Making America More

Competitive, Innovative & Healthy

“The United States must try
to compete in this world and
maintain the quality of life
we have enjoyed thus far.
This challenge is far more
daunting for us than for any
other country.”

— Charles M. Vest, President,
National Academy of Engineering

n April 14, 2011, at the House of the Academy in Cambridge, three Acad-
O emy Fellows, leaders from the nation’s engineering and medical sec-

tors, offered their views on the interconnections between American
competitiveness, innovation, and health.

Charles M. Vest, President of the National Academy of Engineering, opened
the discussion by focusing on U.S. research universities, which “produce much
of the most important basic knowledge and technologies,” and U.S. companies,
which “convert new ideas into real products and services that drive our econ-
omy forward.” Vest warned that political, social, and fiscal challenges are un-
dermining this special relationship, including deficiencies in K-12 education that
affect the university’s role in developing an educated workforce.

Drawing on her experience at Bell Labs in the late 1970s through mid-2000s,
Cherry A. Murray, Dean of the School of Engineering and Applied Sciences at
Harvard University, described institutional characteristics that create and sus-
tain innovation. She pointed out that “more than money is required”; physical
proximity to universities, for example, and support for interdisciplinary collab-
oration also play a part in fostering “local innovation ecosystems.”

Harvey V. Fineberg, President of the Institute of Medicine, highlighted the
positive interaction between an individual’s health behaviors and “innovation
in health technology and processes.” He cited Johnson & Johnson’s Live for Life,
ahealth promotion program for its employees, as one successful new approach,
and he advocated further innovation: for example, a national competition
among U.S. mayors to support local health initiatives.

The panel discussion served as the Academy’s 1970th Stated Meeting; it was
held in collaboration with the National Academy of Engineering, the Institute
of Medicine, and the Harvard School of Engineering and Applied Sciences. The
following is an edited transcript of the discussion.
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Charles M. Vest

Charles M. Vest is President of the National Acad-
emy of Engineering and President Emeritus of the
Massachusetts Institute of Technology. He was
elected a Fellow of the American Academy in1991.

onight’s discussion centers on how to
maintain a competitive, innovative, and
healthy nation, goals that are interrelated in
many ways. Not surprisingly, I will anchor
my comments on U.S. competitiveness in
the work of the National Academies’ report
Rising Above the Gathering Storm: Energizing
and Employing America for a Brighter Economic
Future and the recent update of that report.*
Because we have been so blessed in this
country, we tend to assume that we are the
best in the world. Yet we should take note of
the areas in which we are not, by most met-
rics, ranked number one. For example, we
are sixth in global innovation-based com-
petitiveness and fortieth in the rate of
change in that measure over the last decade.

*Committee on Prospering in the Global Economy
of the 21st Century and Committee on Science, En-
gineering, and Public Policy, Rising Above the Gath-
ering Storm : Energizing and Employing America for a
Brighter Economic Future (Washington, D.C.: Na-
tional Academies Press, 2007); Members of the
2005 “Rising Above the Gathering Storm” Com-
mittee, Rising Above the Gathering Storm, Revisited :
Rapidly Approaching Category 5 (Washington, D.C.:
National Academies Press, 2010).

We are eleventh among OECD (Organisa-
tion for Economic Co-operation and Devel-
opment) countries in the fraction of our
young adults who have graduated from high
school (a number that is truly appalling) and
sixteenth in college completion rate. We are
twenty-second in our provision of broad-
band Internet access to our citizens; twenty-
fourth in life expectancy at birth; and
twenty-seventh among developed nations in
the fraction of our college students receiving
degrees in science or engineering. Finally,
according to the World Economic Forum
(and I admit that this measure is somewhat
subjective), we are forty-eighth in the qual-
ity of our K-12 math and science education.
These figures put American exceptionalism
in context: we are number one, except when
we are not.

When this knowledge began to emerge six
or seven years ago, a bipartisan group of
members of the House of Representatives
and the Senate requested that the National
Academies undertake a study to answer the
following questions: “What are the top ten
actions, in priority order, that federal policy-
makers could take to enhance the science
and technology enterprise so that the United
States can successfully compete, prosper,
and be secure in the twenty-first century?
What strategy, with several concrete steps,
could be used to implement each of these ac-
tions?” Our committee of twenty individu-
als, led by Norm Augustine, concluded that
if we as a nation want to be competitive, we
first have to pay attention to the fundamen-
tals: to education and access to it; to invest-
ment in research in order to develop new
ideas, understandings, and technologies;
and to the policy infrastructure and, in some
cases, physical infrastructure that bolster
our national competitiveness.

