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IN NO OTHER COUNTRY have the great founding fi gures staked so 
much on science. At his death, George Washington left  a bequest of 
50 shares of stock in a canal-construction company to support the 
founding of a national university where the new nation’s youth would 
be educated in the arts and sciences and would study “the principles of 
politics and good government.” Washington was, of course, a surveyor 
by trade, considered a highly technical craft  in its time. 
 Benjamin Franklin’s intensive study of natural phenomena such as 
such electricity, meteorology, and refrigeration is less appreciated than 
his particular inventions, like the lightning rod. But Franklin clearly 
understood that technological innovation should be based on careful, 
systematic observation and experimentation, a remarkable intuition 
that would fully fl ower only well into the next century. His concrete 
institutional legacies—the American Philosophical Society, the 
Franklin Institute, and the University of Pennsylvania—all embody 
Franklin’s enthusiasm for inquiry and innovation.
 Th omas Jeff erson, whose inventions still fascinate visitors to Mon-
ticello, said of himself that “Nature intended me for the tranquil pur-
suits of science, by rendering them my supreme delight.” In more prac-
tical terms, Jeff erson’s founding and stewardship of the Patent Offi  ce 
refl ected his view that America must reward creativity in order to 
achieve its great destiny.
 And Jeff erson’s great and equally complex rival, Alexander Hamilton, 
was set on a career in medicine in college and att ended as many lec-
tures on science as he could. As the architect of the American economy, 
Hamilton shared with the other founders a vision of the importance of 
invention as a key to the country’s greatness, and sought to facilitate his 
extraordinarily modern conception of investment, industry, and com-
merce as an organic system.
 In the late 18th century the term science was still virtually inter-
changeable with natural philosophy. Yet these founders sensed that the 
trajectory of human knowledge was on a sharply upward course. Infl u-
enced by the Scott ish and English empiricists, especially David Hume 
and John Locke, they also seemed to believe that America’s aspirations 
were naturally implied by human nature, an inborn temperament that 
included certain inherent capacities for inquiry and understanding. 
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 In the 19th century these notions crystallized 
into a conception of material progress as inevitable, 
facilitated by science and industry, and indeed from 
the perspective of the early American progres-
sives—among them Th eodore Roosevelt, Robert 
LaFollett e, Woodrow Wilson, William Howard Taft , 
and William Jennings Bryan—it seemed hard to 
argue with the idea that progress was steamrolling 
through history, for all its virtues and vices. 
 But is material progress also spiritual progress? 
And in either case is it inevitable? Not all progres-
sives bought into the notion of progress as con-
nected with industry, or do now. Vannevar Bush’s 
famous post-war characterization of science in 
1945 as “the endless frontier” was perhaps the high-
water mark of American optimism about scientifi c 
research as the foundation of a limitless, bounti-
ful American future. As historians have amply 
documented, social movements of the succeeding 
decades have called into question both the inevi-
tability and the spiritual satisfactions of scientifi c 
progress expressed by Bush, one of the founding 
fathers of the military industrial complex. 
 Th us we have on one hand America’s astonish-
ing ascent, built to a great extent on the intimate 
relation between energetic scientifi c inquiry and 
a powerful modern state that the founders appear 
to have intuited. And on the other hand, we have 
grave doubts that true progress as an outgrowth 

of material improvement can be taken for granted, 
or even that it has any meaning. What then is the 
American narrative of science and progress for the 
21st century? 
 In the largest sense, developing this new narra-
tive is the intellectual challenge that Science Progress 
has set for itself. Th is eff ort could hardly be more 
timely. Th e impetus for Science Progress is the sense 
within the scientifi c community that, at many lev-
els, American science policy has lost its way: from 
doubts about the current administration’s commit-
ment to evidence, to concern about political move-
ments that call evolution itself into question, to 
worries about our ability to sustain our historic lead 
in basic research. Since our Web launch in October 
2007 we have been gratifi ed by the enthusiastic 
response of scientists, experts in science policy, and 
leaders in fi nancing innovation. 
 Our overarching aim is to continue to work out 
the founders’ vision of an American future that 
remains a great and unfi nished experiment and thus 
is, at its core, a nation of science. 

Jonathan D. Moreno is the David and Lyn Silfen Uni-
versity Professor and Professor of Medical Ethics and 
of the History and Sociology of Science at the Uni-
versity of Pennsylvania. He is a Senior Fellow at the 
Center for American Progress and Editor-in-Chief of 
Science Progress.
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OUR NATION TODAY faces unprecedented challenges to our global 
political and economic leadership, our national prosperity, our health 
and well-being, even our once unquestioned post-war dominance in 
science and technology. Our political leaders on both sides of the aisle 
claim these challenges can be met with the application of some good old 
American ingenuity and lots of money. History is on our side, of course, 
but the challenges are myriad and their complexities unprecedented.
 Th e pages of Science Progress now in your hands brim with confi -
dence (we’re progressives, aft er all) in our country’s future—optimism 
that is matched by clear-eyed analysis and complementary policy pro-
posals to meet the many interlocking challenges of the 21st century. 
Our staff , our advisory board members, and our array of policy experts 
have embraced Science Progress as a unique platform to guide U.S. sci-
ence, technology, and innovation policymaking in age of overlapping 
scientifi c disciplines and almost overwhelming interconnectedness. 
Above all, though, we have all come together in search of new ideas and 
new policies that ensure scientifi c innovation off ers all Americans the 
opportunity to contribute to the national and global common good.
 Th at’s why the inaugural edition of this journal begins with the sec-
tion Innovation and Economic Opportunity. We open with an essay 
on the seemingly arcane but crucially important question of public 
policy quality management, followed by a telling examination of the 
effi  cacy of diversity in our quest for more innovation and higher pro-
ductivity. Th ese two essays—and the ones that follow in this section 
on competitive grants, venture capital, and computer gaming—high-
light the importance of encouraging out-of-the-box thinking to boost 
economic prosperity for all Americans. Money, though, is equally 
crucial, thus our case for a national innovation agenda, which rounds 
out the journal’s fi rst 20 pages.
 Sometimes science best presents itself in classic form—through 
direct dialogue, or questions and answers to elicit the voice as well as 
the knowledge of the research at hand. We open our Energy and the 
Environment section and close our Life Sciences and Public Health 
section with Q&As to explore directly the latest advances in biofuels 
and genetics. Th ese discussions also explore new policy proposals ger-
mane to progressive ideals of clean and equitable economic and social 
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growth. Th e Q&As bookend two sections replete 
with forward-looking analysis of other key science 
and technology issues, among them water manage-
ment, green technologies, drug development, con-
traceptives, and electronic medical records. 
 In the middle pages of this, our fi rst print edition—
visit our online magazine at www.scienceprogress.
org—reside our most comprehensive pieces of sci-
ence and technology policy work, focused on national 
security. But like the rest of the articles in this journal, 
these more lengthy reports look beyond the tradi-
tional borders of national security to embrace more 
encompassing defi nitions of the term befi tt ing the 
new threats faced by our nation. 
 Th is edition’s signature policy proposal—

“Ubiquity Requires Redundancy: Th e Case for Fed-
eral Investment in Broadband”—calls for multiple 
broadband connections stretching across the length 
and breadth of our nation to cope with national 
security threats posed by radical terrorists, pan-
demics, and the consequences of more devastating 
natural disasters spawned by climate change. Th is 
detailed focus on telecommunications policymak-
ing to match 21st-century threats is followed by a 
smaller report on the dual use dangers of biotech-
nology in military and commercial technologies 
today at home and abroad, complete with practical 
policy proposals to bring about global enforcement 
of realistic oversight mechanisms of the science 
that will likely dominate the 21st century. We close 
out the national security section with a report on a 
21st-century technology—new high-tech sensors—
which could secure the safety of our crumbling 20th-
century national infrastructure.
 We end this issue of Science Progress with per-
haps the least discussed but most crucial long-term 
aspect of science and technology policymaking—
how to educate the American people about the 
importance and relevance of science. Communi-
cating science today is vastly more complicated 

than it was at any time in the past century, when 
the certainty of scientifi c facts and those who dis-
covered them came to reign supreme. Alas, most 
scientists today still communicate their facts and 
conclusions from on high to the American people, 
who increasingly fi nd these arguments under-
standably unpersuasive due to the cacophony of 
oft en contradictory scientifi c studies. 
 Th e series of essays in the Science Communica-
tion and Education section challenge scientists and 
policymakers to do bett er—to actually engage with 
the American people in a dialogue when the public 
expresses concerns about new technologies such as 
synthetic biology and nanotechnology, and to explain 
why dueling theories about, say, the possible causes 
of a particular cancer are as important to understand 
as the possible cures to which the theories may point. 
In this way, manufactured controversies about the 
effi  cacy of the scientifi c method by anti-science pro-
ponents of, say “intelligent design” over the theory 
of evolution, can be eff ectively dismissed by a more 
scientifi cally engaged American public.
 Communicating the importance of science and 
technology to the American people helps ensure 
the innovation policy proposals so key to our coun-
try’s future prosperity fi nd a willing audience on 
Capitol Hill and in statehouses around the coun-
try. Science Progress is designed to tackle both tasks, 
so take a glance at our Table of Contents, dip into 
those issues that fi rst catch your eye, but don’t limit 
yourself to what you know and understand. Our 
purpose here is to shake up U.S. science policy 
by off ering new ideas to new challenges, drawing 
strength from a diversity of opinions across a range 
of disciplines. Th is approach is inherently progres-
sive. It is science progress at its best. 

Ed Paisley is Editorial Director of Science Progress, 
and Vice President, Editorial, at the Center for Ameri-
can Progress.
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Juran, who died on February 28 at the age of 103, was a giant in the qual-
ity movement that revolutionized manufacturing, fi rst in Japan and then in 
the United States and the rest of the industrialized world. Juran and those 
who followed him extended quality principles across the entire business 
sector and into other aspects of society. It is now clear that Juran’s views on 
teamwork and his ideas about continuous improvement and quality assur-
ance management techniques are even more important today to the United 
States’ position as an intellectual and practical world leader in innovation.
 But fi rst, a bit more on Juran’s critical legacy. Born in a primitive East 
European village, Juran immigrated to the United States as a child, and at 
age 21 was one of the fi rst engineers to apply statistical methods to qual-
ity inspection in manufacturing. Ultimately, he became Western Electric’s 
corporate Head of Industrial Engineering and then went on to re-engineer 
military logistics during World War II. On loan from Western Electric to 
the federal government, Juran led a multi-agency team that redesigned the 
U.S. armed forces’ shipping processes, reducing the amount of paperwork, 
signifi cantly cutt ing costs, and aiding the war eff ort.
 Aft er the war, Juran became a full-time quality consultant, and is cred-
ited with transforming the Japanese post-war economy. He popularized 
the Pareto Principle—the idea that 80 percent of potential improvements 
are due to 20 percent of operations—teaching that the most successful 
organizations optimize that vital 20 percent fi rst.
 Juran’s key insight is that process matt ers. He stressed the importance of 
empowering individual workers, the reinforcing nature of teamwork and qual-
ity circles, and the importance of extending quality management techniques 
to suppliers and customers. And he taught the importance of benchmark-
ing to understand and meet the challenge of competitors. Japan’s embrace of 
quality management placed it on the road to world manufacturing leadership, 
as documented in Th e Machine that Changed the World. Japan’s recognition 
of his contribution led to the award by the Emperor of Japan of the Order 
of the Sacred Treasure Award, that nation’s highest honor. Th is is why the 
Japanese were so amused when, in the 1970s, American companies wanted 
to learn Japanese management techniques. Th e Japanese believed that they 

It is a metaphor for our times that 

the average American has never 

heard of Joseph Juran.
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were practicing American management as taught by 
Juran and his colleague Dr. Edwards Deming.
 Juran’s book, Total Quality Management, is the 
bible on this topic. At age 82, Juran was the star wit-
ness in the Congressional hearings that led to the 
creation of the Malcolm Baldrige National Quality 
Award, which honors superior performance in orga-
nizations that function at the highest quality level.

JURAN’S LESSONS FOR AMERICA TODAY

Management guru Peter Drucker stated in a 1996 
PBS documentary that “whatever advances Ameri-
can manufacturing has made in the last thirty to 
forty years, we owe to Joe Juran.” Indeed most of 
the large companies worldwide have embraced his 
ideas, including U.S. quality award-winning manu-
facturers Boeing Co., General Motors Corp.’s Cadil-
lac unit, high-end textile and chemicals company 
Milliken & Co., and Texas Instruments Inc. Yet, U.S. 
manufacturing today accounts for only 15 percent 
of our Gross Domestic Product. Th is is less than 
Japan, Germany, and other high-wage economies. 
Why? Th e reason is that services now dominate our 
economy, yet Americans oft en wonder where the 
service is in our service economy.
 Quality principles apply in services as strongly 
as they do in manufacturing, but the problem is 
that much of our service and manufacturing sectors 
still cling to the rigid industrial effi  ciency produc-
tion models of Frederick Taylor, the turn-of-the-
last-century’s most famous effi  ciency management 
expert. Th e high throughput, Taylorist model that 
treats workers as automatons, quality as an aft er-the-
fact consideration, and customers as uninformed 
and undemanding still appears to dominate.
 Nor are we as a nation aware of how fast our 
competition is moving. Other countries are tak-
ing quality a step further by considering how their 
governments and educational institutions need 
to restructure to bett er accomplish their national 
goals. Taiwan’s industrial parks now oft en bundle 
leading research universities and government agen-

cies to provide research and policy expertise for 
integrated solutions. Th e result is a nation that has 
moved from a underdeveloped country famous for 
cheap goods to the world’s largest manufacturer of 
all manner of computer peripherals—and increas-
ingly the inventor, designer, and manufacturer of 
cutt ing-edge electronic technologies.
 Or consider Finland, which has coupled its empha-
sis on quality in business with application of quality 
principles to its schools, with the goal of empower-
ing its students and teachers. Despite deemphasizing 
standardized tests, they have raised performance lev-
els to the point where students are among the best in 
the world, both in standardized tests and adaptability 
in the workforce upon graduation.
 Countries across the globe are aggressively 
modernizing, and once again, as in the 1970s, the 
United States is not keeping up. Th at’s why reengi-
neering government through quality management 
is so essential.

PUBLIC POLICY QUALITY MANAGEMENT

Ten years ago in the book Th e Death of Common 
Sense, legal scholar Philip K. Howard documented 
the rise of rules in American government. We were 
then and still are a society in which rules and pro-
cedures oft en inhibit creativity and problem solv-
ing. Much of government is driven by the same 
bureaucratic approach that Joe Juran spent a life-
time working to replace.
 When people say that they dislike government, 
they highlight the maze of rules and regulations, the 
lengthy and seemingly illogical processes, and the 
diffi  culty in gett ing governments to make decisions. 
Too oft en, government acts aft er the fact when 
something goes wrong—the analog of old-fash-
ioned quality control—rather than working with 
its constituencies to avoid problems, an approach 
that lies at the heart of today’s quality assurance 
programs in the private sector.
 Once something goes wrong, too oft en our gov-
ernment embraces an overbroad rule to prevent it 
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from happening again. One shoe bomber and thou-
sands of Americans take off  their shoes to comply 
with a rule that does not make us more secure and 
does not anticipate the next event.
 Joe Juran and his colleagues have shown us the 
way out. It is now time for the government at all 
levels, and wherever feasible, to replace end-of-the-
line regulation with active participation. A re-engi-
neered regulatory agency should be able to deliver 
a higher level of public safety by working with com-
panies and all other interested parties on sett ing 
commonly acceptable standards that guarantee a 
high level of public good in a cost-eff ective manner.
 For instance, state auto inspections could be 
redesigned to increase public safety. Data that they 
routinely collect could be targeted to that 20 per-
cent of components that cause 80 percent of the 
safety problems—the 80/20 rule again. Faulty 
components could be traced back to a manufactur-
ing lot and allow auto companies and their suppli-
ers to correct unusual patt erns of wear. Currently 
wide-ranging recalls happen only aft er signifi cant 
and catastrophic failure. Why not solve the prob-
lems in situ and work for much smaller recalls well 
before failure occurs?
 Critics will claim that the active participation 
of government agencies and industries in solving 
problems will result in what’s known as “regula-
tory capture,” in which the industry being regulated 
commandeers the agency policing it. But that’s what 
happens when regulations are rules-based; compa-
nies work hard to change the rules. In contrast, qual-
ity assurance management, if properly implemented, 
replaces regulatory capture with cooperation, and 
brings public offi  cials, private industry, and con-
sumer and workers groups together to achieve max-
imum effi  ciency, innovation, and speed in gett ing 
the product or service right the fi rst time.
 A government operating on its own priorities 
at a bureaucratic pace does not deliver timely solu-
tions—just when U.S. international economic com-
petitiveness demands timely action. To be eff ective 
in the 21st century, governments need to switch to a 

quality approach in conducting government business. 
Th is means going digital wherever possible, which in 
turn will necessitate sett ing privacy-protection for 
the mining of that data, working with manufacturing 
and services industries on developing common lan-
guage, and sett ing standards to make government/
industry interactions as seamless as possible.
 In short, it will require a government commit-
ment to excellence in forcing out waste and maxi-
mizing effi  ciency in its functions, and in commit-
ting to what is best for private sector entities and the 
common good. We need to realize that government 
services are part of the international competitive-
ness of private companies. Joe Juran championed 
international benchmarking for companies. We 
need to benchmark government delivery of services 
against the most effi  cient governments in the world. 
We need to get over assuming that everything in the 
United States is above average.
 Finally, we must recognize our nation’s inherent 
advantages and work to strengthen them as well. We 
have one of the world’s longest traditions of democ-
racy and of productively working together. Th e Inter-
net has greatly increased the effi  ciency of democracy 
by rewarding open systems and by making distribu-
tive work and decision-making easier. Premium ser-
vices from government are one of the off sets we can 
off er to low wages from other countries.
 We have every reason to believe the United 
States can once again emerge as a world leader 
in productivity and quality of life if we focus on 
the vital issues where we can make the greatest 
improvements; if we err on the side of an open 
and free society; if we reorganize to empower our 
entire workforce; and if we update Joe Juran’s gift  
of quality through a commitment on focused, con-
tinuous improvement. 

Jim Turner is Chief Counsel, Committ ee on Science and 
Technology, U.S. House of Representatives. Maryann 
Feldman is the Miller Distinguished Professor of Higher 
Education at the University of Georgia. Both are writ-
ing as individuals, not in their offi  cial capacities.
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INNOVATION

WHETHER PUT FORTH by Vannevar Bush, one of 
the godfathers of the military-industrial complex, 
or Richard C. Atkinson, the long-serving head of 
the National Science Foundation, the case for the 
funding of basic science remains largely the same 
even aft er 50 years—investment in basic research 
produces the knowledge that drives innovation and, 
in turn, human progress.
 Th e sources and causes of innovation remain 
mysterious (and will always be so), which in turn 
requires new thinking about how best to fi nance 
innovation. Th is faith in government funding of 
basic research rests (fi rst of all) on the proven short-
comings of profi t-driven science. Th e demands 
of the marketplace obviously create incentives to 
explore many scientifi c pursuits, most oft en practi-
cal problems such as how to build faster computer 
chips, safer allergy medications, and more fuel-effi  -

cient cars. One fact should be obvious, businesses 
won’t set out to make the world a bett er place unless 
they can make money at it.
 Th at leaves many fundamental questions related 
to the causes of disease, the forces that create an 
affl  uent society, and the maintenance of the earth’s 
ecosystems in need of funding from governments. 
Finding solutions to existing problems is reason 
enough to support science research, yet govern-
ment investment in basic science also encourages 
unguided exploration, which can result in solutions 
in search of problems, such as the laser. As odd as 
this sounds, science oft en fi nds answers to prob-
lems we didn’t even know we had.
 So why would I argue that the current science 
funding model is clearly inadequate to the needs of 
scientifi c inquiry? Why is this model antiquated? 
Because the sources and causes of innovation 

Diversity Should Power Science
More Money Is Not the Only Answer

By Scott Page
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remain mysterious (and will always be so), which 
in turn requires new thinking about how best to 
fi nance innovation.

SOURCES OF INNOVATION

Innovation, in economic terms, resides inside the 
heads of people. People possess diff erent ways of 
seeing problems and solutions—oft entimes diff er-
ent perspectives depending on the kinds of people 
viewing particular problems and solutions. People’s 
perspectives are accompanied by ways of searching 
for solutions to problems, something scientists call 
heuristics. When confronted with a problem, peo-
ple encode their (oft en quite diff erent) perspectives 
and then apply their particular heuristics to locate 
new, possibly bett er, solutions.
 Individuals who perform best obviously possess 
good perspectives and heuristics (think Th omas 
Edison and his multiplicity of inventions), yet 
30 copies of Edison working as a team may be 
no bett er than one. In contrast, a diverse team of 
individual innovators may on average know fewer 
heuristics each but collectively know more. When 
a diverse team applies those diverse heuristics, the 
eff ects can be superadditive. James Watson plus 
Francis Crick were far more impressive than either 
working alone.
 On a far larger scale, one reason for Silicon Val-
ley’s success is surely its abundance of bright engi-
neers from diff erent academic disciplines and from 
almost every corner of the globe. Collectively, they 
out-innovate other technology hotspots with equal 
brainpower but less diversity.
 Government funding of science must take this 
diversity calculation into account when allocating 
budgets. Government spending on science today is 
in eff ect a giant hedge fund. Despite the huge poten-
tial payoff s, this hedge fund won’t emerge from the 
private sector because too oft en the payoff s aren’t 
appropriable. Th e Naismith family made litt le from 
the invention of basketball, for example, but the 
world gained immeasurably.

 As with any hedge fund, eff ective government 
funding of science requires that lots of money gets 
tossed around. Some investments will yield litt le, 
while others will produce enormous dividends. Th is 

“portfolio” metaphor for scientifi c funding leads to 
an intuition that diversity has value—that basic 
scientifi c research should be allocated to diverse 
research projects. And that intuition is correct—
diversity does provide portfolio insurance—yet the 
value of diversity goes far beyond mere portfolio 
eff ects. Diversity can produce superadditive eff ects.
 A breakthrough in one domain can be combined 
with a breakthrough in another to produce even 
deeper knowledge. Research on disease transmis-
sion by epidemiologists helps us understand the 
spread of disease. Research by computational social 
scientists on how to construct large-scale simula-
tions of societies helps us understand how markets 
work and how economies collapse. When we com-
bine just these two breakthroughs, we’re able to 
construct a third, in the form of high fi delity com-
putational models of disease spread that enable us 
to learn when and how to intervene.
 In short, the mathematics of innovation shows 
that one plus one oft en equals three.

