade or more with depleted resources.

State appropriations, which are cyclical in nature to
be sure, have over the long term declined relative to to-
tal state expenditures, personal income, and university
instructional costs and operating budgets. This has had
an important negative impact on public research uni-
versities with regard to faculty hiring, faculty-student
ratios, research quality, and student learning outcomes
even while public institutions also face growing expec-
tations for broadening access, providing new knowl-
edge, and meeting demands for transparency and ac-
countability.

The outlook for improving this financial trend
would have been cloudy at best given the competition
for state resources from unfunded federal mandates
(e.g., Medicaid) and the policy priorities of an aging



population (e.g., tax reduction, health care, retirement,
and security). With the current deep recession and fi-
nancial storm, the outlook is even grimmer. Indeed,
the sources that universities would have turned to help
with difficult budget situations—state appropriations,
tuition, private philanthropy, and clinical revenue—
will all be constrained for the foreseeable future.

Federal policies

Inadequate support of existing federally procured
research (ICR rates, cost-sharing) (roughly 25% of costs
of federal research born by institutions)

Imbalance of federal research support among the
disciplines (e.g., NIH at $32 B/Y, NSF at $6 B/y, DOE
Energy R&D at $3 B/y)

1970s policy shift in grad support, away from
fellowships/traineeships to research assistantships
(creating a feudal system)

Shifting balance from PhD students to postdocs (to
avoid tuition costs)

The degree to which shifting state and federal poli-
cies (e.g., tax policy, financial aid policies, tuition con-
straints, sponsored research policies, affirmative action
constraints) differentially affect various elements of the
U.S. research university enterprise.

Absence of coherent federal policy aimed at sustain-
ing research universities (and instead focusing on indi-
viduals, e.g., student financial aid and faculty research
grants but NOT on institution building) in contrast to
most other nations.

State policies

This is a time when the strength, prosperity, and
welfare of a nation demand a highly educated citizenry
and institutions with the ability to discover new knowl-
edge, develop innovative applications of discoveries,
and transfer them to the marketplace through entrepre-
neurial activities. Yet such vital national needs are no
longer top state priorities.

Highly trained and skilled labor has become more
mobile and innovation more globally distributed.
Many of the benefits from graduate training—like the
benefits of research—are public goods that provide
only limited returns to the states in which they are lo-
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cated. The bulk of the benefits is realized beyond state
boundaries. Hence, it should be no surprise that many
states have concluded that they cannot, will not, and
probably should not invest to sustain world-class qual-
ity in graduate and professional education— particu-
larly at the expense of other priorities such as broaden-
ing access to baccalaureate education. Today, not only
is state support woefully inadequate to achieve state
goals, but state goals no longer accumulate to meet na-
tional needs.

The declining priority that states have given to pub-
lic higher education makes sense for them but is a di-
saster for the nation. The growing mismatch between
state priorities and national needs suggests that it’s
time once again to realign responsibilities between the
state and the nation for higher education and provide
adequate resources to sustain American leadership.

Global competition (Rick Levin):

“The U.S has reason to worry about the competi-
tive position of its research universities. In the Times
Higher Education ranking of the world’s top 100 uni-
versities, the U.S. and Europe have equal numbers and
there are strong and emerging institutions from Japan,
Australia, China and South Korea. Across the world,
other nations are taking steps to strengthen higher edu-
cation generally and to advance their research capabili-
ties. Meanwhile, our research universities are facing
critical concerns

The rapid economic development of Asia since
World War 1II -- starting with Japan, South Korea, and
Taiwan, then extending to Hong Kong and Singapore,
and finally taking hold powerfully in India and main-
land China -- has forever altered the global balance of
power. These countries recognize the importance of an
educated work force to economic growth, and they un-
derstand that investing in research makes their econo-
mies more innovative and competitive.

Today, China and India aspire to create a limited
number of world-class universities. In China, the nine
universities that receive the most supplemental govern-
ment funding recently self-identified as the C9 -- Chi-
na’s Ivy League. In India, the Ministry of Human Re-
source Development recently announced its intention
to build 14 new comprehensive universities of “world-
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class” stature”

Such initiatives suggest that governments in Asia
understand that overhauling their higher-education
systems is required to sustain economic growth in a
postindustrial, knowledge-based global economy. They
are making progress by investing in research, reform-
ing traditional approaches to curricula and pedagogy,
and beginning to attract outstanding faculty from
abroad. Many challenges remain, but it is more likely
than not that by midcentury the top Asian universities
will stand among the best universities in the world.”

To this one should add the growing quality of Eu-
ropean research universities, both because of major re-
gional efforts such as the Bologna Process, and the com-
mitment of nations to focus resources to build a small
number of world-class universities.

Changing environment for education and research

Changing role and character of the faculty

Major responsibility for revenue generation
added to traditional roles of teaching, research, and
scholarship have overloaded many faculty members,
particularly at the junior level

The use of non-tenure track instructors and lec-
turers that now provide the majority of undergraduate
instruction in many institutions

Increasing mobility among institutions (includ-
ing international mobility)

Graduate education

Use of RAs instead of fellowships/ trainee-
ships creates feudal culture

Time to degree (and permanent positions) is
lengthening

Research training now requires postdoc be-
yond PhD

Research paradigm shifts

Physical and biomedical science to “big sci-
ence” paradigm in which hundreds (at LHC thousands)
work together on massive projects

Cyberinfrastructure paradigms

Augmenting theory and experiment with sim-
ulation and data mining

Functionally complete research environments
in cyberspace

Social networking and immersive technologies

Winner-take-all competition: The changing na-
ture of the interdependence of various elements of the
American research university enterprise, both through
competition and cooperation. The degree to which
shifting state and federal policies (e.g., tax policy, finan-
cial aid policies, tuition constraints, sponsored research
policies, affirmative action constraints) differentially
affect various elements of the U.S. research univer-
sity enterprise. Today serious imbalances have arisen
in available funding, policy restrictions, and political
constraints that are transforming beneficial competi-
tion into a predator-prey relationship that threatens not
only numerous institutions but puts at risk the quality
of the entire American research university ecosystem
and hence the national interest.

Mission distraction

Pressures to expand undergraduate enroll-
ments (“Massification”), e.g. UC.

Mission creep of auxiliary activities (inability
to say “no” to increasing revenues)

Growth (budgets, facilities, enrollments, foot-
ball stadiums...)

Imbalance between UG, Grad, and Prof educa-
tion

Governance, Management, and Leadership: The im-
plications of the changing needs, missions, and environ-
ment of American higher education for the leadership
and governance of research universities (particularly
for public universities). The complexity, scale, impact,
and importance of contemporary research universities
may have outstripped the capacity of lay boards to gov-
ern them with competence and accountability.

Inadequate public understanding (anti-intellectual-
ism, costs)

While public understands UG education, they have
little understanding of the role of the “universitas” in
not only creating new knowledge (and stimulating in-
novation) but in training those capable of generating it

Recent university behavior has undermined public
confidence.

Research integrity (e.g., conflict of interest)
Intercollegiate athletics
Executive compensation (Vanderbilt, Ohio



State, the Gee syndrome)
The “free agent” phenomenon

Intellectual challenges (Jonathan Cole):

“Ibelieve that the chief threats to our standing come
from within the United States rather than from foreign
competition.”

e Threats to the values of free inquiry and open
communication (both political and misguided national
security restrictions).

* Erosion of state support (with UC as poster child).

¢ Commercialization of intellectual property under-
mining core values of open communication.

¢ Intolerance of views that challenge orthodoxy.

¢ Impact of anti-intellectual forces on structure and
values of higher learning.’

Issues to avoid

Intercollegiate athletics
Indirect costs

SWOT ANALYSIS
(STRENGTHS, WEAKNESSES, OPPORTUNITIES,
THREATS)

Strengths

National Priorities Requiring Research Universities
Security (Defense, Terrorism)
Economic Prosperity
Public Health
Preservation and Transmission of Culture
Citizens for a Democratic Society
Enlightened Criticism

Unique Contributions of Research Universities
New knowledge (basic and applied R&D)
Scholars, scientists, researchers
Knowledge-intensive professionals
Knowledge-intensive services
Knowledge/ culture repositories
Social criticism, leadership

Weaknesses
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Obsolete financial models

Obsolete public policies (both federal and state)
Inadequate alignment with U.S. prioritie

Mission creep

Institutional competition (“winner take all”)

STEM pipeline

Obsolete governance, management, leadership
Inadequate capacity for change

Changing professoriate

Obsolete doctoral / postdoc training (feudal system)

Threats
Globalization
Human capital (changing demographics)
Financial sustainability (particularly of flagship
public universities)
Technological change
Public/ political awareness
Challenges to academic freedom and integrity
Lack of a national strategy

Opportunities

Use crisis to stimulate change

Develop new financial models for 21st Century

Restructure graduate education (“Flexner Report”
for the PhD)

Rebalance competition and cooperation

Redefine core mission (“core-in-cloud”)

Explore new paradigms (e.g., global, open-source,
ecology)

TOMORROW’S POSSIBILITIES
Driving Forces

Knowledge Economy
Globalization
Demographics
Technology
Innovation

Global sustainability

Game Changers

The Need for Lifelong Learning
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The Globalization of Higher Education

The Changing Nature of Discovery, Learning,
and Innovation

Universal Connectivity

Technological Singularities (e.g., sentient artifi
cial intelligence)

Paradigm Shifts

Restructuring of higher education “industry”
Global knowledge and learning industry
Continued growth of for-profit sector
Mergers and acquisitions
Commodity products
Unbundling of missions of universities
Open knowledge and learning paradigms (digi-
tal libraries, OCW, MOOQOCs)
Learning ecologies and ecotones (intelligent tu-
tors, immersive learning)
Renaissance (“maker” societies)
Enlightenment (providing the “light of knowl-
edge and learning” to the world)
Globally connected, knowledge and learning
enabled civilizations
WHENCE AND WHETHER
THE UNIVERSITY OF THE FUTURE?

The triad mission of the university as we know it
today—teaching, research, and service—was shaped by
the needs of an America of the past. Since our nation
today is changing at an ever-accelerating pace, is it not
appropriate to question whether our present concept
of the research university, developed largely to serve
a homogeneous, domestic, industrial society, must not
also evolve rapidly if we are to serve the highly plural-
istic, knowledge-intensive world-nation that will be the
America of the 21st Century?

Of course, there have been many in recent years
suggesting that the traditional paradigm of the public
university must evolve to respond to the challenges
that will confront our society in the years ahead. But
will a gradual evolution of our traditional paradigm
be sufficient? Or, will the changes ahead force a more
dramatic, indeed revolutionary, shift in the paradigm of
the contemporary research university?

Just as with other institutions in our society, those
universities that will thrive will be those that are capa-
ble not only of responding to this future of change, but
that have the capacity to relish, stimulate, and manage
change. In this perspective it may well be that the con-
tinual renewal of the role, mission, values, and goals
of our institutions will become the greatest challenge
of all!

The American university has changed quite consid-
erably over the past two centuries, and it continues to
evolve today. Colonial colleges have become private
research universities; religious colleges formed during
the early 19th century gradually became independent
colleges; junior colleges have evolved into community
colleges and then into regional universities. Today pub-
lic research universities also continue to evolve to adapt
to changes in students (from state to national to global),
support (from state to national, public to private), mis-
sions (from regional to national to global), and percep-
tion (education from a public good to a private benefit).
Public universities are already rapidly expanding their
public purpose far beyond the borders of their states,
since the more mobile the society, the more global the
economy, the broader the “publics” served by the uni-
versity must become.

Of course, this ever-changing nature of the uni-
versity itself is part of the challenge, since it not only
gives rise to an extraordinary diversity of institutions,
but also a great diversity in perspectives. What is a uni-
versity? Is it a “college”, in the sense of the heritage of
the colonial colleges (and, before that, the English board-
ing schools)? Is it the 20th century image of university
life—football, fraternities, Joe-college, campus protests?
Is it Clark Kerr’s multiversity, accumulating ever more
missions in response to expanding social needs-health
care, economic development, technology transfer? Or
is the true university something more intellectual: a
community of masters and scholars (universitas mag-
istrorum et scholarium), a school of universal learning
(Newman) embracing every branch of knowledge and
all possible means for making new investigations and
thus advancing knowledge (Tappan)?

What is the core of its university activities?
Student development (or, in the words of Lord Rugby,
“transforming savages into gentlemen”). Or creating,
curating, arChiving, transmitting, and applying knowl-



edge? Or serving society, responding to its contempo-
rary needs— health care, economic development, na-
tional defense, homeland security, entertainment (e.g.,
athletics).

What are its core values? Critical, rigorous
thinking (e.g., “the life of the mind”)? Academic free-
dom? Individual achievement (noting that the contem-
porary organization of the university is really designed
to enable individuals to strive to achieve their full po-
tential (as students, faculty, athletes).

With much the character of the proverbial el-
ephant being felt by the blind men, it is not surprising
that discussions involving the future of the university
can be difficult. It is particularly difficult to ignite such
discussions among university leaders, who generally
fall back upon the famous Clark Kerr quote: “About 85
institutions in the Western World established by 1520
still exist in recognizable forms, with similar functions
and with unbroken histories, including the Catholic
Church, the Parliaments of the Isle of Man, of Iceland,
and of Great Britain, several Swiss cantons, and...70
universities.”...Hakuna Matata

It is true that the university today looks very
much like it has for decades—indeed, centuries in the
case of many ancient European universities. They are
still organized into academic and professional disci-
plines; they still base their educational programs on the
traditional undergraduate, graduate, and professional
discipline curricula; our universities are still governed,
managed, and led as they have been for ages.

But if one looks more closely at the core activities
of students and faculty, the changes over the past de-
cade have been profound indeed. The scholarly activi-
ties of the faculty have become heavily dependent upon
digital technology-rather cyberinfrastructure-whether
in the sciences, humanities, arts, or professions. Al-
though faculties still seek face-to-face discussions with
colleagues, these have become the booster shot for far
more frequent interactions over the Internet. Most fac-
ulty members rarely visit the library anymore, prefer-
ring to access digital resources through powerful and
efficient search engines. Some have even ceased pub-
lishing in favor of the increasingly ubiquitous digital
preprint or blog route. Student life and learning are
also changing rapidly, as students bring onto campus
with them the skills of the net generation for applying
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this rapidly evolving technology to their own inter-
ests, forming social groups through social networking
technology (Facebook, Twitter), role playing (gaming),
accessing web-based services, and inquiry-based learn-
ing, despite the insistence of their professors that they
jump through the hoops of the traditional classroom
paradigm.

In one sense it is amazing that the university has
been able to adapt to these extraordinary transforma-
tions of its most fundamental activities, learning and
scholarship, with its organization and structure largely
intact. Here one might be inclined to observe that tech-
nological change tends to evolve much more rapidly
than social change, suggesting that a social institution
such as the university that has lasted a millennium is
unlikely to change on the timescales of tech turns, al-
though social institutions such as corporations have
learned the hard way that failure to keep pace can lead
to extinction. Yet, while social institutions may respond
more slowly to technological change, when they do so,
it is frequently with quite abrupt and unpredictable
consequences, e.g., “punctuated evolution”.

It could also be that the revolution in higher educa-
tion is well underway, at least with the early adopters,
and simply not sensed or recognized yet by the body
of the institutions within which the changes are occur-
ring. Universities are extraordinarily adaptable organi-
zations, tolerating enormous redundancy and diversity.
It could be that the information technology revolution
is more of a tsunami that universities can float through
rather than a rogue wave that will swamp them.

An alternative viewpoint of the transformation of
the university might be as an evolutionary rather than
a revolutionary process. Evolutionary change usually
occurs first at the edge of an organization (an ecology)
rather than in the center where it is likely to be extin-
guished. In this sense the forces that are now transform-
ing scholarship and enabling new forms of learning
communities have not yet propagated into the core of
the university. Of course, from this perspective, recent
efforts such as the Google Book project take on far more
significance, since the morphing of the university li-
brary from stacks to Starbucks strikes at the intellectual
soul of the university.

Admittedly it is also the case that futurists have a
habit of overestimating the impact of new technologies
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in the near term and underestimating them over the
longer term. There is a natural tendency to implicitly
assume that the present will continue, just at an acceler-
ated pace, and fail to anticipate the disruptive technolo-
gies and killer apps that turn predictions topsy-turvy.
Yet we also know that far enough into the future, the
exponential character of the evolution of Moore’s Law
technologies such as info-, bio-, and nano- technology
makes almost any scenario possible.

Clearly we have entered a period of significant
change in higher education as our universities attempt
to respond to the challenges, opportunities, and re-
sponsibilities before them. This time of great change, of
shifting paradigms, provides the context in which we
must consider the changing nature of the university.

Much of this change will be driven by market
forces—by a limited resource base, changing societal
needs, new technologies, and new competitors. But we
also must remember that higher education has a public
purpose and a public obligation. Those of us in higher
education must always keep before us two questions:
“Whom do we serve?” and “How can we serve better?”
And society must work to shape and form the markets
that will in turn reshape our institutions with appropri-
ate civic purpose.

From this perspective, it is important to understand
that the most critical challenge facing most institutions
will be to develop the capacity for change. As we noted
earlier, universities must seek to remove the constraints
that prevent them from responding to the needs of a
rapidly changing society. They should strive to chal-
lenge, excite, and embolden all members of their aca-
demic communities to embark on what should be a
great adventure for higher education.

As Frank Rhodes so eloquently stated it in his clos-
ing words of reassurance in the 1999 Glion Declaration:

“For a thousand years the university has benefited
our civilization as a learning community where both
the young and the experienced could acquire not only
knowledge and skills, but the values and discipline of
the educated mind. It has defended and propagated
our cultural and intellectual heritage, while challeng-
ing our norms and beliefs. It has produced the leaders
of our governments, commerce, and professions. It has
both created and applied new knowledge to serve our

society. And it has done so while preserving those val-
ues and principles so essential to academic learning:
the freedom of inquiry, an openness to new ideas, a
commitment to rigorous study, and a love of learning,.