The Gathering Storm report outlined four
general recommendations. First, and most
important, we must increase America’s tal-
ent pool by vastly improving K-12 science
and mathematics education. Second, we
need to sustain and strengthen the nation’s
traditional commitment to long-term basic
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research. Third, we should strive to make
the nation the most attractive place to study
and perform research so that we can de-
velop, recruit, and retain the best and bright-
est students, scientists, and engineers from
the United States and around the world. Fi-
nally, we must ensure that the United States
is the premier nation for innovation, invest-
ment in downstream activities such as man-
ufacturing and marketing, and creation
of high-paying jobs based on innovation.
Largely on the basis of this report, but also
on work by other groups, especially the
Council on Competitiveness, the America
COMPETES Act of 2007 established a path-
way for the United States to reinvigorate its
basis for being competitive in the twenty-
first century. It passed unanimously in the
Senate and by a huge bipartisan margin in
the House, and was signed into law by Pres-
ident Bush.

Ralph Cicerone, President of the National
Academy of Sciences, Harvey Fineberg, and
I, recognizing that the bill would be up for
reauthorization in 2010, called the commit-
tee members back together. We asked them
to take a look at what had happened in the
intervening five years and decide whether
the country was on a good path and where
the weaknesses and strengths were in imple-
menting the original recommendations. The
second report, subtitled “Rapidly Approach-
ing Category s,” has a dark blue cover, as op-
posed to the bright red of the original report;
a message lies therein. There is also a mes-
sage in the opening epigraph, a quote from
Ernest Rutherford that says, “Gentlemen,
we are out of money. It’s time to start think-
ing.” In Washington today, we often find
that we are out of money.

The group found that the report’s original
recommendations remain the right ones to
implement, but that we have fallen far short
of realizing our goals. The federal govern-
ment has not advanced K-12 education ac-
cording to our advice. Support for basic re-
search, however, was strengthened through-
out the last years of the Bush administration
and in the first year of the Obama adminis-



tration. The federal budgets for physical sci-
ence and engineering research tracked
closely with what we had recommended, but
they are under precarious circumstances
nonetheless. The funding was largely added
on in a supplemental appropriation in one of
the last two Bush budgets and was mostly
funded by the stimulus package in
the first Obama budget. While sub-
stantial, this funding appears ten-
uous going forward. On related
recommendations, such as increas-
ing the number of H1B visas
awarded; making the R&D tax cut
permanent; implementing changes
in intellectual property law; and,
especially, reforming export con-
trol, no substantial progress has
been made.

Meanwhile, many other coun-
tries have heeded the call to invest in science
education and scientific research. A science-
and-technology-based university with a $10
billion endowment recently opened. There
will be 200,000 students studying abroad at
the cutting edge of science and technology.
An innovation city of 40,000 residents is
under construction. A new global nanotech-
nology hub has emerged, and may at some
point have fourteen advanced universities in
its vicinity. A high-level government com-
mission patterned on the Gathering Storm
story has been established. Unfortunately,
these developments occurred in Saudi Ara-
bia, China, Russia, India, and the United
Kingdom, respectively — not in the United
States.

Every nation is facing difficult challenges,
particularly following the economic and
financial declines of the past few years. But
the United States must try to compete in this
world and maintain the quality of life we
have enjoyed thus far. I believe this challenge
is far more daunting for us than for any other
country. Our fundamental finding in revis-
iting the Gathering Storm report can be
summed up thus: “On balance, the United
States’ long-term competitiveness outlook
(that s, jobs) has further deteriorated since

the report was published five years ago.”
Commentators across the political spectrum
have backed similar views. New York Times
columnist Tom Friedman has endorsed the
report’s agenda and its urgency. So has
Washington Post columnist George F. Will.
Two weeks ago, when Times columnist

David Brooks weighed in on the budget, he
based his thinking on the perspective of de-
clining U.S. competitiveness.

In the United States, we have what is
loosely called the “innovation system.” This
system consists of three elements: our re-
search universities, our policy and funding
network, and ultimately, the companies that
convert new ideas into real products and
services that drive our economy forward.
Our research universities, particularly our
public universities, are at substantial risk
today, yet they are the element without
which none of this innovation can happen
in thelong run. Our universities produce op-
portunity for our graduates by preparing
them to be good citizens, to have good jobs,
to contribute to our economy and well-
being. But universities also provide oppor-
tunity to companies, through the ideas they
spawn and the graduates they send to em-
ployers. Universities create opportunities for
states, regions, and nations by strengthening
society and economies. They produce much
of the most important basic knowledge and
technologies. A federal dollar spent on our
institutions, public or private, does double
duty: it provides an education for the next
generation and produces research results.

Sponsoring research based on competition
among ideas is a better system than any other
society has managed to put forward.