DEVELOPING SCIENTIFIC DIVERSITY

Th e government can encourage scientifi c diversity in 
four ways. First, they can encourage interdisciplinary 
research through programs such as the National Sci-
ence Foundation’s Integrated Graduate Education 
Research Traineeship initiative, or IGERT, which 
funds Ph.D. students in novel, interdisciplinary pro-
grams. Th e diversity of study of the IGERT program 
breaks through the current incentive structures of 
the modern academy, which reward progress within 
disciplines. Well-placed (and suffi  ciently large) 
IGERT carrots can provide incentives for scholars 
to step out of the comfort of their home depart-
ments to work with interdisciplinary teams.
 Second, the government can continue to sup-
port scholars from underrepresented groups. Fewer 
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than two in 100 Ph.D.’s in physics are African Amer-
ican, and fewer than two in 10 are women. Yet, we 
know from biology, psychology, and economics 
that the inclusion of women and minorities not 
only changes the questions being asked within a 
discipline, but also changes how those questions 
are answered.
 Th ird, funding must loosen up, and not just the 
purse strings. Government grants, be they from the 
National Science Foundation or the National Insti-
tutes of Health, oft en require perfect scores from 
multiple referees. Th is tends to bias awards in favor 
of safer, more conservative grants. Fear of failure, 
which is unavoidable given that future prospects 
depend on past successes, exacerbates the tendency 
toward more mainstream research. Innovation 
won’t be produced by tinkering on the margins of 
existing approaches.
 Aiming big implies failure. Th at’s okay. In its 
golden era of innovation, Bell Labs demanded a 
certain failure rate. Too much success signifi ed a 
lack of experimentation. Breakthroughs in science 
come from someone seeing a problem in a new way. 
Government needs to fund the space, resources, 
and opportunity for scientists to step outside of 
their usual boxes and fail. Th at’s impossible if grant 
renewals require success at every step.
 Fourth, the government can make commitments 
to big problems—fi nding a clean source of energy, 
colonizing Mars, curing cancer, eradicating poverty 
and disease. Big problems create diversity by shift -
ing att ention away from techniques and toward 
solutions. Th us, they spawn multiple approaches. 

 Big problems almost always unpack into lots of 
smaller problems, each of which requires diverse 
ways of thinking. And big problems, such as the 
space program, make science focal and fun, encour-
aging more people, and more diverse people, to 
choose science as a career.

INNOVATION FOR THE COMMON GOOD 

Many of the problems we face today are complex. 
Th ey consist of diverse, dynamically interconnected 
parts. Certainly climate change, epidemics, terror-
ism, and poverty fi t into that category.
 Other problems are just plain diffi  cult: fi nding 
a workable form of fusion, understanding protein 
folding, and curing diseases. We won’t solve these 
problems, the diffi  cult or the complex ones, with 
current modest levels of funding for well-estab-
lished routes of inquiry. We need more funding and 
more ways of thinking.
 Th e aim of governmental scientifi c funding is the 
production of innovation that improves the lives of 
everyone, and the seeds of innovation lie in seeing 
problems in new ways. Th e funding of science should 
refl ect that by rewarding diverse thinkers, funding 
interdisciplinary research, broadening the pool of 
scholars, and focusing att ention on big problems. 

Scott  E. Page is Professor of Complex Systems, Political 
Science, and Economics at the University of Michigan and 
external faculty at the Santa Fe Institute. He is author of 
Th e Diff erence: How the Power of Diversity Creates 
Bett er Groups, Teams, Schools, and Societies.
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UP UNTIL THE MID1800S, paper was made mostly 
out of rags. Th e paper industry lived and died on 
the availability of discarded clothes and other cloth 
materials that could be beaten into a pulp and 
poured into molds to make paper.
 Papermaking began in Maine in the 1730s, as 
the state’s rivers provided power and clean water 
for the papermaking process. Th e industry in gen-
eral was successful—and Maine papermakers, like 
those in many other states with clean rivers, made a 
good living.
 But the state’s paper boon didn’t really begin until 
a rag shortage in the 1850s, along with increasing 
demand for paper, forced European and American 
inventors to search for new resources to make pulp. 
Th ey quickly discovered that wood was an effi  cient 
resource for paper, and new wood-based paper mills 
began to spring up, primarily in the Northeast.

 Developers saw an opportunity in Maine, the 
nation’s most densely-forested state. Th e fi rst wood 
pulp in Maine was produced in the basement of a saw-
mill in 1868, where the workers made one ton of pulp 
per day. By 1875 the S.D. Warren mill in Westbrook 
was blending wood fi bers with rag pulp, and fi ve years 
later it was the largest paper mill in the world.
 It was one of those rare confl uences of a need, an 
idea, an abundance of resources, and the money to 
make it happen all meeting in the same place at the 
same time—the perfect formula for innovation to 
fl ourish. Th at confl uence allowed the paper indus-
try to serve as the primary driver of Maine’s econ-
omy for the next 150 years.
 But times change. As globalization makes it 
more and more diffi  cult for Maine to compete as 
a paper producer, the state is looking to preserve 
the industry of the past while moving to a new 

Maine’s Tradition of Innovation
$50 Million in New Grants Can Drive R&D

By Hannah Pingree
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economic driver for the future. Other traditional 
Maine industries—like fi shing and farming—are 
struggling, and rely on innovation to remain com-
petitive and to grow into the 21st century.
 Last year, the Maine Legislature passed a his-
toric bond package to send out for ratifi cation by 
voters in three separate elections, and Maine voters 
then approved one of the largest single investments 
in the package—$50 million in competitive grants 
for research and development, to be issued through 
the Maine Technology Institute.
 MTI will award a mix of large and small grants 
to both entrenched and fl edgling research fi rms that 
can prove that their investment will provide the big-
gest return. With a total of $50 million available to 
the best and the brightest—and at least $50 million 
in matching funds expected for winning grants—
there will be no shortage of fresh ideas and innova-
tive pitches. Some of these ideas will venture boldly 
into uncharted new territory; others will improve 
old technology to preserve traditional state indus-
tries like pulp making, fi shing, and farming.
 Historically, state investments in research and 
development have paid off . Th e Jackson Laboratory, 
based on Mount Desert Island in Penobscot Bay, is 
now the world’s largest mammalian genetics research 
institute. Jackson Labs has been a regular benefi ciary 
of state investment, and it has developed into one 
of the world’s premier biomedical research facilities. 
Targeted investments in boatbuilding and marine 
research and development have established the state 
as an international leader in those industries as well.
 To bring the paper story full circle, some new 
R&D money is likely to fund groundbreaking 
research happening at the University of Maine on 
turning wood product waste cellulose into ethanol. 
Scientists have discovered—and this may sound 
familiar—that wood ethanol is far cheaper to pro-
duce than ethanol made from corn. Th is research 
will likely add value to the bott om line of Maine’s 
current paper industry and simultaneously reduce 
the state’s carbon footprint.

 In the late 1960s, mothers of students at a prep 
school in Seatt le used proceeds from the school’s 
rummage sale to buy an ASR-33 teletype terminal 
and a block of computer time on a General Electric 
computer. For such a small investment, the com-
puter was an enormous hit with the junior high 
school-aged students, and access time to the GE 
computer was in high demand—especially for a 
group of thirteen-year-olds who saw a world open 
before their eyes.
 Among them was one student who discovered 
an almost supernatural knack for deciphering and 
writing codes. He founded his fi rst soft ware com-
pany at age 14, developed payroll processing and 
traffi  c-counting soft ware through his teens, and 
at age 20 founded Microsoft —which went on to 
become the biggest soft ware company in the world.
 Bill Gates knew that he excelled at science and 
math from a young age, but he didn’t know the 
potential behind it until a small investment made 
at the right time with rummage sale proceeds 
allowed him to realize it. It’s one of innovation’s 
most famous success stories, and it’s based on 
the same basic concept of a need, an idea, and a 
resource all meeting at the right time.
 Th e competitive grants awarded by MTI will go 
to the people with the best ideas who can prove the 
best return on the investment. Th e Maine Technol-
ogy Institute is tasked with spott ing potential—
which is a challenging, exciting, and essential charge. 
Somewhere in Maine could be another Bill Gates, 
and he or she could be one small investment away 
from discovering an ability to change the world. 
Even more likely, somewhere in the state is the next 
paper industry—a future engine that could drive 
the economy for centuries.
 Somewhere in Maine are a need, an idea, and a 
resource that are all meeting at the same place at 
the same time. 

Hannah Pingree (D-North Haven) is the Maine House 
Majority Leader.
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THE NO CHILD LEFT BEHIND ACT has created the 
wrong kind of debate about testing. Given the lack 
of new funding, many states are jiggering their tests 
to obscure the failure of poorly performing schools 
and undermining the accountability that was the 
core goal of the program. Others are att empting to 
opt out of the program. Th e process is wasteful, con-
fusing to students, and fails to produce the informa-
tion that education enterprises so badly need. 
 Instead, we should fi rst engage in a national 
debate about the expertise students need to acquire 
in order to prosper in the 21st century, and only then 
sett le on how best to measure their progress. Th e 
interactive methods used in computer games repre-
sent some of the most powerful ways to test newly 
acquired skills, but understanding why they are so 
useful requires a clear recognition of why our cur-
rent testing procedures are thoroughly outdated.

 Despite all the complaints about the numer-
ous tests mandated by NCLB, the problem is not 
too many tests but too few tests. High stakes, stan-
dardized tests are an artifact of a mass production 
model imposed on education out of necessity 
during the last century. Traditional tests measure 
performance in situations that will seldom, if ever, 
occur in an actual job. Someone trained to solve 
problems working in isolation, with no access to 
reference material and no ability to consult experts, 
is largely useless in today’s economy. 
 But consider the ideal classroom scenario: An 
instructor able to spend plenty of time with each 
individual student, constantly challenging them, 
asking probing questions, and presenting increas-
ingly complex challenges tailored to the needs of 
each student. By the time a test is taken the stu-
dent should have run through the material enough 

More Tests, Please
No Child Left Behind Debate Misses the Point

By Henry Kelly 
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times that they and their instructors have high con-
fi dence in success.
 Th ese powerful methods aren’t used in standard 
classrooms for two obvious reasons—they’re unaf-
fordable and we continue to think of the classroom 
as they did 200 years ago. Yet a solution is available 
from an unexpected source—computer games.
 Th e average U.S. teenage boy spends about 
14 hours a week glued to computer games.1 Most 
adults can’t imagine how the lessons of Super Mario 
could be applied to high school science or history, 
but consider that a good game captures and holds 
a player’s att ention with a series of compelling goals, 
each slightly beyond the player’s current abilities. A 
great game draws players in what designers call “the 
fl ow,” where they will try, fail, and try again, work-
ing for hours to master the skills needed to win.
 What’s striking, of course, is that they’re also 
being continuously tested. Tests are an integral part 
of winning, and players accept that they will fail 
before they master the skills needed to move on. If 
you keep crashing your simulated aircraft , you know 
that you’ve got to work harder. Winning at the most 
advanced levels of game play requires players to 
draw on a huge body of knowledge and experience.
 Winning many games, moreover, oft en requires 
more than mastery of specifi c skills. Th ey require 
precisely the skills that the Partnership for 21st Cen-
tury Skills recently reported are in greatest demand 
in today’s economy: gathering evidence, making 
decisions under uncertainty, evaluating options, 
and (in the case of multiplayer games) working 
eff ectively as a member of a team.2

 Th e U.S. Department of Defense, which unlike 
most organizations is unembarrassed about having 

its employees play (war) games, has come to appre-
ciate the power of simulation-based games to teach 
and test individuals and teams. Th ey have convinc-
ing evidence that skills acquired through simula-
tions translate into performance in the fi eld.3

 Simulation-based instruction can reproduce 
the complexity, confusion, and tension of fi eld 
conditions so faithfully that the success a soldier 
gains in the simulation translates directly into reli-
able performance during fi rst real combat experi-
ence. Th is powerful transfer from simulation to 
practice has also been demonstrated for pilots and 
several areas of surgery.4 Surely it’s possible to cre-
ate challenges in biology, history, or engineering 
that can capture and hold att ention.
 Building soft ware to teach and test complex skills 
is expensive. Several billion dollars were invested 
and lost in education technologies toward the end 
of the dot-com boom a decade ago, and investors 
have been wary ever since. Schools and universi-
ties are a notoriously poor market for innovations, 
in part because of an understandable reluctance to 
take risks with unproven approaches. But as a result, 
an enormous opportunity is being lost.
 Th e federal government should fi ll gaps by fund-
ing basic science research, development, testing and 
evaluation that can be picked up by private investors. 
We can do this in new technologies for learning and 
create markets for robust new products…or we can 
continue to fool ourselves that our education sys-
tem can be fi xed with ad hoc testing standards. 

Henry Kelly, Ph.D., is the President of the Federation 
of American Scientists, and Chairman of the Board of 
Directors for Scientists and Engineers for America.

NOTES

 1 Martin, Suzanne and Oppenheim, Koby. “Video Gaming: General and Pathological Use.” Trends & Tudes. Volume 6, Issue 3 March 2007 Harris Interactive Inc. 
htt p://www.harrisinteractive.com/news/newslett ers/k12news/HI_TrendsTudes_2007_v06_i03.pdf.

 2 “Beyond the Th ree Rs, Voter Att itudes toward 21st Century Skills.” October 2007. Partnership for 21st Century Skills.

 3 Fletcher, Dexter. “Advanced Technology for Defense Training.” Institute of Defense Analysis. June 2006. htt p://www.digitalpromise.org/newsite/Resources/
Research/Dexter_Fletcher_Jun14.pdf.

 4 Boosman, Frank. “Simulation-Based Training: Th e Evidence is In.” July 2007. Chief Learning Offi  cer Magazine. htt p://www.clomedia.com/content/templates/
clo_article.asp?articleid=1874&zoneid=162.
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THERE IS ONE SAFE CORE ASSUMPTION about 
the future of U.S. economic prosperity: Without 
our nation’s robust venture capital-backed, entre-
preneur-driven, tech-fl avored industries and ser-
vices, which are today still largely unique to the 
United States, our country is an also ran, its global 
infl uence, power, and leadership fated to diminish 
over the course of the 21st century.
 Th at said, monopolies never last forever. Our 
clear lead in what I call the EVITA economy—
Entrepreneurial, Venture-backed, Information–
dependent, Technology-fl avored Activity—now 
faces rising competitive challenges from global 
competitors—a natural, inevitable, and, of course, 
healthy phenomenon. Indeed, the good news is 
that an innovation-led global economy is certain 
to prosper exponentially, in this country and 
globally, given the tsunami of explosive advances 

in science and technology the world is currently 
experiencing.
 Unfortunately, serious (and unhealthy) chal-
lenges to the bedrock of our nation’s entrepreneur-
ial, innovation-led economy—start-up technol-
ogy companies of all stripes—threaten to limit our 
economy’s ability to remain hyper-competitive 
across a range of existing and emerging high-tech-
nology industries and services. Th e reasons are 
manifold but largely stem from unintended conse-
quences resulting from the insuffi  cient allocation 
of fi nancial and human capital and misguided poli-
cymaking. Th is essay will fi rst defi ne our EVITA 
economy and then suggest a blueprint for future 
U.S. economic policy designed to grow innovative 
new tech companies intelligently and productively, 
yielding benefi ts that are socially positive, widely 
distributed, and fairly allocated.

Supporting Venture Innovation
Venture Capital Drives U.S. Competitiveness

By Joseph W. Bartlett 
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THE EVITA ECONOMY

Th e United States is unusual in that many of its 
strategically vital corporations are young and com-
petitive, contributing enormously to our national 
prosperity. In 1990, Microsoft  Corp., Dell Com-
puter Co., and Cisco Systems Inc. had combined 
sales of $2 billion. By 2000, their combined sales 
hit $80 billion before leveling out at around $90 bil-
lion in this decade as they gained blue chip status. 
Such growth exemplifi es why companies backed by 
venture capital generate twice the sales, pay three 
times the federal tax and invest far more heavily in 
research and development than their traditionally 
fi nanced counterparts.1

 “Entrepreneurship is what enables American-
style capitalism to be generative and self-renewing,” 
observes Carl Schramm, head of the primary U.S. 
research institute on venture capital, the Kauff -
man Foundation. Schramm, however, then adds a 
cautionary note: “Th e system that generates and 
supports entrepreneurship in the United States is 
surprisingly unappreciated.”2

 My take on the subject: Schramm is putt ing it 
mildly. For three decades, venture capital-backed 
startup companies have been the job-creating 
engine of the U.S. economy. According to a study 
by the consulting fi rm Global Insight released by 
the National Venture Capital Association recently, 
startups backed by venture capital since 1970 today 
employ 10 million Americans, and in 2005 gener-
ated sales of $2.1 trillion. Th ese companies employ 
over 9 percent of the U.S. private-sector work force 
and account for an astounding 16.6 percent of GDP.
 Th is is amazing when you consider that the 
$23 billion invested by venture capitalists in 2005 
represented only 0.2 percent of GDP. Talk about a 
bang for your buck. Th ese companies—from Apple 
Computer Co., Intel Corp., Cisco, Amgen Inc., 
FedEx Corp., and Google Inc. to the up-and-coming 
mobile technology and lifesaving drug and device 
companies of today—have generated far higher 
than average wage growth, have accounted for a 
signifi cant and growing proportion of U.S. civilian 

research and development, and have spawned some 
of the most innovative products, services, and busi-
ness models of our era.
 But we ain’t seen nothing yet. Giant technologi-
cal leaps are in their infancy. If all we do is develop 
biotechnology innovations currently under devel-
opment, then an average (and active) life span of 
100 years is a cinch. Fossil fuels will be, in fact, fossils. 
Management information systems will revolution-
ize health care as computer-driven artifi cial intel-
ligence facilitates diagnoses. Across our economy, 
one “pipe” will carry interactive video, audio, and 
the Internet into every home. Global Positioning 
System-driven satellite systems will drive (literally) 
every terrestrial vehicle, air, and sea vessel. And this 
is only the low hanging fruit. According to world 
class physicist Freeman Dyson:

Two facts about the coming century are agreed 
on by almost everyone. Biology is now bigger 
than physics, as measured by the size of budgets, 
by the size of the workforce, or by the output 
of major discoveries; and biology is likely to 
remain the biggest part of science through the 
twenty-fi rst century. Biology is also more impor-
tant than physics, as measured by its economic 
consequences, by its ethical implications, or by 
its eff ects on human welfare.

Th ese facts raise an interesting question. Will the 
domestication of high technology, which we have 
seen marching from triumph to triumph with the 
advent of personal computers and GPS receivers 
and digital cameras, soon be extended from physi-
cal technology to biotechnology? I believe that 
the answer to this question is yes. Here I am bold 
enough to make a defi nite prediction. I predict that 
the domestication of biotechnology will dominate 
our lives during the next fi ft y years at least as much 
as the domestication of computers has dominated 
our lives during the previous fi ft y years.
 Yet serious impediments exist in our capital mar-
kets today which could well inhibit venture capital-
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backed startups from commercializing these exist-
ing and future technologies, among them: too many 
notional “public” companies whose shares are too 
small to trade unless promoted by unscrupulous 
crooks; too few opportunities for young high-tech 
companies to go public through an initial public 
off ering without sharing a stock market listing with 
these crooks; not enough equity-fl avored compen-
sation—options—for gift ed managers;3 and not 
enough sensible tax incentives.4

ENHANCING THE EVITA ECONOMY

Th e fi rst challenge, then, is for public policymak-
ers to examine federal regulations so that our eco-
nomic and fi nancial policies foster entrepreneur-
ialism, not only to preserve the EVITA economy 
in its present form—by att acking bureaucratic 
micromanagement that violates the primum non 
nocere (fi rst do no harm) principle—but also to 
unshackle capital-raising opportunities for young 
tech startups so that they can grow exponentially 
by matching the growth in scientifi c and techno-
logical innovations which loom ahead of us and, in 
the process, spread the benefi ts to all willing to put 
in the necessary elbow grease. 
 Policymaking opportunities to boost innovative 
companies would facilitate the fl ow of more pri-
vate capital into early-stage startups so as to mini-

mize a palpable fi nancing gap between available 
capital and promising proposals. And good policies 
would reform the irrational blockage in the pipeline 
between university research labs and venture inves-
tors, an aberration which has minimized the ability 
of universities and medical schools to commercial-
ize technology through spin outs in which the lab 
owns a meaningful equity interest.
 It’s also important to enable investors below the 
level of multimillionaire angels to diversify a prudent 
portion of their investment portfolios into well man-
aged venture funds through 401(k) and IRA  pension 
plans by tweaking the Business Development Com-
pany amendments to the Investment Company Act. 
And we need to spread venture capital-driven entre-
preneurialism beyond the East and West Coasts 
into communities across the United States by pro-
moting regional innovation centers of excellence.
 Each of these policy-reform measures will require 
careful analysis before implementation. But none of 
them is diffi  cult to envision as part of a concerted 
eff ort to create more venture capital-backed oppor-
tunities for entrepreneurs across our country. 

Joseph Bartlett , an advisory board member of Sci-
ence Progress, is Of Counsel at Sonnenschein Nath 
& Rosenthal LLP; Courtesy Professor, Johnson 
School of Business, Cornell University; and Founder 
and Chairman of VC Experts. Inc.

NOTES

 1 Companies backed by venture capital generate $643 in sales for every $1,000 in assets, compared with traditional companies, which have only $391 in sales. 
Venture-backed fi rms also spend considerably more m money on research and development costs: $44 per $1,000 in assets compared with $15 for others. In 
2003, approximately 11 of every 100 working adults in the United States were engaged in entrepreneurial activity, either starting a business or playing a lead role 
in one less than three and a half years old. Th at rate is higher than any in Europe and roughly twice that of Germany or the United Kingdom.

 2 Schramm, “Building Entrepreneurial Economies,” Foreign Aff airs, Jul/Aug. 2004.

 3 Bartlett  & Lundberg, “New Executive Compensation Model,” available at htt p://www.fr.com/news/articledetail.cfm?articleid=723.