There seems little doubt that these roles will contin-
ue to be needed by our civilization. There is little doubt
as well that the university, in some form, will be needed
to provide them. The university of the twenty-first cen-
tury may be as different from today’s institutions as the
research university is from the colonial college. But its
form and its continued evolution will be a consequence
of transformations necessary to provide its ancient val-
ues and contributions to a changing world. “

Certainly the need for research universities will
be of increasing importance in our knowledge-driven
future. Certainly, too, it has become increasingly clear
that our current paradigms for the university, its teach-
ing and scholarship, its service to society, its financing,
all must change rapidly and perhaps radically. Hence
the real question is not whether higher education will
be transformed, but rather how and by whom. If the
university is capable of transforming itself to respond
to the needs of a culture of learning, then what is cur-
rently perceived as the challenge of change may, in fact,
become the opportunity for a renaissance, an age of en-
lightenment, in higher education in the years ahead.

The remarkable resilience of universities, their ca-
pacity to adapt and change in the past, has occurred in
part because it embraces and encourages an intensely
entrepreneurial cultures. We have provided our faculty
the freedom, the encouragement, and the incentives
to move toward their personal goals in highly flexible
ways, and they have done so through good times and
bad. Our challenge is to tap this grassroots energy and
creativity in the effort to transform our institutions to
better serve a changing world.

Yet we must do so within the context of an excit-
ing and compelling vision for the future of our institu-
tions. Rather than allowing the university to continue
to evolve as an unconstrained, transactional, entrepre-
neurial culture, we need to guide this process in such
a way as to preserve our core missions, characteristics,
and values. We must work hard to develop university
communities where uncertainty is an exhilarating op-
portunity for learning and discovery.
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Chapter 5

Engineering for a Changing World

Powerful forces, including demographics, global-
ization, and rapidly evolving technologies are driving
profound changes in the role of engineering in soci-
ety. The changing workforce and technology needs of
a global knowledge economy are dramatically chang-
ing the nature of engineering practice, demanding far
broader skills than simply the mastery of scientific and
technological disciplines. The growing awareness of
the importance of technological innovation to economic
competitiveness and national security is demanding a
new priority for application-driven basic engineering
research. The nonlinear nature of the flow of knowl-
edge between fundamental research and engineering
application, the highly interdisciplinary nature of new
technologies, and the impact of cyberinfrastructure
demand new paradigms in engineering research and
development. Moreover, challenges such as the off-
shoring of engineering jobs, the decline of student in-
terest in scientific and engineering careers, immigration
restrictions, and inadequate social diversity in the do-
mestic engineering workforce are also raising serious
questions about the adequacy of our current national
approach to engineering.

To this end, in 2006-2007 the National Science Foun-
dation supported a comprehensive study of engineer-
ing practice, research, and education analogous to the
famous Flexner Report of 1910 that transformed medi-
cine in this country.

The Challenges to American Engineering

During the past several years such considerations
have led numerous groups, including the National
Academies, federal agencies, business organizations,
and professional societies to conclude that new para-
digms in engineering practice, research, and education

that better address the needs of a 21st-century nation
in a rapidly changing world (e.g., see Augustine, 2005;
Duderstadt, 2005; Clough, 2004, 2005; Sheppard, 2008).
Among the many concerns these studies have raised
about American engineering are the following.

Engineering Practice

The implications of a technology-driven global econ-
omy for engineering practice are particularly profound.
The globalization of markets requires engineers capa-
ble of working with and among different cultures and
knowledgeable about global markets. New perspec-
tives are needed in building competitive enterprises as
the distinction between competition and collaboration
blurs. The rapid evolution of high-quality engineering
services in developing nations with significantly lower
labor costs, such as India, China, and Eastern Europe,
raises serious questions about the global viability of the
United States engineer, who must now produce several
times the value-added to justify wage differentials. Both
new technologies (e.g., info-bio-nano) and the complex
mega systems challenges arising in contemporary soci-
ety (e.g., massive urban, transportation, and communi-
cations infrastructure) require highly interdisciplinary
engineering teams characterized by broad intellectual
span rather than focused practice within traditional
disciplines. As technological innovation plays an ever
more critical role in sustaining the nation’s economic
prosperity, security, and social well-being, engineer-
ing practice will be challenged to shift from traditional
problem solving and design skills toward more innova-
tive solutions imbedded in a complex array of social,
environmental, cultural, and ethical issues.

Yet, despite the growing importance of engineering
practice to society, the engineering profession still tends
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to be held in relatively low esteem in the United States

compared to other learned professions such as law and
medicine. Perhaps this is not surprising, both because
of the undergraduate nature of its curriculum and the
evolution of the profession from a trade (a “servile art”
such as carpentry rather than a “liberal art” such as
law, medicine, or theology). Yet today this is eroding
prestige and influence is intensified by the tendency
of many companies to view engineers as consumable
commodities, discarding them when their skills be-
come obsolete or replaceable by cheaper engineering
services from abroad. Students sense the eroding status
and security of engineering careers and increasingly
opt for other more lucrative and secure professions
such as business, law, and medicine. Today’s engineers
no longer hold the leadership positions in business
and government that were once claimed by their pre-
decessors in the 19th and 20th century, in part because
neither the profession nor the educational system sup-
porting it have kept pace with the changing nature of
both our knowledge-intensive society and the global
marketplace. In fact, the outsourcing of engineering
services of increasing complexity and the offshoring of
engineering jobs of increasing value threaten the ero-
sion of the engineering profession in America and with
it our nation’s technological competence and capacity
for technological innovation.

Engineering Research
There is increasing recognition throughout the

world that leadership in technological innovation is key
to a nation’s prosperity and security in a hypercompeti-

The changing nature of engineering research

tive, global, knowledge-driven economy (Council on
Competitiveness, 2003). While our American culture,
based upon a highly diverse population, democratic
values, free-market practices, and a stable legal and
regulatory environment, provides an unusually fertile
environment for technological innovation and entre-
preneurial activity, history has shown that significant
federal and private investments are necessary to pro-
duce the ingredients essential for innovation to flour-
ish: new knowledge (research), human capital (educa-
tion), infrastructure (e.g., physical, cyber), and policies
(e.g., tax, property).

One of the most critical elements of the innovation
process is the long-term research required to transform
new knowledge generated by fundamental scientific
discovery into the innovative new products, processes,
and services required by society. In years past this ap-
plications-driven basic research was a primary concern
of major corporate R&D laboratories, national labora-
tories, and the engineering schools associated with re-
search universities. However, in today’s world of quar-
terly earnings pressure and inadequate federal support
of research in the physical sciences and engineering,
this longer-term, applications-driven basic engineering
research has largely disappeared from the corporate
setting, remaining primarily in national laboratories
and research universities constrained by inadequate
federal support. This has put at considerable risk the
discovery-innovation process in the United States.

Numerous recent studies (COSEPUP, 1998-03; Dud-
erstadt, 2005; Clough, 2002; Vest, 2003; Augustine, 2005)
have concluded that stagnant federal investments in
basic engineering research, key to technical innovation,



are no longer adequate to meet the challenge of an in-
creasingly competitive global economy. There is further
evidence that the serious imbalance between federally
supported research, now amounting to less than 26%
of national R&D, along with the imbalance that has re-
sulted from the five-fold increase in federal support of
biomedical research during a period when support of
research in the physical sciences and engineering has
remained stagnant, threatens the national capacity for
innovation.

Engineering Education

In view of these changes occurring in engineering
practice and research, it is easy to understand why
some raise concerns that we are attempting to educate
21st-century engineers with a 20th-century curriculum
taught in 19th-century institutions. The requirements
of 21st-century engineering are considerable: engineers
must be technically competent, globally sophisticated,
culturally aware, innovative and entrepreneurial, and
nimble, flexible, and mobile (Continental, 2006). Clearly
new paradigms for engineering education are demand-
ed to: i) respond to the incredible pace of intellectual
change (e.g., from reductionism to complexity, from
analysis to synthesis, from disciplinary to multidisci-
plinary); ii) develop and implement new technologies
(e.g., from the microscopic level of info-bio-nano to the
macroscopic level of global systems); iii) accommodate
a far more holistic approach to addressing social needs
and priorities, linking social, economic, environmental,
legal, and political considerations with technological
design and innovation, and iv) to reflect in its diversity,
quality, and rigor the characteristics necessary to serve
a 21st-century nation and world (Sheppard, 2008).

The issue is not so much reforming engineering ed-
ucation within old paradigms but instead transforming
it into new paradigms necessary to meet the new chal-
lenges such as globalization, demographic change, and
disruptive new technologies. As National Science Board
workshops involving representatives of industry, gov-
ernment, professional societies, and higher education
concluded, the status quo in engineering education in
the United States is no longer sufficient to sustain the
nation’s technological leadership (NSB, 2007).

The critical role of our engineering schools in pro-
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Where will tomorrow’s engineers come from?
viding human capital necessary to meet national needs
faces particular challenges (Clough, 2004, 2006; Duder-
stadt, 2005). Student interest in science and engineering
careers is at a low ebb-not surprising in view of the all-
too-frequent headlines announcing yet another round
of layoffs of American engineers as companies turn
to offshoring engineering services from low-wage na-
tions. Cumbersome immigration policies in the wake of
9-11, along with negative international reaction to U.S.
foreign policy, are threatening the pipeline of talented
international science and engineering students into our
universities and engineering workforce. Furthermore,
it is increasingly clear that a far bolder and more effec-
tive strategy is necessary if we are to tap the talents of
all segments of our increasingly diverse society, with
particular attention to the participation of women and
underrepresented minorities in the engineering work-
force.

The current paradigm for engineering education,
e.g., an undergraduate degree in a particular engineer-
ing discipline, occasionally augmented with workplace
training through internships or co-op experiences and
perhaps further graduate or professional studies, seems
increasingly suspect in an era in which the shelf life of
taught knowledge has declined to a few years. There
have long been calls for engineering to take a more for-
mal approach to lifelong learning, much as have other
professions such as medicine in which the rapid expan-
sion of the knowledge base has overwhelmed the tra-
ditional educational process. Yet such a shift to grad-
uate-level requirements for entry into the engineering
profession has also long been resisted both by students
and employers. Moreover, it has long been apparent
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that current engineering science-dominated curricula
needs to be broadened considerably if students are to
have the opportunity to learn the innovation and entre-
preneurial skills so essential for our nation’s economic
welfare and security, yet this too has been resisted, this
time by engineering educators.

Here part of the challenge-and key to our objec-
tives-must be an appreciation for the extraordinary
diversity in engineering and training to meet the ever
more diverse technological needs of our nation. Dif-
ferent types of institutions and programs are clearly
necessary to prepare students for highly diverse roles:
from system engineers capable of understanding and
designing complex systems from the atomic to the
global level; master engineers capable of the innovative
design necessary to develop products, processes, and
services competitive in a global economy; engineer-
ing scientists capable of conducting the fundamental
research necessary to address compelling global chal-
lenges such as energy sustainability; and engineering
managers capable of leading global enterprises. And all
of these institutions, programs, and roles must strive to
provide exciting, creative, and adventurous education-
al experiences capable of attracting the most talented of
tomorrow’s students.

From a broader perspective, one might argue that
as technology becomes an ever more dominant aspect
of social issues, perhaps the discipline of engineering
should evolve more along the lines of other academic
disciplines such as physics and biology that have be-
come cornerstones of the liberal arts canon. Perhaps
the most urgent need of our society is a deeper under-
standing and appreciation for technology on the part
of all college graduates rather than only those seeking
engineering degrees. These, too, should be concerns of
engineering educators.

A Flexner Report for Engineering

More generally, we need to address the question of
what our nation should seek as both the nature and ob-
jectives of engineering in the 21st-century, recognizing
that significant changes are required to address chang-
ing national needs and priorities. What is engineering—
a discipline, an occupation, a career, or a profession?
Whom should engineering serve-industry, govern-

Medicine as practiced in 1910

ment, the nation, the world, students, or the profession
itself? Granted that engineering education should not
be monolithic, but how can we achieve adequate intel-
lectual depth, breadth, and rigor across a highly diverse
engineering enterprise demanded by our changing
needs as a society and as a nation?

Note that such a general approach is quite similar
in spirit to that conducted for the medical profession
almost a century ago. At that time medicine was fac-
ing a tipping point when society’s changing needs,
coupled with a changing knowledge base of medical
practice, would drive a very rapid transformation of
the medical profession, along with medical education,
licensure, and practice. The Carnegie Foundation for
the Advancement of Teaching commissioned noted ed-
ucator (but not physician) Abraham Flexner to survey
150 medical schools over a yearlong period and draft a
report concerning the changing nature of the profession
and the implications for medical education. During the
19th-century, medical education had evolved from a
practice-based apprenticeship to dependence primar-
ily upon didactic education (a year of lectures followed
by a licensing exam), losing the rigor of training criti-
cal to competent health care. Many students had less
than a high school education and none required a col-
lege degree. As Flexner observed, medical education
was a farce as it was taught in most schools, “without
laboratories, without trained and salaried men, without
dispensaries, and without hospitals”.

The questions Flexner raised about medical educa-
tion still reverberate today (Bonner, 2002): How are sci-
entific principles best joined to clinical problem solving
and broadly liberal knowledge in a doctor’s education?
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The Flexner Report of 1910

How should students prepare for medical education
and what should be its components? Flexner held up
Johns Hopkins University as the standard to which all
medical schools should be held, involving a full-time
faculty, allied to a teaching hospital and integrated into
a university (although other medical schools includ-
ing Michigan, Harvard, and Pennsylvania had actually
pioneered the practice of requiring a college education
for admission into programs based on laboratory sci-
ence and clinical training in a teaching hospital envi-
ronment).

The Flexner Report of 1910 transformed medical
education and practice into the 20th century paradigm
of scientific (laboratory-based) medicine and clinical
training in teaching hospitals (Flexner, 1910). The key
to the impact of the report was to promote educational
reform as a public health obligation: “If the sick are to
reap the full benefit of recent progress in medicine, a
more uniformly arduous and expensive medical educa-
tion is demanded.” Key would be the requirement that
all physicians should be well-educated, highly trained
diagnosticians and problem solvers who understand
the laboratory basis for scientific knowledge and have
become skilled through extensive clinical experience.
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A medical degree would require a four-year post-un-
dergraduate program based on inductive teaching in
medicine and science-learning by doing-in a univer-
sity setting that joined investigative science to practical
training.

The Flexner Report ignited a reform movement
that transformed medical education and practice over
the next several decades. Roughly two-thirds of medi-
cal colleges based on the didactic education of under-
graduates were closed as the post-baccalaureate train-
ing paradigm proposed by Flexner was accepted as the
requirement for medical practice.

Here it is interesting to note that during his study
of medicine, Flexner raised very similar concerns about
engineering education even at this early period. “The
minimum basis upon which a good school of engineer-
ing accepts students is, once more, an actual high school
education, and the movement toward elongating the
technical course to five years confesses the urgent need
of something more.” However, he went on to contrast
medical and engineering in two ways: first, engineering
depends upon the basic sciences (chemistry, physics,
mathematics) while medicine depends upon the sec-
ondary sciences (anatomy, physiology), which, in turn,
depend upon basic sciences. Second, while engineers
take on major responsibility for human life (e.g., build-
ings, bridges), they usually do so after gaining experi-
ence working up the employment ladder, while phy-
sicians must deal with such issues immediately upon
graduation.

During the past century there have been numerous
efforts to conduct an analysis of engineering very simi-
lar in spirit to the Flexner Report, including the Mann
Report of 1918 (sponsored like Flexner’s work by the
Carnegie Foundation), the Wichenden Report of 1923,
the ASEE Grinter Report of 1955, the ASEE report on
Goals of an Engineering Education of 1968, the ASEE
Green Report of 1994, the NRC BEEd Report leading
to the ABET EC2000 program, and most recently the
NAE Engineer of 2020 study (Clough, 2004). As Schow-
alter observes, “Appearance every decade of a defini-
tive report on the future of engineering education is as
predictable as a sighting of the first crocuses in spring”
(Schowalter, 2003). Yet throughout the past century, en-
gineering education has remained remarkably stable—
to be sure, adding more scientific content, but doing
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so within a four-year undergraduate program based
primarily upon scientific problem solving and resisting
most efforts to elevate it to the post-graduate practice-
based programs characterizing other learned profes-
sions such as medicine and law.

Ironically, although engineering is one of the pro-
fessions most responsible for and responsive to the
profound changes in our society driven by evolving
technology, its characteristics in practice, research, and
education have been remarkably constant-some might
even suggest stagnant-relative to other professions.
Over the past century medical knowledge has been
transformed from apprenticeship (e.g., the barber shop)
to macroscopic science-driven (physiology, epidemi-
ology) to microscopic science (genetics, proteomics,
nanotechnology). Medical practice is also continuing
to evolve rapidly, from reactive (curing disease) to pre-
scriptive (determining one’s genetic susceptibility to
disease) to preventive (wellness). The profession of law
is also evolving rapidly because of the impact of infor-
mation technology (e.g., the ability to rapidly search
and analyze written material in digital form; new forms
of incontrovertible evidence such as DNA analysis; and

the evolution of computer-based pattern recognition
and psychological profiling to detect lying). Yet many
aspects of engineering, including engineering educa-
tion and professional certification, remain much as they
have for decades, despite the rapidly changing nature
of engineering practice and technology needs of society.