These days, however, public discourse has
become vitriolic. Many of those in positions
of political power fundamentally believe
that university research produces nothing of

If we as a nation want to be competitive, we have
to pay attention to the fundamentals: to education
and access to it; to investment in research in order
to develop new ideas, understandings, and technol-
ogies; and to policy infrastructure and, in some
cases, physical infrastructure.

value, that universities should get back to
the business of teaching and leave the re-
search to industry. In response to such
thinking, I would point to a few of the
significant university-based innovations
from the last half of the twentieth century:
the computer; the basic framework for the
global positioning satellite, or GPS, system
(which began at Harvard University with
fundamental atomic physics and develop-
ment of the atomic clock); the genomic rev-
olution; the laser; the deployment of the
World Wide Web; the Internet; numerically
controlled machines that manufacture vir-
tually everything today; and most of mod-
ern medicine. Given that we are all con-
cerned about jobs, I challenge those who
would take away funding for university
R&D to name one job in the United States
that does not depend on one or more of
these contributions. We must address the
precarious state of our entire education sys-
tem. While the United States is properly,
largely focused on how to restart and re-
invigorate our primary and secondary edu-
cation, what we do in universities is also
extraordinarily important; in particular, we
must keep them open to people of all socio-
economic strata who have talent.
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I think we do have a serious strategic cri-
sis. While the situation in the United States
is one of political and social gridlock, other
countries such as China are forming innova-
tion systems of their own, and with a long-
term strategic vision in the areas of energy,
environment, and economic development.
On the upside, this is the most exciting era
in human history for science and technol-
ogy. What our young people are doing today
is stunning; we just have to be sure that we
support them, and give them the opportu-
nity to create as great a society as we had
as young people. The United States has a
democracy, a free enterprise system, a di-
verse population, and a stunning history. But
to capitalize on our potential, we must pro-
duce two things: well-educated women and
men, and new ideas that come from basic
science and engineering research. And there
is hope. As Winston Churchill famously
remarked, “You can always count on the
Americans to do the right thing, after
they’ve exhausted all the other possibilities.”

Cherry A. Murray

Cherry A. Murray is Dean of the School of Engi-
neering and Applied Sciences at Harvard Univer-
sity, where she is also the John A. and Elizabeth S.
Armstrong Professor of Engineering and Applied
Sciences and a Professor of Physics. She was elected
a Fellow of the American Academy in 2001.

In my discussion of American innovation
in the twenty-first century, I will begin by
describing two twentieth-century innova-
tive environments that I have experienced
firsthand. I will explain how to create or
replicate a “localized” innovative ecosystem
within a company or institution; within a
community or city; and on a national scale
similar to the one that formed in the United
States following World War II. Then I will
address how technology and globalization
are changing these conditions in the twenty-
first century. Finally, I will share my views on
how we can sustain American ingenuity and
entrepreneurship by focusing on education,
and thus, how we can maintain a strong
economy and standard of living.

Since the end of World War II, the United
States has been the global leader in tech-
nology innovation. Here, innovation means
bringing new products and services to the
market, in addition to the process of inven-
tion. As noted economist Joseph Schum-
peter explained, technological innovation
often includes creating new technology and
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market paradigms or developing new tech-
nologies and industries that displace older
ones to generate both wealth and social well-
being.

What is an innovative environment?
What is required to create and sustain such
an environment? As an example, I offer my
observations of a great twentieth-century
supplier of technological innovation: Bell
Labs research in the 1970s to 1990s. I began
working at the company in 1978, as a mem-
ber of the technical staff in the physical
research laboratory, and was Senior Vice
President of Physical Sciences and Wireless
Research by the time I left in 2004.

AT&T, which owned Bell Labs, was one of
several large U.S. companies with industrial
R&D labs, including Xerox Palo Alto Re-
search Center and IBM Research. These
companies emerged as powerhouses of in-
vention and innovation in the post—World
War II American economy. All held a mo-
nopoly or near monopoly position in their
market; all were focused on a variant of in-
formation technology; all were vertically in-
tegrated; and all had resources to support
relatively basic research as well as pure prod-
uct development.

The research staff in these labs published
much of their work in the open literature (in
addition to and after patenting their ideas)
and thus served as a research supplier for the
entire information technology industry. For
example, Bell Labs and IBM published semi-
conductor electronics research on first dem-
onstrations of new technologies that both
Intel and Taiwan Semiconductor Manufac-
turing Corporation relied on to determine
the semiconductor electronics technologies
that were feasible and worth developing fur-
ther.

Alas, these powerhouses no longer exist.
Due to inevitable market forces, maturation
of the technologies, growth of supply chains
that supported de-layering, and government
deregulation of these industries, very few
technology companies can now support a
large central research lab with relative intel-
lectual freedom. There are, however, some



key insights to be gleaned from how these
companies operated.