 4 As William Megginson observers concerning the infl uence of European governments on private equity: European governments have long taken an activist ap-
proach to the promotion of VC investment. Unfortunately, both academic research and anecdotal evidence indicates that government eff orts to promote a robust 
entrepreneurial sector would probably be bett er focused on eliminating regulatory roadblocks, lowering taxes, and providing a more favorable overall business 
climate than on att empting to directly identify and fund ‘sunrise’ industries. …

 5 See www.vcexperts.com, Book 19, Th e Encyclopedia of Private Equity and Venture Capital, “New Trading Platforms: Alternative Investment Market (”AIM”); 
NYSE Arca; Th e Pink Sheets.”
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EARLIER THIS YEAR, the National Science Board 
released “Science and Engineering Indicators 2008,” 
the Board’s biennial report on the state of science 
and engineering research and education in the 
United States. But in addition, the governing board 
of the National Science Foundation also felt com-
pelled to release a companion report to highlight 
the policy implications of their fi ndings.
 Th is report, entitled “Research and Develop-
ment: Essential Foundation for U.S. Competitive-
ness in a Global Economy,” concludes that the 
current decline in support for basic research by 
both industry and government could “have severe 
implications for U.S. competitiveness in interna-
tional markets and for highly skilled and manu-
facturing jobs at home.” Specifi cally, the National 
Science Board—established by Congress in 1950 
to provide policy advice to the president and Con-

gress on a wide range of science and engineering 
issues—found that:
 

Th e U.S. high-tech trade defi cit has jumped to • 
$132 billion in 2005, the last year complete data 
was available, from $32 billion in 2000.
Federal government support for academic • 
research and development began falling in 2005 
for the fi rst time in a quarter-century.
Private industry support for basic research has • 
also been stagnant or declining. Basic research 
published in peer reviewed journals by industrial 
researchers declined by 30 percent in the last 
decade. Th e number of physics publications by 
industrial researches dropped to only 300 in 2005, 
from nearly 1,000 in 1988.

 Another study commissioned by the National 
Science Foundation concluded that if current trends 
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continue, “China will soon pass the United States in 
the critical ability to develop basic science and tech-
nology, turn those developments into products and 
services—and then market them to the world.”
 Th e NSB’s report strengthens the case for bold, 
decisive action to restore America’s scientifi c and 
technological leadership. In “A National Innova-
tion Agenda,” a Center for American Progress 
paper published last year, John Irons and I set 
forth a detailed set of policy recommendations for 
doing just that. As part of the Center’s economic 
plan for the next administration, we called for:

Doubling the research budgets of key science • 
agencies such as the National Institutes of Health, 
the National Institute of Standards and Technol-
ogy, the Department of Energy’s Offi  ce of Science, 
and providing even larger increases (10 percent 
per year) for the National Science Foundation 
and the Defense Department.
Maximizing the eff ect of this investment by • 
increasing support for university–industry collab-
orations and high-risk, high-return research. Th is 
would help replace the void left  by the decline 
of industrial basic research documented by the 
National Science Board.
Harnessing science and technology to address • 
some of the “grand challenges” of the 21st century, 
such as the transition to a low-carbon economy 
that will reduce our emissions of greenhouse 
gases while creating millions of “green collar jobs,” 
or the development of new learning technologies 
that are as eff ective as a personal tutor and com-
pelling as the best video game.
Spurring private sector investment in innovation • 
by making the research and experimentation tax 
credit permanent and providing tax incentives 
for investment in next generation broadband 
networks.

Ensuring that America’s workforce has world-• 
class skills in science, technology, engineering, 
and mathematics. Th is will require upgrading the 
STEM skills of the existing workforce, improv-
ing K-12 math and science education, encourag-
ing more students to receive undergraduate and 
graduate degrees in STEM fi elds, and creating a 

“fast track” employment-based visa for foreign stu-
dents that receive an advanced technical degree 
from U.S. universities.

 Of course, the National Science Board is only 
the latest in a long series of reports that document 
the erosion of America’s scientifi c and technologi-
cal leadership. Unfortunately, although President 
Bush and Congress pledged to address this with the 
American Competitive Initiative and the America 
COMPETES legislation, they failed to make any 
signifi cant progress on this agenda in 2007.
 Th e National Science Foundation’s research 
received a paltry one percent increase, the bud-
get of the National Institutes of Health budget 
is down 10 percent in real terms from 2004, and 
the research and experimentation tax credit was 
allowed to expire in December 2007 for the 13th 
time. Congress slashed funding in the Depart-
ment of Energy’s high-energy physics budget, 
which will force institutions such as the Fermilab, 
the Argonne National Laboratory, and the Stan-
ford Linear Accelerator Center to stop important 
research projects and fi re scientists.
 Th is failure to act is unacceptable. It is critical 
that the next president make science, technology, 
and innovation a top priority. Th e future economic 
prosperity of our nation and our people depends 
upon it. 

Tom Kalil is a Senior Fellow at the Center for American 
Progress and an advisory board member of Science 
Progress.



Energy and Environment

22      science progress

Alex Farrell on the Latest
Land Use Studies

Interview by Andrew Plemmons Pratt
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TWO STUDIES indicating that biofuel production may emit 
more greenhouse gases than the gasoline the fuels displace 
appeared this February in Science. Mainstream media head-
lines were quick to declare biofuels a threat to the planet. But 
a knee-jerk response to the latest research could obscure the 
fruitful guidance the new studies provide and confuse the poli-
cies that reduce emissions with those that pump more carbon 
into the air. Biofuels are not necessarily bad, but growing feed-
stocks on land that competes for food or wilderness is counter-
productive. Th e studies focus on this land use issue and the car-
bon released when farmers in the United States convert forests 
or grasslands to cropland to make up for the grain diverted to 
biofuel production. Th e new calculations indicate that while 
many promising feedstocks do absorb carbon as they grow 
and do off set emissions from the gasoline they replace, it can 
take decades or centuries for absorption and displacement to 
balance out the carbon released from converting the land and 
sacrifi cing the previous ecosystems.
 To bett er understand the policy implications of the 
new work and how it can steer farmers and policy makers 
towards bett er biofuels, Science Progress spoke with the late 
Alex Farrell, who was an associate professor in the Energy 
and Resources Group at the University of California, Berke-
ley. Farrell died in April. As his colleague Dan Kammen, a 
professor in the Energy and Resources Group and of public 
policy, said at the time, he was “one of the leading lights in 
the area of low-carbon fuels and energy systems.” Kammen 
added that, “Th e trajectory of his career and his contribu-
tions were both impressive.”
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ANDREW PLEMMONS PRATT, SCIENCE PROGRESS: 

Th ese latest papers, from the Searchinger group and 
the Nature Conservancy/University of Minnesota 
group, claim that previous studies of carbon life-
cycle emissions of biofuels ignored land use. Th is 
seems like a substantial oversight. How did previ-
ous researchers miss this, and how signifi cant are 
these revisions to previous emissions estimates?

FARRELL: Th e Searchinger paper is a very important 
paper. Th ey have made the fi rst eff ort to quantify the 
eff ects of producing biofuels as they ripple through 
the global economy. Other people have looked 
at this in the past, but not in the same kind of way. 
Mark Delucchi from the University of California-
Davis has looked at this, and you can fi nd research 
papers on his website. But the reason it has tended 
not to be evaluated very much in the past is that it’s a 
diffi  cult thing to do. You need to use a model of the 
global economy, and no one’s really tried before.
 Th e most important thing is to think about 
land. Using land to produce biofuels essentially 
competes with using land for food production or 
keeping land in wilderness. We have three pos-
sible ways to use land: wilderness, fuel produc-
tion, and food production. Th e way we produce 
biofuels today, if you do one, you don’t really get 
a chance to do the other. You have to account for 
wilderness—rainforests, or even grasslands here in 
the United States—because these lands have a lot 
of stored carbon in them. So when you convert the 
wilderness—weather it’s grassland or rainforest—
into an agricultural operation of some sort, you 
release a lot of this carbon. Usually, you’re burning 
the material on the surface, and turning over the 
soil so it gets oxidized. It’s the release of carbon 
dioxide from the conversion of the wilderness to 
agricultural production that is the problem.
 I’ll give you a quick example to understand why 
it is a litt le complicated to understand how you 
might calculate this value. Imagine that I am a corn 
farmer and that I am in a corn/soy rotation. One 
year I plant corn; next year I plant soy, and back 

and forth. You build an ethanol plant near me and 
I decide I’m going to continuous corn. What that 
means is that the soy production is now less in the 
United States than it would have been otherwise. 
And so U.S. exports for soy go down a litt le bit 
compared to what they would have been without 
this ethanol plant. Th e price of soy internationally 
goes up just a litt le bit, and now farmers all over 
the world have an incentive to either farm a litt le 
more intensively—to use a litt le more pesticide, 
for instance—or to accelerate the expansion of wil-
derness land for agricultural production. Th is is in 
the context of expanding populations and people 
eating more meat, etc. But it is an eff ect that exists 
because we have a global economy.
 Th is expansion—because we’ve got more etha-
nol production that is now placing land in compe-
tition for food and for wilderness—yields these 
greenhouse gas emissions. Th at’s the basic eff ect. 
Other people have not looked at it partially because 
it’s a very challenging to simulate all those market 
interactions, and partially because the other part of 
the calculation, a direct process emission, is also 
relatively challenging, and so people have just been 
working on the direct emissions part for the last 
several years.

SP: Are biofuels bad? A lot of headlines over the past 
few days suggest just that.

FARRELL: Th e answer is “not necessarily.” Biofu-
els are not necessarily bad. What really matt ers to 
answer that question is how the material for the 
biofuel is produced. If the material for the biofuel is 
produced on land so that it competes with wilder-
ness and food, that’s a problem. But if it’s produced 
in a way that does not compete for land with other 
uses like wilderness and food, then you probably 
avoid most or all of the problems. And there are 
ways to do this. Th ere are at least three strategies to 
make what I call “bett er biofuels.”
 Th e fi rst strategy is to use waste and residues—
things that really are waste that are not otherwise 
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used. Many of them are things that we can turn 
into biofuels.
 Th e second strategy is to use land that does 
not compete for wilderness or food. Th is could be 
severely degraded land or marginal land that you 
can’t get a crop on. Th ere’s a proposal to grow mixed 
prairie grasses on degraded land in the Midwest 
and to harvest it a couple of times a year, allowing 
the carbon in the soil to continue to build up and 
produce a very healthy soil bank. But you could 
also restore degraded land to natural ecosystems 
and you should consider that option, too.
 Th e third strategy would be to integrate the pro-
duction of biofuel feedstocks with food production. 
We don’t do that very much right now. It’s a litt le bit 
more subtle, so let me give you an example. In Cali-
fornia, there are some farmers who cannot make a 
profi t on a crop in the wintertime, but they could 
grow a cover crop—alfalfa, or mustard, or clover—
if they wanted to, but they can’t really make enough 
money doing it. But if they could take this cover crop 
and sell it for biofuel production, they could actually 
make a profi t and not eff ect food yields whatsoever.
 So there are three strategies that can help solve 
this problem and that can help develop these bett er 
biofuels. An important feature of these three strate-
gies is that they all require advanced technologies, 
whether it’s cellulosic ethanol production, or grow-
ing algae in the desert. Th e desert does not com-
pete for the use of land for food or for wilderness 
because there’s not very much carbon in desert wil-
derness. Th ere are several diff erent strategies, but 
they all require advanced technologies, and that’s 
the way out of this problem.

SP: Could these new reports damage the policy 
making process with regard to clean fuels? What 
should policymakers take away from the reports?

FARRELL: I think the most important lesson to take 
away from these newest reports is that not all bio-
fuels are created equal. If we want clean biofuels, 
then we need to demand or incentivize clean biofu-

els. And recent policy decisions are moving in that 
direction. Let me mention just two.
 One is in California. We have the low carbon 
fuel standard here in California. Also, in the Lie-
berman-Warner bill, there is an emission cap that 
would include transportation. So those types of 
policies that actually measure what we’re interested 
in—which is low greenhouse gas emissions, among 
other things—those are the right kind of policies, 
and they provide the correct incentives to allow 
companies to bring these advanced technologies 
to the market, and for farmers to fi gure out how to 
grow bett er biofuels and produce them.
 Th e second one that I would mention is the 
recent energy bill, which includes some provisions 
for advanced biofuels that require a standard of per-
formance for low greenhouse gases, with diff erent 
types of performance standards for diff erent types 
of fuels. Th ose parts of the provision are very impor-
tant. Th ey will help move the biofuels industry in 
the right direction. In fact they’re essential to the 
biofuel industry, because those kinds of incentives 
will enable to biofuel industry to develop and sell 
the products that will have a market in the future. 
Th e way out is to create markets for these greener 
biofuels, as well as providing research and develop-
ment support. We have some of that already, but we 
could certainly use more.

SP: Will current renewable fuel standards push bio-
fuels in the right direction?

FARRELL: I think it’s important to say that the cur-
rent renewable fuel standard also has provisions that 
grandfather in the current corn ethanol industry, 
and over time we need to think of a strategy to help 
transform that industry, giving it a much cleaner 
approach. It might be possible, for instance, to ret-
rofi t the existing biorefi neries. Att ending to that is 
correct, but we need to get these technologies in 
place fi rst, and I do think there is some urgency to 
do this because the climate problem is an important 
one; it’s gett ing worse as time goes on.
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SP: Th e Searchinger paper in particular seems to 
conclude that biofuel production will necessar-
ily increase food prices. What’s the eff ect on food 
prices of increasing biofuel production both domes-
tically and internationally? You were saying this is 
a complicated issue that we’re only beginning to 
understand. Is this going to be harder on develop-
ing nations than it’s going to be on the U.S.?

FARRELL: Unfortunately, I think the answer to that 
question is probably yes. I think it’s important to say 
that the Searchinger paper is the fi rst att empt to cal-
culate these eff ects. Th is calculation of how biofuel 
production ripples through the global economy is 
diffi  cult, and I would hope to see other individu-
als and groups att empt do these calculations and 
come up with these sorts of estimates, because it’s 
an important thing to look at. Th e magnitude of the 
eff ect is not at all clear, but I think it is clear that 
there is an eff ect. Th at said, the people who will indi-
vidually be hurt the most will be very low income 
people in developing counties who have to buy 
their food. Th e reason is that in the United States 
food prices will not change very much because the 
actual cost of the raw material that goes into food, 
like the corn that goes into the corn products that 
we eat, is prett y small compared to the processing 
and the packaging. But for people who are relatively 
low income in developing countries, the actual 
price of the commodity itself is a very high portion 
of the actual price that they pay, and they can barely 
aff ord to buy some of these food products. Because 
the basic mechanism is that increased demand 
and competition increases the price for the basic 
product—whether it’s corn or vegetable oil—that 
is going to lead to some people being less able to 
aff ord food. But we can get away from that problem 
by gett ing away from biofuels that compete for food 
production and that compete for wilderness.

SP: How do these current reports infl uence thinking 
about the transition that biofuels off er as a bridge 
to solutions that will get us to the greenhouse gas 

emissions targets? Are biofuels a bridge technology 
to other bett er solutions, or are they a useful end in 
and of themselves?

FARRELL: I think that these “bett er biofuels” that 
I have in mind, and that people are working on right 
now, could be part of the solution in the end if they’re 
done right. Let’s be clear that there are pilot plants 
that are funded by the U.S. Department of Energy 
that are being built right now. One of the questions 
will be, “What is the mix between biofuels, electric-
ity, hydrogen, and other things that we might imag-
ine?” So I do think there is almost certainly a role for 
biofuels in the long future. A combination of innova-
tive technologies and policies that get the industry to 
move in the right direction will get us there.

SP: What is the fi nal lesson?

FARRELL: Th is will be a very important economic 
issue for developing countries that have planned to 
export biofuels. Understanding how to help them 
develop their economies while preserving their for-
ests and their ecosystems is a very important task. To 
some degree, this points to the problem that we are 
undervaluing forests and grasslands and wilderness 
for their carbon storage. If we were to fi x that prob-
lem—which was discussed at some length at the Bali 
climate convention a few months ago—we would go 
a long way to fi xing this overall problem. 

One of the questions 

will be, “What is the 

mix between biofuels, 

electricity, hydrogen, 

and other things that 

we might imagine?”



Energy and Environment

spring • summer 2008      27

ONE OF THE MOST DISTINCTIVE physical legacies 
of the 19th century progressive era in the United 
States was an ambitious and successful eff ort to 
harness the mighty western rivers to provide water 
for irrigation and electricity for growing cities and 
industries. Today, nearly every river in the West is 
regulated by dams, locks, or diversions.
 Th ese dams and their extensive water distribu-
tion facilities fueled an engine of growth and pros-
perity that drew millions to the region. Th e dams on 
the Colorado River, for example, are capable of stor-
ing four years’ worth of river fl ow. Problem is, the 
very infrastructure that makes the desert bloom has 
nearly destroyed the river’s native fi shery and has 
fundamentally altered the ecosystem it supports.
 Th e same is true across the region. Damaged 
rivers and wetlands, endangered fi sh and wildlife, 
and impaired communities and economies that rely 

on healthy, intact river systems are commonplace 
today. But the fact that our monumental western 
water infrastructure has hurt the environment is 
old news. Th e good news is the vast amount of work 
that is now underway to restore the region’s rivers 
and their associated natural and human communi-
ties—developments that are not so well known.
 We are, in fact, already well embarked upon a 21st 
century progressive era in the American West—one 
in which the federal agencies once known for the 
cubic yards of concrete they poured are now direct-
ing increasingly signifi cant resources to restore 
rivers, wetlands, and riparian corridors. Th is is an 
encouraging movement, and one worth celebrating, 
encouraging, and publicly embracing.
 Th e U.S. Bureau of Reclamation, for example, 
got its start in 1902 in the same burst of legislation 
that gave rise to the Newlands Irrigation Project, 

Restoring the Waters
 21st Century Progressive Movement at Work

By Sarah Bates
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which diverted water from the Truckee River near 
the California–Nevada border to irrigate high-
elevation desert farms. Unfortunately, the water 
fl owing to Newlands depleted the river’s historical 
terminus, Pyramid Lake. Eventually, lake levels fell 
by 75 to 80 feet, nearly wiping out the native fi sh 
populations and thus preventing the Pyramid Lake 
Paiutes, whose reservation surrounds the lake, from 
exercising their historical fi shing rights.
 Decades later, following lawsuits and lengthy 
negotiations, Congress enacted in 1990 the Truckee-
Carson Sett lement Act, which directed the Bureau 
of Reclamation and other parties—including the 
states of California and Nevada, other federal agen-
cies, the Paiute tribe, and private water interests—to 
fi nd new ways to work together to restore the river, 
the lake, and the fi sheries. Th is has proved to be a 
challenging mandate, but today an impressive multi-
party restoration initiative is well underway.
 Th e manager of this project for the Bureau of Rec-
lamation, Elizabeth Rieke, previously served as the 
assistant secretary of water and science for the U.S. 
Department of the Interior. She possesses a keen grasp 
of federal water policy. Commenting on the changing 
mandates for federal water projects at a conference 
sponsored by the Buff alo Bill Historical Center in 
2005, Rieke remarked: “We can build them, operate 
them, modify them, re-operate them, we can make 
them safe and secure, and we can take them down.”
 Her message, in short, was that the same tech-
nical expertise that erected the West’s great water 
projects can be harnessed in new ways to benefi t a 
broader range of public values.
 For its part, the U.S. Army Corps of Engineers—
the agency responsible for constructing the largest 
fl ood-control dams in the nation—has embraced 
environmental protection and restoration as explicit 
objectives of its water resource management mis-
sion. In one example of its commitment to this new 
direction, the Corps entered into a “Sustainable 
Rivers” partnership with Th e Nature Conservancy 
in 2002 aimed at improving dam management to 
restore ecological health in the aff ected rivers.

 River restoration projects are proliferating 
throughout the Rocky Mountain West. In some 
cases this means that dams are coming out of the 
rivers they once plugged. More commonly, federal 
agencies are operating dams in new ways to re-
create historical downstream river conditions. In 
many places, restoration means putt ing the curves 
back into artifi cially straightened rivers, replacing 
riprap (stone or rubble dumped along river shores 
to combat erosion) with native vegetation to secure 
the banks, and “daylighting” rivers once buried in 
steel culverts under urban centers.
 Earlier this year, onlookers cheered as Montana 
Gov. Brian Schweitzer declared, “Let ’er run,” and a 
large bulldozer breached the Milltown Dam, a few 
miles upstream from Missoula, Mont. Today, the 
waters of the Clark Fork and Blackfoot rivers run 
free for the fi rst time in 100 years.
 Another measure of success: A large Superfund 
cleanup project at the rivers’ confl uence is under-
way to remove tons of contaminated sediment that 
fl owed downstream from copper mines in Butt e 
and stacked up behind the Milltown Dam, pollut-
ing the drinking water of nearby residents. Th e costs 
of such cleanups can be high, but the benefi ts can 
be enormous. Restoration work itself provides jobs 
for skilled laborers and professionals. Th e Milltown 
Dam removal currently employs about 80 people, 
ranging from heavy equipment operators to engi-
neers and scientists.
 Like the reclamation projects of the last century, 
today’s restoration initiatives represent an invest-
ment in the future, with long-term benefi ts for 
both the environment and its human inhabitants. 
By recognizing the value of this work and encour-
aging it through more explicit public policies, we 
can ensure a healthier and more prosperous future 
for all. Th at is the heart of a new progressive move-
ment for the Rocky Mountain West. 

Sarah Bates is deputy director for policy and outreach 
at Western Progress, a regional policy institute with 
offi  ces in Missoula, Denver, and Phoenix.
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REFLECTING FORWARD ON OUR nation’s incred-
ible ability to respond swift ly to complex scientifi c 
challenges, one can’t help but begin with the shock 
of the Soviet Union’s Sputnik launch 50 years ago. 
Suddenly, there was a new star in the fi rmament, its 
radio signal sounding like the ominous ticking of 
a clock toward Armageddon. If the Soviets could 
put a satellite in orbit then they could potentially 
launch nuclear-tipped intercontinental ballistic 
missiles in the future.
 Just over a decade later the United States mobi-
lized the basic science, the requisite technologies, 
and the fi nancial and policymaking wherewithal to 
carry Neil Armstrong and Buzz Aldrin to the Earth’s 
Moon. Th is stunning sequence of events and actions 
spell out in forceful and compelling terms the abil-
ity of the United States to marshal its resources to 
respond to national and international challenges. 