A Framework for Change

So what should our nation seek as both the nature
and objectives of engineering in the 21st century, recog-
nizing that these must change significantly to address
rapidly changing needs and priorities? Here we need
to consider the implications for American engineer-
ing from several perspectives: i) as a discipline (similar
to physics or mathematics), possibly taking its place
among the “liberal arts” characterizing a 21st-century
technology—driven society; ii) as a profession, address-
ing both the urgent needs and grand challenges facing
our society; iii) as a knowledge base supporting innova-
tion, entrepreneurship, and value creation in a knowl-
edge economy; and iv) as a diverse educational system
characterized by the quality, rigor, and diversity neces-
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sary to produce the engineers and engineering research
critical to prosperity, security, and social well being.
Here we begin with several premises:

In a global, knowledge-driven economy, technolog-
ical innovation—the transformation of knowledge into
products, processes, and services—is critical to com-
petitiveness, long-term productivity growth, and the
generation of wealth. Preeminence in technological in-
novation requires leadership in all aspects of engineer-
ing: engineering research to bridge scientific discovery
and practical applications; engineering education to
give engineers and technologists the skills to create
and exploit knowledge and technological innovation;
and the engineering profession and practice to trans-
late knowledge into innovative, competitive products
and services.

To compete with talented engineers in other na-
tions with far greater numbers and with far lower
wage structures, American engineers must be able to
add significantly more value than their counterparts
abroad through their greater intellectual span, their
capacity to innovate, their entrepreneurial zeal, and
their ability to address the grand challenges facing our
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world.

It is similarly essential to elevate the status of the
engineering profession, providing it with the prestige
and influence to play the role it must in an increasing-
ly technology-driven world while creating sufficiently
flexible and satisfying career paths to attract a diverse
population of outstanding students. Of particular
importance is greatly enhancing the role of engineers
both in influencing policy and popular perceptions
and as participants in leadership roles in government
and business.

From this perspective the key to producing such
world-class engineers is to take advantage of the fact
that the comprehensive nature of American universi-
ties provide the opportunity for significantly broad-
ening the educational experience of engineering
students, provided that engineering schools, accredi-
tation agencies such as ABET, the profession, and the
marketplace are willing to embrace such an objective.
Essentially all other learned professions have long ago
moved in this direction (law, medicine, business, ar-
chitecture), requiring a broad liberal arts baccalaureate
education as a prerequisite for professional education
at the graduate level.

In summary, we believe that to meet the needs of the
nation, the engineering profession must achieve the sta-
tus and influence of other learned professions such as
law and medicine. Engineering practice in our rapidly
changing world will require an ever-expanding knowl-
edge base requiring new paradigms for engineering
research that better link scientific discovery with inno-
vation. The complex challenges facing our nation will
require American engineers with a much higher level
of education, particularly in professional skills such as
innovation, entrepreneurship, and global engineering
practice. To this end, we set the following objectives for
engineering practice, research, and education:

1. To establish engineering practice as a true learned
profession, similar in rigor, intellectual breadth, prepa-
ration, stature, and influence to law and medicine, with
extensive post-graduate education and a culture more
characteristic of professional guilds than corporate em-
ployees.
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2. To redefine the nature of basic and applied engi-
neering research, developing new research paradigms
that better address compelling social priorities than
those methods characterizing scientific research.

3. To adopt a systemic, research-based approach to
innovation and continuous improvement of engineer-
ing education, recognizing the importance of diverse
approaches—albeit characterized by quality and rigor—
to serve the highly diverse technology needs of our so-
ciety.

4. To establish engineering as a true liberal arts dis-
cipline, similar to the natural sciences, social sciences,
and humanities, by imbedding it in the general educa-
tion requirements of a college graduate for an increas-
ingly technology-driven and -dependent society of the
century ahead.

To achieve these objectives for American engineer-
ing, this study recommends the following actions:

Transforming the Profession

When physicians are asked about their activities,
they generally respond with their professional special-
ty, e.g., “I'm a cardiologist” or “I'm a neurosurgeon.” So
too, lawyers are likely to respond with a specialty such
as corporate law or litigation. In sharp contrast, when
asked about their profession, most engineers will re-
spond with their employer: “I work for Ford” or Boeing
or whomever. Hence the first goal is to transform engi-
neering from an occupation or a career to a true learned
profession, where professional identity with the unique
character of engineering practice is more prevalent than
identification with employment.

Part of the challenge here is that there are so many
types of and roles for engineers, from low-level techni-
cians or draftsmen to master design engineers to engi-
neering scientists to technology managers. Hence as we
explore possible futures for the engineering profession,
it may be necessary to consider defining more formal-
ly through statute or regulation the requirements for
various engineering roles. For example, one might dis-
tinguish these by degree levels, e.g., routine engineer-
ing services (sales, management) might require only a
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A confusing cloud of professional societies

baccalaureate degree (B.S.) perhaps augmented by an
M.B.A.; design engineers would require training at the
masters level (M.S.); engineering scientists engaged in
research would require a Ph.D.; and so forth, with the
definition of role and degree requirements established
by statute, as they are in medicine and law. As we will
suggest later in this chapter, the changing nature of en-
gineering and its increasing importance in an ever more
technology-driven world may require even more senior
engineering roles requiring advanced, practice-based
engineering degrees.

Of course there will be strong resistance by many
employers to elevating the education level required for
the engineering profession, since many companies will
prefer to continue to hire baccalaureate-level engineer-
ing graduates at lower cost, although such graduates
are usually less capable of high value-added activities
such as radical technological innovation. So too, many
students and parents will question whether the exten-
sion of engineering education beyond the baccalaureate
level will add sufficient personal return to justify the
additional time and expense requirements. Hence key
in any effort to elevate the educational requirements
and thereby the value, prestige, and influence of the
engineering profession will be a coordinated effort by
engineering professional and disciplinary societies to
raise public awareness of the intensifying educational
demands of engineering practice. Furthermore, as other
learned professions have demonstrated, it will also be
important for the engineering profession to become



more influential in both defining and controlling the
marketplace for engineers and engineering services if
they are to break through the current resistance of em-
ployers, clients, and students to more advanced educa-
tional requirements for engineering practice.

Hence attaining the necessary prestige and influence
will almost certainly require a major transformation of
the culture of engineering practice and the engineering
profession itself. To this end, the following proposal is
offered.

Proposal: Engineering professional and disciplinary so-
cieties, working with engineering leadership groups such as
the National Academy of Engineering, the National Society
for Professional Engineers, the American Association of En-
gineering Societies, ABET, and the American Society for En-
gineering Education, should strive to create a “guild-like”
culture in the engineering profession, similar to those charac-
terizing other learned professions such as medicine and law,
which aims to shape rather than simply react to market pres-
sures.

The initial goal should be to create (actually, re—cre-
ate) a guild culture for engineering, where engineers
identify more with their profession than their employ-
ers, taking pride in being members of a true profession
whose services are highly valued by both clients and
society. While engineering does have some elements of
these modern guilds, the great diversity of engineering
roles, professional organizations, and clients (employ-
ers) prevent engineering from exerting the influence or
control over the marketplace enjoyed by many other
contemporary guilds. Hence our proposal is for a more
concerted effort on the part of engineering organiza-
tions—professional and disciplinary societies, engineer-
ing education, and those engineers with influence in
public policy and politics—to exert a more coordinated
and strategic effort to establish a strong guild structure
for the engineering profession. The necessary transfor-
mation is suggested by a transition in both language
and perspective. Engineers would increasingly define
themselves as professionals rather than employees.
They primary markets would be clients rather than
employers. And society would view engineering as a
profession rather than an occupation.
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Expanding the Engineering Knowledge Base

For over fifty years the United States has benefited
from a remarkable discovery-innovation engine that
has powered our economic prosperity while provid-
ing for our national security and social well being.
As Charles Vest suggests, for America to prosper and
achieve security, it must do two things: (1) discover
new scientific knowledge and technological potential
through research and (2) drive high-end, sophisticated
technology faster and better than anyone else. We must
make new discoveries, innovate continually, and sup-
port the most sophisticated industries (Vest, 2005).

Two federal actions at mid-century, the G.I. Bill and
the government-university research partnership, pro-
vided the human capital and new knowledge necessary
for the innovation that drove America’s emergence as
the world’s leading economic power. Both federal ac-
tions also stimulated the evolution of the American re-
search university to serve the nation by providing these
assets critical to a discovery-innovation-driven econo-
my. Today it has become apparent that the nation’s dis-
covery-innovation engine needs a tune-up in the face
of the profound changes driven by a hypercompetitive,
knowledge-driven global economy. Further federal ac-
tion is necessary to generate the new knowledge, build
the necessary infrastructure, and educate the innova-
tors—entrepreneurs necessary for global leadership in
innovation.

In 2005 the National Academy of Engineering com-
pleted a comprehensive study of the challenges facing
engineering research in America and recommended a
series of actions at the federal level to respond to the
imperatives of a flattening world (Duderstadt, 2005).
Among the more important recommendations con-
tained in this report are the following:

Proposal: The federal government should adopt a more
strategic approach to research priorities and R&D funding.
In particular a more balanced investment is needed among
the biomedical sciences, physical sciences, and engineer-
ing is necessary to sustain our leadership in technological
innovation. Long-term basic engineering research should
again become a priority for American industry. The nation
should secure an adequate flow of next-generation scientists
and engineers through major federal fellowship-traineeships



76

Eng Education
UG “Pre-Eng”
Liberal Arts
Prof School
Grad (PhD)

Eng Research
Pasteurs Quad
R&D Sci-Tech
Dis-Innov Insts

Engineering challenges for the 21st Century

program in key strategic areas (e.g., energy, info-nano-bio,
knowledge services), similar to that created by the National
Defense Education Act. Immigration policies and practices
should be streamlined (without compromising homeland se-
curity) to restore the flow of talented students, engineers, and
scientists from around the world into American universities
and industry. The federal government in close collaboration
with industry, universities, and the states should explore
new research paradigms that better link fundamental scien-
tific discoveries with technological innovation to build the
knowledge base essential for new products, process, and ser-
vices to meet the needs of society.

Similar concerns raised by leaders of industry, high-
er education, and the scientific community, culminating
in the National Academies’ Rising Above the Gather-
ing Storm study, have stimulated the federal govern-
ment to launch two major efforts aimed at sustaining
U.S. capacity for innovation and entrepreneurial activi-
ties: the administration’s American Competitiveness
Initiative and Congress’s America COMPETES Act (the
latter being including an awkward acronym for “Cre-
ating Opportunities to Meaningfully Promote Excel-
lence in Technology, Education, and Science”.) If fully
implemented, over the next decade these efforts will
involve doubling federal investment in basic research
in physical science and engineering; major investments

in science and engineering education; tax policies de-
signed to stimulate private sector in R&D; streamlin-
ing intellectual property policies; immigration policies
that attract the best and brightest scientific minds from
around the world; and building a business environ-
ment that stimulates and encourages entrepreneurship
through free and flexible labor, capital, and product
markets that rapidly diffuse new productive technolo-
gies.

Transforming Engineering Education

Many nations are investing heavily in developing
their engineering workforce within cultures in which
science and engineering are regarded as exciting, re-
spected fields by young people and as routes to lead-
ership roles in business and government, in contrast
to the relatively low popularity and influence of these
fields in American society. But the United States does
have one very significant advantage: the comprehen-
sive nature of the universities in which most engineer-
ing education occurs, spanning the range of academic
disciplines and professions from the liberal arts to law,
medicine, and other learned professions. American
universities have the capacity to augment education in
science and engineering with the broader exposure to
the humanities, arts, and social sciences that are abso-
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Engineering as a Liberal Arts Discipline

The separation of engineering as a profession from as a discipline

lutely essential to building both the creative skills and
cultural awareness necessary to compete in a globally
integrated society. Furthermore their integration of ed-
ucation, research, and service-that is, learning, discov-
ery, and engagement-provides a formidable environ-
ment for educating 21st-century engineers. By building
a new paradigm for engineering education that takes
full advantage of the comprehensive nature and unusu-
ally broad intellectual span of the American university,
we can create a new breed of engineer, capable of add-
ing much higher value in a global, knowledge-driven
economy.

To take advantage of this unique character of Ameri-
can higher education, its capacity to integrate learning
across the academic and professional disciplines, it will
be necessary to separate the concept of engineering as
an academic discipline from engineering as a learned
profession. To this end, consider five specific propos-
als: 1) to establish graduate professional schools of en-
gineering that would offer practice-based degrees at
the post-baccalaureate level, 2) to restructure under-
graduate engineering programs as a “liberal arts” dis-
cipline, 3) to develop a structured approach to lifelong
learning for engineering professionals, 4) to include the
academic discipline of engineering (or more broadly
technology) in a 21st-century liberal arts canon suitable
for all undergraduate students, and 5) to challenge the
engineering community to commit itself to reflecting
among its members the great diversity characterizing
both our nation and the world. Let us consider each

proposal in turn:

Proposal: Working closely with industry and professional
societies, higher education should establish graduate profes-
sional schools of engineering that would offer practice-based
degrees at the post-baccalaureate level as the entry degree
into the engineering profession.

Perhaps the most effective way to raise the value,
prestige, and influence of the engineering profession is
to create true post-baccalaureate professional schools
similar to medicine and law, which are staffed with
practice-experienced faculty and provide clinical prac-
tice experience. More specifically, the goal would be
the transformation of engineering into a true learned
profession, comparable in rigor, prestige, and influence
to medicine and law, by shifting the professional edu-
cation and training of engineers to post-baccalaureate
professional schools offering two- or three-year, prac-
tice-focused degree programs in contrast to research-
focused graduate degrees such as the M.S. and Ph.D.
The faculty of these schools would have strong back-
grounds in engineering practice with scholarly inter-
ests in the key elements of engineering, e.g., design,
innovation, entrepreneurial activities, technology man-
agement, systems integration, and global networking,
rather than research in engineering sciences. Students
would be drawn from a broad array of possible under-
graduate degrees with strong science and mathematics
backgrounds, e.g., from the sciences or mathematics
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or perhaps a broader engineering discipline similar to
the pre-med programs preparing students for further
study in medicine.

The M.Eng. degree programs developed for practic-
ing engineers by many engineering schools might be
a first step toward such professional schools, much as
the M.B.A. sulffices for the business profession. How-
ever, more extended programs akin to law and medical
education would have greater impact on both student
capabilities and the prestige of the profession. While a
more extended post-graduate professional degree pro-
gram would encounter the usual resistance from em-
ployers and students, if designed properly, the value-
added provided by a graduate professional degree in
engineering would likely outweigh any loss of income
from a similar time period spent while employed fol-
lowing a baccalaureate engineering degree.

Clearly the educational content would be quite dif-
ferent from the engineering science curriculum char-
acterizing most undergraduate engineering programs
today. At the professional level, a practice-oriented and
experienced faculty could develop topics such as de-
sign and synthesis, innovation, project and technology
management, systems analysis, entrepreneurship and
business development, and global engineering sys-
tems, as well as more abstract topics such as leadership
and professional ethics. Additional electives could be
offered in areas such as business (particularly manage-
ment, strategic planning, and finance), policy (science,
technology, and public policy), and other fields of par-
ticular student interest (e.g., biomedical and health, in-
ternational relations, defense and security).

If the professional elements of an engineering edu-
cation were shifted to a post-graduate professional
school, this might provide a very significant oppor-
tunity to address many of the challenges that various
studies have concluded face engineering education to-
day at the undergraduate level. In particular, removing
the burdens of professional accreditation from under-
graduate engineering degree programs would allow
them to be reconfigured along the lines of other aca-
demic disciplines in the sciences, arts, and humanities,
thereby providing students majoring (or concentrating)
in engineering with more flexibility to benefit from the
broader educational opportunities offered by the com-
prehensive university.

Proposal: Undergraduate engineering should be restruc-
tured as an academic discipline, similar to other liberal arts
disciplines in the sciences, arts, and humanities, thereby
providing students with more flexibility to benefit from the
broader educational opportunities offered by the comprehen-
sive American university, with the goal of preparing them for
a lifetime of further learning rather than simply near-term
employment as an engineer.

Here we propose that the discipline of engineer-
ing would be taught by existing engineering schools
through both degree programs at the undergraduate
and graduate level, including courses provided to all
undergraduates as a component of a new 21st-century
liberal arts core curriculum. Of course, part of the chal-
lenge is the basic codification of the engineering disci-
pline, still a subject of some uncertainty and requiring
further study (e.g., see Vincenti, 1990). Furthermore, be-
cause of the strong research interests and background
of most current engineering faculty, the curriculum and
degrees offered in the discipline of engineering would
initially have more of an applied science character and
would not necessarily require ABET certification, there-
by allowing more opportunity for a broader liberal ed-
ucation on the part of undergraduates.

The current pedagogies used in engineering educa-
tion also need to be reconsidered. Although the science
and engineering curriculum includes laboratory expe-
riences, most instruction is heavily based on classroom
lectures coupled with problem-solving exercises. Con-
temporary engineering education stresses the analytic
approach to solving well-defined problems familiar
from science and mathematics-not surprising, since so
many engineering faculty members received their basic
training in science rather than engineering. To be sure,
design projects required for accreditation of engineering
degree programs are introduced into advanced courses
at the upper-class level. Yet design and synthesis are
relatively minor components of most engineering pro-
grams. Clearly those intellectual activities associated
with engineering design—problem formulation, synthe-
sis, creativity, innovation-should be infused through-
out the curriculum. This will require a sharp departure
from conventional classroom pedagogy and solitary
learning methods. Beyond team design projects, engi-



neering educators should make more use of the case
method approaches characterizing business and law
education. More use might also be made of internships
as a formal part of the engineering curriculum, whether
in industry or perhaps even in the research laboratories
of engineering faculty where engineering design is a
common task.