From the 1970s to 1990s, the Bell Labs re-
search area had roughly twelve hundred sci-
entists and engineers, predominantly PhDs.
The development area more closely associ-
ated with AT&T (and, after trivestiture, Al-
catel-Lucent) business units had roughly
thirty thousand employees, with a smaller
percentage of PhDs (10 to 20 percent) super-
vising bachelor’s-level per-
sonnel and technicians. Flow
of ideas, people, and commu-
nications between R&D was
encouraged by executive man-
agement, especially around
conceptualization of new prod-
ucts and solving problems in
the development of the next
generation of products. In this
“problem-rich atmosphere,” a ventures
business unit spun out small businesses
around inventions that were not taken up by
the various internal business units. Relevant
parts of R&D were sometimes collocated,
and the two sectors met regularly. Roughly
25 percent of postdoctoral scholars hired
into research later found jobs in develop-
ment, thereby forming a strong link between
their former research supervisor and their
new development team. Top researchers
(usually first- or second-line managers) re-
cruited outstanding PhD graduates from
their alma maters and placed them in tech-
nical positions in science and engineering
teams throughout the company.

In this vast pool of talented, highly trained
technical staff, it was up to the entrepreneur-
ial researcher to find scientists and engineers
with the relevant expertise and then to inter-
est them in his or her problem. Researchers
inevitably ran into one another in the hall-
way as they moved from office to laboratory.
Nearly everyone engaged in spirited techni-
cal arguments over lunch in the cafeteria and
in the many seminars given by internal em-
ployees and alarge number of distinguished
visitors. Researchers learned what their col-
leagues were doing in hallway conversa-

tions; more often, they bumped into other
Bell Labs researchers while attending major
scientific conferences.

A number of creative tensions helped the

company thrive:

e Lofty long-term goals (do the best sci-
ence; create the future of telecommuni-
cations) were coupled with incentives to
patent and push inventions into the
market quickly. Some research organi-

zations within Bell Labs focused more
on one or the other goal ; most were bal-
anced and supported both.

e Researchers were considered career em-
ployees but were not guaranteed em-
ployment. A meritocratic management
and performance review system led a
small percentage at the bottom to leave
the company each year.

The management structure was strictly
hierarchical at the same time that no
professional or management titles were
used and all staff were on a first-name
basis, from technicians up to the presi-
dent of Bell Labs.

o With research largely funded internally,
managers allocated the finances they
procured based on two competing prior-
ities: generating the world’s best sci-
entific and engineering research, and
generating the most business impact for
the company. Managers were judged on
their success recruiting talent into the
organization and on how well they ac-
complished both conflicting goals. This
task involved considerable risk: betting
on creative people and their novel ideas
rather than on projects that would suc-
ceed but would be more of the same.

e The company maintained a highly com-
petitive yet collaborative environment.
Bell Labs had an explicit policy whereby
“empires” were not permitted to grow;
therefore, employees had to team up to
do something big or collaborate to ac-
quire others’ expertise or equipment.

o Teams were allowed to “self-assemble,” or
were occasionally brought together by
management, depending on the project.

Bell Labs had an explicit policy whereby “empires”
were not permitted to grow; therefore, employees
had to team up to do something big or collaborate
to acquire others’ expertise or equipment.

e Choosing problems to pursue was large-
ly a bottom-up process (that is, man-
agers would let a thousand flowers
bloom, but quickly devote resources to
the most promising few and cull the
rest), but sometimes the route was top-
down (that is, a manager would set a
challenging goal and let the staff invent
how to accomplish it). Perhaps the most
well-known top-down project at Bell
Labs was the solid-state amplifier that
led to the transistor.

Research was at an intellectual “criti-
cal mass,” with sufficient expertise in
many disciplines, yet most projects were
starved for resources, which forced pri-
oritization.

What is required to create such an envi-
ronment? This question is important pre-
cisely because the type of environment that
allowed these major corporate labs to flour-
ish no longer exists.

More than money is required: the risks
funders are willing to take on ideas and peo-
ple are even more important than sheer vol-
ume of funds. Bringing together, or allowing
to self-assemble, a critical mass of interact-
ing scientists and engineers over a consider-
able length of time — sometimes up to ten
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years — is necessary to provide an innovative
solution to a particular problem. The prac-
tice of not allowing empires to form is prob-
ably also important.

I believe that at least some of the creative
tensions that existed at Bell Labs must be
present in an innovative environment. The
best technical innovations come from inter-
disciplinary teams, not from individuals
working alone. A culture of scientific meri-
tocracy is essential. The managers directly
supervising or funding research scientists
and engineers must themselves be world-
class scientists or engineers with a broad
view of where a new invention might be best
used to create value.

Making highly trained, inventive people
available and willing to join an organiza-
tion’s research team requires a strong rela-
tionship with the top research universities

When a research team

ence, and Edison’s “do what works” ap-
proach. This implies a relatively large team
of scientists and engineers working together
on a specific technology, yet that team must
be small enough to communicate and coop-
erate effectively. A critical mass could vary
from fifteen to one hundred researchers, de-
pending on the range of expertise needed.