Th at we were able to do so is an inspiring lesson that 
should be applied to the challenges we now face in 
the 21st century.
 Fortunately for humankind, our nation’s advanced 
science and technology can be harnessed to respond 
to a very diff erent set of threats than those posed by 
the Cold War. Even bett er, all of humanity itself is our 
common ally in this quest.
 Today, quicksilver globalization powered at 
unprecedented speed by the advent of the informa-
tion technology revolution leaves our planet chok-
ing on the fumes of rapid global economic growth 
and all the att endant ills of global climate change. 
Yet these same forces transforming the global econ-
omy in myriad ways also enable each and every one 
of us to be part of the solution.
 Modern communications technologies invite us 
to think of cooperation rather than competition as 

A New Scientifi c Resolve
Refl ecting Forward on Sputnik’s 50th Anniversary

By Vinton Cerf
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the venue for new ideas and new wealth. It is widely 
recognized that while material assets such as facto-
ries provided the leverage for the creation of value 
in the industrial age, information is the new coin 
of the realm. And unlike industrial infrastructure, 
which could benefi t only one user at a time, access 
to information is not a zero-sum game.
 As John F. Kennedy (the president who was 
arguably elected by Sputnik) liked to say, “A ris-
ing tide lift s all boats.” As we look to solve global 
problems we need to take a more imaginative, less 
adversarial approach to generating the products 
and arrangements that will make for a more livable 
planet. Our national response to Sputnik 50 years 
ago should inspire us today to transcend national 
boundaries—moving beyond competition as the 
framework of human achievement.
 Global climate change is a planetary threat that the 
United States cannot do less than meet head on with 
the same kind of determination and leadership that 
placed us on the Moon. Global warming is our 21st 
century Sputnik. Former Vice President Al Gore has 
been tireless and immensely persuasive in his eff orts 
to draw att ention to this problem. Yet it is time for 
scientists, technology leaders, fi nanciers, and public 
policymakers to take the same kind of concrete, swift  
steps embraced by our country 50 years ago—steps 
that can result in a new fl ourishing of creativity and 
ingenuity emblematic of great scientifi c endeavors.
 Remember, sweeping scientifi c inquiry informed 
by smart policymaking carried us to the Moon, 
but the many ancillary results of that mission are 
part and parcel of our world today. New materials 
needed for re-entry into the atmosphere and for 
protecting human life during space walks found 
their way into commercial products. Signifi cant 
computing power was brought to bear in the design 
and planning of space systems and missions and the 
analysis of rocket engine performance.
 Or consider the command and control of the 
complex Apollo missions. Computers for command 
and control led directly to the invention of the ARPA-
NET and the succeeding Internet. Management 

practices for complex systems found their way from 
the space program into the private sector, enhancing 
productivity and scalability of enterprises.
 Indeed, at age 15, and already a science fi ction 
junkie, I would benefi t directly from the enrichment 
programs stimulated in large measure by the Sput-
nik launch. Introduced to computers in 1958 via the 
Semi-Automated Ground Environment tube-based 
computer at System Development Corp. in Santa 
Monica, California, I found myself using computers 
at the University of California, Los Angeles while a 
senior in high school and taking every computing 
course I could at Stanford University as an under-
graduate student.
 In 1965 I went to work for International Business 
Machines Inc. as a systems engineer and returned to 
graduate school at UCLA where I ended up work-
ing on the ARPANET project funded by the agency 
that was formed in response to Sputnik. I graduated 
and joined the faculty of Stanford University and, 
together with Robert E. Kahn, designed the basic 
architecture and protocols of the Internet.
 Th is led to my joining ARPA as a program 
manager and eventually principal scientist in the 
Information Processing Techniques Offi  ce that was 
founded in 1962 by J.C.R. Licklider of the Massa-
chusett s Institute of Technology.
 Th is confl uence of events in my life (and in the 
lives of many other American scientist and engineers) 
is no accident. Fift y years ago the United States rose 
to the challenge. Similarly, resources dedicated today 
to the challenge of global warming will ensure inno-
vation continues to fl ourish across our planet.
 In fact, many of the steps that can be taken to 
respond to the serious dislocations global warm-
ing will cause make eminently good independent 
economic sense. Th e development of high mile-
age internal combustion engine cars, or alternative 
clean-energy vehicles such as hybrid automobiles 
or all-electric cars, would reduce pollution and 
dependence on oil imports. Th e research needed to 
achieve this objective could be led by the American 
automobile industry and even subsidized by a civil-
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ian equivalent to DARPA. And just imagine what 
other benefi ts would fl ow from a dedicated wave of 
research into lighter and stronger materials, more 
effi  cient and lighter weight batt eries or fuel-cell sys-
tems, and alternative fuel sources.
 Th e same multiplier eff ect holds for other scien-
tifi c endeavors into a variety of green technologies, 
among them: reduced energy light sources; more 
effi  cient heating and cooling designs and technolo-
gies; bett er mass transit systems; higher speed and 
more widely available communication services to 
support working from home; more eff ective traffi  c 
control systems to reduce congestion (and wasted 
energy); improved desalinization methods to cope 
with the loss of fresh water from mountain snow 
pack and glaciers or underground aquifers; global 
power grids to transport electricity from areas of 
excess to areas of need.
 Indeed, a post-Sputnik-like response to climate 
change would inevitably spur innovation in seem-
ingly unrelated terrain brought on by global warm-
ing, such as preparing for the inevitable increase in 
diseases caused by the side eff ects of severe weather 
and storm surges. Moreover, successful results 
could become the basis for valuable international 

economic trade since the uses for these ideas are 
not bound to their domestic origins.
 Th e National Science Foundation, for example, 
could accelerate the development of curricular 
material to emphasize science, mathematics, and 
engineering in the interest of responding to climate 
change. Th e Internet can be used to disseminate 
this material and to share information globally to 
speed the research that is needed. Prize programs 
could be established to encourage research and 
experimentation in areas of specifi c need.
 Considering the consequences of not respond-
ing to this planetary challenge, it seems inescapable 
that the United States can and must take a leader-
ship role. We consume more resources and gener-
ate more greenhouse gases per capita than any other 
country. Other countries may soon exceed, in abso-
lute terms, our contribution to global warming, and 
it is in our best interest to develop alternative tech-
nologies and to share them widely.
 We responded eff ectively to Sputnik, and this is 
even more important. We can do it again. 

Vinton G. Cerf is vice president and Chief Internet 
Evangelist for Google.
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THE UNITED STATES WILL NOT MEET President 
Bush’s goal of universal broadband by the end of 
2008—not by a long shot. Th e number of subscrib-
ers to Internet services is growing faster than the 
adoption of “dial-up,” yet for the most part these 
subscribers are not connected to the broadband 
technology Congress described in 1996 as a two-
way communications service capable of high-speed 
delivery of data, voice, and video.
 Th is failure to connect over half the country to 
advanced telecommunications service is not a tech-
nological failure. It is a 21st century public policy 
failure. In the 1990s, policies established by the 
Clinton administration to encourage public/pri-
vate telecommunications partnerships, to connect 
schools and libraries to the World Wide Web, and 
to allow competitive service providers onto the net-
works of the local telephone monopolies all sped up 

the deployment of broadband around most of the 
nation. Th ese policies were either deliberately aban-
doned or hampered by the Bush administration.
 Th e increasing noise from Washington about 
the lack of a U.S. broadband policy obscures the 
fact that a policy choice was made by the Bush 
administration to rely entirely on “market forces” 
to determine how and where advanced telecom-
munications services would be deployed. Th at 
policy has failed.
 Th e goal of federal investment in broadband 
should be fi rst and foremost to ensure our ability to 
respond to threats to our homeland security and to 
natural disasters. And the result of administration 
neglect, industry intransigence, and the incompe-
tence of a Federal Communications Commission 
apparently “captured” by the industry it is supposed 
to regulate has left  the American people and most 

UBIQUITY
REQUIRES 
REDUNDANCY
The Case for Federal Investment
in Broadband By Mark Lloyd
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policymakers with no clear idea where broadband 
services are deployed in the United States. 
 Th ere is no credible dispute that the United 
States has fallen behind Canada and France and 
Japan and a dozen other industrial countries in 
broadband deployment.2 Americans are not more 
adverse to new technology compared to our neigh-
bors to the north or our friends overseas. Th e dif-
ference is that these countries have moved ahead of 
the United States aft er having adopted one version 
or another of U.S. telecommunications policies 
established in the mid-1990s.3 
 In addition to leaving America less competitive in 
a global economy, this failure has left  the nation vul-
nerable and ill-prepared for real threats to our national 
security—the rationale behind the initial U.S. govern-
ment investment in the development of the Internet.
 Th e American invention of the Internet, of 
course, was preceded by heft y scientifi c invest-
ments beginning with the Eisenhower adminis-
tration for military purposes. In fact, the Internet 
developed despite “market forces” dominated by 
the not-so-invisible hand of the Bell telephone 
monopoly. While the development of the Internet 
has certainly benefi ted from global market forces, 
the “free market” blinders that prevent present-day 

U.S. policymakers from seeing beyond the interests 
of corporations must be removed. While Reagan-
era Republicans seem to don their blinders with 
greater pride, this is not a partisan issue. It was, aft er 
all, Vice President Al Gore who insisted that the 

“information superhighway” would not be built the 
way the U.S. highway system was built, but would 
instead be fi nanced by private enterprise.4

 If the United States is to catch up with other 
developed and developing nations, however, we 
must look beyond even the abandoned policies 
of the Clinton era and begin to move with greater 
urgency and resolve to address pressing disaster 
response and defense needs. Aft er all, the att acks of 
9/11 and body blow of Hurricane Katrina highlight 
for all but the most doctrinaire advocates of free 
markets that there is an exceedingly strong case for 
direct government investment in the deployment 
of advanced telecommunications services to build 
a safe, strong, and resilient America.
 Th e goal of federal investment in broadband 
should be fi rst and foremost to ensure our ability to 
respond to threats to our homeland security and to 
natural disasters. Directly connected to this goal is 
the availability of advanced telecommunications ser-
vices in our health care and educational systems—
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their communities are under att ack or threatened by 
a natural disaster. A concerted eff ort must be made 
to equip all Americans so they are able to commu-
nicate eff ectively when confronted by catastrophe.
 President Eisenhower understood the value 
of a robust transportation system at home to sus-
tain national unity and to promote defense needs. 
In announcing the new interstate highway system, 
Eisenhower called the eff ort “the National Defense 
Highway System,” citing his direct experience with 
a problem-laden military convoy from Washington, 
D.C. to San Francisco he took in 1919.
 Despite the squabbles of some local govern-
ment and business leaders who fought against a 
federal highway system, Eisenhower was convinced 
that America could do bett er. As Richard Weing-
off  reports in his excellent history of the interstate 
system, when Vice President Richard M. Nixon 
delivered an address before a 1954 conference of 
state governors at Lake George, NY, reading from 
Eisenhower’s detailed notes, he declared that the 
U.S. “highway network is inadequate locally, and 
obsolete as a national system.”
 Nixon then recounted Eisenhower’s convoy and 
then cited fi ve “penalties” of the nation’s obsolete 
highway network: the annual death and injury toll, 
the waste of billions of dollars in detours and traf-
fi c jams, the clogging of the nation’s courts with 
highway-related suits, the ineffi  ciency in the trans-
portation of goods, and “the appalling inadequa-
cies to meet the demands of catastrophe or defense, 
should an atomic war come.”6

 If America is to be ready “to meet the demands of 
catastrophe or defense,” all Americans need access 
to advanced telecommunications services in the 21st 
century, just as they needed access to an advanced 
highway system in the 20th century. But as the 9/11 
Commission noted in its report, the United States 
is not ready for a national emergency. And as every 
comprehensive analysis of the tragedy of Hurricane 
Katrina revealed, we are not prepared to handle a 
major natural disaster. Both of these experiences 
highlight the importance and the multiple failures 

the modernization of which is key to our nation’s 
ability to respond to threats to our national security 
and public safety immediately and over the coming 
decades. Without ubiquitous broadband our fi rst 
responders could be crippled by the lack of eff ective 
communications in the event of a terrorist att ack or 
natural disaster. Similarly, our educational institu-
tions need to be able to communicate quickly and 
eff ectively in case of a pandemic, as well as conduct 
R&D on all of the technologies needed to maintain 
our nation’s national defense and public safety.
 In meeting these goals, federal investment should 
make certain that the U.S. communications infra-
structure is continually upgraded, robust, redun-
dant, and able to withstand multiple threats and 
uses. Th e public should not be left  to rely on any one 
technology, but rather on multiple technologies—
each able to operate with the other, and each able to 
serve important needs if the other technologies are 
destroyed or compromised. Market forces will not 
guarantee this result.

INFRASTRUCTURE FOR A STRONG 

AND SAFE AMERICA

In small rural towns, in the crowded barrios and 
ghett os of urban U.S. cities, in those places where 
fi nancial institutions are not yet convinced they 
can get an adequate return on investment, Ameri-
cans do not have access to the communications 
networks they will need to keep them safe in the 
future.5 It is no coincidence that these same places 
hold our nation’s toxic waste dumps, our chemical 
plants, and our seaports and airports, yet we do not 
have the ability to communicate most eff ectively 
where we are most vulnerable.
 Th e Department of Defense has long been 
provided almost all the communication resources 
it needed to protect American interests overseas. 
What has been too oft en forgott en is the impor-
tance of equipping all Americans with the ability to 
participate eff ectively in the national defense eff ort 
at home. Americans take pride in assisting when 



National Security

spring • summer 2008      35

of U.S. communications services as warning sys-
tems or as systems to allow for the coordination of 
fi rst responders.7

Command and Control vs. National Leadership

A standard complaint of conservative defenders of 
the current telecommunications regulatory system 
regarding communications policy focuses on the 
supposed “command and control regulatory policies” 
of the federal government.8 Th ey argue that the heavy 
hand of regulation stymies the roll out of advanced 
telecommunications networks across the nation 
when in fact the tendency of the federal government 
historically is to exercise this “command and control” 
on behalf of the communications industry itself.
 Th e result of this regulatory protection of diff er-
ent bits of the telecommunications industry leaves 
the United States with balkanized communications 
capabilities. If the prevention or response to the 
terrorist att acks on 9/11—when New York City 
police, fi re, and rescue workers could not commu-
nicate with each other amid the chaos and carnage 
of that awful day—or the prevention or response to 
the failed levees overwhelmed by hurricane Katrina 
demonstrated anything, they demonstrated the 
need for bett er command and control.9

 Indeed, in the debate over communications pol-
icy, the term “command and control” is litt le more 
than a right-wing slogan. Outside of military opera-
tions this phrase has never accurately described 
either the policymaking process or the execution of 
policy in the United States. Even the federal highway 
system so important to Presidents Roosevelt, Tru-
man, and Eisenhower for military purposes, was the 
product of a contentious federal–state partnership.
 Still, there is no question about the importance 
of federal vision and leadership and funding.10 Th e 
importance of strong federal engagement in the devel-
opment of the national highway system is beyond dis-
pute. Th e same can be said of the importance of fed-
eral leadership in the U.S. space program, which led to 
the U.S. satellite industry, as well as federal leadership 

in the Defense Advanced Research Projects Agency, 
which spurred the research behind the Internet.
 Perhaps the most direct corollary to the national 
highway system in the U.S. telecommunications 
arena is the National Communications System. Th e 
NCS began aft er the Cuban missile crisis. Commu-
nications problems between and among the United 
States, the Soviet Union, and other nations helped 
to create the crisis. President Kennedy ordered an 
investigation of national security communications, 
and the National Security Council recommended 
forming a single unifi ed communications system to 
connect and extend the communications network 
serving federal agencies, with a focus on intercon-
nectivity and survivability.
 Th e NCS oversees wireline (Government Emer-
gency Telecommunications Service) and cellular 
service (Wireless Priority Service).11 Th e NCS is 
now part of the Department of Homeland Security’s 
Preparedness Directorate, and despite the increased 
att ention to the communication needs of fi rst 
responders on September 11, 2001, NCS failures 
and inadequacies were made obvious aft er Katrina.12 
In New Orleans, police offi  cers were forced to use a 
single frequency on their patrol radios, which “posed 
some problems with people talking over each other,” 
explained Deputy Policy Chief Warren Riley at the 
time. “We probably have 20 agencies on one channel 
right now.” And with litt le power to recharge batt er-
ies, some of those radios were soon useless.

How our country’s 

critical communications 

infrastructure is deployed 

is entirely determined

by private industry.
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 In southern Mississippi, the National Guard 
couldn’t even count on radios. “We’ve got runners 
running from commander to commander,” said 
Maj. Gen. Harold Cross of the Mississippi National 
Guard. “In other words, we’re going to the sound of 
gunfi re, as we used to say during the Revolutionary 
War.”13 As Sen. John Kerry (D-MA) said: “Th is is a 
further demonstration of our inadequate response 
to the 9/11 Commission’s recommendations 
and other warnings about the failures in our fi rst 
responders’ communications systems.”14

 How can these obvious communications failures 
still leave the United States groping for an adequate 
response? One of the biggest challenges we face 
is the tendency to see national defense and emer-
gency needs regarding communications as separate 
and unrelated to the communications needs of the 
American public. Th e NCS has established an elab-
orate set of protocols that make government com-
munications a priority over what is called the public 
switched network. Federal, state, and local govern-
ments pay substantial fees to use this communica-
tions network. But the determination over how that 
network is upgraded and deployed is entirely deter-
mined by private industry.
 We cannot have a robust, survivable, interopera-
ble communications system that protects the public 
if the public is treated merely as a mass of consum-
ers and not as an integral part of national defense 
and emergency response. Th e U.S. public remains 
vulnerable because our communications infrastruc-
ture is too oft en viewed only as a private business. 
Katrina and 9/11 remind us that access to advanced 
telecommunications service is a public need. We 
need national leadership to remind us of this, and 
insist on policies that address public needs.

ADVANCED TELECOMMUNICATIONS 

CAPABILITY IN THE 21ST CENTURY

In the 1996 Telecommunications Act, Congress 
indicated that advanced information and commu-
nication technology, or ICT for short, should pro-

vide the ability to send and receive data, voice, and 
video. Today, advanced ICT means the ability to 
send and receive high-defi nition video in real time, 
something that requires massive telecommunica-
tions power if the goal is for everyone to be able to 
do so. Further complicating this goal is that in emer-
gency situations communications systems become 
easily overloaded as people rush to their phones to 
check on loved ones.
 In the case of an emergency or national disas-
ter we need a capacity far greater than the market 
would support for even heavy shopping days. A 
starting point would be symmetrical speeds (both 
download and upload capability) of 10 gigabytes 
per second. Today, speeds of that magnitude are 
available only at the most important point-to-point 
interchanges of the Internet backbone or between 
dedicated military, fi nancial, educational, or scien-
tifi c institutions. Both fi ber and robust wireless ser-
vices have the potential to deliver these speeds in 
both directions.
 But the construction of one or even two robust 
communications pipelines into police stations or 
military posts would still leave the United States 
vulnerable. Th e sole reliance on only one or two 
sources of communications creates an inviting tar-
get and, at the very least, creates the potential for 
deadly communications bott lenecks. Telecommu-
nications businesses won’t help us solve this prob-
lem. At their best, they work to create greater effi  -
ciency by eliminating redundancy. At their worst, 
they work to eliminate any and all competition so 
that even effi  ciency doesn’t matt er.
 When reliability is essential, redundancy is 
highly valued. When lives are at stake, establishing 
alternative systems that can do as good a job as any 
designated primary system is routine. And while our 
policymakers speak of competition—sometimes 
even embracing competitive communications infra-
structures that might lead to alternative “consumer” 
choice—policymakers rarely seem to understand 
that alternatives are essential to national defense 
and emergency preparedness.



National Security

spring • summer 2008      37

 In fact, redundancy is so essential to public safety 
and national security that where private industry 
refuses to create these alternatives government 
must do so. Safety engineers consider redundancy 
a critical ingredient of creating a system with a high 
probability of safety. In the commercial aircraft  
industry, for example, pilots and passengers are 
assured of safety in part because redundant equip-
ment, including engines and sensors, are required 
by government regulation.
 In addition to redundancy, it is vital that the dif-
ferent systems and the equipment operating over 
these communications systems be interoperable. 
One unfortunate result of relying on private com-
petition is the tendency of competitors to develop 
systems which do not permit interoperability. A 
key failing of emergency response aft er 9/11 and 
Katrina was the lack of interoperable communica-
tions equipment.15

 Many of the problems of interoperability are 
the result of turf wars and not equipment limita-
tions. Federal policies to override local turf wars 
are essential. Th e Department of Homeland Secu-
rity has made it a priority to solve the range of 
problems related to interoperability.16 But again, 
interoperability must not be limited to operation 
over one infrastructure, but must cross all relevant 
communications platforms. Phones and computers 

must operate over wireline and wireless infrastruc-
ture, including competing wireline and wireless 
networks. Interoperability is a vital component of 
emergency service and a modern communications 
network. Closed “private” broadband networks 
stifl e not only innovation and service competition, 
they also limit the ability of all Americans to partic-
ipate eff ectively in response to natural disaster and 
terrorist att ack. If the United States is to compete 
eff ectively in a global economy and defend itself 
against global terrorist threats, then it must take 
advantage of the unique opportunities only pos-
sible with an open network.
 Federal law should require that all broadband 
networks are open to the att achment of any equip-
ment the user chooses—so long as it does not harm 
the technical operation of the broadband network. 
In addition, federal law should require broadband 
networks to be open to other information service 
providers and accessible to other networks, except 
for restrictions related to vital law enforcement or 
for network management.