An equally serious challenge to engineering edu-
cation arises from the ever narrower specialization
among engineering majors, more characteristic of the
reductionist approach of scientific analysis rather than
the highly integrative character of engineering synthe-
sis. While this may be appropriate for careers in basic
research, it is certainly not conducive to the education
of contemporary engineers nor to engineering practice.
Although students may be stereotyped by faculty and
academic programs—and perhaps even campus recruit-
ers—as electrical engineers, aerospace engineers, etc.,
they rapidly lose this distinction in engineering prac-
tice. Today’s contemporary engineer must span an ar-
ray of fields, just as modern technology, systems, and
processes do.

There is yet another concern about engineering edu-
cation that arises from the fundamental purposes of a
college education and its foundation upon the concept
of a liberal education. Two centuries ago Thomas Jef-
ferson stated the purpose of a liberal education: “To de-
velop the reasoning faculties of our youth, enlarge their
minds, cultivate their morals, and instill into them the
precepts of virtue and order.” Note how appropriate the
concept of a liberal education seems today as prepara-
tion for the profession of engineering. And note as well
that most of the concerns that have been raised about
today’s engineering education could be addressed by
simply accepting the broader objectives of a liberal edu-
cation for our engineering students.

It is proposed that one views engineering education
at the undergraduate level as a discipline suitable both
for engineering majors as well as for other students
interested in particular aspects of engineering, e.g.,
technology management and public policy. Engineer-
ing schools would continue to offer multiple degrees
as they do now, e.g., ABET-accredited B.S. degrees in
engineering, broader B.S. or B.A. degrees in engineer-
ing science, and of course an array of graduate degrees
(M.S., Ph.D.). Students seeking an engineering back-
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ground as preparation for further study in fields such
as medicine, business, or law would continue to enroll
in specific engineering majors, much as they do now.
Many students would continue to enroll in ABET-ac-
credited engineering degree programs to prepare them
for entry into technology-based careers, although as
we have noted earlier, these would require further pro-
fessional education and training at the graduate level to
enter the engineering profession. Students interested in
research careers would major in either ABET-accredited
or engineering science degree programs in preparation
for further graduate study in engineering science (M.S.
and Ph.D.).

However, of most interest here is the possibility that
those students intending to enter the profession of en-
gineering would no longer be subject to the overbur-
dened curriculum characterizing ABET-accredited un-
dergraduate degree programs. Instead they could earn
more general liberal arts degrees in science, mathemat-
ics, engineering science, or even the arts, humanities,
or social sciences with an appropriate pre-engineering
foundation in science and mathematics, as preparation
for further study in an engineering professional school.
In this way they would have the opportunity for a true
liberal education as the preparation for further study
and practice in an engineering profession characterized
by continual change, challenge, and ever-increasing
importance.

Here one must always keep in mind that while en-
gineering educators certainly have a responsibility to
address the needs of industry, government, and soci-
ety, their most fundamental commitment must be to the
welfare of their students. There is an old saying that the
purpose of a college education should not be to prepare
a student for their first job but instead prepare them for
their last job. This will sometimes require turning aside
from the demands that engineering graduates be capa-
ble of immediate impact and instead stressing the far
greater long-term value to the student-and our society
more broadly—of a truly liberal education.

In recent years even science-intensive professions
such as medicine have accepted the wisdom of broad-
ening their admissions requirements to allow the en-
rollment of students from undergraduate majors in the
social sciences and humanities. They seek more well-
rounded students who can be molded into caring and
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compassionate physicians, who understand better the
broader context of medical decisions and patient treat-
ment. Although recent surveys have highlighted the
difficulties that students currently have in transferring
from other majors into engineering programs, the cre-
ation of graduate professional schools in engineering
would provide the opportunity to broaden substantial-
ly the undergraduate requirements for engineering ca-
reers. Furthermore, the recent development of multiple
course sequences to provide a concentration or minor in
engineering for students in liberal arts colleges provide
yet another route for broadly educated undergraduates
to consider engineering careers after further graduate
study, just as they can through the science sequences
offered for pre-med students.

Broadening the undergraduate experience of en-
gineering students would also provide a more sound
foundation for lifelong learning. Today the United
States faces a crossroads, as a global knowledge econo-
my demands a new level of knowledge, skills, and abil-
ities on the part of all of our citizens. To address this, the
Secretary of Education’s Commission on the Future of
Higher Education in America has recently recommend-
ed: “America must ensure that our citizens have access
to high quality and affordable educational, learning,
and training opportunities throughout their lives. We
recommend the development of a national strategy for
lifelong learning that helps all citizens understand the
importance of preparing for and participating in higher
education throughout their lives.” (Miller, 2006) The
Commission believed it is time for the United States
to take bold action, completing in a sense the series of
these earlier federal education initiatives, by providing
all American citizens with universal access to lifelong
learning opportunities, thereby enabling participation
in the world’s most advanced knowledge society. The
nation would accept its responsibility as a democratic
society in an ever more competitive global, knowledge-
driven economy to provide all of its citizens with the
educational, learning, and training opportunities they
need, throughout their lives, whenever, wherever, and
however they need it, at high quality and affordable
costs, thereby enabling both individuals and the nation
itself to prosper.

This recommendation has particular implication for
professions such as engineering where the knowledge

base is continuing to increase at an ever-accelerating
pace. The shelf life of education acquired early in one’s
life, whether K-12 or higher education, is shrinking rap-
idly. Today’s students and tomorrow’s graduates are
likely to value access to lifelong learning opportunities
more highly than job security, which will be elusive in
any event. They understand that in the turbulent world
of a knowledge economy, characterized by outsourc-
ing and offshoring to a global workforce, employees
are only one paycheck away from the unemployment
line unless they commit to continuous learning and re—
skilling to adapt to every changing work requirements.
Furthermore, longer life expectancies and lengthening
working careers create additional needs to refresh one’s
knowledge and skills on a continuous basis. Even to-
day’s college graduates expect to change not simply jobs
but entire careers many times throughout their lives,
and at each transition point, further education will be
required—-additional training, short courses, degree pro-
grams, or even new professions. And, just as students
increasingly understand that in a knowledge economy
there is no wiser personal investment than education,
many nations now accept that the development of their
human capital through education must become a high-
er priority than other social priorities, since this is the
only sure path toward prosperity, security, and social
well-being in a global knowledge economy.

Hence one of the important challenges to engineer-
ing educators is to design their educational programs
not as preparation for a particular disciplinary career
but rather as the foundation for a lifetime of continu-
ous learning. Put another way, the stress must shift
from the mastery of knowledge content to a mastery of
the learning process itself. Moreover this will require a
far more structured approach to continuing engineer-
ing education, more comparable to those provided for
other learned professions such as medicine character-
ized by a rapidly evolving knowledge base and pro-
found changes in professional practice. It seems clear
that continuing education can no longer be regarded
as simply a voluntary activity on the part of engineers,
performed primarily on their own time and supported
by their own resources. Rather it will require a major
commitment by employers-both in industry and gov-
ernment—to provide the opportunity and support, and
by engineering schools and professional societies to de-



81

The key to the future of engineering education: diversity and innovation

velop and offer the necessary instructional programs. It
likely will also require some level of mandatory partici-
pation through regulation and licensure, similar to the
medical and legal professions.

Proposal: In a world characterized by rapidly accelerating
technologies and increasing complexity, it is essential that
the engineering profession develop a structured approach to
lifelong learning for practicing engineers similar to those in
medicine and law. This will require not only a significant
commitment by educators, employers, and professional soci-
eties but possibly also additional licensing requirements in
some fields.

This brings us to a broader proposal for a 21st-centu-
ry college education. The liberal arts is an ancient con-
cept that has come to mean studies that are intended to
provide general knowledge and intellectual skills, rath-
er than more specialized occupational or professional
skills. The term liberal in liberal arts is from the Latin

word liberalis, meaning “appropriate for free men” (so-
cial and political elites), and they were contrasted with
the servile arts. The liberal arts thus initially represent-
ed the kinds of skills and general knowledge needed
by the elite echelon of society, whereas the servile arts
represented specialized tradesman skills and knowl-
edge needed by persons who were employed by the
elite. The scope of the liberal arts has changed with an
evolving civilization. It once emphasized the education
of elites in the classics; but, with the rise of science and
humanities and a more pragmatic view of the purpose
of higher education, the scope and meaning of “liberal
arts” expanded during the 19th century. Still excluded
from the liberal arts are topics that are specific to par-
ticular occupations, such as agriculture, business, den-
tistry, engineering, medicine, pedagogy (school-teach-
ing), and pharmacy.

Yet here William Wulf reminds us of another im-
portant belief of Thomas Jefferson: one cannot have a
democracy without informed citizens. Today we have
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a society profoundly dependent upon technology, pro-
foundly dependent on engineers who produce that
technology, and profoundly ignorant of technology. As
Waulf observes, “I see this up close and personal almost
every day. I deal with members of our government who
are very smart, but who don’t even understand when
they need to ask questions about the impact of science
and technology on public policy” (Wulf, 2003). He goes
on to suggest that the concept of a liberal education
for 21st-century society must include technological lit-
eracy as a component. Here he contrasts technological
literacy with scientific and quantitative literacy, noting
that everyone needs to know something about the pro-
cess by which the knowledge of science is used to find
solutions to human problems. But everyone also needs
an understanding of the larger innovation engine that
applies technology to create the wealth from which ev-
eryone benefits.

From this perspective, one could make a strong case
that today engineering—or better yet technology-should
be added to the set of liberal arts disciplines, much as
the natural sciences were added a century ago. Here
we are not referring to the foundation of science, math-
ematics, and engineering sciences for the engineering

disciplines, but rather those unique tools that engineers
master to develop and apply technology to serve so-
ciety, e.g., structured problem solving, synthesis and
design, innovation and entrepreneurship, technology
development and management, risk-benefit analysis,
and knowledge integration across horizontal and verti-
cal intellectual spans.

Proposal: The academic discipline of engineering (or,
perhaps more broadly, technology) should be included in the
liberal arts canon undergirding a 21st-century college educa-
tion for all students.

The final proposal addresses the challenge of build-
ing an engineering workforce with sufficient diversity
to tap the full talents of an increasingly diverse Ameri-
can population and address the needs and opportuni-
ties of an increasingly diverse and competitive global
society. Here the objectives have been forcefully stated
in a recent National Academy of Engineering study,
“All participants and stakeholders in the engineering
community (industry, government, institutions of high-
er education, professional societies, et. al.) should place
a high priority on encouraging women and underrep-



resented minorities to pursue careers in engineering.
Increasing diversity will not only increase the size and
quality of the engineering workforce, but it will also in-
troduce diverse ideas and experiences that can stimu-
late creative approaches to solving difficult challenges.
Although this is likely to require a significant increase
in investment from both public and private sources, in-
creasing diversity is clearly essential to sustaining the
capacity and quality of the United States scientific and
engineering workforce.” (Duderstadt, 2005, Marburger,
2006)

To this end, it is appropriate to conclude with the
following proposal:

Proposal 7: All participants and stakeholders in the en-
gineering community (industry, government, institutions of
higher education, professional societies, et. al.) should com-
mit the resources, programs, and leadership necessary to en-
able participation in engineering to achieve a racial, ethnic,
and gender diversity consistent with the American popula-
tion.

Concluding Remarks

America’s leadership in engineering will require
both commitment to change and investment of time,
energy, and resources by the private sector, federal and
state governments, and colleges and universities. Bold,
transformative initiatives are necessary to reshape en-
gineering research, education, and practice to respond
to challenges in global markets, national security, ener-
gy sustainability, and public health. The proposals sug-
gested in this paper involve not only technological but
also cultural issues that will require the collective com-
mitment of the engineering profession and engineering
educators and the support of industry, federal and state
government, and foundations.

Sometimes a crisis is necessary to dislodge an or-
ganization from the complacency that arises from past
success. The same holds for a nation-and a profession,
in fact. It could be that the emergence of a hypercom-
petitive, global, knowledge-driven economy is just
what the United States and the profession of engineer-
ing need. The key to America’s global competitiveness
is technological innovation. And the keys to innovation
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are new knowledge, human capital, infrastructure, and
enlightened policies. Not only must the United States
match investments made by other nations in education,
R&D, and infrastructure, but it must recognize the in-
evitability of new innovative, technology-driven indus-
tries replacing old obsolete and dying industries as a
natural process of “creative destruction” (a la Schum-
peter) that characterizes a hypercompetitive global
economy.

The same challenge faces the engineering profes-
sion. The growing tendency of American industry to
outsource engineering services and offshore engineer-
ing jobs should serve as a wakeup call in our times
similar to that provided to industry by the outsourc-
ing of manufacturing the 1980s. The global knowledge
economy is merciless in demanding that companies
seek quality services at minimal cost. When engineers
in Bangalore, Shanghai, and Budapest produce high-
quality results at one-fifth the cost of similar efforts
in the U.S., America’s engineering profession simply
must recognize that our engineering core competency
is no longer particular technical skills or narrowly tai-
lored engineering careers. It requires new paradigms
for engineering practice, research, and education. The
magnitude of the challenges and opportunities facing
our nation, the changing demands of achieving pros-
perity and security in an ever more competitive, global,
knowledge-driven world, and the consequences of fail-
ing to sustain our engineering leadership demand bold
new initiatives.

Yet we also acknowledge that the resistance to the
bold actions proposed in this paper will be consider-
able. Many companies will continue to seek low-cost
engineering talent, utilized as commodities similar to
assembly-line workers, with narrow roles, capable of
being laid off and replaced by offshored engineering
services at the slight threat of financial pressure. Many
educators will defend the status quo, as they tend to
do in most academic fields. And unlike the professional
guilds that captured control of the marketplace through
licensing and regulations on practice in other fields such
as medicine and law, the great diversity of engineering
disciplines and roles continues to generate a cacophony
of conflicting objectives that inhibits change.

Yet the stakes are very high. During the latter half
of the 20th century, the economic leadership of the
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United States was largely due to its capacity to apply
new knowledge to the development of new technolo-
gies. With just 5% of the world’s population, the U.S.
employed almost one-third of the world’s scientists
and engineers, accounted for 40% of its R&D spend-
ing, and published 35% of its scientific articles. Today
storm clouds are gathering as inadequate investment
in the necessary elements of innovation-education, re-
search, infrastructure, and supportive public policies—
threatens this nation’s technological leadership. The
inadequacy of current government and industry invest-
ment in the long-term engineering research necessary
to provide the knowledge base for innovation has been
revealed in numerous recent reports. Furthermore, the
growing compensation gap between engineering and
other knowledge-intensive professions such as medi-
cine, law, and business administration coupled with the
risks of downsizing, outsourcing, and offshoring of do-
mestic engineering jobs has eroded the attractiveness of
engineering careers and precipitated a declining inter-
est on the part of the best U.S. students. Current immi-
gration policies combined with global skepticism about
U.S. foreign policy continue to threaten our capacity to
attract outstanding students, scientists, and engineers
from abroad.

If one extrapolates these trends, it becomes clear that
our nation faces the very real prospect of losing its engi-
neering competence in an era in which technological in-
novation is key to economic competitiveness, national
security, and social well-being. Bold and concerted ac-
tion is necessary to sustain and enhance the profession
of engineering in America—its practice, research, and
education. It is the goal of this report both to sound the
alarm and to suggest a roadmap to the future of Ameri-
can engineering. While it is important to acknowledge
the progress that has been made in better aligning engi-
neering education to the imperatives of a rapidly chang-
ing world and to commend those from the profession,
industry, and higher education who have pushed hard
for change, it is also important to recognize that we still
have many more miles to travel toward the goal of bet-
ter positioning American engineering to serve a rapidly
changing world.

future generations of engineers

So...How Do We Get This Done?

With the destination of our roadmapping effort now
established, we turn to the challenging task of getting
from here to there, from the current 20th century para-
digm for engineering practice, research, and education
in America to a new paradigm appropriate for a 21st
century world. But here we immediately encounter a
very serious dilemma. We have suggested that to meet
the needs of the nation, the engineering profession
must achieve the status and influence of other learned
professions such as law and medicine. This will require
new paradigms for engineering research that better link
scientific discovery with innovation. It will also require
American engineers to achieve a much higher level of
education, particularly in professional activities such
as design, systems integration, and global engineering
practice. And it will require very considerable invest-
ment and great commitment on the part of individuals
and institutions.

Yet, resistance to such transformation will be con-
siderable. Industry will continue to seek low-cost engi-
neering talent, with narrow roles, vulnerable to layoffs
or replacement by off-shored engineering services at
the slight threat of financial pressure. Educators will de-
fend the status quo. And unlike the professional guilds
that captured control of the marketplace through li-
censing and regulations on practice in other fields such
as medicine and law, the great diversity of engineering
disciplines and roles continues to generate a cacophony



of conflicting objectives that inhibits change.

More specifically, all of the actions we have proposed
will require increased investment and hence raise the
cost (and price) of American engineering. Since current
global business practices seek the lowest-cost engineer-
ing services of acceptable quality, there is a very real
possibility that such efforts could trigger even more
out sourcing of engineering services and off shoring of
engineering jobs, eroding even further this nation’s do-
mestic technological capacity.

Hence the key question is how to motivate the Unit-
ed States and its global industries to accept a higher
cost for higher-quality engineering services and more
capable engineers. Would a more influential engineer-
ing profession, involving a far more extensive process
for professional education, really increase the value
of American engineers sufficiently to compete in the
global marketplace for engineering services? Even
if the answer is yes, would the effort to raise the bar
for engineering quality in this nation simply drive the
remainder of more routine engineering services to off
shore providers, except for a very small cadre of “mas-
ter engineers” who would manage such “global supply
chains” of engineering, technology, and innovation?