At the same time the great industrial
R&D labs were forming, another type
of complex innovation ecosystem began to
emerge, one that integrated public funding
with the work of research universities. Dur-
ing and immediately following World War
II, the United States established national
labs to take over the functions of the Man-
hattan Project. The federal government also
funded a cadre of university scientists, ini-
tially recruited to work in the wartime effort,

is exposed to challenging real-
world problems that require multidisciplinary and di-
verse expertise, the resulting problem-rich atmosphere

generates inventive ideas.

in the relevant fields, or for the research to
come directly from a leading research uni-
versity. Major U.S. universities have had a
better record of educating creative and in-
ventive people than institutions in any other
country, and teams of experts working on in-
teresting and challenging projects tend to at-
tract other first-rate scientists and engineers.

When a research team is exposed to chal-
lenging real-world problems that require
multidisciplinary and diverse expertise, the
resulting problem-rich atmosphere gener-
ates inventive ideas. Understanding market
needs as well as customer reactions to an in-
vention is important. Note also that a chal-
lenging problem might require a portfolio of
subprojects that exist in three Stokes’ quad-
rants at any one time: Pasteur’s problem-
driven science, Bohr’s curiosity-driven sci-

to provide research in the service of national
security. After the war, Vannevar Bush, the
president’s science advisor, provided the im-
perative for what eventually became a mul-
tiagency federal funding source for uni-
versity research in science and engineering
fields related to U.S. economic and national
security. This infusion of federal research
funding into universities, coupled with the
1980 Bayh-Dole Act, which permitted uni-
versities to own the intellectual property
generated as a result of federally financed
projects, greatly enhanced a scientific revo-
lution in the last two decades of the twenti-
eth century and had a profound effect on
industry and innovation. In 1970, two thirds
of R&D funding in the United States was
from the federal government, a lion’s share
of the more fundamental scientific research
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atuniversities. University research led to the
publication of scientific ideas, served as a
source of PhD recruits for large, research-
intensive companies such as AT&T, and pro-
duced a number of entrepreneurial spin-off
companies, the disruptive technologies of
which, in a number of years, successfully
competed with established technologies.

Several complex innovation ecosystems
evolved in regions around major univer-
sities: notably, Silicon Valley developed
around Stanford University, the University
of California, Berkeley, and the University of
California, San Francisco; and Route 128
grew up around MIT and Harvard Univer-
sity. These entities, in contrast to the large
industrial labs, integrated various institu-
tions, sources of venture capital, and the fed-
eral and local governments, rather than
relying on a single monopolistic employer
with mostly internal fund-
ing streams. Outcomes for
communities and regions
were often profound: the
North Carolina Research
Triangle,' for example, was
the result of a state invest-
ment in innovation ser-
vices around three major
universities. After more than fifty years, it is
still a boon for North Carolina’s economy.

What made these local innovation ecosys-
tems successful? Certainly, they shared
many of the qualities I observed at Bell Labs.
Much research has been done on this sub-
ject, including several books by Roger Gei-
ger, an education scholar at Pennsylvania
State University.” Geiger’s findings suggest
afew lessons.

1 Rick L. Weddle, Elizabeth Rooks, and Tina
Valdecanas, “Research Triangle Park: Evolution
and Renaissance,” paper presented at the 2006
International Association of Science Parks World
Conference, Helsinki, Finland, June 2006.

% Roger L. Geiger and Creso M. Sa, Tapping the
Riches of Science: Universities and the Promise of
Economic Growth (Cambridge, Mass.: Harvard
University Press, 2008).



Reprinted with permission of Alcatel-Lucent USA Inc.

Bell Labs researchers John B. MacChesney (left) and Paul B. O’Connor heat a silica tube on a glass lathe. In 1980, the pair received a patent

for a fiber-making process in which highly purified glass layers are formed from chemical vapors that react inside a silica tube when it is
heated. Called modified chemical vapor deposition, the process has been widely used by telecommunications firms in the United States and
internationally to produce hair-thin glass fibers for transmitting telephone conversations.

First, the ecosystems’ physical proximity
to several major universities provides a
source of people, ideas, and intellectual
property. In the late twentieth century,
American universities were the predomi-
nant source of published scientific research,
a notable fact given that the most effective
patents on which new revolutions in tech-
nology and industries are based have in-
evitably been those that cite scientific
literature. The back-and-forth movement of
people from institutions to industry is the
best source of knowledge transfer, and it is
highly localized around universities.3 Both
Stanford and MIT have undertaken studies
showing that a large part of the U.S. and
world economy stems from the institutions’
respective local environments.