Investing in Multiple Technologies

Our nation’s wireline infrastructure is inadequate to 
meet 21st century needs. Th e old telephone network 
is simply incapable of delivering the bandwidth to 
meet the emergency needs of today and the future. 
While eff orts have been made to upgrade the rela-
tively more modern cable infrastructure, there are 
too many rural communities where the cable sys-
tem has not upgraded to provide digital service. 
Even in our major metropolitan areas, gross defi -
ciencies are self-evident.
 Th e strain on the existing telecommunications 
infrastructure was obvious as call aft er call was 
blocked during 9/11. But this strain is obvious to 
anyone who regularly uses either the Internet or 
regular cell phone service in a major metropolitan 
area in the United States. Th e concerns that the 
Internet as presently constructed simply will not 
bear the amount of use projected over the next 
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fi ve years are longstanding. While more sophisti-
cated fi ltering and bett er emergency protocols may 
address this problem in the short-term, the strain 
on the nation’s telecommunications infrastructure 
will only increase as the call for greater bandwidth 
for video over the Internet increases.
 If meeting the communications needs of fi rst 
responders or panicked parents were simply a mat-
ter of “market forces,” then one would be tempted 
to applaud the telephone and cable companies for 
squeezing as much profi t as possible out of old tech-
nologies. But the challenge of communicating in an 
emergency should not be held hostage to even legiti-
mate profi t-seeking demands of private investors.
 In brief, the nation should be investing in the 
deployment of fi ber, powerline, wireless, and satel-
lite communications technologies. Th e combina-
tion of these technologies would ensure robust and 
ready communications services in case of a national 
emergency. What’s more, these technologies are 
readily available for roll out, as we will detail below.

OPTICAL FIBER

Th e most promising single technology that could 
deliver advanced telecommunications connectivity 
to homes and offi  ces everywhere is optical fi ber, a 
thin glass or plastic line designed to distribute light. 
Optical fi ber is distinct from the electricity that 
distributes communications through copper tele-
phone wires or coaxial cable. Th e light in optical 
fi ber permits transmission of digital data over lon-
ger distances and at higher rates than other forms of 
communications.
 Fiber optic products have been used for several 
decades in a variety of defense technologies designed 
for air, sea, ground, and space applications. During 
the high technology boom of the 1990s many pri-
vately held companies and public corporations built 
out vast fi ber optic networks even as telecommu-
nications companies beginning in the early 1990s 
began to upgrade their networks to incorporate 
fi ber technology. Yet only one large U.S. company, 
Verizon, has extended optical fi ber to the home.

 Th e immediate reaction from Wall Street to Veri-
zon’s plans was pessimistic. Verizon’s stock value in 
2006 dropped and investors pressured the company 
to scale back deployment or abandon the invest-
ment in fi ber to the home altogether. Th e reason: 
Investors saw litt le reason to back Verizon’s expen-
sive ($23 billion) proposition.17

 Nevermind that over time Verizon’s emphasis 
on delivering video entertainment alongside other 
telecommunications services so the company could 
compete with cable is now increasingly viewed as 
smart forward-thinking investment strategy. Unfor-
tunately, Verizon’s service areas are largely densely 
populated urban areas, and Verizon’s rural custom-
ers are not likely to get fi ber anytime soon. Other 
telecommunications companies, including AT&T 
and smaller, regional players, have no plans to pro-
vide their customers with fi ber optic service to the 
home.18 Again, the emphasis on market priorities, 
forward thinking or not, does not serve the goal of 
protecting Americans with the best communica-
tions service available in case of an emergency.
 Th ere are municipalities, however, that have 
deployed optical fi ber networks with the expressed 
intent of improving the communications capability 
of emergency workers. One example is Arlington 
County, Virginia, just across the Potomac River 
from Washington, D.C. Arlington fi refi ghters were 
the fi rst to respond on September 11, 2001, when 
the Pentagon was att acked by terrorists. Beginning 
with its 10 fi re stations in January 2002, by June 
2002 all 40 county sites were connected to a fi ber 
network. In 2005, Arlington extended the network 
to the nearby city of Alexandria, to facilitate inter-
agency collaboration.19

 Th ese are the kind of public investments that 
federal, state, and local governments all need to 
make in tandem with the private sector to ensure 
that households and offi  ces are all connected to the 
most readily available form of high-speed telecom-
munications. Ubiquitous broadband via fi ber optics 
is the best fi rst step that could be made by such a 
public/private partnership.
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POWERLINE COMMUNICATION

Broadband over power lines, known as BPL by 
industry insiders, is a promising technology that 
would make use of the extensive electrical power 
grid infrastructure to communicate digital signals. 
BPL, however, still has some kinks to be worked 
out. Both the electric grid and the home create 
what engineers call a “noisy” environment. Every 
time a device turns on or off , a pop or click is intro-
duced into the line.
 Indeed, BPL has developed faster in Europe than 
in the United States due to diff erences in power sys-
tem design philosophies. Large power grids trans-
mit power at high voltages to reduce transmission 
losses, and transformers that are near the customer 
reduce the voltage. Because BPL signals cannot 
pass through transformers, repeaters must be 
att ached to each transformer. In the United States, 
a small transformer typically services a single house 
or a small number of houses. In Europe, it is more 
common for a larger transformer to service up to 
100 houses. Delivering BPL over the power grid of 
a typical U.S. city will require many more repeaters 
as compared to a typical European city.
 Despite these challenges, BPL in the United 
States is on the rise, with about 6,000 BPL sub-
scribers nationwide as of 2006.20 According to the 
United Power Line Council, commercial deploy-
ments are up slightly, from six in 2005 to nine in 
2007. Trial rates, however, have fallen from 35 in 
2005 to 25 in 2007.21

 An indication of a possible increase in BPL pen-
etration, however, came in 2007 when DirecTV 
announced that it was gett ing in on the BPL mar-
ket. In a deal with Current Group, DirecTV plans 
to provide BPL service in the Dallas-Fort Worth 
and Cincinnati areas with a potential for much 
broader rollout. Not to be out done, Oncor, a sub-
sidiary of Dallas power company Energy Future 
Holdings Corporation—formerly TXU Corpo-
ration—has started to deliver BPL service and it 
recently passed 108,000 customer deployments, 
less than fi ve percent of its goal.22

 Th e rise in BPL deployment can also be traced 
to steps the FCC took in 2006 to support the tech-
nology by reaffi  rming an earlier decision that BPL 
providers have the right to provide data access 
using power transmission lines so long as they do 
not interfere with existing radio service. Still, oppo-
nents of BPL, including the aviation industry and 
the amateur radio community, have continued to 
voice the strongest concerns over the issue of pos-
sible interference with radio communication,23 
though there is some dispute among experts over 
the degree to which electricity over BPL actually 

“leaks” and thus interferes with an electromagnetic 
wireless signal.
 In a further boost, the FCC classifi ed BPL-
enabled Internet access as an information ser-
vice, rather than a telecommunications service, in 
November 2006. According to the FCC, “Th e order 
places BPL-enabled Internet access service on an 
equal regulatory footing with other broadband 
services, such as cable modem service and DSL 
Internet access service.”24 According to Joe Mar-
silii, president and CEO of BPL equipment maker 
and integrator MainNet Powerline Inc., 70 percent 
to 80 percent of the nation’s electrical grid will be 
equipped with BPL in fi ve to eight years.25

 Th is kind of rollout of BPL services, however, 
will not occur without a coherent policy advanced 
by those federal agencies responsible for keeping 
America competitive and secure. BPL could easily 
become the second ubiquitous source of broadband 
to all houses and offi  ces with a plug. With only a few 
technology hurdles to clear, and with FCC regulatory 
clearance already evident, BPL through a public/pri-
vate partnership could become available swift ly.

WIRELESS BROADBAND

As anyone who has att empted to carry on cell 
phone conversations in New York or rural America 
will att est, reliance on the most prevalent wireless 
technology in America would be misplaced.26 Cell 
phones are no less ubiquitous in big American cit-
ies than they are in London or Taipei or Toronto, 
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but somehow cell phones seem much more reli-
able in other countries.
 Coverage problems in the United States result 
from the lack of cell phone infrastructure—towers 
and repeaters—necessary to sustain a large number 
of users in the variety of locations. Th e infrastruc-
ture problems are directly tied to two factors. First, 
the costs to build that infrastructure at present out-
weigh the commercial benefi t, which is the profi t 
the telecommunications companies and their share-
holders think they can realize. Second, because cell 
phone service is seen only as a commercial need, 
there is litt le public will to assist in supporting the 
cost of this infrastructure development by allowing, 
mandating, or helping to fi nance the build-out of 
towers and repeaters.
 Coverage problems also result from the limited 
propagation characteristics of the spectrum set 
aside for cellular service. Most cell phone use in 
the United States is based on dated technology.27 
Advanced digital Internet protocols make pos-
sible voice, data, and video communications over 
mobile networks. Th ird-Generation or 3G broad-
band has been deployed eff ectively in the United 
Kingdom, Germany, Japan, and other countries, 
but the United States lags behind.28

 Th e creation of a next generation wireless 
broadband network is an important public policy 
goal. Th e public safety benefi ts of reaching this 
goal justify signifi cant federal funding to subsidize 
the development of such a network. One proposal 
is that the funding of a 3G public safety network 
could come by redirecting the billions of dollars 
designated to the federal government’s wireless 
network project—estimated between $5 billion to 
$10 billion—and which will only serve a limited 
number of federal agencies.29

 Th e focus, however, should not be on any one 
technology, but rather on the full funding of a pub-
lic safety network that utilizes wired and wireless 
infrastructure. Th e establishment of a public safety 
network can serve as a strong starting point for the 
development of a next generation network for com-

mercial purposes. A public safety network, however, 
should not be held hostage to commercial interests.
 Federal allocation of spectrum must be revised 
to allow for the deployment of advanced wireless 
technologies. Licenses for all current analog radio 
and television broadcasting must be revoked, aft er 
which at least 25 percent of this spectrum should be 
set aside for public safety purposes, and half of the 

“vacant” spectrum should be reserved for temporary 
experimental applications with a priority placed on 
those applications that serve public safety, health 
care, or educational institutions.

WI-FI AND WI-MAX

Wi-Fi is a digital wireless communications tech-
nology. Th e brand is owned by the Wi-Fi Alliance, 
a consortium of companies that have agreed to a 
set of interoperable products based on a standard 
(802.11) set by the Institute of Electrical and Elec-
tronics Engineers. Th ough the Wi-Fi Alliance appar-
ently originally intended the name to mean “Wire-
less Fidelity,” later statements from the consortium 
suggest the name is not an acronym or abbreviation.
 Wi-Max is an acronym for “Worldwide Interop-
erability for Microwave Access.” Th is was adopted by 
the Wi-Max Forum in 2001. Wi-Max adheres to the 
so called IEEE 802.16 standard and allows for higher 
speed networking across much wider geographic 
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distance than is currently possible with Wi-Fi. Both 
Wi-Fi and Wi-Max in the United States face the 
technical challenges of limited spectrum allocation, 
particularly when compared with Europe.
 As of mid-2007 there were over 400 counties 
and municipalities with wireless networks. Th ese 
networks are used for applications ranging from 
reading meters to managing traffi  c and provid-
ing Internet access. Most municipalities contract 
with private companies to build and operate the 
network, and understandably the private industry 
is primarily concerned about profi t. Th erefore, in 
addition to the technical challenges in the United 
States, there are substantial diffi  culties with the 
business model.
 Because of both the technical and business chal-
lenges, large-scale municipal wireless projects are 
fl opping in big cities all across the United States. 
Th e problems arising in Houston, Chicago, St. Louis, 
Philadelphia, and San Francisco are for the most 
part very similar: the infrastructure (nodes and 
towers) was not in place, and when private com-
panies were contracted to build the infrastructure, 
raising public money was diffi  cult. Plans to migrate 
to public from private service were complicated by 
the fact that the slower and less reliable Wi-Fi con-
nections are not able to compete eff ectively against 
incumbent wired (cable or DSL) Internet providers. 
As one reporter put it:

Th is summer was hard on urban Wi-Fi. Exhibit 
A: the extreme corporate shake-up at Earthlink, 
one of the biggest names in municipal wireless. 
In the same few days, the Atlanta-based Inter-
net provider abandoned its much-heralded 
proposal to build San Francisco’s wireless net-
work, faced a $5 million fi ne fr om Houston for 
missing a contractual deadline in rolling out 
that city’s network, and announced it would 
shed some 900 jobs—half of its staff —includ-
ing the company’s head of municipal Wi-Fi. In 
St. Louis, a $12 million plan stalled out this 
summer when AT&T and the city couldn’t 

untangle an electricity snarl… Th at plan is on 
hold indefi nitely. With these signs of the indus-
try buckling , Chicago offi  cials backed off  their 
plans to install a city network aft er failing to 
reach an agreement with either of the compet-
ing wireless providers.30

 Th e success stories of municipal Wi-Fi come 
from small towns. In St. Cloud, Florida, a truly city-
wide municipal Wi-Fi network exists at no cost to 
residents. Mountain View, California has a citywide 
wireless network owned by Google with free ser-
vice to residents. Both these networks operate over 
relatively small geographic areas: Mountain View is 
14 square miles; St. Cloud is 12 square miles. Of the 
400-plus American cities and counties att empting 
municipal Wi-Fi, most cannot off er it for free. Th ere 
are currently only 92 cities or towns with active 
municipal Wi-Fi networks.31

 Th e telecommunications industry nonetheless 
argues that the involvement of municipalities cre-
ates unfair competition for private organizations 
because of their ability to use public assets. Th e 
industry also argues that municipal governments 
do not have the necessary expertise to operate or 
maintain the technology and anyway should not be 

“picking winners” in a competition among techno-
logical alternatives.32

 Preoccupation with these industry concerns 
largely obscures the needs of public safety and 
emergency response. While neither Wi-Fi nor Wi-
Max will address all the communication needs of 
local communities, the establishment of these sys-
tems can help fi ll in the deployment gaps and assist 
in providing the important redundancy demands 
of emergency communication. Fixed microwave 
wireless communication systems can also help fi ll 
in critical gaps.33 Th e real problem is the tendency 
to look for easy answers rather than implement 
comprehensive solutions that should include Wi-Fi 
and Wi-Max. Federal leadership is needed to push 
forward a rationale for public investment that puts 
a priority on safety and emergency response.
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SATELLITE BROADBAND

Satellites in geostationary orbit can relay Internet 
speeds of about 0.5 megabits per second to the user. 
But satellite broadband typically allows for only 
80 kilobits per second from the user. In many rural 
areas this is a substantial increase over what is typi-
cally available. Although DirecTV and a few others 
have invested in making satellite broadband service 
a commercial competitor, it suff ers from serious 
competitive disadvantages. Bad weather and sun-
spot activity can cause unreliable signals and drop-
outs. Applications such as virtual private networks 
and voice over Internet protocol, or Internet tele-
phony, are discouraged or unsupported. And most 
satellite Internet providers abide by a Fair Access 
Policy, limiting a user’s activity, usually to around 
200 megabits per day.
 Perhaps the greatest commercial disadvantage, 
however, may be the delay that results from the 
44,000 miles a signal would need to travel from the 
user to the satellite company. Th is delay results in a 
connection latency of 500 to 700 ms, as compared 
with a latency of 150 to 200 ms typical for terrestrial 
Internet service providers.
 Still, new technology has decreased the weight 
and size of satellite antennae and receivers, which 
combined with computer tracking devices makes it 
easier to send and locate satellite signals. And perhaps 
the biggest advantage of satellite broadband, particu-
larly for emergency use, is that it can be established 
very quickly on a mobile unit that can avoid an att ack 
or be rushed to the scene of a natural disaster. Fixed 
towers and telecommunications conduits necessary 
for wired or terrestrial wireless services are much 
more vulnerable to att ack or natural disasters.34

 All these communications technologies—satel-
lite broadband, Wi-Fi and Wi-Max, wireless broad-
band, power-line communications, and optical 
fi ber networks—are available for local, state, and 
national government to warn and protect citizens. 
It is not a matt er of choosing one or the other, but 
intelligently investing in all these technologies and 
engaging in research to develop more. Government 

protection of the U.S. telecommunications indus-
try should take the form of ensuring that industry 
is protected in case of an att ack or natural disaster, 
it should not take the form of protecting industry 
profi t at the expense of national security. America 
needs a robust communications system for emer-
gencies the nation will surely face in the future.

WHERE ADVANCED ICT INFRASTRUCTURE 

SHOULD BE DEPLOYED

All government offi  ces, health care centers, primary 
and secondary schools, military, police and fi re, and 
emergency responders need access to advanced 
information and communications technology to pre-
pare for and respond eff ectively to natural disasters 
and terrorist att acks. Federal and state governments 
may bicker over their relative access to advanced 
ICT, but there is litt le disagreement over the need 
for access. Similarly, while there are disputes on the 
edges there is a general consensus that police, fi re, 
and emergency responders need this access.
 But there are other institutions in this country 
that require ubiquitous broadband access in order 
to help our citizens in times of crisis, the two most 
critical sectors being educational and health care 
institutions.

Health Care Centers

Health care centers face extraordinary burdens 
during and aft er emergencies. Th e victims of natu-
ral disasters or other catastrophes require medical 
att ention, as do the emergency responders who 
risk their lives. Th e ability to diagnose and monitor 
patients, to access patient records, and to commu-
nicate with pharmacists is increasingly dependent 
upon reliable communications systems within and 
beyond the hospital.
 Th e absence of robust and redundant commu-
nications systems in our community health care 
facilities puts at risk not only patients but those 
who risk their lives to keep the rest of us from hav-
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ing to enter the hospital. In addition, advanced 
telecommunications systems have proven to be 
eff ective in providing access to medical expertise 
even over great distances.
 A cardiac patient in a small military hospital in 
Guam, for example, was able to undergo a life-sav-
ing heart operation supervised by an expert doctor 
located 3,500 miles away at Tripler Army Medical 
Center in Honolulu. Th e surgery was relatively rou-
tine for Dr. Benjamin Berg, who was able to dictate 
the procedure to a less experienced colleague, mon-
itoring every move and heartbeat with a high-res-
olution video camera and instant sensor gathering 
data from the catheter as it was slid carefully into 
the right chamber of the patient’s heart.
 “Th e real-time information requires a continu-
ous broadband connection,” Berg said. “Th e delay 
in the transmission of data about pressure inside 
the heart would be unacceptable.”35 Imagine doc-
tors being able to help patients remotely as the 
health care centers in New York and the Gulf Coast 
were inundated.36

 Th e example cited above of the surgeon in 
Honolulu supervising an operation in Guam is 
but one of the remote care practices engaged in by 
the Veterans Administration system. Th e VA also 
works with the Alaska Federal Healthcare Access 
Network, which links nearly 250 sites including 
military installations, Alaska Native health facilities, 
regional hospitals, small village clinics, and state 
of Alaska public health nursing stations to provide 
various healthcare services using high-speed broad-
band services including satellite broadband.
 A VA study of a remote monitoring program dem-
onstrated a 40 percent cut in emergency room visits 
and a 63 percent reduction in hospital admissions. 
A separate Penn State University study estimated 
that remote home health monitoring for diabetes 
patients cut costs for hospital care by 69 percent. 
According to Jon Linkous of the American Tele-
medicine Association, “Broadband Internet access 
to hospitals is becoming a critical tool in the delivery 
of medical services.”37

 In addition to providing the communications 
infrastructure to local health care facilities, it is vital 
to increase support for both the National Institutes 
of Health and the Center for Disease Control. NIH 
has long demonstrated its importance in emergency 
and disaster readiness. One notable program is the 
University of California, San Diego and the Califor-
nia Institute for Telecommunications and Informa-
tion Technology’s $4 million WIISARD (Wireless 
Internet Information System for Medical Response 
in Disasters) project, which is funded by NIH’s 
National Library of Medicine.
 Th e WIISARD project allowed the San Diego 
Metropolitan Medical Strike Team to bring together 
scientists and engineers from the California Institute 
for Telecommunications and Information Technol-
ogy with local and state police, SWAT, fi re, HazMat, 
and other fi rst responders. In a simulation in 2005, 
the team was able to test the prototype of a video sys-
tem that allows medical personnel to view a 3D vir-
tual environment generated by a live video stream.
 In another new technology demonstration by 
the WIISARD project, fi rst responders were pro-
vided wireless personal digital assistants, or PDAs, 
outfi tt ed with soft ware to help them keep track 
of victims’ locations and triage status, capturing 
important medical data at the point of triage and 
transmitt ed that immediately back to hospitals and 
a command center using a Wi-Fi network. Accord-
ing to Jacobs School of Engineering computer sci-
ence and engineering professor Bill Griswold, San 
Diego’s Metropolitan Medical Strike Team “has 
realized that law enforcement is an integral part 
of medical disaster response, and to bett er coordi-
nate that, they anticipate that technologies like this 
can be useful in communicating from law enforce-
ment to medical responders without distracting 
law enforcement from their duties.”
 Griswold adds that “we’ve also had some inter-
est from SWAT offi  cials because these technolo-
gies would allow SWAT teams to communicate 
information silently back to their commanders. 
Currently they have to use hand signals or radios, 
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both of which put them at risk from exposing their 
positions.” Continued NIH funding to support this 
work is critical in keeping the nation safe and pre-
pared for emergencies.38

 Similarly, but on a national scale, the Center 
for Disease Control and Prevention is an essential 
health care institution in emergencies, particularly 
in an age of biological weapons and biohazards that 
spread as a result of natural disasters. Whether it 
is containing the threat of anthrax or limiting the 
spread of waterborne human disease, it is essential 
for the CDC to have eff ective communications 
capability in the fi rst hours of an emergency.39

Educational Institutions

In 1957 America rested assured of its status as a sin-
gular world power, convinced of her superiority on 
every front aft er the victory of World War II, aft er 
the development and detonation of an atom bomb, 
and aft er the resurgence of the economy that fol-
lowed the Great Depression and allowed the United 
States to contribute to the rebuilding of Europe. 
America could fi nally rest, and rest easy. And then, 
in October of that year, America’s rest was rudely 
interrupted by Sputnik.
 Th e Soviet Union’s launch of an orbiting satellite 
haunted the American dreamscape with the sudden 
threat of communist missiles raining down from the 
skies, which sent school children under their desks 
to duck and cover. Th e Director of Development for 

the Army Ballistic Missile Agency at the time, Ger-
man rocket scientist Werner von Braun, testifi ed 
before a subcommitt ee of the House Committ ee 
on Education and Labor:

Modern defense programs…are the most com-
plex and costly, I suppose, in the history of man. 
Th eir development involves all the physical sci-
ences, the most advanced technology, abstruse 
mathematics and new levels of industrial engi-
neering and production. Th is…require[s] a new 
kind of soldier, who may one day be memorial-
ized as the man with the slide rule…It is vital 
to the national interest that we increase the out-
put of scientifi c and technical personnel.40