Let us consider several approaches to this dilemma.

Option 1: Benign Neglect

One approach is to simply continue the status quo,
accepting the current global market realities, reacting as
best as one can to new requirements such as the need for
global engineers, and wait until conditions deteriorate
sufficiently to stimulate bolder action. Of course, if the
current trends continue, such as the off shoring of en-
gineering jobs in preference to hiring less experienced
(and more expensive) young American engineers or in-
adequate investment in R&D, students will continue to
turn away from engineering careers, and our domestic
capacity for technological innovation will continue to
deteriorate. Hence what could be at stake in this ap-
proach of benign neglect is the erosion not simply of
American innovation and economic competitiveness,
but perhaps even the leadership of the engineering
profession itself as young people see more attractive
career options in more highly compensated and secure
professions such as law, business administration, and
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medicine.
Option 2: Evolution (Education and Persuasion)

A more proactive approach would involve the
launch of a major outreach and education campaign
aimed at convincing American industry, government,
and the public of the importance of sustaining and
enhancing domestic engineering capacity through ad-
ditional investments in engineering education and re-
search to raise the value-added by American engineers,
as reflected in enhanced prestige and compensation
for the engineering profession. Here one would stress
the dangers to both American competitiveness and na-
tional security by the accelerating tendency to off shore
both engineering jobs and competence, driven by short-
term financial pressures and the emergence of transna-
tional corporations with declining interest in regional
or national consequences. Such an effort would also
stress the importance of STEM education at all levels
as key to knowledgeable citizenship in an increasingly
technological world. Both the federal administration’s
American Competitiveness Initiative and Congress’s
America COMPETES Act provide an unusual opportu-
nity to address these concerns.

In parallel with this effort would be the launch of a
number of experiments to create models of possible fu-
tures for engineering practice, research, and education.
Examples might include a federally supported effort to
create several Discovery-Innovation Institutes and pri-
vately supported post-graduate professional schools of
engineering (similar to recent experiments such as Olin
College of Engineering).

Such an effort would require broad leadership, e.g.,
through groups such as the National Academy of En-
gineering, the engineering professional societies, and
business groups such as the Council on Competitive-
ness and National Business Roundtable. It would also
require sustained commitment and substantial invest-
ment, perhaps from key foundations with strong inter-
ests in science and engineering. This would also require
loosening somewhat the existing constraints (such as
accreditation) to encourage far more innovation and
risk-taking in engineering research and education.
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Option 3: Revolution (Politics and Cartels)

Here engineering professional societies would em-
ulate the efforts of the medical and law professions
(through the American Medical Association and Amer-
ican Bar Association) to seek legislation at the state
and federal level to create a regulatory environment
sufficient to empower the engineering profession. The
goal would be to create through regulatory activities
governing licensing and practice more of a guild-like
culture in engineering, in which engineers like other
learned professionals would increasingly identify more
with their professional standards than their particular
employment.

Of course there are some significant differences be-
tween engineering and more regulated professions such
as medicine and law. For example, while law involves
rather routine skills, it depends on significant cultural
factors and precedents that limit the ability to outsource
legal services. Medical practice has a high technical skill
level more comparable to engineering with relatively
few cultural constraints; yet it also is characterized by
an urgency and personal character that again limits
the outsourcing of most practice (with the exception of
diagnostic evaluations). Business administration like
law also involves more routine skills, characterized by
relatively little urgency or cultural constraints. Yet the
financial responsibilities of business executives create
a highly compensated marketplace for business talent,
unlike that for engineering services.

As we noted earlier, there is also a serious question
as to whether the diverse array of engineering profes-
sional and disciplinary societies could be sufficiently
corralled to agree on a unified agenda. Revolutions
are launched by the proletariat, and it is difficult to see
what would excite the rank and file of the engineering
workforce to this level.

Option 4: Punctuated Evolution and Spontaneous
Emergence

Finally, one might simply take an opportunistic
approach by keeping an eye out for possible tipping
points that would drive-or at least allow—fundamen-
tal transformation of existing paradigms for engineer-
ing practice, research, and education, much as rapid

climate changes drove occasional bursts of simultane-
ous co-evolution of biological species on Planet Earth.
One example would be cyberinfrastructure, which is
rapidly changing the very nature of scientific and engi-
neering work. As NSF Director Arden Bement stresses,
“These revolutionary technologies have helped us scan
the research frontier at velocities that are orders of mag-
nitude faster than ever before. These tools are not sim-
ply faster—they are also fundamentally superior. They
have raised the level of complexity we can understand
and harness. That capability is growing at a breathtak-
ing pace.” (Bement, 2007)

Another example would be the rapid evolution
of open education resources such as the MIT’s Open-
CourseWare project, the Google Book Scan library con-
sortium, or Massively Open Online Courses (MOOCs)
that could well lead to the very rapid propagation of
effectively universal access to knowledge and learning
tools, bypassing traditional professional education and
certification organizations to empower the amateur
(Brown, 2005).

Finally, the rapidly changing nature of the global,
knowledge economy, with its stress on innovation,
flexibility, and rapid transformation might lead to new
business structures. For example, enterprises might es-
sentially become an aggregation of specialized entities
with complementary interests—expanding, contracting,
and reconfiguring themselves in a way that best adapt
to or even anticipates market dynamics. Paradoxically,
these super-flexible configurations may prove even
more stable over time. Self-organizing and self-aggre-
gating entities are often much more adaptable in the
face of disruption (think of flocks of birds or schools
of fish). For knowledge workers such as engineers in
particular, a form of 21st-century guild could emerge to
facilitate accreditation, skills development, and reputa-
tion management. Individual knowledge workers may
one day command “agents” who seek out and nego-
tiate short-term opportunities and effectively manage
career paths on their behalf (IBM, 2006).

Epilogue
In summary, while it is important to acknowledge

the progress that has been made in better aligning engi-
neering education to the imperatives of a rapidly chang-



ing world and to commend those from the profession,
industry, and higher education who have pushed hard
for change, it is also important to recognize that we still
have many more miles to travel toward the goal of 21st-
century engineering.

Perhaps, as Frank Splitt suggests, we could simply
heed the advice of Thomas Paine:

Perhaps the sentiments contained in the following
pages, are not sufficiently fashionable to procure
them general favour; a long habit of not thinking
a thing wrong, gives it a superficial appearance of
being right, and raises at first a formidable outcry
in defense of custom. But the tumult soon subsides.
Time makes more converts than reason (Paine, Com-
mon Sense, 1776).

Yet, unfortunately, the challenges of our changing
world move ahead at a rapid pace despite our ten-
dency toward procrastination. The future-indeed, the
very survival-of American engineering demands the
exploration of new paradigms of practice, research,
and education today.
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Chapter 6

Engineering Research

Leadership in innovation is essential to U.S. pros-
perity and security. In a global, knowledge-driven
economy, technological innovation—the transforma-
tion of new knowledge into products, processes, and
services of value to society—is critical to competitive-
ness, long-term productivity growth, and an improved
quality of life. Preeminence in technological innovation
depends on a wide array of factors, one of which is lead-
ership in engineering research, education, and practice.
A three-decade-long decline in the share of federal in-
vestment in research and development (R&D) devoted
to engineering and a perceived erosion of basic, long-
term engineering research capability in U.S. industry
and federal laboratories have raised serious questions
about the long-term health of engineering research in
the United States.

To assess and document the current state of the U.S.
engineering research enterprise and to raise awareness
of the critical role of engineering research in maintain-
ing U.S. technological leadership, the National Acade-
my of Engineering initiated a broad study, Assessing the
Capacity of the U.S. Engineering Research Enterprise. The
focus of the study is primarily on academic research be-
cause of its importance to long-term basic engineering
research and to educating future engineers and engi-
neering researchers. The study was based on the opin-
ions and judgments of a 15-member committee of ex-
perts from industry and universities. The committee’s
deliberations were informed by testimony from key
decision makers and policy makers in the federal gov-
ernment, as well as a detailed review of many recent
studies on national R&D policy, investment patterns,
needs, and shortcomings.

Reports by the President’s Council of Advisors on
Science and Technology, National Science Board, U.S.
Department of Energy Science Advisory Board, Coun-

cil on Competitiveness, National Research Council, and
others have consistently emphasized the importance of
basic research in engineering and physical sciences and
expressed concerns about the adequacy of federal in-
vestments in these critical fields. These studies found
that support for engineering research has been relative-
ly stagnant for more than two decades. The result has
been erosion in the infrastructure necessary to conduct
world-class engineering research and a worrisome de-
cline in the number of engineering graduates, particu-
larly native-born doctoral degree recipients. As other
nations increase their investments in engineering re-
search and education, the United States risks falling be-
hind in critical research capabilities and ultimately the
innovations that flow from research. To ensure contin-
ued U.S. competitiveness, the nation needs a renewed
commitment to engineering research, most importantly
by the federal government, but also by states, founda-
tions, industry, and universities.

The committee recommended a number of actions
to stimulate rapid changes to address these concerns.
The committee also recognizes the need for bold steps
that will lead to long-term changes, not only in the level
of resources available for basic engineering research,
but also in the cultural environment that must attract
the best and brightest individuals to pursue careers
in engineering research. The committee proposed the
creation of a new paradigm, the discovery-innovation
institute of hub, on the campuses of American research
universities as a mechanism for achieving long-term
change. By harnessing the intellectual power, diversity,
and creativity on the nation’s campuses and working
in close collaboration with industry and government,
discovery-innovation institutes can be engines of inno-
vation.
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Findings

Leadership in innovation is essential to U.S. pros-
perity and security. In a global, knowledge-driven
economy, technological innovation—the transforma-
tion of knowledge into products, processes, and servic-
es—is critical to competitiveness, long-term productiv-
ity 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; engi-
neering education to give engineers and technologists
the skills to create and exploit knowledge and techno-
logical innovation; and the engineering profession and
practice to translate knowledge into innovative, com-
petitive products and services.

Historically, engineering research has yielded
knowledge essential to translating scientific advances
into technologies that affect everyday life. The prod-
ucts, systems, and services developed by engineers
are essential to national security, public health, and the
economic competitiveness of U.S. business and indus-
try. Engineering research has resulted 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.

Erosion in Federal Support of Basic Research

Unfortunately, U.S. leadership in technological in-
novation seems certain to be seriously eroded unless
current trends are reversed. The accelerating pace of
discovery and application of new technologies, invest-
ments by other nations in research and development
(R&D) and the education of a technical workforce, and
an increasingly competitive global economy are chal-
lenging 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, productivity level, volume of high-tech-
nology production and exports—still favor the United

Committee to Assess the Capacity of the
U.S, Engineering Research Enterprise

JAMES J. DUDERSTADT (NAE) chalr, Univeriity of Michipan, Ann Arbar

ERICH BeOUH (NAE), Washmgton Advissry Grosp LLC, Washmgton, 0 C.

RAY M. BOWEN, Tonas A&eM University, College Siation

BARRY HOROWITE INAE)L Uslverslty of VEgiala, Chaslonewille

LEE L. HITNTSEMAN, Utiversity of Washingion, Scattle

JAMES H, JOHNSON JR., Howard University, Washingtan, D.C.

KERISTINA M. JOIINSOM, Duke Univorsity, Durham, Nort Corolizs 7

LINDA PB. KATEHL Perdue Unbvemsity, West Lafayene, ledians

DANTD C. MOWERY, Univervity of Californds, Berdeeley

CHERRY A, MURRAY MAE, NAS), Lowrenie Livermene National Labaratery, Livermore,
Califormis

MALCOLM B O"NEILL Lockheod Muriin Conpomibion, Bethesds, Mandand

GHCRGE SUALRE, Sesmoomndisttnr Indosiry Ascecmtion, San [oee, Califorsin

ERNEST T, SMERDON (NAE), Usiversty of Arizcan, Tocson

BROBERTF. SPROUVLL (NAEL Sun Microsysicms Ioc., Burlingion. Massachuseiis

DANTD N, WORMLEY, Pennsylvasia Stite Linivearsity, Unhversity Park

NAE Program Office SiafT

FROCTOR . RETD, Study Diiroctor and DRrsctor, Progrm Offics
CAROL E. ARENBERG, Senior Editor, Natioand Asademy of Eng
PEMELOPE J. GIBBES, Program Assooinbe

THOMAS C, MAHONEY, Coasulisni$

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) ero-
sion of the engineering research infrastructure due to
inadequate investment over many years; (4) declining
interest of American students in engineering, science,
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 foreign 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 eco-
nomic, environmental, health, and security challenges.
To capitalize on opportunities created by scientific dis-
coveries, the nation must have engineers who can in-
vent new products and services, create new industries
and jobs, and generate new wealth. Applying techno-
logical advances to achieve global sustainability will
require significant investment, creativity, and technical
competence. Advances in nanotechnologies, biotech-
nologies, new materials, and information and commu-
nication technologies may lead to solutions to difficult



(1]
B 46 emewe
L] —r=
Ef--"ﬂk.E.— . o s ey
148 |- -l )
| |!r'ﬁ =g
[1F] i luiefa
agloERD. 518 iz
i Mini ]
HD2 g J'_:I_,.-lﬂ e
g e = s
m LR
ol -
= W oo
sl
SigisiigdispEEsanis

Federal R&D funding has been growing only in the life
sciences: funding in engineering has been stagnant.

environmental, health, and security challenges, but
their development and application will require signifi-
cant investments of money and effort in engineering
research and the engineering workforce.

Imbalance in the Research Portfolio

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, cor-
porate R&D laboratories in physical sciences and engi-
neering and reduced its already small share of funding
for long-term, fundamental research. The committee
believes that the decline in long-term industrial re-
search is exacerbating the consequences of the current
decline in federal R&D funding for long-term funda-
mental research in engineering and physical sciences.

Endangered Technical Workforce

These funding trends have had a predictably nega-
tive impact on academic research and student enroll-
ments in engineering and physical sciences. In fact,
foreign nationals now comprise 40 percent or more of
graduate enrollments in physical sciences, mathemat-
ics and computer science, and engineering. In addition,

91

Mational Econormic Enwironmeste|
e Defense  Competitiveness  Protection
Biomedical Physical Sciences Enginearing
Research Research Reseanch
I8 H 558 56 B

The imbalance in federal funding is extraordinary.

nearly two-thirds of the graduate and undergraduate
students in engineering who are U.S. citizens and per-
manent residents are white males. Increasing the over-
all number of American students pursuing degrees in
physical sciences and engineering will be essential to
meeting the future challenges facing the nation, but
it will not be enough. We must also increase diversity
by recruiting more women and underrepresented mi-
norities in technical fields to ensure that we have the
intellectual vitality to respond to profound and rapid
change.

Current trends in research investment and work-
force 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 capac-
ity for technological innovation, as well as its ability to
attract the best and brightest engineers and scientists
from abroad, the economic benefits of technological ad-
vances may not accrue to Americans.

Warnings from Earlier Studies

We must take action immediately to overcome exist-
ing imbalances in support for research and to address
emerging critical challenges. These actions must include
both changes in direction by key stakeholders in the en-
gineering research enterprise and bold new programs
designed specifically to promote U.S. technological in-
novation. This conclusion echoes the findings of other
recent assessments by the Council on Competitiveness
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(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; 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, security, health care, the en-
vironment, and economic competitiveness, we simply
do not have the option of continuing to conduct busi-
ness as usual. We must change how we prioritize, fund,
and conduct research; how we attract, educate, and
train engineers and scientists; how we consider and
implement policies and legal structures that affect intel-
lectual property rights and related issues; and how we
maximize contributions from institutions engaged in
technological innovation and workforce development
(e.g., universities, corporate R&D laboratories, federal
agencies, and national laboratories).

Of course, major undertakings in anticipation of op-
portunities 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 cre-

& AMERICAN
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The American Competitiveness Initiative

ative 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 spearhead-
ed America’s response to the industrial revolution, but
also led to the creation of the great public universities
that have transformed American society and sustained
U.S. leadership in the production of new knowledge
and the creation of human capital. Another example is
the G.I. Bill and government-university research part-
nerships during the 1940s that were instrumental in es-
tablishing 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 committee offers the following recommendations

Recommendations
Federal Research and Development Budget
Despite record levels of federal funding for research,

most of the increases in the past quarter century have
been focused on the life sciences, which currently ac-
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count for about two-thirds of federal funds for aca-
demic R&D. In fiscal year (FY) 2002, 45 percent of these
funds went directly to medical schools. By contrast,
as data from the National Science Foundation (NSF)
show, federal funding for research in other scientific
and engineering fields has been relatively stagnant for
the past two decades (NSB, 2004). Support for applied
engineering research did increase briefly between 2000
and 2003, mainly as a result of funding increases at the
U.S. Departments of Defense (DOD) and Homeland Se-
curity (DHS), but subsequent federal budgets suggest a
return to minimal increases (AAAS, 2005; NSB, 2004).
Thus, the funding trend is on a collision course with the
changing nature of technological innovation, which is
becoming increasingly dependent on interdisciplinary,
systems-oriented research.

The National Academies have long urged the fed-
eral government to adopt a more strategic approach
to prioritizing federal funding for R&D. In a NRC re-
port published in 1995, recommendations were pro-
posed urging that federal investment be sufficient to
(1) achieve absolute leadership in research areas of key
strategic interest to the nation (e.g., areas that clearly
determine public health and national security) and (2)
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keep the nation among the leaders in all other scientific
and technological areas to ensure that rapid progress
can be made in those areas in the event of technology
surprises (NAS, 1995). The current federally funded
R&D portfolio clearly falls short of both of these goals.
Current investments in engineering and physical sci-
ence research are not sufficient to support the broad
range of key national priorities, such as national de-
fense, homeland security, and the economic competi-
tiveness of American industry.