Second, entrepreneurial service providers
such as patent lawyers, venture capitalists,
human resource specialists, loan providers,

3 Adam B. Jaffe and Manuel Trajtenberg, “Flows
of Knowledge from Universities and Federal Lab-
oratories ; Modeling the Flow of Patent Citations
over Time and across Institutional and Geo-
graphic Boundaries,” Proceedings of the National
Academy of Sciences 93 (1996): 12671 — 12677.

laboratory services or machine shops avail-
able for fees, mentoring, and relatively inex-
pensive space to start ventures tend to thrive
in close proximity to a cluster of major uni-
versities, which are their source of talent and
ideas. Encouragement and incentives by lo-
cal government often help maintain these
entrepreneurial services.

Third, intense technical exchange is more
likely to occur between university professors
and students, venture capitalists, and em-
ployees of startups if they regularly run into
each other informally at coffee shops or
lunch spots.

Fourth, a critical mass of highly motivated
and diverse scientists and engineers is a re-
quirement for any innovation ecosystem.
(There are debates about what constitutes
critical mass in this type of regional ecosys-
tem, but it is greatly enabled by proximity to
a cluster of universities, and it surely con-
sists of a complex size distribution for all
these elements.)

Fifth, in an environment where venture
capital and angel funders bet on people and
ideas, a perverse meritocracy persists: that
is, entrepreneurs are used to and learn from
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failure — more so than in large corporations
such as Bell Labs.

I n the twentieth century, the broad U.S. in-
novation ecosystem was characterized by
a partnership of four key entities: K-12 edu-
cation, which provided an educated pipeline
for universities; research universities, pro-
ducers of both educated people and knowl-
edge; industry; and government, a source of
funding, governance, and regulations. The
national system comprised a complex array
of many local ecosystems that have generated
the vast majority of technological and eco-
nomic breakthroughs. The 2005 National
Academies report Rising Above the Gathering
Storm, as Chuck Vest discussed, recommend-
ed steps the United States could take to main-
tain all four essential parts of this engine.

In the twenty-first century, how will the
impact of technology, market forces, demo-
graphics, and — especially — globalization af-
fect this picture of a working, if not ideal,
national innovation ecosystem ? Will it con-
tinue to include local and regional ecosys-
tems? Is it still important to maintain close
physical proximity and an easy exchange of
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people between the parts? In the Internet
and social media age, what kind of connec-
tions between people will suffice to create
innovation? Are we educating our work-
force to compete in a global ecosystem ?

As we have observed over the last decade,
major corporations are global companies

who are deeply immersed in one discipline
but able to communicate across and work
with other disciplines.

We also need engineering leaders who will
take the long view and be able to hold the cre-
ative tensions in an organization in balance.
To speak to this need, I will conclude by read-

The back-and-forth movement of people from
institutions to industry is the best source of
knowledge transfer, and it is highly localized

around universities.

driven by market forces to put their R&D
close to their biggest markets —and put their
manufacturing in the least expensive and
most favorable labor markets. Corporate re-
search labs are moving to large offshore mar-
kets such as China and India, countries with
educated workforces and research universi-
ties that are growing in scientific and techni-
cal eminence. Meanwhile, U.S. demographics
and entitlements are putting pressure on both
federal research budgets and state support of
public research universities, and the endow-
ments of private universities were weakened
by the 2008 stock market plunge.

For the United States to flourish in the
twenty-first century, we will need a source of
entrepreneurial scientists and engineers. I
want to focus on how we can change our en-
gineering education, in particular, to foster
innovative thinking. As Scott Page, a social
scientist at the University of Michigan, has
pointed out, a diversity of ideas optimizes
problem-solving.# Diverse teams may take
longer to solve a problem, but they produce a
better and more profound solution. Teaching
in-depth thinking about problem-solving in
anumber of different ways is important. Ilike
to think of creating “T-shaped” individuals

ing from an editorial that venture capitalist
Andy Garman and I wrote on the subject,
published today in The Harvard Crimson®:

[Blehind every technological ad-
vance inevitably lies an engineer.

China, Korea, and India understand
this well, graduating enormous num-
bers of new engineers. The debate
about the need to train and produce
more engineers to maintain U.S. com-
petitiveness, however, has obscured an
important issue. We don’t just need
more engineers; we need a different
kind of engineer. What we need are en-
gineers wholead, driving not just inven-
tions, but institutions.

The greatest challenges our country
and the world face — energy, informa-
tion access, climate change, sustainabil-
ity, healthcare, economic development
and growth, even financial reform — re-
quire the technical knowledge and ana-
lytical skills of people trained in the
engineering sciences.

[...]

Those who rise to the top of organi-
zations do so in large part because of in-
terpersonal and communication skills,

4 Scott Page, The Difference : How the Power of Di-
versity Creates Better Groups, Firms, Schools, and So-
cieties (Princeton, N.J. : Princeton University Press,
2007).