 Sputnik’s wake-up call led directly to the estab-
lishment of the Defense Advanced Research Proj-
ects Agency, or DARPA, which is credited for 
inventing the Internet. It also led directly to the pas-
sage of the 1958 National Defense Education Act. 
Th e NDEA allocated approximately $1 billion in 
funds to supporting research and education in the 
sciences through 1962.41 Th e connection between 
education and defense could not be clearer.
 Of course, educational institutions must have 
robust communications systems to warn and protect 
teachers and students. But to focus solely on Ameri-
can schools because they might be targets holding 
our children, our most valuable assets, would be to 
miss the lessons of the past. Our schools, whether at 
the elementary or at the graduate school level, must 
have the most advanced information technologies 
available if we are to develop the minds we will need 
to protect ourselves and fi nd solutions to the various 
complex challenges in an increasingly complex world.
 U.S. students and teachers must have ready 
access to the most advanced information tech-
nologies available. To deny this access because a 
government investment may challenge the inter-
ests of private corporations misses the larger point 
that not doing so will rob those corporations of 
the very minds they need to stay competitive. To 
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deny access to this technology may rob the nation 
of the resources it needs to save itself.
 Th e importance of making advanced communi-
cations technology available to schools and students 
has been the subject of hundreds of reports over the 
past 50 years. Information technology leaders in 
higher education were actively engaged in planning 
and deploying the networks that led to the forma-
tion of what many think of as the original Internet, 
the NSFnet of the late 1980s, along with successful 
eff orts to generate congressional support for scien-
tifi c and academic networks, leading to the High Per-
formance Computing Act of 1991, and the National 
LambdaRail eff ort to build an all-optical, facilities-
based network for leading edge science and research.
 Th e value of advanced broadband infrastructure 
is apparent in fi elds such as astronomy and genom-
ics, but e-learning has barely scratched the surface 
of its potential.42 Students, particularly those who 
are not living at school, continue to have diffi  culty 
accessing broadband service. Undeterred, conser-
vatives in the telecommunications industry con-
tinue to att ack the Universal Service Fund program 
established by the 1996 Telecommunications Act, 
and have sought to undermine its eff ectiveness 
since its inception.
 Yet the eff ectiveness of this program is undeni-
able. In 1998, at the beginning of the implementa-
tion of the USF program, only 14 percent of public 
school instructional classrooms were connected to 
the Internet; as of 2003, classroom Internet access 
was at 93 percent.
 Nearly all public library outlets today are now 
able to off er some Internet access. Yet in each funding 
year since 1998, requests for E-Rate discounts vastly 
exceed the $2.25 billion made available. Despite 
the clear need and success of Universal Service, the 
Bush appointees at the FCC have threatened sup-
port for the fund by excluding cable companies pro-
viding advanced telecommunication services from 
the requirement of a universal service contribution.
 What’s more, in 2004 the FCC suspended the 
E-Rate program for three months. Th e ostensible 

reason: Th e FCC determined that the Antidefi -
ciency Act, which bars federal agencies from obli-
gating funds without adequate cash on hand to 
cover those obligations, applied to the E-Rate.
 Th e Universal Service Fund subsidizes the 
schools and libraries, the poor (Lifeline and Link-
Up), rural telecommunications services, or telemed-
icine applications. When the Bush administration 
limits contributions and stalls funding it is heading 
in exactly the wrong direction. All Americans should 
have access to advanced telecommunications ser-
vices whether they are poor, living in high-cost rural 
or urban areas, or living on fi xed incomes.
 Citizens remain our fi rst line of defense and 
response in a natural disaster. If Americans are not 
connected, deployment will make litt le diff erence. 
USF support for advanced telecommunications 
services are clearly needed if all Americans are to be 
connected. A renewed commitment and a national 
broadband policy that puts universal access at the 
top of the list are past due.

CONCLUSION

Th e United States needs to move forward in a coher-
ent fashion to deploy advanced telecommunications 
infrastructure, but not because we want to be num-
ber one. We have vulnerabilities at home that need 
to be addressed with some urgency. Th e possibilities 
resulting from the synthesis of powerful networks, 
computers, and databases have been the subject of a 
variety of blue ribbon panels, most notably the U.S. 
National Science Foundation report on cyberinfra-
structure in 2003.43 Five years later another panel 
is in order, with recommendations ready for a new 
administration and a new Congress.
 Th e fi rst work of such a panel should be to get 
accurate information on the deployment and capa-
bility of the various communications networks now 
operating in the United States. Th is paper has dis-
cussed a range of basic principles to meet the ends 
of national security and response to natural disas-
ters. Th ose principles include:
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Robust networks capable of symmetrical speeds • 
of 10 Gbps 
Redundancy• 
Interoperability• 
Network neutrality• 

 We have a wide range of technologies available 
to communicate eff ectively. We should not choose 
between satellite broadband, Wi-Fi and Wi-Max, 
wireless broadband, power-line communications, 
and optical fi ber networks—all of these technolo-
gies should be invested in along with new developing 
technologies to protect our defense and emergency 
needs at home. Because our citizens are our fi rst line 

of defense or response, we need to make a commit-
ment to universal service regarding advanced tele-
communications services for all Americans.
 As President Eisenhower said in 1955, “Our 
nation is sustained by free communication of 
thought and by easy transportation of people and 
goods.” Our dependence on communications sys-
tems makes them more critical now than ever before. 
And as we pulled together and committ ed to the 
development of highways, satellites, and schools to 
win the Cold War, we must pull together now. 

Mark Lloyd is Vice President for Strategic Initiatives, 
Leadership Council on Civil Rights.
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IN A CAUTIONARY MESSAGE to the world just 
before his retirement, then U.N. Secretary-General 
Kofi  Annan said that as biological research expands 
and advanced biotechnologies become increasingly 
available, the associated safety and security risks 
will increase exponentially. “When used negligently, 
or misused deliberately, biotechnology could infl ict 
the most profound human suff ering—ranging from 
the accidental release of disease agents into the envi-
ronment to intentional disease outbreaks caused by 
state or non-state actors,” he warned. “Soon, tens of 
thousands of laboratories worldwide will be operat-
ing, in a multi-billion dollar industry. Even novices 
working in small laboratories will be able to carry 
out gene manipulation.”1

 Annan then pointed out that the world lacks 
a system of eff ective safeguards for managing the 
risks of biotechnology. “Scientists may do their 

best to follow rules for the responsible conduct of 
research,” he said. “But eff orts to harmonize these 
rules on a global level are outpaced by the gallop-
ing advance of science itself, and by changes in the 
way it is practiced.” To address this policy challenge, 
Annan called for the creation of a “global forum” 
under U.N. auspices so that representatives from 
governments, industry, science, public health, law 
enforcement, and the public could discuss how to 
ensure biotechnology serves the common good.
 Since Annan’s retirement, however, the idea 
of a global forum has languished. It’s time for his 
successor, U.N. Secretary-General Ban Ki-Moon, 
to take up the proposal and make it a reality. Th e 
reason: Preventing the misuse of biotechnology 
for the creation of weapons of almost unimagi-
nable horror will require coordinated global action 
that only an international forum can muster. Th ere 
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is simply no way the United States can tackle this 
dangerous problem on its own.

THE CHALLENGE OF “DUALUSE” RESEARCH

So what are the security implications of biotech-
nology that prompted Annan’s proposal? One con-
cern is that many biotech facilities, equipment, and 
materials are inherently “dual-use,” meaning that 
they can be applied either for legitimate civilian 
purposes or for the development and production 
of biological weapons. Moreover, whereas biotech-
nology was once the exclusive domain of advanced 
industrial countries such as the United States, West-
ern Europe, and Japan, it is now a major focus of 
investment by developing countries such as China, 
Cuba, India, Indonesia, Malaysia, Singapore, South 
Korea, South Africa, and Taiwan.
 Th ere are many good reasons for the spread 
of biotechnology: it can enhance public health, 
improve agricultural yields, and foster economic 
development. Yet the proliferation of dual-use bio-
technologies to unstable regions of the world, where 
war, traffi  cking, and terrorism are rife, is potentially 
a recipe for disaster. In addition to the risk that bio-
tech facilities, equipment, and materials might be 
diverted to bioweapons production, state or non-
state actors could conceivably exploit certain types 
of scientifi c information generated by biomedical 
research for hostile purposes.
 Historically, scientists have viewed the discov-
ery of new knowledge as an unalloyed good that 
contributes to human understanding of the natural 
world and leads to benefi cial applications. But bio-
ethicist Arthur Caplan of the University of Pennsyl-
vania argues that some types of scientifi c informa-
tion are dangerous in the wrong hands. “We have 
to get away from the ethos that knowledge is good, 
knowledge should be publicly available, that infor-
mation will liberate us,” he says. “Information will 
kill us in the techno-terrorist age.”2

 Given these concerns, a philosophical question 
facing the life-sciences community is whether cer-

tain areas of research constitute “forbidden knowl-
edge” that should be banned or otherwise restricted 
on security grounds. Controversy over the risks of 
dual-use research fi rst erupted in early 2001, when 
Australian scientists published a paper in the Journal 
of Virology reporting the fi nding that insertion of a 
single gene for an immune-system protein into the 
mousepox virus made this normally benign virus 
extremely lethal in mice, even those that had been 
vaccinated against it. Because bioweapons devel-
opers could possibly use the same manipulation 
to increase the lethality and vaccine resistance of 
related viruses that infect humans, such as monkey-
pox, critics argued that the information was danger-
ous and should not have been published.
 To examine this emerging debate, the National 
Research Council (the policy analysis arm of the 
U.S. National Academies) convened an expert com-
mitt ee chaired by Gerald Fink, a biology professor 
at the Massachusett s Institute of Technology. In late 
2003, the Fink Committ ee released its report, Bio-
technology in an Age of Terrorism. It concluded that 
certain types of basic research in the life sciences, 
although conducted for legitimate purposes, could 
indeed generate fi ndings that might be misused by 
others to threaten public health or national security.
 Th e Fink Committ ee identifi ed seven “experi-
ments of concern” that would render a pathogen 
more deadly or transmissible, able to infect addi-
tional species, resistant to existing vaccines or 
therapeutic drugs, easier to convert into a weapon, 
or capable of evading diagnostic or detection tech-
niques.3 In response to one of the committ ee’s 
recommendations, the Bush administration estab-
lished the National Science Advisory Board for Bio-
security, which met for the fi rst time in mid-2005.
 Th e NSABB’s mandate is to develop criteria for 
identifying dual-use research, draft  guidelines for 
the review and oversight of risky experiments, and 
recommend possible restrictions on the publication 
of sensitive data. Th e board consists of up to 25 vot-
ing members from the U.S. scientifi c and national 
security communities, along with non-voting repre-
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sentatives from the 15 federal agencies that conduct 
or support research in the life sciences.

EXPERIMENTS OF CONCERN

To give a recent example of dual-use research, in 
June 2007 researchers at Germany’s Helmholtz 
Center for Infection Research reported in the jour-
nal Cell that they had altered the DNA of the List-
eria bacterium, a human pathogen, to enable it to 
cause disease in mice, a species it does not naturally 
infect.4 Th is fi nding opened the way to developing 
a mouse model of Listeria infection, a key step in 
developing new treatments for the disease.
 Yet the experiment has troubling security impli-
cations because the technique used to modify the 
host range of the bacterium could potentially be 
applied in reverse, enabling an animal pathogen 
to infect humans. Despite this risk, the editors 
of Cell did not seek outside advice about whether 
to publish the study. Moreover, because the Ger-
man researchers could have published their work 
in a European journal, this case suggests that U.S. 
controls on dual-use research will not be eff ective 
unless other countries sign on.
 Another emerging area of biotechnology with 
security implications is synthetic biology, which 
involves the design and synthesis of long strands of 
DNA.5 Th e DNA molecule encodes genetic infor-
mation with an alphabet of four “lett ers,” or nucle-
otide bases (A, T, G, and C), which can be strung 
together in any conceivable sequence. Th e advent 
of automated DNA synthesizers has spawned a new 
industry in which hundreds of companies around 
the world—including fi rms in China, India, and 
Iran—can synthesize DNA sequences to order. A 
researcher seeking a particular piece of DNA sim-
ply goes to the supplier’s web site, enters the desired 
nucleotide sequence and a credit card number, and 
several days later a vial containing the synthetic 
DNA arrives in the mail.
 A small fraction of DNA-synthesis companies, 
known as “gene foundries,” are capable of making 

gene-length strands of DNA consisting of thou-
sands of nucleotide base-pairs. Th ese segments 
can then be assembled in the right order to form 
an entire genome—the full complement of genes 
coding for a microorganism. Since 2002, scientists 
have used this technique to reconstruct two human 
viruses in the laboratory: poliovirus (7,741 base-
pairs) and the formerly extinct Spanish infl uenza 
virus (13,500 base-pairs), the latt er of which killed 
tens of millions of people during the worldwide pan-
demic of 1918–19. Both synthetic viruses have been 
shown to be infectious and capable of causing illness 
in experimental animals. Given the rapid advances 
in automated DNA synthesis, it is only a matt er of 
time before it becomes possible to synthesize larger 
viruses in the laboratory, such as Ebola virus (about 
19,000 base-pairs) or even smallpox virus (185,000 
base-pairs). Th is development would make it pos-
sible to circumvent the physical security measures 
that currently keep such deadly pathogens out of the 
wrong hands.
 A more ambitious goal of synthetic biology is 
to create novel genetic circuits that would enable 
microorganisms to perform practical tasks, with 
applications in medicine, computation, environ-
mental remediation, and energy production. Futur-
istic examples are giving bacteria the ability to 
sequester carbon dioxide or to manufacture hydro-
gen fuel. To facilitate the design and construction 
of genetic circuits, Prof. Drew Endy and his col-
leagues in MIT’s Department of Biological Engi-
neering have compiled a “tool kit” of pieces of DNA 
with well-characterized functions. Th e idea is to 
assemble these components into functional genetic 
circuits, much as electronic devices are built from 
transistors, resistors, and diodes.6

 To date, synthetic biologists have demonstrated 
the basic concept by performing a series of inge-
nious parlor tricks. For example, they have designed 
genetic modules that cause bacteria to blink on and 
off  like microscopic Christmas-tree lights, or to 
become light-sensitive so that a lawn of the bacteria 
behaves like a photographic plate.
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 Despite the potential benefi ts of synthetic biol-
ogy, the fi eld could provide individuals with mali-
cious intent with new ways to cause harm. For exam-
ple, it may become possible to engineer novel viral 
or bacterial genomes capable of expressing toxins 
or virulence factors for which no natural immune 
defenses exist, and against which existing therapeu-
tic drugs are powerless.7 In addition, as synthetic 
biology diff uses widely, a new breed of “biohackers” 
might emerge, intent on showing off  their prowess 
by developing real viruses rather than digital ones.
 Th e potential misuse of biotechnology for hostile 
purposes is not limited to the development of more 
deadly microbial and toxin agents. Following on 
the work of the Fink Committ ee, another National 
Research Council panel co-chaired by virologists 
Stanley Lemon and David Relman issued a report 
in early 2006 titled Globalization, Biosecurity, and 
the Future of the Life Sciences,8 which concluded that 
several other areas of biotechnology and biomedi-
cal research also pose dual-use dilemmas.
 One case in point: Advances in drug delivery sys-
tems, such as needle-free systems for administering 
insulin to diabetics in the form of an inhalable aero-
sol, have security implications because aerosolization 
is the optimal method for disseminating biowarfare 
agents over large areas.

PROPOSED OVERSIGHT MECHANISMS

What can be done to manage the risks of dual-use 
research in the life sciences without causing sig-
nifi cant harm to the scientifi c enterprise? Th e U.S. 
National Science Advisory Board for Biosecurity has 
defi ned “dual-use research of concern” as follows:

Research that, based on current understand-
ing , can be reasonably anticipated to provide 
knowledge, products, or technologies that 
could be directly misapplied by others to pose a 
threat to public health and safety, agricultural 
crops and other plants, animals, the environ-
ment, or materiel.9

 Th is defi nition sets the threshold fairly high: Th e 
risk of misuse must arise directly from the research 
fi ndings and have signifi cant implications for public 
health, agriculture, or national security. For example, 
an experiment that creates a highly virulent organ-
ism, but one that cannot be readily transmitt ed to 
humans, would not be considered a major threat.
 Any eff ective global system for regulating bio-
technology will have to be based on common stan-
dards for laboratory security and research oversight, 
which countries would implement and enforce on a 
national basis.
 Th e NSABB has developed draft  guidelines for 
the oversight of federally funded research in the life 
sciences to minimize the risk of misuse for hostile 
purposes, but national biosecurity measures are not 
suffi  cient. Because biotechnology is a global activity, 
managing its downside risks will require adopting 
policies at the international level to ensure that only 
legitimate scientists have access to deadly patho-
gens and to oversee potentially dangerous research. 
At present, biosecurity rules vary widely from coun-
try to country, creating a regulatory patchwork with 
gaps and vulnerabilities that bioterrorists could 
exploit as targets of opportunity. Moreover, if other 
countries adopt weaker guidelines than those of the 
United States, then the anticipated security ben-
efi ts of the U.S. regulations will not materialize, and 
American researchers and scientifi c journals will 
fi nd themselves at a competitive disadvantage.
 Any eff ective global system for regulating bio-
technology will have to be based on common stan-
dards for laboratory security and research oversight, 
which countries would implement and enforce on 
a national basis.10 In 2006, the World Health Orga-
nization took a useful fi rst step in this direction by 
issuing a set of guidelines for securing dangerous 
pathogens in locked cabinets, vett ing laboratory 
personnel to make sure they are bona fi de scien-
tists, and keeping accurate records, but only some 
researchers have adopted these rules.11

 More action is clearly needed. To prevent the 
misuse of biotechnology, the Lemon-Relman report 
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called for creating a “web of prevention” extending 
from the individual scientist to global level. Key 
elements of this web are the norm against biologi-
cal warfare enshrined in the Biological and Toxin 
Weapons Convention of 1972, transnational net-
works of scientists and other stakeholders, export-
control regimes, professional codes of conduct, and 
educational and awareness eff orts.
 It is unclear, however, what institutional mecha-
nism could serve to coordinate biosecurity mea-
sures at the global level. Although the Vienna-based 
International Atomic Energy Agency inspects civil-
ian nuclear plants around the world to ensure that 
fi ssile materials are not diverted for nuclear weap-
ons, it is a poor fi t with biotechnology. Th e nuclear 
industry consists of a limited number of facilities 
and stocks of radioactive materials that are ame-
nable to precise accounting, yet the biotechnology 
industry is extremely diff use and involves the use of 
self-replicating organisms that cannot be tracked in 
a quantitative manner.
 Harvard University biochemist Matt hew Mesel-
son warns that 21st century biotechnology will make 

it possible not only to devise additional ways to 
destroy life, but also to manipulate the processes of 
cognition, development, reproduction, and inheri-
tance, creating “unprecedented opportunities for 
violence, coercion, repression, or subjugation.” He 
says that “movement towards such a world would 
distort the accelerating revolution in biotechnol-
ogy in ways that would vitiate its vast potential for 
benefi cial application and could have inimical con-
sequences for the course of civilization.”12

 Given these very real dangers and the complex 
challenges of developing an international mecha-
nism to manage the risks of biotechnology, there is 
an urgent need to establish Kofi  Annan’s proposed 

“global forum.” U.N. Secretary-General Ban should 
not miss the opportunity to address one of the 
major security challenges of our time. 

Jonathan B. Tucker is a Senior Fellow specializing in 
biological and chemical weapons issues in the Washing-
ton, DC offi  ce of the James Martin Center for Nonpro-
liferation Studies of the Monterey Institute of Interna-
tional Studies.
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ENGINEERING

ALMOST A YEAR AGO, an eight-lane interstate bridge 
in Minneapolis collapsed during evening rush hour, 
killing 13 people and injuring 144. Th is collapse, 
and the failure to anticipate it, called into question 
the adequacy of current bridge inspection methods. 
Why were problems with the bridge not identifi ed? 
And if problems were missed in Minneapolis, could 
they be missed elsewhere? Could this happen again?
 Th ere is good reason to worry. Before it collapsed, 
the Minneapolis bridge was one of more than 70,000 
bridges nationwide declared by the Department of 
Transportation to be structurally defi cient. One in 
three urban bridges fall into this category.
 Such bridges may be safe for travel so long as they 
are carefully monitored. Recent advancements in 
sensor technology provide the opportunity to col-
lect detailed, real-time data on bridge performance. 
But this technology is being used on less than a 

handful of bridges nationwide. Current inspection 
methods, unfortunately, cannot be relied on to catch 
a bridge on the brink of collapse.
 “We do not know which bridges should be taken 
out of the system, and which should be maintained,” 
said A. Emin Aktan, a professor of civil engineering 
at Drexel University and director of the Intelligent 
Infrastructure and Transportation Safety Institute.
 Every two years, each government-owned bridge 
is required to receive a “routine” inspection, in which 
technicians or engineers observe the bridge and take 
measurements of its physical condition. Underwater 
structures, meanwhile, must be inspected by divers 
every fi ve years. Th ere are guidelines but no require-
ments for “in-depth” inspections, which can include 
things like probing of the bridge, laboratory analysis 
of bridge material, and testing of surrounding envi-
ronmental and water conditions.

Catching Crumbling Infrastructure
Sensor Technology Provides New Opportunity

By Reece Rushing 
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 Th is heavy reliance on visual inspection is inad-
equate for three major reasons. First, inspections 
are susceptible to human error. Indeed, a 2001 
study by the Federal Highway Administration 
found that inspectors regularly missed problems 
and inconsistently rated bridge conditions. Sec-
ond, there are long intervals between required 
inspections, during which time serious problems 
may emerge. And third, inspections may be super-
fi cial and might not produce the detail necessary 
to spot defi ciencies.
 Th is is not to say that visual inspection is unim-
portant—visual inspection is crucial to assess 
bridge conditions, in particular cracks and corro-
sion. But more is needed to assure the safety of the 
nation’s bridges.
 Th at’s where sensor technology comes in. 
Instead of relying on sporadic and error-prone 
observations, matchbox-sized wireless sensors can 
be att ached or embedded on bridges to take pre-
cise, continuous measurements of virtually any-
thing relevant to a bridge’s condition, including 
strain, tilt, vibrations, temperature, and seismic 
activity. Th is sort of data is particularly important 
as the nation’s bridge population ages—the mean 
bridge age is now 40 years old—and traffi  c and 
truck loads continue to increase, causing more 
rapid deterioration.
 Th e Minneapolis collapse created a political 
opportunity to modernize bridge monitoring. In 
its aft ermath, Secretary of Transportation Mary E. 
Peters initiated an ongoing review of the agency’s 
bridge inspection program to, in her words, “make 
sure that everything is being done to keep this kind 
of tragedy from occurring again.”
 Congress, meanwhile, is also engaged in fi nding 
solutions. Rep. James Oberstar (D-MN), chair-
man of the House Transportation Committ ee, has 
introduced legislation to signifi cantly improve 
bridge inspection requirements as part of “a data-
driven performance-based approach to systemati-
cally address structurally defi cient bridges on our 
nation’s core highway network.”