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 priori-
ties, such as national defense, homeland security, health care,
energy security, and economic competitiveness. Allocations
of federal funds should be determined by a strategic analysis
that identifies 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

The imbalance in federal funding for research,
combined with a shift in funding by industry and fed-
eral mission agencies from long-term basic research to
short-term applied research, raises concerns about the
level of support for longterm, fundamental engineering
research. The market conditions that once supported
industrial investment in basic research at AT&T, IBM,
RCA, General Electric, and other giants of corporate
America no longer hold. Because of competitive pres-
sures, 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. Although industry cur-
rently accounts for almost three-quarters of the nation’s
R&D expenditures, its focus is primarily on short-term
applied research and product development. In some
industries, such as consumer electronics, even product
development is increasingly being outsourced to for-
eign contractors.
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The Knowledge Economy of 2020

The committee believes that restoring long-term
engineering research in industry to a substantial level
would enhance the nation’s long-term economic health.
Although publicly traded corporations continue to be
subject to intense financial pressures to limit R&D to
near-term product development, a strong case can be
made for federal incentives to encourage individual
companies or consortia to reestablish basic research
programs. In addition, more investment by NSF and
mission agencies will be necessary, not only to keep
pace with the accelerating rate of technological change,
but also to meet the economic, social, environmental,
and security challenges of an increasingly competitive,
knowledge driven, global economy.

Recommendation 2. Long-term basic engineering re-
search should be reestablished as a priority for American
industry. The federal government should design and imple-
ment tax incentives and other policies to stimulate increased

industry investment in long-term engineering research (e.g.,
tax credits to support private-sector investment in universi-
ty-industry collaborative research).

Engineering Research Infrastructure

One result of the stagnation of federal investment in
engineering research has been the deterioration of the
engineering research infrastructure at many schools of
engineering. Only a few research universities have fa-
cilities adequate for advanced engineering research that
can support increasingly systems-oriented, interdisci-
plinary technological innovation. Many engineering
schools operate in old facilities, with laboratory equip-
ment dating from before the invention of the transistor,
let alone the personal computer. These institutions do
not have the clean rooms, information systems, or in-
strumentation necessary to contribute to technological
leadership.
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The Challenges to Innovation

Recommendation 3. Federal and state governments and
industry should invest in upgrading and expanding labora-
tories, equipment and information technologies and meet-
ing 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

A technically skilled workforce is essential to main-
taining leadership in innovation. Although future de-
mand for specific science and engineering skills is no-
toriously difficult to predict, it is reasonable to assume
that an increasingly technical world will require a tech-
nically proficient workforce. We can also predict that
meeting national and homeland security needs will
require many more U.S. citizens who are educated in
engineering. But simply increasing the number of engi-
neers will not be enough. The United States needs engi-
neers with the skills, imagination, and drive to compete
and take the lead in the world. Moreover, the United
States must ensure that it can still attract talented scien-
tists and engineers from abroad.

The stagnating federal investment in engineering
research and research infrastructure has weakened the
human-capital foundation of the engineering research
enterprise. The innovation-driven nation we envision

will require a large cadre of engineering researchers
with the depth of knowledge and creativity to create
breakthrough technologies and systems. In addition to
solid grounding in fundamental engineering concepts,
these engineers musthave the ability to address com-
plex systems in multidisciplinary research environ-
ments.

However, like the engineering research infrastruc-
ture, the engineering professoriate is aging rapidly.
The faculty hiring boom of the 1960s, which was fol-
lowed by a sharp downturn in hiring in the 1970s and
a moderate pace since then, has resulted in increasing
numbers of engineering faculty at or near retirement
age (NSB, 2003). Along with many other factors, the
aging research infrastructure and aging faculty, com-
bined with inadequate support for and commitment
to long-term, interdisciplinary research and associated
curricular innovation, have made it extremely difficult
to interest qualified American students in pursuing un-
dergraduate and graduate programs in engineering and
science. In addition to solid grounding in fundamental
engineering concepts, these engineers must have the
ability to address complex systems in multidisciplinary
research environments.

However, like the engineering research infrastruc-
ture, the engineering professoriate is aging rapidly. The
faculty hiring boom of the 1960s, which was followed
by a sharp downturn in hiring in the 1970s and a moder-
ate pace since then, has resulted in increasing numbers
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of engineering faculty at or near retirement age (NSB,
2003). Along with many other factors, the aging re-
search infrastructure and aging faculty, combined with
inadequate support for and commitment to long-term,
interdisciplinary research and associated curricular in-
novation, have made it extremely difficult to interest
qualified American students in pursuing undergradu-
ate and graduate programs in engineering and science.

Recommendation 4. Considering the importance of tech-
nological innovation to the nation, a major effort should be
made to increase the participation of American students in
engineering. To this end, the committee endorses the findings
and recommendations of a 2005 National Academy of Engi-
neering report, Educating the Engineer of 2020: Adapting
Engineering Education to the New Century, which calls for
system-wide efforts by professional societies, industry, feder-
al 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, knowledge-driven econ-
omy with the goal of increasing student interest in engineer-
ing careers. Engineering education requires innovations, not
only in the content of engineering curricula but also in teach-
ing methods that emphasize the creative aspects of engineer-
ing to excite and motivate students.

One key approach to increasing the number of U.S.
citizens with advanced degrees in science and engineer-
ing is to attract more women and minorities to these
fields. Currently, males receive more than 75 percent
of the doctoral degrees granted in physical sciences,
mathematics and computer science, and engineering,
and more than two-thirds of graduate students in these
fields are white (Figure 2). Increasing diversity in the
engineering student population and, ultimately, the en-
gineering workforce will be essential to generating the
intellectual vitality and tapping into the reservoirs of
talent essential to long-term U.S. economic and techno-
logical success.

Recommendation 5. All participants and stakeholders in
the engineering community (industry, government, institu-
tions of higher education, professional societies, et al.) should
place a high priority on encouraging women and underrepre-
sented minorities to pursue careers in engineering. Increas-
ing 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.

Up to now, foreign nationals have made up for the
shortfall in domestic technical talent. More than 50 per-
cent of U.S. workers with doctorates in engineering
and nearly 30 percent with master’s degrees in engi-
neering in 2000 were foreign nationals (NSB, 2003). In
U.S. graduate schools, almost one-third of all science
and engineering graduate students are foreign-born;
in computer science and engineering, the proportion is
almost half (NSF, 2004a). The U.S. R&D workforce in in-
dustry and academia is, and will continue to be, heav-
ily dependent on foreign nationals, who have made
significant contributions to U.S. innovation in the past
and will certainly continue to do so in the future (NAE,
1996; National Academies, 2003).

However, as technical capabilities and economic op-
portunities abroad improve and as global competition
for workers skilled in science and engineering increas-
es, questions are being raised about the ability of the
United States to continue to attract and retain as many
foreign-born engineers and scientists in the future
(NSB, 2003). Moreover, post-9/11 changes to U.S. im-
migration procedures may make attracting and retain-
ing foreign scientists and engineers even more difficult
(National Academies, 2003; NSB, 2003).

Recommendation 6. A major federal fellowship-trainee-
ship program in strategic areas (e.g., energy, info- nano- and
biotechnology, knowledge services, etc.), similar to the pro-
gram 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 se-
curity) to restore the flow of talented students, engineers, and
scientists from around the world into American universities
and industry.



Industry and Research Universities

An academic campus is one of the few places where
precompetitive, use-inspired, long-term basic research
can be conducted without the demands of meeting
quarterly earnings goals. In partnership with industry
and national laboratories, universities can bring togeth-
er experts from many disciplines to investigate prob-
lems related to agency missions or meet specific prod-
uct/service goals. At the same time, university students
can learn systems thinking and gain an understanding
of market forces through internships and participa-
tion in research projects. No other institutions have the
same capabilities.

The federal government must take the lead in ini-
tiating and sustaining investment to maximize the
potential of universities to generate human capital,
fundamental knowledge, and systems understanding.
With sufficient resources, many schools of engineering
could modernize their facilities, thereby making engi-
neering much more attractive to incoming freshmen
and helping to sustain their interest in pursuing ad-
vanced degrees. Engineering laboratories with state-of-
the-art technology would greatly improve the quality
of engineering education and create opportunities for
thousands of creative young people to contribute to the
innovation process. Increased funding for engineering
research would also create opportunities for doctoral
students and attract gifted U.S. citizens, as well as tal-
ented students from around the world, to doctoral pro-
grams. The influx of dollars and creativity would make
research more exciting and diverse.

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 multidisci-
plinary research to address major challenges facing the
nation and the world.

o 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
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“professors of practice” in engineering and science fac-
ulties.

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

Discovery Innovation Institutes

United States leadership in innovation will require
commitments and investments of funds and energy
by the private sector, federal and state governments,
and colleges and universities. The committee believes
that a bold, transformative initiative, similar in char-
acter and scope to initiatives undertaken in response
to other difficult challenges (e.g., the Land Grant Acts,
the G.I. Bill, and the government-university research
partnerships) will be necessary for the United States
to maintain its leadership in technological innovation.
The United States will have to reshape its engineering
research, education, and practices to respond to chal-
lenges in global markets, national security, energy sus-
tainability, and public health. The changes we envision
are not only technological, but also cultural; they will
affect the structure of organizations and relationships
between institutional sectors of the country. This task
cannot be accomplished by any one sector of society.
The federal government, states, industry, foundations,
and academia must all be involved.

Recommendation 9. Multidisciplinary discovery-innova-
tion institutes should be established on the campuses of re-
search universities to link fundamental scientific discoveries
with technological innovations to create products, processes,
and services to meet the needs of society. Funding for the in-
stitutes should be provided by federal and state governments,
industry, foundations, 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 high-
er education), discovery-innovation institutes would
be similar in character and scale to academic medical
centers and agricultural experiment stations that com-
bine research, education, and professional practice and
drive transformative change. As experience with aca-
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demic medical centers and other large research initia-
tives 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 comple-
mentary groups and businesses.

On the federal level, the discovery-innovation in-
stitutes should be funded jointly by agencies with re-
sponsibilities for basic research and missions that ad-
dress major national priorities (e.g., National Science
Foundation, U.S. Department of Energy, National Aero-
nautics 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 insti-
tutes (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 stu-
dents in the institutes. Industry would also fund stu-
dent 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 intel-
lectual property policies, flexible faculty appointments,
responsible financial management, etc.), educational

opportunities (e.g., integrated curricula, multifac-
eted 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 li-
censing, spin-off companies, and other avenues of com-
mercialization.

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 multidisciplinary scope and scale of the re-
search, education, innovation, and technology transfer
activity of fully developed discovery-innovation insti-
tutes will certainly dwarf the important though more
limited activities of ERCs.

To ensure that the discovery-innovation institutes
would lead to transformative change, they should be
funded at a level commensurate with past federal ini-
tiatives and current investments in other areas of re-
search, such as biomedicine and manned spaceflight.
Federal funding would ultimately increase to a level
of several billion dollars per year distributed through-
out the engineering 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
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remain so for the foreseeable future. Nevertheless, as
the public comes to understand the importance of lead-
ership in technological innovation to the nation’s eco-
nomic prosperity and security, the committee believes
this initiative could be given a high priority in the fed-
eral 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 partici-
pants. Most of all, they would be engines of innovation
that would transform institutions, policies, and cul-
tures and enable our nation to solve critical problems
and maintain its leadership in the global, knowledge-
driven society of the twenty-first century.

Conclusion

Exciting opportunities in engineering lie ahead.
Some involve rapidly emerging fields, such as infor-
mation systems, bioengineering, and nanotechnology.
Others involve critical national needs, such as sustain-
able energy sources and homeland security. Still others

involve the restructuring of engineering education to
ensure that engineering graduates have the skills, un-
derstanding, and imagination to design and manage
complex systems. To take advantage of these oppor-
tunities, however, investment in engineering research
and education must be a much higher priority.

The country is at a crossroads. We can either con-
tinue on our current course—living on incremental
improvements to past technical developments and
gradually conceding technological leadership to trad-
ing partners abroad—or we can take control of our des-
tiny 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 responded to the challenges of World War
IT 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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Impact of Study

Interestingly enough, the Engineering Research
study had immediate impact since its final report was
being reviewed by the National Research Council in
2005 at the same time that the COSPUP Study, Rising
Above the Gathering Storm, was undergoing review.
There was some interaction both among the study
groups and the reviewers, since the two studies strong-
ly complemented one another.

The Engineering Research study also had major im-
pact several years later through the acceptance of the
discovery-innovation institute paradigm for transla-
tional research. This was first adopted in several stud-
ies by the Brookings Institution (see Chapter 7). But
perhaps more significant, this paradigm was the basis
for the energy innovation hub program of the Depart-
ment of Energy, first authorized and funded by Con-
gress in 2008 and then later a series of manufacturing
innovation hubs created by the Department of Com-
merce in 2014. The success of these innovation hubs
(aka discovery-innovation institutes) provided an im-
portant new mechanism for rapidly translating funda-
mental research into products and processes capable of
success in the marketplace.

Major Reports

James J. Duderstadt (chair), Engineering Research
and America’s Future: Meeting the Challenge of the
Global Economy (Washington, D.C.: National Acad-
emy Press, 2005).

James J. Duderstadt, Mark Muro, and Sarah Rah-
man, Hubs of Transformation: Leveraging the Great
Lakes Research Complex for Energy Innovation (Brook-
ings Institution, Washington, D.C., 2010)

James J. Duderstadyt, et. al., Energy Discovery-Inno-
vation Institutes: A Step Toward America’s Energy Sus-
tainability (Brookings Institution, Washington, D.C,
2009)

James J. Duderstadt, New University Paradigms for
Technological Innovation, Glion VII Conference (Eco-
nomica, Paris, 2009)

Augustine, Norman (chair). Rising Above the Gath-
ering Storm: Energizing and Employing America for a
Brighter Economic Future. National Academies Com-

mittee on Prospering in the Global Economy of the 21st
Century. Washington, DC: National Academies Press,
2005.
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Chapter 7

Discovery Innovation Hubs

In today’s global, knowledge-driven economy,
leadership in innovation is essential to a nation’s pros-
perity and security. In particular, technological in-
novation—the transformation of new knowledge into
products, processes, and services of value to society—is
critical to economic competitiveness, national security,
and an improved quality of life. The United States has
long benefited from a fertile environment for innova-
tion, such as a diverse population continually renewed
through immigration, democratic values that encour-
age individual initiative, and free market practices that
drive the ongoing process of creative destruction (a la
Schumpeter). But history has shown that public invest-
ment is necessary to produce the key ingredients for
technological innovation including: new knowledge
(research and development), human capital (educa-
tion, particularly at the advanced level), infrastructure
(physical and now cyber), and supportive policies (tax,
intellectual property) (Augustine, 2005).

Although the flow of knowledge from scientific
discovery through development and technological in-
novation, commercialization, and deployment was
once thought of as a linear, vertical process, it is now
viewed as far more complex, both vertical and hori-
zontal, and involving many interacting disciplines and
participants. For innovation to occur, there cannot be
any missing steps or elements in the continuum of nec-
essary activities.

Traditionally, one thinks of the appropriate activi-
ties for each of the key factors in the innovation con-
tinuum-namely, government, industry, and universi-
ties—in terms such as basic research, applied research,
development, commercialization, and deployment. For
example, basic research activities, usually speculative,
long term, and driven by scientific curiosity, are usu-
ally viewed as the proper role of research universities,

while use-driven basic research, applied research, and
development are more commonly roles for government
or industrial laboratories. Commercialization and de-
ployment are similarly viewed most appropriate for in-
dustry (both established and entrepreneurial).

Yet, there are other types of research important to
the innovation continuum. In his theory of scientific
revolution, Thomas Kuhn suggested that major prog-
ress was achieved not through gradual evolution of
conventional disciplinary research but rather through
revolutionary, unpredictable transformations after the
intellectual content of a field reaches saturation (Kuhn,
1963). The U.S. National Science Foundation refers to
such activities as transformative research, “research
driven by ideas that stand a reasonable success of
radically changing our understanding of an important
existing concept or leading to the creation of a new
paradigm or field of science. Such research is also char-
acterized by its challenge to current understanding or
its pathway to new frontiers” (National Science Board,
2007).

While it might be assumed that such transforma-
tive research would most commonly occur in research
universities, ironically the peer pressure of merit re-
view in both grant competition and faculty promotion
can discourage such high risk intellectual activities. In
fact, transformative research occurs just as frequently
in some industrial research laboratories (e.g., Bell Labo-
ratories in the past and Google Research today) where
unusually creative investigators are freed from the
burdens of grant seeking or commercial deadlines. It
also occurs in a small number of unique government
agencies such as the Defense Advanced Research Proj-
ect Agency (and hopefully in its spinoffs of ARPA-E
and IARPA) where path-breaking research is shielded
from the pressures of grant competition and applica-
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tion deadlines.

At the other end of the innovation continuum is
translational research, aimed at building the knowl-
edge base necessary to link fundamental scientific dis-
coveries with the technological innovation necessary
for the development of new products, processes, and
services. While translational research is both basic and
applied in nature, it is driven by intended application
and commercial (or social) priorities rather than scien-
tific curiosity. Such translational research is a common
feature of the biomedical industry, moving “from bench
to bedside” or from laboratory experiments through
clinical trials to actual point-of-care patient applica-
tions. While it is also a necessary component of the in-
novation continuum in other areas, particularly in cor-
porate and federal R&D (with Bell Laboratories and the
U.S. Department of Energy Laboratories as prominent
examples), it has generally not been identified as a spe-
cific activity of research universities.