5 Cherry A. Murray and Andrew Garman, “Engi-
neers Who Can Lead,” The Harvard Crimson,
April 14, 2011.
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tolerance for real-world ambiguity, and
a holistic understanding of organiza-
tional needs. Business and law schools
tend to attract people with these char-
acteristics and then reinforce them
by the nature of their programs and
culture.

To provide a foundation for engineer-
ing leadership, engineering schools
should take alesson from law and busi-
ness schools. We aspire to create a new
generation of engineers who have deep
technical training in a domain, and the
breadth of knowledge and character to
effectively collaborate with and lead
others.

Of course, it takes a great deal of
classroom and lab time to be prepared
to solve complex technical challenges.
The tolerance for technical error is low:
airplanes must fly, bridges must stand,
and power plants must run.

Without aiming for breadth of
knowledge beyond just the technical
though, universities risk educating en-
gineers lacking the qualities required
for corporate and government leader-
ship. Thankfully, the philosophy of “en-
gineering as a liberal art” —in which
engineering discipline is part of a liber-
al arts curriculum, and students learn
by working in multidisciplinary teams
to solve real-world problems - is catch-
ing on.

We need to foster this holistic way of
thinking about the world.
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C ompetitiveness, innovation, and health
are all interconnected. We are never
going to have a competitive society without a
healthy workforce and a healthy population,
and we cannot become healthy without inno-
vation in health technology and processes. As
hasbeen stated, America currently ranks very
poorly on life expectancy - twenty-fourth in
the world. For infant mortality, another com-
mon, international measure, we are again far
behind the frontrunners at thirty-first in the
world. There is, however, one health measure
in which the United States outdistances all its
competitors: how much we spend on health.
We spend double the OECD average per
capita on health. That’s an additional $4,326
per person and with worse results." This grim
picture, however, also teaches a very impor-
tant lesson : we cannot spend our way to bet-
ter health. Simply spending more money is
not going to solve our health challenge; we

LOECD, Health at a Glance 2009 : OECD Indicators
(Paris: OECD Publishing, 2009); http://www
.oecd-ilibrary.org/social-issues-migration
-health/health-at-a-glance_19991312 (accessed Jan-
uary 17, 2011).

have run that experiment for fifty years, and
it does not work.

To be fair, we are mainly falling behind in
a relative sense. Viewed historically, Amer-
ica’s track record for population health has
been aremarkable success. At the beginning
of the twentieth century, the infant mortal-
ity rate in the United States exceeded one
hundred per one thousand live births.* In the
early 1900s, the most dreaded disease was
tuberculosis®; TB was to the beginning of
the twentieth century what cancer is to the
beginning of the twenty-first century. In
1900, life expectancy at birth was less than
fifty years of age*; in the space of just one
century, life expectancy at birth increased
by more than twenty-five years. This last
achievement is perhaps the best argument
for birth control: wait another year, and
your child will have an additional three
months of life expectancy! Truly, this past
century was an incredible period of progress
in health unparalleled in history.

The success of the United States is impres-
sive when measured against its own history,
but less so when measured against the stag-
gering pace of improvement in other coun-
tries. In the United States, heart disease be-
came the leading killer by the 1920s when it
overtook the great infections, going on to
peak in the mid-1960s° — at about the same
time as the first Surgeon General’s report on
tobacco.

The country with the highest rate of car-
diovascular mortality in the 1960s was Fin-
land. Diets there were rich in butter and salt,
and Finns were heavy smokers. In 1971, the
North Karelia Project (named for the prov-

2 National Center for Health Statistics, Vital Sta-
tistics of the United States, 1982 (Washington,
D.C.: Public Health Service, 1985).

3 National Center for Health Statistics, Leading
Causes of Death, 1900 - 1998, ed. Public Health
Service (Washington, D.C.: Public Health Ser-
vice, 1998).

4 National Center for Health Statistics, Vital Sta-
tistics of the United States, 1982.

5 National Center for Health Statistics, Leading
Causes of Death, 1900 — 1998.

ince in Finland it targeted) took up the chal-
lenge of trying to rein in this epidemic.® The
Finns adopted a preventative approach
based on the understanding that just as we
cannot spend our way to better health, we
cannot cure our way to better health: we
have to stop the problems before they begin.
Armed with this understanding in North
Karelia, program officials introduced an
array of interventions involving physicians,
community organizers, nongovernmen-
tal organizations, and government, while
launching massive education programs.
They intervened at every possible level. The
results, after twenty-five years, are quite
striking: mortality from heart disease in
North Karelia is down by 85 percent; mor-
tality from lung cancer is down by 8o per-
cent; all cause mortality is down by 62
percent. The program was expanded across
Finland, and Finland’s average life ex-
pectancy has now surpassed that of the
United States.”

Other countries, such as Singapore, have
performed similarly — once lagging behind
the United States, they are now ahead of us.?
All of these countries have nearly universal
health insurance coverage and have stressed
prevention of disease.