 Sensor technology can help meet the goals 
expressed by Peters and Oberstar. What’s needed 
now is a plan to move forward.

FIRST STEPS FOR SENSOR TECHNOLOGY

Recently, the Federal Highway Administration 
awarded funding to the Connecticut Department 
of Transportation and the University of Connecti-
cut to deploy and study diff erent types of sensor 
systems for long-term bridge monitoring.
 “Th e goal is to generate information between 
inspections, so that if there’s a major change, we can 
take action to prevent something catastrophic from 
happening,” said project leader John DeWolf, a pro-
fessor of civil engineering who became involved in 
bridge monitoring following the 1983 collapse of 
the Mianus River Bridge on Interstate 95 in Green-
wich, Connecticut.
 Over the last several years, six bridges in Con-
necticut have been outfi tt ed with unique sensor 
systems. Five of these are wired systems, in which 
cables connect the sensors to a computer. Th e sixth 
relies on solar-powered wireless sensors. Th is wire-
less system is particularly exciting because it holds 
great promise to be more widely replicated.
 It can take a great deal of labor and expense to 
run cables over a bridge—especially one that is 
large and diffi  cult to access. For a wireless system, 
however, cables are not an issue. Sensors merely 
need to be placed in desired locations on the bridge. 
Installation typically takes no more than a few hours, 
at a cost less than half that of a wired system.
 Because of these advantages, DeWolf decided 
to go wireless for Connecticut’s longest bridge, the 
Goldstar Bridge, which crosses the Th ames River 
on Interstate 95 in New London. Like all new tech-
nologies, wireless sensors are expected to get much 
cheaper over time. But even now they are aff ord-
able. Installation of 12 sensors at the Goldstar cost 
about $30,000.
 Over the long run, sensors may even pay for 
themselves by more precisely identifying when 
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and where repairs are needed. Ten wireless sensors 
were recently used to test stress levels from pas-
senger trains on the Ben Franklin Bridge, which 
crosses the Delaware River from Philadelphia to 
Camden, New Jersey. Th e state believed the bridge 
was in need of major repairs based on advice it 
received from an engineering consultant. But data 
gathered by the sensors showed the bridge was in 
fact secure, saving tens of thousands of dollars in 
unnecessary repairs.
 Sensors can also reveal problems as they 
emerge—before there is visual evidence such as 
cracking. Th is allows remedial action to be taken in 
time to head off  serious structural damage, which 
can be very expensive to repair. “If you get to it 
quickly and fi x it, it’s not going to be a major prob-
lem,” said Mike Robinson, vice president for sales 
and marketing at MicroStrain Inc., which devel-
oped the sensors for the Ben Franklin Bridge. “You 
can reduce the overall life-cycle cost of the bridge.”
 DeWolf approached MicroStrain to develop the 
solar-powered sensors specifi cally for the Goldstar. 
Th e sensors used on the Ben Franklin Bridge were 
powered by batt eries—fi ne for short-term testing, 
but not long-term monitoring. Batt eries eventually 
run out of power and need to be changed or recharged, 
which is a diffi  cult task on a bridge like the Goldstar, 
where sensors are in hard-to-reach locations.
 Th e solar-powered system relies on photovoltaic 
panels to harvest energy from the sun. Th ese pan-
els are connected to the sensors to supply power 
for daytime monitoring and recharge batt eries for 
overnight observation. Th is system is expected to 
generate power for years with litt le or no mainte-
nance. MicroStrain is also developing other solu-
tions for long-term power, including mini wind tur-
bines and super effi  cient batt ery-powered sensors, 
according to Robinson.
 MicroStrain fi rst installed its solar-powered 
system on the Corinth Canal Bridge in Greece to 
monitor seismic activity. Th ere, the sun is strong 
enough for continuous monitoring, which is cru-
cial given the unpredictability of seismic activity. At 

the Goldstar, where the sun is not as bright, data are 
gathered for fi ve to 10 minutes every hour to con-
serve energy. For what’s being measured, strain and 
vibrations, this is considered plenty suffi  cient.
 Th e data collected are temporarily stored on the 
sensors and then downloaded daily to an onsite lap-
top computer. From there, the data can be remotely 
accessed through a DSL connection. Of course, it 
is not possible to manually analyze the voluminous 
amounts of data generated. Instead, automated sys-
tems are programmed to comb through and pick 
out relevant information for DeWolf and his team 
to review.
 Ultimately, this information can help confi rm 
whether the bridge is safe. Vibrations, for example, 
can be monitored to ensure that they do not exceed 
potentially dangerous thresholds. For the vast major-
ity of the nation’s bridges, this sort of information is 
not available. Indeed, Connecticut is now the only 
state using sensors for long-term monitoring of mul-
tiple bridges. Other states rely on the same visual 
inspection methods that failed in Minneapolis.
 “Let’s not debate that visual inspection has 
proven insuffi  cient,” Aktan said. “Instead, we should 
focus on strengthening bridge monitoring, so that 
one day there will be litt le worry about another 
bridge collapsing.” Wider use of wireless sensor 
technology is an important part of the solution.

BUILDING A NATIONWIDE SENSOR SYSTEM

In the aft ermath of Minneapolis, public att ention is 
now appropriately focused on detecting an immi-
nent collapse. Th ousands of the nation’s bridges 
are badly in need of repair. Th e possibility that one 
might collapse is very real.
 Installing sensors on all of the nation’s 70,000 
structurally defi cient bridges, however, is not practi-
cal or even desirable. Within the “structurally defi -
cient” category, there can be vast diff erences among 
bridges. Some bridges may be quite safe, in need of 
relatively minor repairs, while others may have major 
problems that should be addressed immediately.
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 Th e Federal Highway Administration, unfortu-
nately, does not systematically identify priorities 
among these bridges. Nor are bridges of greatest con-
cern necessarily given more att ention. Rather, each 
bridge is subject to the same biannual requirement 
for visual inspection regardless of physical condition.
 It is thus paramount that more detailed catego-
ries be developed that group bridges by degree of 
concern. High priority bridges, of course, should be 
repaired as quickly as possible. But repairs may take 
time to complete, or funding may not be immedi-
ately forthcoming. In the meantime, sensors could 
be deployed to provide more careful monitoring 
and help further refi ne priorities for repairs.
 Sensors, however, should not only be installed on 
the very worst bridges. Ideally, they should be used 
to assist routine maintenance, so that bridges never 
get to the point of imminent collapse. Th is requires 
a system to smartly and economically deploy sensors 
to monitor the nation’s entire bridge population.
 Th e fi rst step in this process is to classify bridges 
according to type. A suspension bridge like the 
Brooklyn Bridge obviously has diff erent character-
istics than a truss bridge like the Goldstar and the 
I-35 bridge that collapsed in Minneapolis. But even 
bridges of the same general type can have critical 
diff erences. Truss bridges, for example, employ a 
variety of bracing designs, may or may not use pins 
to connect joints, and may carry traffi  c on the top, 
middle, or bott om of the structure.
 Bridges will deteriorate in diff erent ways and at 
diff erent rates depending on such variables. Cur-
rently, however, the nation’s bridges are not care-
fully categorized by similar design features. Th is 
information is needed to determine which bridges 
to outfi t with sensors.
 Because similar bridges can be expected to per-
form alike, it is necessary to install sensors only on 
a sample from each category. Again, this sort of 
sampling is not part of the current monitoring sys-
tem—each bridge is subject to the same biannual 
inspection. “Looking at each bridge as an individual 
is ridiculous,” Aktan said. “Th ere are tremendous 

similarities between certain types of bridges, but we 
don’t leverage knowledge about those similarities.”
 Th e Federal Highway Administration recently 
launched an initiative—the Long-Term Bridge 
Performance Program—that begins to move in this 
direction. Th e goal of the program is to generate 

“high-quality, quantitative performance data” based 
on a representative sample of the nation’s bridges, 
likely numbering 500 to 1,000 bridges representing 
the majority of structure types. Th is includes data 
on deterioration and its causes—traffi  c load, corro-
sion, fatigue, and weather, among others—as well 
as the eff ectiveness of maintenance strategies.
 As part of its data-gathering eff orts, FHWA 
intends to subject the bridges in its sample to 
detailed periodic evaluations, over at least a 20-year 
period, using sensor technology and other state-
of-the-art monitoring tools. In addition, a subset 
of bridges in the sample will be instrumented to 
permit continuous monitoring, while decommis-
sioned bridges will undergo forensic autopsies.
 Congress created this program under legislation 
enacted in August 2005, with funding authorized 
through FY 2009. FHWA requested $20 million 
a year, but will have to operate with only about 
$5.5 million a year over the fi rst four years. Th us, 
decisions must be made over which parts of the 
program to launch immediately and which to post-
pone pending higher levels of funding.
 Th e initiative will be especially valuable in deter-
mining what data to collect and what the data means. 
In particular, it is not always clear what and where 
to measure. If sensors measure the wrong things or 
are placed in the wrong spot, they may miss critical 
defi ciencies. FHWA’s research will begin to identify 
key factors and pressure points in the deterioration 
of diff erent types of bridges. “A doctor knows where 
to take a patient’s pulse,” Aktan said. “We need to 
know where to take the bridge’s pulse.”
 A critical part of this process is knowing how to 
interpret the pulse, so that sick bridges are diagnosed 
and treated. Th e vast majority of bridges lack base-
line performance data—that is, data collected at the 
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time they were built—from which to judge deterio-
ration over time. Without this information, there is 
uncertainty about a bridge’s optimal performance 
and exactly what constitutes poor performance.
 FHWA intends to address this problem by com-
paring newer and older bridges of similar type to 
identify and predict life-cycle changes. Th is should 
bring into sharper focus the large amounts of data 
generated by sensors. “Th e problem we have now is 
making sense of this data,” said an FHWA engineer 
involved in the Long-Term Bridge Performance pro-
gram. “Th at’s what we are trying to address. Deter-
mining the sample of bridges is the most critical 
step.” FHWA has already developed methodology to 
identify bridges for the sample. A fi nal selection of 
bridges will be made in collaboration with the Cen-
ter for Advanced Infrastructure and Transportation 
at Rutgers University, which was contracted in April 
to oversee the program’s day-to-day operations.
 FHWA’s research deserves the full support of 
Congress and the administration. Th e amount cur-
rently appropriated is barely enough to get off  the 
ground. One enduring problem, unfortunately, is the 
tendency of Congress to fund transportation research 
through earmarks to specifi c universities or private 
contractors. Th ese earmarks sometimes go to worthy 
projects, but frequently they are awarded according 
to political considerations rather than merit.
 Moreover, because funding is disjointed and 
somewhat arbitrary, transportation research is 
not well integrated and coordinated. Th e Long-
Term Bridge Performance Program can help add 
cohesion by drawing together information gener-
ated by disparate research eff orts, including other 
FHWA-funded initiatives such as the sensor proj-
ect in Connecticut. “We will try to piggyback on 
other research projects and make them fi t into this 
national approach,” the FHWA engineer said.

CONFRONTING THE INFRASTRUCTURE CRISIS

For years, the president and Congress have repeat-
edly deferred needed maintenance of bridges in 

favor of other budgetary priorities. Th is shortsight-
edness will cost the nation far more in the end, as 
the scale and severity of needed repairs balloon and 
become impossible to ignore. For Minneapolis, the 
Department of Transportation released $55 million 
in emergency funds and Congress authorized $250 
million for rebuilding.
 Other critical infrastructure—including roads, 
dams, and levees—are similarly deteriorating and 
could also benefi t from enhanced monitoring 
through sensors. Substandard road conditions con-
tribute to 30 percent of all fatal highway accidents, 
according to the FHWA. More than 3,500 dams 
are unsafe or defi cient, many of which may not 
hold during signifi cant fl ooding or an earthquake, 
according to state inspectors. And nearly 150 of 
the nation’s levees pose a high risk of failing during 
major fl ooding, according to the U.S. Army Corps 
of Engineers. Th e American Society of Civil Engi-
neers, which gathered these statistics, terms the cur-
rent situation an “infrastructure crisis.”
 Th e Minneapolis bridge collapse provided dra-
matic evidence of this crisis. But it was by no means 
an isolated event. In March 2006, for example, an 
earthen dam in Kauai, Hawaii gave way and let 
loose nearly 300 million gallons of water, killing 
seven people. In late 2005, a 120-ton concrete beam 
fell from a bridge in Pennsylvania onto Interstate 70. 
And of course, the levees in New Orleans were not 
only breached during Hurricane Katrina, but struc-
turally failed.
 It is crucial that investments are made to upgrade 
the nation’s crumbling infrastructure. In the mean-
time, however, more failures should be expected. 
Th e question now is whether we will be able to 
anticipate these failures in time to head off  disas-
ter. Sensor technology, if eff ectively implemented, 
would give reason for hope. 

Reece Rushing is the Director of Regulatory and Infor-
mation Policy at the Center for American Progress.
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is today almost devoid of real strategic meaning, especially when it comes to the cocaine 
epidemic that has swept our nation. Supply-side theorists advocate destroying coca fi elds 
and tightening America’s borders. Demand-side advocates insist on more Drug Abuse 
Resistance Education in schools and stiff  sentences for cocaine—the bett er to lower 
demand on the streets. Neither seems to be working very well.
 Now, an experimental vaccine to treat cocaine addiction may well upend the stale 
strategies that underpin the “war on drugs.” If the vaccine proves eff ective in clinical trials, 
then “Just Say No” may take on an entirely new meaning: your body will agree even if 
your mind wants to say yes.
 If the vaccine does prove to be effi  cacious, it is not just the science that should be 
applauded. So, too, should the public- and private-sector fi nancing model that would 
have funded the vaccine all the way to the marketplace—something that hardly ever hap-
pens with vaccines in the world of drug development. Th e applause, however, for bridg-
ing this fi nancial “valley of death” might just stop there. Th e reason: profi tability is not at 
all assured even if the last clinical trials prove successful.
 Public health offi  cials must then answer the question of “who gets vaccinated,” 
which in turn will determine just how much money the private investors behind the 
cocaine vaccine will reap in profi ts from the more than decade-long eff ort to bring it to 
market. Th is cocaine vaccine, then, boasts a number of potential lessons for scientifi c 
researchers, public and private investors in vaccine development, and public health 
professionals and policymakers.

A NOVEL VACCINE PATHWAY

Researchers at the Baylor College of Medicine in Houston requested permission in 
December 2007 from the Food and Drug Administration to begin Phase III clinical trials 
for a vaccine called TA-CD. Th ese late-stage clinical trials will test the effi  cacy of TA-CD’s 
ability to blunt or even to prevent cocaine’s eff ects on users among a group of several hun-
dred humans, which if successful would move the drug very close to commercialization.
 Reaching Phase III trials is a monumental achievement, as very few drugs make it that 
far in the research-and-development and regulatory approval phases of development. And 
for TA-CD, it’s been a long time coming. Th e TA-CD vaccine fi rst made headlines in 1996, 

The “war on drugs,” that well-worn phrase trotted 

out by presidents past and present, 
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when Barbara Fox and collaborators published 
in Nature Medicine that rats could be inoculated 
against cocaine’s euphoria.1 Th e same approach 
then proved feasible in early stage clinical trials with 
about 20 humans. By att aching the cocaine molecule 
to an inactive cholera protein, the TA-CD vaccine 
stimulates the subject’s immune system to produce 
antibodies that bind to cocaine and prevent it from 
passing from the blood into the brain, which means 
vaccinated users no longer experience the same high 
from cocaine, and hence, demand it less.
 Th e initial vaccination is usually administered 
in several shots over weeks or months, which trains 
the body to associate cocaine with cholera. Results 
from 2005 suggest a booster shot is necessary every 
four months to maintain the vaccine’s effi  cacy, 
which has been enough time for some people in tri-
als to cut their cocaine use signifi cantly.2

 TA-CD is not the fi rst vaccine to combat drugs. In 
1974, for example, Dr. Charles Schuster (then at the 
University of Chicago) developed a vaccine that pre-
vented monkeys from gett ing high on heroin, but he 
and other researchers opted not to pursue its applica-
tion to humans because users could easily switch to 
other opiates. One of those other opiates, methadone, 
is commonly used to wean heroin addicts from their 
habit. It is not yet clear if TA-CD will suff er the same 
drawbacks, or if users could increase their dosage 
dramatically—and dangerously—to defeat the vac-
cination. Th e initial trials, however, have found no 
users tried either approach to circumvent TA-CD.
 Th e idea of fi ghting addictions—including 
cocaine—with vaccines, however, did not end 
with methadone. Th e National Institute of Health’s 
National Institute on Drug Abuse has emphasized 
that approach since it founded the Medication 
Development Program in 1990. Th e federal gov-
ernment today currently lists around 200 NIDA-
funded clinical trials that use drugs to change how 
cocaine and your brain interact.3

 Most of those drugs approved for actual use in 
the marketplace were fi rst approved for other uses 
but also showed some ability to dampen cocaine’s 

impact by aff ecting brain function. Modafi nil, for 
example, is sold as Provigil to treat narcolepsy. Dis-
ulfi ram (bett er known as Antabuse) makes people 
crave cocaine less and feel much more paranoid 
when they take it, similar to how Antabuse makes 
people ill when they imbibe alcohol. A third drug, 
baclofen, started as a muscle relaxant.
 Yet another drug, buprenorphine—which can 
be injected during surgery as a painkiller—also 
counters cocaine when taken orally, though it has 
been studied more as a tool to fi ght heroin addic-
tion. Buprenorphine will soon enter a large trial on 
prison inmates to see if it reduces how much they 
use heroin and, secondarily, cocaine, aft er they 
return to regular life in Baltimore.
 Among all these drugs, however, only the 
TA-CD vaccine stops cocaine from interacting with 
the brain at all. It arrests the narcotic in the blood-
stream, where it can be metabolized into less harm-
ful pieces. Th at is its physiological revolution.

A NOVEL FINANCIAL PATHWAY

Th e fi nancial revolution is that a vaccine that does 
not target an especially wealthy or wide audience 
may still make money for its private investors. 
TA-CD development built a novel bridge over the 
so called “valley of death” funding gap between 
basic biomedical research and development and—
perhaps—eventual drug commercialization.
 Public money supported the initial research 
on demand-side eff orts to counter cocaine addic-
tion, as is almost always the case in experimental 
eff orts to develop drugs for markets limited in size 
or lucre. But public money then also helped fi nance 
the development of the vaccine at later stages of 
its development alongside private, venture capital 
investors as the drug passed one test aft er another.
 Th e leading researcher on the TA-CD vaccine tri-
als, Th omas Kosten, today has $3 million in grants 
from NIDA to study cocaine treatments, and has 
spent about fi ve times that much in previous grants 
since the late 1990s. Kosten ran his earlier trials at 
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a Veteran’s Administration hospital in New Haven, 
Connecticut. Now that Kosten has moved from 
Yale to Baylor, he runs the trials from the Michael 
DeBakey VA Hospital in Houston.4

 Celtic Pharma, a Bermuda-based fi rm that 
invests in drug development start-up companies 
around the world, bought Xenova, a British com-
pany working on the TA-CD vaccine in August 
2005. Kosten received money from Xenova for con-
sulting but has cooperated with many companies as 
the drug changed hands several times during clini-
cal trials over the previous decade. When Celtic 
Pharma bought Xenova, the acquired company was 
concurrently developing a vaccine approach to nic-
otine with similar success under the name TA-NIC. 
Th at drug will likely begin Phase III trials soon, and 
competitors are working on their own versions.
 Previously, in 2001, Xenova had acquired both 
vaccines from another British company, Cantab 
Pharmaceuticals. Cantab, in turn, got the drugs 
when it bought the vaccine program of Immu-
Logic Pharmaceutical Corp., operating in Massa-
chusett s with nominal headquarters in Delaware. 
ImmuLogic also worked on allergy medications 
and held the patent for the technique common 
to TA-CD (known as IPC-1010 at the time), and 
TA-NIC: binding addictive substances to immu-
nogenic compounds, an approach known as hap-
ten-carrier conjugates.
 Tens of millions of dollars changed hands in 
these three deals.5 But it all started when NIDA 
awarded ImmuLogic a Small Business Innovation 
Research grant of $700,000 in 1996 to develop a 
vaccine for humans.6 Now, more than a decade later, 
public and private fi nancing has carried the vaccine 
to Phase III clinical trials, which are about to com-
mence and are expected to last one to two years.
 Celtic Pharma (according to its website)7 sees 
these types of drugs as potential blockbuster invest-
ments that could “build real value by driving them 
through the fi nal stages of the approval process” 
with the intention to “achieve extraordinary returns 
for its investors by monetizing these important and 

innovative drugs.” A mix of biotech and hedge fund 
veterans, Celtic Pharma stands at the end of a long 
chain of investors, though without NIDA funds 
driving the research and federal hospitals providing 
some of the infrastructure through the fi rst phases 
of clinical trials, the TA-CD vaccine might never 
have emerged from the Petri dish.
 Th e upshot: federal dollars spent over the entire 
course of the development process, in tandem with 
lots of additional private sector funding, led to what 
may well be a marketable vaccine that could well 
produce a public good—fewer people in the thrall 
of cocaine addiction.