Discovery-Innovation Institutes

Over the past several years there has been an in-
creasing recognition that U.S. leadership in innovation
will require commitments and investments of resources
by the private sector, federal and state governments,
and colleges and universities. In 2005, the U.S. National
Academies issued a series of reports suggesting that a
bold, transformative initiative, similar in character and
scope to initiatives undertaken in response to other dif-
ficult challenges (e.g., the Land Grant Acts, the G.I. Bill,
and the post-WWII government-university research
partnerships) will be necessary for the United States
to maintain its leadership in technological innovation
(Augustine, 2005). The United States will have to re-
shape its research, education, and practices to respond
to challenges in global markets, national security, en-
ergy sustainability, and public health. The changes en-
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The Challenges to Innovation

visioned were not only technological, but also cultural;
they would affect the structure of organizations and re-
lationships between institutional sectors of the country.

To this end, it was the recommendation of the U.S.
National Academy of Engineering that a major federal
initiative be launched to create translational research
centers aimed at building the knowledge base neces-
sary for technological innovation in areas of major
national priority (Duderstadt, 2005). These centers, re-
ferred to as discovery-innovation institutes, would be
established on the campuses of research universities
to link fundamental scientific discoveries with techno-
logical innovations to create products, processes, and
services to meet the needs of society. With the partici-
pation of many scientific disciplines and professions,
as well as various economic sectors (industry, gov-
ernment, states, and institutions of higher education),
discovery-innovation institutes would be similar in
character and scale to academic medical centers and
agricultural experiment stations that combine research,
education, and professional practice and drive transfor-
mative change. As experience with academic medical
centers and other large research initiatives has shown,
discovery-innovation institutes would have the poten-
tial to stimulate significant regional economic activity,
such as the location nearby of clusters of start-up firms,
private research organizations, suppliers, and other
complementary groups and businesses.

More specifically, discovery-innovation institutes

would be characterized by partnership, interdisciplin-
ary research, education, and outreach:

Partnership: The federal government would provide
core support for the discovery-innovation institutes on
a long-term basis (perhaps a decade or more, with pos-
sible renewal). States would be required to contribute
to the institutes (perhaps by providing capital facilities).
Industry would provide challenging research prob-
lems, systems knowledge, and real-life market knowl-
edge, as well as staff who would work with university
faculty and students in the institutes. Industry would
also fund student internships and provide direct finan-
cial 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 management, etc.),
educational opportunities (e.g., integrated curricula,
multifaceted student interaction), knowledge and tech-
nology transfer (e.g., publications, industrial outreach),
and additional investments (e.g., in physical facilities
and cyberinfrastructure). Finally, the venture capital
and investment community would contribute expertise
in licensing, spin-off companies, and other avenues of
commercialization.

Interdisciplinary Research: Although most discov-
ery-innovation institutes would involve engineering
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schools (just as the agricultural experiment stations in-
volve schools of agriculture), they would require strong
links with other academic programs that generate fun-
damental new knowledge through basic research (e.g.,
physical sciences, life sciences, and social sciences), as
well as other disciplines critical to the innovation pro-
cess (e.g., business, medicine, and other professional
disciplines). These campus-based institutes would also
attract the participation (and possibly financial sup-
port) of established innovators and entrepreneurs.

Education: Universities hosting discovery-inno-
vation institutes would be stimulated to restructure
their organizations, research activities, and educational
programs. Changes would reflect the interdisciplin-
ary team approaches for research that can convert new
knowledge into innovative products, processes, servic-
es, and systems and, at the same time, provide gradu-
ates with the skills necessary for innovation. Discovery-
innovation institutes would provide a mechanism for
developing and implementing innovative curricula
and teaching methods.

Outreach: Just as the success of the agricultural ex-
periment stations established by the U.S. Land Grant
Acts depended on their ability to disseminate new tech-
nologies and methodologies to the farming community
through the cooperative extension service, a key factor

in the success of discovery-innovation institutes would
be their ability to facilitate implementation of their dis-
coveries in the user community. Extensive outreach
efforts based on existing industry and manufacturing
extension programs at universities would be an essen-
tial complement to the research and educational activi-
ties of the institutes. Outreach should also include pro-
grams for K-12 students and teachers that would build
enthusiasm for the innovation process and generate
interest in math and science.

Research Priorities: The National Academy report
envisioned a very wide range of discovery-innovation
institutes, depending on the capacity and regional
characteristics of a university or consortium and on
national priorities. Some institutes would enter into
partnerships directly with particular federal agencies
or national laboratories to address fairly specific techni-
cal challenges, but most would address broad national
priorities that would require relationships with several
federal agencies. Awards would be made based on (1)
programs that favor fundamental research driven by
innovation in a focused area; (2) strong industry com-
mitment; (3) multidisciplinary participation; and (4)
national need. Periodic reviews would ensure that the
institutes remain productive and continue to progress
on both short- and long-term deliverables.
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Funding: To ensure that the discovery-innovation
institutes lead to transformative change, they would be
funded at alevel commensurate with past federal initia-
tives and current investments in other areas of research,
such as biomedicine and manned spaceflight. Federal
funding would ultimately increase to several billion
dollars per year distributed throughout the university
research and education enterprise, with states, indus-
try, foundations, and universities investing comparable
amounts in these research centers. To transform the
technological innovation capacity of the United States,
the discovery-innovation institutes would be imple-
mented on a national scale and backed by a strong com-
mitment to excellence by all participants. Most of all,
they would become engines of innovation that would
transform institutions, policies, and cultures and enable
our nation to solve critical problems and maintain its
leadership in the global, knowledge-driven society of
the twenty-first century.

A Case Study: Energy Research

Today’s energy challenges stem from an unsustain-
able energy infrastructure, largely dependent on fossil

fuels characterized by unacceptable environmental im-
pact and supply constraints, with clear implications for
a nation’s economic, public health, and national secu-
rity. Addressing these challenges will require substan-
tial investments in clean and efficient energy technol-
ogy, much of which has yet to be developed, making
innovation the centerpiece of successful energy policy
(Lewis, 2007).

Transformative innovation will be required to ad-
dress fundamental energy challenges. As Presidential
Science Advisor John Holdren warns, the multiplic-
ity of challenges at the intersection of energy with the
economy, the environment, and national security-led
by excessive dependence on fossil fuels and the danger-
ous consequences of energy’s environmental impact,
particularly global climate change, requires a major ac-
celeration of energy-technology innovation that, over
time, can reduce the limitations of existing energy op-
tions, bring new options to fruition, and reduce the ten-
sions among energy-policy objectives and enable faster
progress on the most critical ones (Holdren, 2006).

Near term impact can be achieved from adopting
existing technologies and practices that improve the ef-
ficiency of energy utilization, bringing fuel savings and
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By any measure, federal and private funding of energy research is woefully inadequate.

creating new jobs. Yet, large and sustained efficiency
investments in existing technologies will not be enough
to achieve global sustainability goals. New technolo-
gies and practices are needed to mitigate the harm-
ful impact and resource constraints of existing energy
sources. Of longer term importance is the deployment
of affordable, carbon-free renewable energy technolo-
gies, which will require energy storage technologies
and an expanded electricity grid. With today’s renew-
able technologies, a substantial gap remains in achiev-
ing the scale and cost structures necessary for major
impact.

Here, innovation is needed not only through greatly
increasing R&D in energy technologies but to demon-
strate these on a commercial scale and deploy them
rapidly into the marketplace. Yet, over the past two de-
cades, energy research in the United States has actually
been sharply curtailed by the federal government (75%
decrease), the electrical utility industry (50% decrease),
and the domestic automobile industry (50% decrease).
The energy industry has the lowest level of R&D invest-
ment (relative to revenues) of any industrial sector. In
2009, federal investment in energy R&D amounted to
less than $3 billion, compared to the federal R&D effort
characterizing other national priorities such as health
care ($30 B/y) and defense ($80 B/y) (Kammen, 2005;
Friedman, 2008).

Furthermore, today’s United States energy research
program does not have the mission, capacity, or the or-
ganizational structure to equip the nation to meet the
full span of its challenges. It continues to be primarily
conducted by national labs that are not only fragment-
ed and insulated from the marketplace, but fail to tap

the considerable resources of the nation’s industry and
research universities. (Vest, 2003) Major innovation in
research paradigms, policy, and management will be
necessary to bring about the needed pace of energy-
technology innovation (Holdren, 2006):

e To provide the scale, continuity, and coordination
of effort in energy R&D and demonstration needed
to bring an appropriate portfolio of improved op-
tions to commercialized in a timely way;

e To tap the nation’s top scientific and engineering
talent and facilities, which are currently distributed
throughout the nation’s research universities, cor-
porate R&D centers, and federal laboratories;

e To address adequately the unusually broad spec-
trum of issues involved in building a sustainable
energy infrastructure, including, in addition to sci-
ence and technology, attention to complex social,
economic, legal, political, behavioral, consumer,
and market issues;

e To build strong partnerships among multiple play-
ers—federal agencies, research universities, estab-
lished industry, entrepreneurs and investors, and
federal, state, and local government;

* And to launch robust efforts capable of producing
the human capital and public understanding re-
quired by the emerging energy sector at all educa-
tion levels.

In view of these market and governance challenges,
it is clear that the search for breakthrough technologies
and practices should be placed at the center of energy
research efforts. This will require a far more compre-
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hensive and interactive engagement of the entire na-
tional research enterprise: research universities, corpo-
rate R&D laboratories, and federal laboratories.

To address these challenges, a recent report by the
Brookings Institution made two important recommen-
dations (Duderstadt, 2009):

1. The United States should first commit itself to in-
creasing federal investments in energy R&D to a level
appropriate to address the dangerous and complex eco-
nomic, environmental, and national security challenges
presented by the nation’s currently unsustainable en-
ergy infrastructure. Comparisons with federal R&D in-
vestments addressing other national priorities such as
public health, national defense, and space exploration
suggest an investment in federal energy R&D, an or-
der of magnitude greater than current levels, growing
to perhaps $20 to $30 billion per year, with most of this
flowing to existing research players and programs (e.g.,
national laboratories and industry).

2. A significant fraction of this increase should be di-
rected toward a new research paradigm consisting of
a national network of regionally-based energy discov-
ery-innovation institutes (e-DIIs) that serve as hubs in a
distributed research network linked through spokes to
concentrations of the nation’s best scientists, engineers,
and facilities.

Recall that the discovery-innovation institute con-
cept is characterized by institutional partnerships, in-
terdisciplinary research, technology commercialization,
education, and outreach. In this sense, the e-DII para-

digm would place a very high priority on connection
and collaboration rather than competition to achieve
deeper engagement of the nation’s scientific, technolo-
gy, business, and policy resources in an effort to achieve
a sustainable energy infrastructure for America.

As envisioned here, therefore, the proposed e-DIIs
would do the following:

1. Organize around a theme, such as renewable
energy technologies, advanced petroleum extraction,
carbon sequestration, biofuels, transportation energy,
carbon-free electrical power generation and distribu-
tion, or energy efficiency. Each e-DII would be charged
with addressing the economic, policy, business, and
social challenges required to diffuse innovative energy
technologies of their theme area into society success-
fully. This mission would require each e-DII to take a
systems-approach to technology development and help
to transcend the current “siloed” approach common at
DOE and its national labs.

2. Foster partnerships to pursue cutting-edge, appli-
cations-oriented research among multiple participants,
including government agencies (federal, state, and lo-
cal), research universities, industry, entrepreneurs, and
investors. The e-DIIs would encourage a new research
culture based on the nonlinear flow of knowledge and
activity among scientific discovery, technological in-
novation, entrepreneurial business development, and
economic, legal, social, and political imperatives. In a
sense, e-DIIs would create an “R&D commons,” where
strong, symbiotic partnerships could be created and
sustained among partners with different missions and
cultures. Building a sustainable energy infrastructure
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depends as much on socioeconomic, political, and pol-
icy issues as upon science and technology. The e-DIIs
would encompass disciplines such as the social and
behavioral sciences, business administration, law, and
environmental and public policy, in addition to science
and engineering.

3. Act as the hubs of a distributed network, link-
ing together as spokes, the basic research programs
of campus-based, industry-based, and federal labora-
tory-based scientists and engineers, research centers,
and facilities, to exploit the fundamental character of
discovery-innovation institutes to couple fundamen-
tal scientific research and discovery with translational
research, technology development, and commercial
deployment. But the hub-and-spoke network architec-
ture would go further by enabling the basic research
group spokes to interact and collaborate among them-
selves (through exchanges of participants, regularly
scheduled meetings, and cyberinfrastructure). Just as
the rim of a bicycle wheel greatly strengthens its hub-
and-spoke structure, the direct interaction of the basic
research groups (the spokes) would greatly facilitate
collaboration and research progress, creating a basic
energy research community greater than the sum of its
individual parts and with sufficient flexibility, synergy,
and robustness to enable the participation of leading
scientists and engineers to address the unusual com-
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A cluster of energy innovation hubs

plexity of the nation’s energy challenges.

4. Develop an effective strategy for energy technol-
ogy development, commercialization, and deployment,
working closely with industry, entrepreneurs, and the
investment community. For example, this might draw
on the experience of major medical centers (the com-
mercialization of translational research through busi-
ness startups), agricultural and industrial extension
programs, federal initiatives for regional economic de-
velopment, or entirely new paradigms for technology
transfer.

5. Build the knowledge base, human capital, and
public awareness necessary to address the nation’s
energy challenges. The e-DIIs are envisioned as the
foci for long-term, applications-driven research aimed
at building the knowledge base necessary to address
the nation’s highest priorities. Working together with
industry and government, the e-DIIs would also lead
to the development of educational programs and dis-
tributed educational networks that could produce new
knowledge for innovation and educate not only the sci-
entists, engineers, innovators, and entrepreneurs of the
future, but learners of all ages, about the challenge and
excitement of changing the US energy paradigm. Thus,
the e-DIIs would have a fundamental educational mis-
sion of public education through the involvement of
their scientists and engineers in sharing best educa-
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A national network of energy innovation hubs

tional practices and developing new educational pro-
grams in collaboration with K-12 schools, community
colleges, regional universities, and workplace training
that lead to significantly increased public engagement.

6. Develop and rapidly transfer highly innovative
technologies into the marketplace. The treatment of in-
tellectual property is critical to the rapid and efficient
transfer of energy technologies to the marketplace. The
e-DIIs should provide a safe zone where intellectual
property issues could be worked out in advance. Tech-
nology transfer within e-DIIs should be structured to
maximize the introduction and positive societal impact
of e-DII technologies, learning from successful indus-
try-university partnerships (e.g., BP and the Universi-
ties of California and Illinois).

6. Encourage regional economic development. With
the participation of many scientific disciplines and
professions as well as various economic sectors, e-Dlls
are similar in character and scale to academic medical
centers and agricultural experiment stations that com-
bine research, education, and professional practice and
drive transformative change. This organizational form
has been successful at generating jobs and stimulat-
ing regional economic activity, by the nearby location

of clusters of start-up firms, private research organiza-
tions, suppliers, and other complementary groups and
businesses. The e-DIIs should have an explicit mission
to focus, at least in part, on the unique energy needs
and opportunities characterizing their home regions, to
ensure that new technologies would respond to local
challenges and thus could be rapidly deployed.

7. Expand the scope of possible energy activities.
The partnership character of the e-DII, involving a con-
sortium of universities, national laboratories, industry,
investors, state, and federal government, coupled with
its regional focus, would give it the capacity to launch
projects that are beyond the capability of a national lab-
oratory or industry consortium alone.

To achieve a critical mass of activities, our report rec-
ommended the creation over the next several years of
a national network of several dozen energy discovery-
innovation institutes distributed competitively among
the nation’s research universities and federal laborato-
ries:

University-based e-DIIs: Those e-DII's located ad-
jacent to research university campuses would be man-
aged by either individual universities or university



consortia, with strong involvement of partnering insti-
tutions such as industry, entrepreneurs and investors,
state and local government, and participating federal
agencies. While most university-based e-DIIs would
focus both on research addressing national energy pri-
orities and regional economic development from new
energy-based industries, there would also be the pos-
sibility of distributed or virtual e-DIIs (so-called “col-
laboratives”) that would link together institutions on
regional or national bases. As mentioned earlier, each
e-DII would also act as a hub linking together investi-
gators engaged in basic or applied energy research in
other organizations.

Federal laboratory-based e-DIIs: There should be
a parallel network of e-DIIs associated with federal

laboratories. To enable the paradigm shifts represented
by the discovery-innovation institute concept, these
e-DIIs would be stood up “outside the fence” to mini-
mize laboratory constraints of security, administration
and overhead and driven by the bottom-up interests of
laboratory scientists. Like university-based e-DlIIs, their
objectives would be the conduct of application-driven
translational research necessary to couple the extraor-
dinary resources represented by the scientific capability
of the national laboratories with the technology inno-
vation, development, and entrepreneurial efforts nec-
essary for the commercial deployment of innovative
energy technologies in the commercial marketplace. A
given national laboratory might create several e-DIIs of
varying size and focus that reflect both capability and
opportunities. There might also be the possibility of e-
DllIs jointed, created and managed by national labora-
tories and research universities.

Satellite energy research centers: The large e-DIIs

managed by research university consortia or national
laboratories would anchor “hub-and-spoke” sub-net-
works linking satellite energy research centers compa-
rable in scale to DOE’s Energy Frontier Research Cen-
ters or NSF’s Engineering Research Centers, thereby
enabling faculty in less centrally-located regions or at
institutions with limited capacity to manage the large
e-DII hubs to contribute to the nation’s energy R&D as
an element of the national e-DII network.
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A merit-based competitive process would award
core federal support ranging from $5 M/y to $10 M/y
for modest centers in single institutions to as much as
$100 M /y to $200 M/ y for large e-DIIs managed by con-
sortia of universities and national laboratories. Federal
funding would be augmented with strong additional
support and participation from industry, investors,
universities, and state governments, for a total federal
commitment growing to roughly $6 billion/y (or %25
of the recommended total federal energy R&D goal of
$20 to $30 billion/y estimated to be necessary to ad-
dress adequately the nation’s energy challenge.)