We don’t have to look abroad for models
of exemplary public health policy and prac-
tice. There have been major localized suc-
cesses within the United States. The per-
centage of U.S. adults smoking tobacco was
42.4 percent in 1965 when the first National
Health Interview Survey took place.” It has

6 pekka Puska, “The North Karelia Project: 30
Years Successfully Preventing Chronic Diseases,”
special issue, Diabetes Voice 53 (2008): 26 — 29.

7 OECD, Health at a Glance 2009.

8 The World Bank, World Development Indica-
tors, 2011; http://data.worldbank.org/data-cat
alog/world-development-indicators ?cid=GPD
_WDI (accessed May 24, 2011).

9 Centers for Disease Control and Prevention,
CDC - Trends in Current Cigarette Smoking — Smok-
ing & Tobacco Use, 2010; http://www.cdc.gov/to
bacco/data_statistics/tables/trends/cig_smok
ing/index.htm (accessed May 24, 2011).
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since declined by more than half and is cur-
rently around 20 percent. However, success
has been uneven across the United States,
and some communities have done more to
solve the problem and have seen better re-
sults. In New York City, there are now three
hundred fifty thousand fewer smokers than
there were in 2002."° Smoking has been
banned from public buildings, restaurants,
and even parks and beaches." Whereas be-
fore, discouragement only came from social
norms, it is now being reinforced by public
law. Although tobacco played an important
partin U.S. history, it is a role best relegated
to history. In another hundred years, people
are going to look back at this century’s at-
tachment to tobacco with utter bafflement.

We can do more. After tobacco, the next
critical opportunity is in improving diet and
physical activity. Both of these are crucial to
solving the obesity epidemic, a growing

public buildings in the City of Boston," a
strong step in the right direction. That is one
area where Boston has now jumped ahead of
New York City, and I suspect Mayor Bloom-
berg is paying attention to Mayor Menino’s
policy.

We can also learn from the examples set
by companies like Johnson & Johnson,
which started Live for Life, a health promo-
tion program for employees, more than
twenty-five years ago. A recent study com-
pared health and health care costs among
Johnson & Johnson and other similarly sized
companies from 2002 to 2008."* Accord-
ing to this study, the program has yielded
healthier employees and an average annual
savings of $535 per employee per year in 2007
dollars. Johnson & Johnson was able to build
a “culture of health” at the workplace, where
American adults spend a large proportion of
their time.

There is one health measure in which the
United States outdistances all its competi-
tors: how much we spend on health.

problem and threat to the future well-being
of America. In fact, some estimates are now
projecting that obesity has the potential,
for the first time, to reverse the continuing
curve of advancement in life expectancy.'
The mayor of Boston recently announced
that he was expanding his ban on sugar-
sweetened drinks, taking them out of all

19 New York City Department of Health and
Mental Hygiene, New York City Smoking Rates Fall
to Lowest Rate on Record, 2009; http://www
.nyc.gov/html/doh/html/pr2009/pro23-o9
.shtml (accessed February 21, 2011).

"Tavier C. Hernandez, “Council Passes Smoking
Ban for City Parks and Beaches,” The New York
Times, February 3, 2011.

12Susan T. Stewart, David M. Cutler, and Allison
B. Rosen, “Forecasting the Effects of Obesity and
Smoking on U.S. Life Expectancy,” New England
Journal of Medicine 361 (23) (2009): 2252 — 2260.

There is much to belearned from these in-
dividual initiatives. I would love to see a na-
tional competition among the mayors of the
United States to see who can do more locally
to encourage healthier lifestyles. I would
love to see governors competing to see
which can be the first state to diminish the
proportion of overweight and obese. I would
love to have a national debate on health that
focused not only on the health care system,
but also on prevention. Prevention of dis-
ease and promotion of health are both con-

13 Meghan E. Irons, “Menino Expands Sugary
Drink Ban: Some Beverages Won’t be Allowed
on City Properties,” The Boston Globe, April 8, 2011.

14 Rachel M. Henke, Ron Z. Goetzel, Janice Mc-
Hugh, and Fik Isaac, “Recent Experience in Health
Promotion at Johnson & Johnson : Lower Health
Spending, Strong Return on Investment,” Health
Aff (Millwood) 30 (3) (2011): 490 — 499.
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nected to health care and to many aspects of
policy and daily life, and prevention is the
surest path to a healthy nation.

We can do more at every level — personal,
family, community, state, and nation-wide.
We can learn from our history of what
worked, and we can appreciate the power of
prevention. We can learn from models of ex-
cellence that have been successful at reduc-
ing key causes of disease — tobacco, lifestyle,
and diet — and we can become a healthier
nation, more competitive in the world, and
more successful at home. B

© 2011 by Charles M. Vest, Cherry A. Murray,
and Harvey V. Fineberg, respectively