Interestingly enough, this strategy has important
antecedents in American history. In earlier times during
periods of great challenge or opportunity, the United
States responded to the changing needs of the nation
with massive investments in the nation’s research ca-
pacity. The Land Grant Acts of the 19th century created,
through the great land-grant universities, the capacity
to assist the nation’s transition from an agricultural to
an industrial economy. The Manhattan Project devel-
oped the nuclear technology to protect the nation dur-
ing a period of great international peril. The post-WWII
research partnership between the federal government
and the nation’s universities was not only critical to na-
tional security during the Cold War but drove much of
America’s economic growth during the latter half of the
20th century. The Apollo Program fulfilled mankind’s
dream to conquer space by sending men to the moon.

Most analogous to the present situation was the
visionary action taken by Congress to respond to the
challenge of modernizing American agriculture and
industry with the Hatch Act of 1887. This act created
a network of agricultural and engineering experiment
stations through a partnership involving higher educa-
tion, business, and state and federal government that
developed and deployed the technologies necessary
to build a modern industrial nation for the 20th cen-
tury while stimulating local economic growth. The pro-
posed network of regional “energy innovation hubs” is
remarkably similar both in spirit and structure, since
it will bring together a partnership among research
universities, business and industry, entrepreneurs and
investors, and federal, state, and local government
working together across a broad spectrum of scien-
tific, engineering, economic, behavioral, and policy
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disciplines to build a sustainable national energy infra-
structure for the 21st century while stimulating strong
regional economic growth. It will represent an impor-
tant element of a broader national effort to achieve a
sustainable energy future for both our nation and the
world.

Assessment of Impact

The role of research in contributing to the inno-
vation necessary to compete in a knowledge-driven
global economy is widely recognized. Clearly, the tra-
ditional approaches to fundamental research and edu-
cation are essential for creating the new knowledge and
knowledge professional to this effort. Yet, study sug-
gested that something more is necessary: transforma-
tional research to stimulate the breakthrough discov-
eries that create entirely new economic activities and
translational research and development to transfer new
knowledge generated on the campuses into products,
processes, and systems capable of addressing the needs
of society. These, in turn, will likely require new para-
digms for research similar to those suggested in recent
U.S. National Academy and National Science Founda-
tion studies and currently being applied to address the
urgent need for sustainable energy technologies.

In May 2009, the U.S. Department of Energy an-
nounced the first step of building just such a significant
energy research program by launching a new trans-
formational research program patterned after the U.S.
Department of Defense’s Advanced Research Projects
Agency (DARPA) known as ARPA-E and funded at
an initial level of $400 M/y; funding 46 new Energy
Frontier Research Centers on university campuses and
national laboratories for small research teams; and cre-
ating an initial set of eight “energy innovation hubs”,
similar in concept to the energy discovery innovation
institutes, for translational research funded at $280 M
for the first year. President Obama has also commit-
ted to increasing federal energy research by at least $15
B/y, hence beginning to approach the target set by our
Brookings report (Chu, 2009).
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Chapter 8

Information Technology and the Research University

Higher education has entered a period of signifi-
cant change as our universities attempt to respond to
the challenges, opportunities, and responsibilities fac-
ing them in the new century. The forces driving change
are many and varied: the globalization of commerce
and culture, the advanced educational needs of citizens
in a knowledge-driven global economy, the exponen-
tial growth of new knowledge and new disciplines,
and the compressed timescales and nonlinear nature
of the transfer of knowledge from campus laborato-
ries into commercial products. We are in a transition
period where intellectual capital is replacing financial
and physical capital as the key to prosperity and social
well being. In a very real sense, we are entering a new
age, an age of knowledge, in which the key strategic re-
source necessary for prosperity has become knowledge
itself, that is, educated people and their ideas.

Our rapid evolution into a knowledge-based, global
society has been driven in part by the emergence of
powerful new information technologies such as digi-
tal computers and communications networks. Modern
digital technologies have vastly increased our capacity
to know and to do things and to communicate and col-
laborate with others. They allow us to transmit infor-
mation quickly and widely, linking distant places and
diverse areas of endeavor in productive new ways. This
technology allows us to form and sustain communities
for work, play, and learning in ways unimaginable just
a decade ago. It has broadened access to knowledge,
learning, and scholarship to millions throughout the
world. Information technology changes the relation-
ship between people and knowledge. It is likely to re-
shape in profound ways knowledge-based institutions
such as our colleges and universities.

Of course higher education has already experienced
significant change driven by digital technology. Our

management and administrative processes are heavily
dependent upon this technology. Research and scholar-
ship are also highly dependent upon information tech-
nology, for example, the use of computers to simulate
physical phenomena, networks to link investigators in
virtual laboratories or “collaboratories,” and digital li-
braries to provide scholars with access to knowledge
resources. There is an increasing sense that new tech-
nology will also have a profound impact on teaching,
freeing the classroom from the constraints of space and
time and enriching learning by providing our students
with access to original source materials.

Yet, while information technology has the capacity
to enhance and enrich teaching and scholarship, it also
poses certain threats to our colleges and universities.
We can now use powerful computers and networks to
deliver educational services to anyone, anyplace, any-
time, no longer confined to the campus or the academic
schedule. Technology is creating an open learning en-
vironment in which the student has evolved into an
active learner and consumer of educational services.
Faculty loyalty is shifting from campus communities
and universities to scholarly communities distributed
in cyberspace. The increasing demand for advanced
education and research from a knowledge-driven soci-
ety, the appearance of new for-profit competitors, and
technological innovations are stimulating the growth of
powerful market forces that could dramatically reshape
the higher education enterprise.

Preparing for the Revolution

Reflecting their broad interest in the health of
America’s research enterprise, the National Academies
launched a study in early 2000 on the implications of
information technology for the future of the nation’s
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research university—a social institution of great impor-
tance to our economic strength, national security, and
quality of life. The premise of this study was a simple
one. Although the rapid evolution of digital technology
will present numerous challenges and opportunities to
the research university, there is a sense that many of the
most significant issues are not well understood by aca-
demic administrators, faculty, and those who support
or depend on the institution’s activities.

The steering group for the effort was comprised of
leaders from higher education, the chief technology of-
ficers of major IT companies, and leaders in national
science policy. This group met on numerous occasions
over a two-year period to consider these issues, includ-
ing site visits to major technology laboratories such as
Bell Labs and IBM Research Labs and drawing upon
the expertise of the National Academy complex. At the
end of this period, over one hundred leaders from high-
er education, the IT industry, and the federal govern-
ment, and several private foundations convened for a
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two-day workshop at the National Academy of Scienc-
es to focus this discussion. Beyond the insight brought
by these participants, perhaps even more striking was
their agreement on a number of key issues.

The first finding was that the extraordinary pace of
information-technology evolution is likely to continue
for the next several decades, possibly even accelerating.
Hence, in thinking about changes to the university, one
must think about the technology that will be available
in 10 or 20 years, technology that will be thousands
of times more powerful as well as thousands of times
cheaper. The second finding was that the impact of IT
on the university is likely to be profound, rapid, and dis-
ruptive, affecting all of its activities (teaching, research,
service), its organization (academic structure, faculty
culture, financing, and management), and the broad-
er higher education enterprise as it evolves toward a
global knowledge and learning industry. If change is
gradual, there will be time to adapt gracefully, but that
is not the history of disruptive technologies. As Clayton
Christensen explains in The Innovators Dilemma, new
technologies are at first inadequate to displace existing
technology in existing applications, but they later ex-
plosively displace the application as they enable a new
way of satisfying the underlying need.

While it may be difficult to imagine today’s digital
technology replacing human teachers, as the power of
this technology continues to evolve 100- to 1000-fold
each decade, the capacity to reproduce all aspects of
human interactions at a distance with arbitrarily high
fidelity could well eliminate the classroom and perhaps
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even the campus as the location of learning. Access to
the accumulated knowledge of our civilization through
digital libraries and networks, not to mention massive
repositories of scientific data from remote instruments
such as astronomical observatories or high energy
physics accelerators, is changing the nature of scholar-
ship and collaboration in very fundamental ways.

The third finding stresses that although information
technology will present many complex challenges and
opportunities to universities, procrastination and inac-
tion are the most dangerous courses to follow all dur-
ing a time of rapid technological change. Attempting to
cling to the status quo is a decision in itself, perhaps of
momentous consequence.

The first phase of this study, its conclusions, and
its recommendations were published in a report, Pre-
paring for the Revolution, available both online and
through hard copy from the National Academies Press.

The IT Forum

In 2003 the National Academies have extended this
effort to involve directly a large number of research
universities by creating a National Academy roundta-
ble on information technology and research universi-

ties (“the IT-Forum”) to track the technology, identify
the key issues, and raise awareness of the challenges
and opportunities. The IT Forum has also conducted a
series of workshops for university presidents and chief
academic officers in an effort to help them understand
better the transformational nature of these technologies
and the importance of developing strategic visions for
the future of their institutions.

The IT Forum began its activities in spring of 2003
with a two-day workshop involving two dozen lead-
ers of major research universities at the spring meet-
ing of the Association of American Universities (AAU).
To launch the discussion, Louis Gerstner, CEO of IBM,
spoke at a dinner meeting the evening before the work-
shop to share with the presidents some of his own ob-
servations concerning leadership during a period of
rapid change. The IBM experience demonstrated the
dangers of resting on past successes. Instead, leaders
need to view information technology as a powerful tool
capable of driving a process of strategic change, but
only with the full attention and engagement of execu-
tive leadership—meaning university presidents them-
selves.

Noting that university presidents listen most care-
fully to their own voices, the workshop was organized
about several panels of the participating presidents.
The first panel was asked to discuss what was current-
ly in their in-out box, the here-and-now issues. These
included the usual concerns such as how to meet the
seemingly insatiable demand for computing resources
(particularly bandwidth), how to pay for this technol-
ogy, and how to handle privacy and security issues. It
is probably no surprise that that most of the presidents
believed that they had these issues well in hand-a per-
ception quite different than we were to find with their
provosts several months later.

Members of the IT Forum then attempted to move
the discussion farther into the future and elevate it to
a more strategic level by posing a number of provoca-
tive possibilities to the presidents. For example, how
would adapt their library planning to the very real
possibility that within a decade, the entire Library of
Congress (about 10 TB) could be contained in a con-
sumer device about the size of a football (a size univer-
sity presidents understand well)-or more to the point
of students, an iPod? How would the rapid evolution
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of cyberinfrastructure-the hardware, software, orga-
nizations, people, and policy increasing undergirding
scientific research—into functionally complete environ-
ments for scholarship and learning affect their faculty
and students? What if their students utilized IT to take
control of their learning environments? These rhetori-
cal hand-grenades triggered a broader discussion of re-
lated concerns such as the technological generation gap
among students and faculty, the disruptive force of the
marketplace brought onto campus by IT, and the disag-
gregation and reaggregation of the traditional roles and
functions of the university.

As the discussions moved on to consider increasing-
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ly unpredictable futures, there was a growing recogni-
tion of the challenge of providing leadership in the face
of such uncertain futures. Finally one of the presidents
suggested that he had no idea how presidents were to
lead in such a chaotic environment, and that he and
his colleagues needed help. Hence, the workshop had
managed to bring the presidents through several criti-
cal stages: from denial to acceptance to bargaining to
seeking help...

The IT Forum followed several months later with
a very similar workshop for the provosts of AAU re-
search universities. Again the session began by first ask-
ing a panel of provosts to lay out the issues as they saw
them at the moment, then to move the discussion to a
longer-term perspective, and finally to conclude with a
discussions of next steps. The near-term concerns of the
provosts were very similar to those of the presidents:
network and bandwidth manage, the financing of tech-
nology, the protection of security and privacy, and data
management and preservation.

Perhaps not surprising was a far greater degree of
sophistication among the provosts in understanding
and addressing these issues than shown by the presi-
dents, perhaps since as chief academic officers, they
were on the front line. But here there was an even more
significant difference: unlike the presidents, the pro-
vosts recognized (or at least admitted) that these were
very difficult issues and that they certainly did not have
the answers. The provosts also were willing to discuss
issues that would require major cultural changes in
their institutions. For example, they expressed growing
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concern about the degree to which universities were be-
ing disadvantaged by the effective monopolies created
by IT providers. As one provost put it, universities act-
ed like deer paralyzed in the oncoming headlights, con-
tinuing to re-invent the wheel and getting devoured by
the marketplace. The provosts were essentially unani-
mous in their belief that it was time for the universities
to set aside their competitive instincts and to build con-
sortia to develop together the technologies to support
their instructional, research, and administrative needs
through open-source paradigms that would break the
stranglehold of the current IT marketplace.

Many provosts suspected that while the faculty be-
lieved they knew how their students learned, in real-
ity they had not a clue, particularly in technology-rich
environments. This was a theme we were to encounter
again and again in our later workshops. The provosts
believed that their universities needed far more sophis-
ticated help to understand the learning and cognitive
processes characterizing contemporary students, al-
though they also recognized the disruptive nature of
these studies which might eliminate over time the ra-
tionale for the lecture-classroom paradigm.

In-Depth Meetings

To explore in depth several of the issues raised in the
workshops with presidents and provosts, the IT Forum
arranged several more focused site visits:

IT-Forum Meeting on “Cognition, Communication,
and Communities”
Carnegie-Mellon University (September 5-6, 2003)

To learn more about how learning occurs in technol-
ogy-intensive environments, the IT Forum held its fall
2003 meeting at Carnegie Mellon University, renown
both as one of the nation’s most wired—and now wire-
less—campuses and also for its strength in the cogni-
tive sciences. As the CMU faculty put it, their students
have embraced IT to become a transformative force,
frequently forcing the faculty to react to their learning
styles and activities. An example is the way students
use this technology for communication. From instant
messaging to e-mail to blogs, students are in continual
communication with one another, forming learning

communities that are always interacting, even in class-
es (as any faculty member who has been “Googled”
can attest). A young professor of physics told us he had
been forced to give up trying to teach difficult concepts
in his classes. Instead he introduces a topic by point-
ing to several resources until a few students in the class
figure out a way to teach themselves the concept. Then
they teach their fellow students, and through peer-to-
peer learning, the concepts propagate rapid through
the class.

Today’s students are active learners, building their
own knowledge structures and learning environments
through interaction and collaboration. Their approach
to learning is highly nonlinear rather than following
the sequential structure of the typical university cur-
riculum. They are adept at multitasking and context
switching. And they are challenging the faculty to shift
their instructional efforts from the development and
presentation of content, which is more readily acces-
sible through the web and open-content efforts such as
the Open CourseWare initiative of MIT, and instead be-
come more of a mentor and consultant to student learn-
ing.

Some CMU faculty members have concluded that
perhaps the best approach in these technology-rich en-
vironments is to turn the students loose, letting them
define their own learning environments. Peer-to-peer
learning is rapidly replacing faculty teaching as the
dominant educational process on this technology-rich
campus. There is not yet a consensus among the fac-
ulty as to where they are headed, but there is strong
agreement that the net generation is both challenging
and changing the learning process in very fundamental
ways.

On a deeper level, information technology is forc-
ing us to rethink the nature of literacy: From literacy
in the oral tradition...to the written word...to the im-
ages of film and then television...to the computer and
multimedia. Of course there are many other forms of
literacy: art, poetry, mathematics, science itself, etc. But
more significantly, the real transformation is from lit-
eracy as “read only, listening, and viewing” to composi-
tion in first rhetoric, then writing, and now in multime-
dia.

Increasingly, we realize that learning occurs not sim-
ply through study and contemplation but through the
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Tha number of nation-scale projects is growing rapidliy!

active discovery and application of knowledge. From
John Dewey to Jean Piaget to Seymour Papert, we have
ample evidence that most students learn best through
inquiry-based or “constructionist” learning. As the an-
cient Chinese proverb suggests “I hear and I forget; I
see and I remember; I do and I understand.” To which
we might add, “I teach and I master!!!”

IT Forum Meeting on “Virtual Worlds” at
The Institute for Creative Technologies, Marina del
Rey (March 11, 2004)

To understand new paradigms of technology-assist-
ed learning, the spring 2004 meeting of the IT-Forum
was held at the Institute for Creative Technologies in
Marina del Rey. Here, the University of Southern Cali-
fornia is applying the entertainment and gaming tech-
nologies developed by Hollywood and others to create
a “holodeck” to train military officers in high level cog-
nitive activities such decision making and leadership.
They have learned something that universities have yet
to grasp: how technology can be used to create an emo-
tional connection between knowledge and learning.

IT-Forum Meeting on “Cyberinfrastructure” at
University of Michigan, Ann Arbor (November
11-12, 2004)

In fall of 2004, the IT Forum met at the University of
Michigan to consider the important study by the Na-
tional Science Foundation Blue Ribbon Advisory Panel
on Cyberinfrastructure.

More Diversity, New Devices,
New Applications

Wireless networks
from Data

Here “cyberinfrastructure” is the term used to de-
scribe hardware, software, ,people, organizations and
policies related to information and communications
technology. The panel concluded that we are approach-
ing an inflection point in the potential of rapidly evolv-
ing information and communications technology to
transform how the scientific and engineering enterprise
does knowledge work, the nature of the problems it un-
dertakes, and the broadening of those able to partici-
pate in research and the related educational activities.
To quote the concluding paragraph of its report:

“A new age has dawned in scientific and engineer-
ing research, pushed by continuing progress in com-
puting, information, and communication technology,
and pulled by the expanding complexity, scope, and
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