THE PUBLIC HEALTH PATHWAY

Th e story of TA-CD doesn’t end there, however, 
either scientifi cally or fi nancially. If the clinical tri-
als are as successful as the developers of the vaccine 
hope they will be, then policymakers in the United 
States and abroad will have plenty to consider. 
Indeed, this potential physiological revolution has 
already prompted much discussion about the pub-
lic health implications of vaccinating current or pos-
sibly future users.
 With TA-CD facing only a few—though still 
signifi cant—hurdles on its way to the marketplace, 
questions have been arising about this novel way to 
tame a social problem with the standard tools of pub-

Federal dollars spent over 

the entire course of the 

development process, with 

additional private sector 

funding, may well produce 

a marketable vaccine for 

the public good.
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NOTES

 1 Barbara Fox, et al. “Effi  cacy of a therapeutic cocaine vaccine in rodent models,” Nature Medicine 2 (1996): 1129–32. Available at htt p://www.nature.com/nm/
journal/v2/n10/abs/nm1096-1129.html.

 2 Th omas Kosten and S. Michael Owens, “Immunotherapy for the treatment of drug abuse,” Pharmacology and Th erapeutics 108.1 (2005): 76–85. Available at 
htt p://www.sciencedirect.com/science?_ob=ArticleURL&_udi=B6TBG-4GMGW53-1&_user=10&_rdoc=1&_fmt=&_orig=search&_sort=d&view=c&_
acct=C000050221&_version=1&_urlVersion=0&_userid=10&md5=659bc0b778788646614ccc7e9788a09b.

 3 Th e NIH operates the website to track clinical trials in the United States and 150 other countries. See htt p://clinicaltrials.gov/.

 4 Dr. Kosten’s curriculum vitae, including grant information, can be found at htt p://www.bcm.edu/psychiatry/?PMID=7342.

 5 Information on the various transactions can be found at htt p://sec.edgar-online.com/2001/03/20/0000950135-01-000851/Section18.asp; htt p://sec.edgar-
online.com/1997/03/31/00/0000950135-97-001528/Section2.asp; and htt p://www.secinfo.com/d14SA9.zAc.d.htm.

 6 Th e NIH lists grant funding at htt p://grants.nih.gov/grants/funding/sbirstt r96.txt and htt p://grants.nih.gov/grants/funding/sbirstt r97.txt.

 7 www.celticpharma.com.

 8 See, for two examples, Dru Stevenson’s article “Libertarian Paternalism” available at htt p://www.rutgerspolicyjournal.org/journal/vol3issue1currentIssues/Ste-
venson_Paternalism.pdf or the Center for Cognitive Liberty and Ethics’ report “Th reats to Cognitive Liberty: Pharmacotherapy and the Future of the Drug War” 
available at htt p://www.drugpolicy.org/docUploads/Pharmacotherapy2004.pdf.

 9 Th e text is available from htt p://books.nap.edu/openbook.php?record_id=10876&page=R1.

lic health. Cocaine addicts would probably benefi t 
from the vaccine, and hypothetically the U.S. gov-
ernment and public health offi  cials in other countries 
might be able to contain the spread of cocaine conta-
gion by inoculating parts of the general population.
 Th at hypothetical, however, in turn has already 
raised questions about who might be required or 
encouraged to try the vaccine and under what cir-
cumstances. Should TA-CD be considered in the 
standard childhood batt ery of measles, mumps, and 
rubella shots? Should it be administered to all ado-
lescents? Or should it be limited to more defi nable 

“at risk” groups, such as those arrested for drug use 
who are about to be released from prison?
 Less sanguine comparisons have been made 
to the contraceptive Norplant,8 which U.S. courts 
in the early 1990s off ered women in the criminal 
justice system as an alternative to tougher prison 
sentences. Critics said Norplant was a dubious way 
of biologically-based social control to shrink the so-
called underclass. Norplant was later yanked from 
U.S. markets because the drug displayed some sig-
nifi cant side eff ects.
 Th e National Academy of Sciences is already con-
sidering similar questions, having published in 2004 

a book on immunotherapies for addiction entitled 
New Treatments for Addiction: Behavioral, Ethical, 
Legal, and Social Questions. Th at study essentially 
recommended thinking long and hard about using 
immunotherapeutic drugs to treat drugs of abuse, 
including how to make vaccines more permanent, 
how to protect people from coerced vaccination, 
and how to anticipate changes in the drug market 
or users’ behavior in response to the vaccine.9

 How public health offi  cials decide to distribute 
the TA-CD vaccine—providing it clears Phase III 
clinical trials and is then approved for sale to the gen-
eral public by the U.S. Food and Drug Administra-
tion—will be enormously consequential fi nancially 
for TA-CD’s investors and society at large. In the 
end, those decisions may well determine whether 
this novel approach to researching and fi nancing 
this public good succeeds for all involved. And if 
it works well for all, then it may well spark other 
private-public partnerships in search of other novel 
techno-chemical methods to tackle the scourge of 
addictive drugs in our society today. 

Mark Meier is a writer and analyst in Virginia. 
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TUCKED AWAY IN THIS YEAR’S federal budget is a 
provision that benefi ts the scientifi c community 
without spending a dime: a mandate for public 
access to the results of research by National Insti-
tutes of Health grantees.
 Th e policy is the fi rst open access mandate 
adopted by the U.S. government, and puts teeth 
into the voluntary policy in place at the agency since 
2005. Th e NIH, which supported the provision, 
moved quickly to implement the law, announcing 
its new policy on Jan. 11. Th e measure follows simi-
lar policies instituted by funding agencies abroad, 
foundations, and universities.
 Under the new policy, grantees—who will 
receive $29 billion in taxpayer funding in fi scal year 
2008, a fi gure greater than the GDP of 100 coun-
tries—will deposit a copy of their research articles 
accepted for publication into the National Library 

of Medicine’s PubMed Central database. PubMed 
Central will then provide free online access to the 
article—to the worldwide research community as 
well as citizens and taxpayers. Public access can be 
delayed up to one year at the researcher’s request, 
for example, if the publishing journal asks for the 
delay. Previously, grantee research was only avail-
able from the publisher by subscription—and sci-
entifi c journal subscriptions can cost thousands of 
dollars annually. 
 Th e new policy is not only notable for its novelty 
and the whopping amount of research it will make 
available, but also for the political clash it sparked. 
In 2007, open access advocates ramped up their 
eff orts, led by the Alliance for Taxpayer Access—a 
lett erhead coalition driven by the Scholarly Pub-
lishing and Academic Resources Coalition, a con-
sortium of academic libraries. (Full disclosure: 

Public Science
NIH’s New Open Access Policy Can Benefi t Everyone
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the author is a consultant and former intern for 
SPARC.) In addition to rallying grassroots support, 
advocates circulated a lett er of support signed by 
26 Nobel Laureates, including former NIH director 
Harold Varmus. 
 Opponents, led by members of the Association 
of American Publishers, launched a coalition—
dubbed PRISM, the Partnership for Research 
Integrity in Science and Medicine—to cast doubts 
on the provision’s impact on the peer review pro-
cess and publisher copyrights, even equating public 
access with government censorship. PRISM in turn 
drew ridicule from science bloggers, who criticized 
the group’s statements as Orwellian and the group 
as astroturf, as PRISM declined to list its own 
membership. Even some AAP members distanced 
themselves from the eff ort. PRISM was seen as the 
off spring of Eric Dezenhall, known as “the pit bull 
of PR,” who had been hired by the AAP to develop 
a PR strategy to combat open access. 
 In the end, the open access provision was signed 
into law late last year—the biggest legislative victory 
to date for the American open access movement and, 
given the size and impact of NIH funding, for advo-
cates worldwide. Th e adoption of the policy will 
introduce more authors to self-archiving—posting 
one’s own research results online for free access—
then any single event to date. NIH funding results 
in an estimated 80,000 published articles annually, 
each of which may have several authors. 
 With any luck, the experience will encour-
age researchers to internalize the benefi ts of open 
access—and to share their experience with the 
students they teach and mentor. Journals likely will 
not suff er many, if any, cancellations. High rates of 
self-archiving in physics have not resulted in any 
att ributable cancellations of journals in that fi eld—
though they may feel more pressure to provide 
value and limit price infl ation. From 1986 to 2002 
journal costs rose 227 percent, more than triple the 
rate of infl ation in the same period as measured by 
the Consumer Price Index. But science and con-
sumers will benefi t immeasurably.

 Researchers will gain more complete access to 
the scientifi c record; even the wealthiest research 
institution cannot aff ord to subscribe to every jour-
nal in publication. Free online access also lays the 
foundation to remove unnecessary permission bar-
riers, using approaches such as the Creative Com-
mons licenses, and to facilitate machine-assisted 
research via Semantic Web technologies. Taxpayers 
will benefi t from free access to high-quality scien-
tifi c information; for those without an annual sub-
scription, content is oft en sold for $30 apiece. 
 In the case of NIH research, that could mean the 
best source of information about potential treat-
ments for a spouse, parent, or child who suff ers 
from a disease. Indeed, patient advocacy groups are 
well-represented and active members of the pro-
open access Alliance for Taxpayer Access, including 
the 600 organizations of the Genetic Alliance.
 Moreover, the impact of the NIH policy will be 
felt outside of biomedical research. If NIH grantees 
take a shine to open access, then it will become even 
more diffi  cult for publishers and nay-sayers to dis-
parage open access. As the PRISM coalition found 
out, scientists don’t take kindly to being told their 
research is junk just because it is shared for free. 
 Other research funding agencies will fi nd more 
courage to pursue open access policies of their own, 
perhaps paving the way for a government-wide man-
date akin to the Federal Research Public Access Act 
fl oated by Sens. John Cornyn and Joe Lieberman. 
Some may even push for stronger mandates than the 
NIH policy—such as the European Research Coun-
cil policy released on Jan. 10, which halves the NIH’s 
maximum allowable delay from 12 months to 6.
 Open access is a positive development for sev-
eral goals of science policy: to accelerate research, 
control costs in higher education, and share infor-
mation more eff ectively. Th e NIH public access pol-
icy will move forward on all three fronts and pave 
the way for progress to come. 

Gavin Baker is an information policy consultant and 
commentator with Baker Open Strategies, LLC.
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CALL IT CENSORED, call it buried, call it lost—
the search term “abortion” was all of the above for 
approximately a month on POPLINE—a publicly-
funded database that its administrators describe 
as “Your connection to the world’s reproductive 
health literature.”
 In early April, researchers at the University of Cal-
ifornia, San Francisco, uncovered this ironic situation 
while trying to “connect” to “reproductive health lit-
erature.” Health care providers, researchers, and advo-
cates around the country were alarmed to learn that 
POPLINE (POPulation information onLINE), had 
rendered the search term “abortion” a stopword—
which directs the database to ignore the term when 
used in a search. UCSF librarians discovered this 
deliberate restriction when they were unable to fi nd 
a single document containing the word “abortion” in 
POPLINE’s database, and contacted the administra-

tors at the Johns Hopkins Bloomberg School of Pub-
lic Health to ask them why.
 Simply put, the UCSF librarians were told that 

“abortion” was eliminated as a search term by the 
POPLINE administrators so that the latt er could 
examine the database for information “that might 
not have been consistent” with guidelines from a 
government agency that funds the project. And our 
UCSF colleagues were then given some mystifying, 
convoluted search term suggestions for fi nding med-
ical literature on the subject, including “fertility con-
trol, post-conception” and “pregnancy, unwanted.”
 News of the self-censorship quickly spread like a 
virus. Countless members of the medical, scientifi c, 
and advocacy communities responded and within 
two days, Hopkins Dean Michael J. Klag issued a 
statement unequivocally denouncing the adminis-
trators’ decision to censor the word abortion and 

Abortion and the Slippery Slope
The POPLINE Controversy, Language, and Scientifi c Integrity

By Pablo Rodriguez, Wayne C. Shields, and Jennifer Aulwes

LIFE SCIENCES

S
P

No Records Found by Latest Query

SEARCH



Life Sciences and Public Health

66      science progress

promising to get to the bott om of it. Four days later, 
he issued a follow up statement citing his opposi-
tion to the decision and his speedy response, while 
blaming “an overreaction on the part of POPLINE 
staff ” to a search by USAID [United States Agency 
for International Development] offi  cials who 

“found two items in the POPLINE database that 
advocated for abortion.”
 So let’s pause for a moment and review what 
happened: a vigilant literature search on the word 

“abortion” by unidentifi ed Federal employees at 
USAID resulted in fi nding two abortion articles in 
the POPLINE database that they deemed to feature 
inappropriate advocacy. Once notifi ed by the Feds, 
Hopkins administrators immediately made abortion 
a stopword—an additional step not requested by 
USAID, but implemented to allow administrators to 
search for other material that might have been incon-
sistent with the agency’s guidelines—eff ectively 
ending access to abortion research to health profes-
sionals and the public on their 30-year-old database.
 While giving credit to Dean Klag for his quick 
response to an untenable situation, there are two 
important questions that remain: Why are Federal 
employees at USAID so att entively monitoring sci-
entifi c research articles on the POPLINE database 
for the word “abortion”? And why are Hopkins 
administrators so afraid of them? Th e Dean states 
that USAID is prohibited by law from funding any 
abortion activities or supplies. Th is is all the more 
reason for concern by researchers, civil libertarians, 
health care providers, and patients who deserve the 
best possible care. But the incident simply points to 
a larger problem: Federal policy regarding compre-
hensive reproductive health care is inadequate.

THE REAL IMPACT OF LIMITING

ACCESS TO INFORMATION

Th e medical and scientifi c needs of the reproductive 
health professional community were impeded by 
POPLINE’s decision to remove abortion as a search 
term on its publicly funded database. If this action 

had gone unchecked, the decision would have lim-
ited the medical and scientifi c community’s ability 
to access information on a range of patient care sce-
narios, including women experiencing both wanted 
and unintended pregnancies.
 A clinician seeking information while providing 
abortion care services would have been unsuccess-
ful in accessing key medical and scientifi c literature 
on the topic—potentially endangering the patient. 
Women with wanted pregnancies and their health 
care providers looking for information on spon-
taneous abortion (miscarriage), inevitable abor-
tion, incomplete abortions, missed abortions, and 
related medical information would have also been 
denied this key data.
 Unsafe abortion practices claim thousands of 
lives worldwide every year and any public health 
student, policy maker, or provider seeking vital 
information on the topic of unsafe abortion would 
have also come up empty-handed.

IDEOLOGY TRUMPING SCIENCE IS 

ABOUT MORE THAN JUST ABORTION

Th e specter of ideology trumping science goes way 
beyond POPLINE and abortion. Th ere is more 
visible political opposition to important health 
classifi cations like family planning, sexuality, and 
reproductive health than we have seen in years. 
Political posturing can get in the way of science, 
public health, and patient care—even POPLINE’s 
reputation is potentially at risk.
 Over the last seven years, we have witnessed an 
intentional blurring of the lines between opposition 
to abortion and a more general objection to con-
traception. For example, many of President Bush’s 
anti-choice family planning political appointees 
have been openly anti-contraception as well. Bush’s 
2002 appointment to a key FDA panel, Dr. Joseph B. 
Stanford, complained about contraceptive use even 
among married couples. And more recently Bush 
appointed Susan Orr as the acting deputy assistant 
secretary for population aff airs to oversee family 
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planning funding for clinics serving poor women, 
even though she previously worked to limit access 
to contraception as the senior director for marriage 
and family care at the Family Research Council, an 
organization well-known for its anti-contraception 
stance. She has since resigned.
 And now the term “reproductive health” is being 
targeted. At the United Nations, there are unbe-
lievably rancorous debates about whether or not 
to include the terms “sexuality” and “reproductive 
health” in treaties because many politicians view 
them as faux terms for abortion.
 It may have been that POPLINE staff  made the 
decision based on fear of losing their USAID fund-
ing. USAID does have a history of basing reproduc-
tive care funding decisions at least partly on ideol-
ogy and politics. For example, they have withheld 
funding from developing countries if potential 
grantees provide abortion services or give abortion 
referrals to women.
 It’s also possible the suggestion came from above. 
With the Bush administration’s history of att empt-
ing to (and oft en succeeding in) restricting access to 

abortion services and information at every possible 
turn, it’s not so unlikely they’d att empt to scrap the 
word altogether.
 Th e bott om line is that even self-censorship of 
a specifi c term like “abortion” in a scientifi c set-
ting—especially as a result of Federal government 
monitoring—sets a dangerous precedent. We must 
follow the example of our UCSF colleagues and 
make preserving access to reproductive health sci-
ence a part of our own work plans. It’s scary enough 
to consider the possibility that ideological searches 
are being performed by anonymous government 
employees who troll our scientifi c databases for the 
word “abortion.” “Contraception,” “sexuality,” and 

“reproductive health” are the next stopwords, unless 
we remain vigilant and protest loudly. 

Pablo Rodriguez, MD, is the Board Chair of the Asso-
ciation of Reproductive Health Professionals. Wayne C. 
Shields is the President and CEO of the Association of 
Reproductive Health Professionals. Jennifer Aulwes is 
the Media and Policy Manager for the Association of 
Reproductive Health Professionals.



Life Sciences and Public Health

68      science progress

HEALTH IT

TWO DECADES OF PEDIATRIC PRACTICE taught 
me that the most reliable and eff ective reposi-
tory for medical information is a mother’s purse. 
Th rough changes in employment, in hometowns, 
and in the purses themselves, the immunization 
records of their kids always made the move along 
the journey from infancy through college.
 Every mother keeping track of those immuniza-
tion cards understood the importance of having 
them available for the next doctor or emergency 
room. Th e record’s availability prevented her child 
from incurring unnecessary pain and possible vac-
cine reactions. In my pediatric practice, mothers of 
new patients helped my practice countless times, 
showing us the vaccines children had or were miss-
ing. Oft en, mothers carried multiple vaccine records 
from diff erent physicians because each had given her 
an individual vaccine record for each individual visit.

 Similarly, mothers of the chronically ill children 
in my practice became the trusted couriers of impor-
tant offi  ce notes and lab tests between the multiple 
specialists who saw their children. Th is informal 
information exchange didn’t replace those writt en 
physician-to-physician consultations included in 
my offi  ce medical records, but it did facilitate avail-
ability of these consultations to help the specialists 
decide what to do. Mothers never lost records.
 Without this courier approach, it was more dif-
fi cult to ensure the availability of the information 
when and where another doctor needed it. Th ese 
mothers had instinctively defi ned the need for 
multiple user capability, or “interoperability,” the 
technical term for the primary functionality in 
Electronic Medical Records. Medical professionals 
recognized the potential for EMR as far back as the 
1970s, but with rapid advances in Internet technol-

Learning From Mom
Promise of Electronic Medical Records Is in the Sharing

By Alan Muney

IS
T

O
C

K
P

H
O

T
O



Life Sciences and Public Health

spring • summer 2008      69

ogy, digital records can revolutionize the way we 
do medicine in the United States.
 Th e current paper-chase method requires a 
mother to defi ne multiple user input and access func-
tionalities to accomplish what she already knows is 
important—timely availability of past medical his-
tory to avoid duplication of medical interventions 
and their unnecessary pain, complications, and costs. 
A real-time interoperable EMR system eliminates 
those racks of paper records lining doctors’ offi  ces 
across the country, but more importantly it would 
improve the quality and aff ordability of care from 
individual physicians and ensure that what goes on 
in one doctor’s offi  ce helps the next doctor’s offi  ce 
provide bett er and more aff ordable care.
 According to a study in the Annals of Internal 
Medicine, physicians with paper records could per-
form as well as physicians with an EMR, but that 
study only looked at the use of an electronic record 
within the “silo” of a single physician’s offi  ce. It did 
not look at the effi  ciency that interoperability could 
provide by breaking down the barriers to commu-
nication between diff erent doctors’ offi  ces.
 Th e promise of interoperability is its integra-
tion of electronic medical records across the health 
care system, from hospital to lab to primary care to 
specialist. Th is integration allows each health care 
provider in the chain to have accurate, up-to-date 
information with which to make decisions for the 
next step in care—and in a timely fashion without 
duplication or indecision on account of not know-
ing what happened in another offi  ce.
 What’s more, a key feature of an interoperable 
Electronic Medical Record is that it allows patients 
(or their mothers) to defi ne which caregivers would 
get electronic access to medical information across 
the health system. Patients (or again, their mothers) 
thus have control over who sees their EMRs, which 
in tandem with current rules under the Health 
Insurance Portability and Accountability Act of 
1996 governing the disclosure of private health 
information by medical care providers and com-
mercial payers, goes a long way toward addressing 

privacy concerns about EMRs. Further steps need 
to be taken to ensure complete privacy protection, 
but these concerns should not get in the way of a 
much-needed EMR rollout.
 Still, no digital system of care can ensure that 
health care providers use the information at hand 
unless a critical mass of providers embraces their 
use. Unless EMR systems are tapped for infor-
mation, no interoperable system can guarantee a 
quality result. If we spend money on building this 
interoperability across the system, then how do we 
guarantee it will be used to its full potential?
 A recent study in the Annals of Family Medicine, 
published in the May 2007 issue of the journal dis-
covered just that pitfall. Th e study, which focused on 
the use of EMR in diabetes care, concluded that:

Th e use of an EMR in primary care practices 
is insuffi  cient for insuring high-quality diabetes 
care. Eff orts to expand EMR use should focus 
not only on improving technology but also on 
developing methods for implementing and inte-
grating this technology into practice reality.

 Th at’s why the federal government needs to take 
the lead in making EMRs a reality in doctors’ offi  ces 
across the country.
 How do we accomplish this? Past changes to 
the health care system demonstrate that when the 
federal government wields its power as the larg-
est health care payer, commercial insurers move 
to adopt the government standards. Case in point: 
Medicare adopted the Diagnosis-Related Group 
classifi cation system to defi ne the primary reason 
for a patient’s hospital admission and determine 
payment. Or consider the Food and Drug Admin-
istration’s guidelines for coverage of new medical-
device technologies. When the FDA adopted the 
guidelines 30 years ago, health plans began relying 
on approval as the fi rst step in determining whether 
commercial insurers would consider paying for the 
new device. In each instance, the federal government 
implemented a process that improved the health 
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care system, and commercial insurers followed suit. 
We could expect the same with interoperable EMR.
 Th e sooner the federal government mandates 
and funds an interoperable EMR platform, the 
sooner our health care system will start to mend 
in a cohesive fashion. Th e incentive for the federal 
government to do this is the enormous amount of 
wasted resources the Medicare system funds year 
aft er year because practice performance measure-
ments of guideline-driven care given to chronic ill-
ness patients are not implemented.
 According to a Rand Study published in the 
New England Journal of Medicine in June 2003, 
only 55 percent of patients received care according 
to guidelines. Whether the care is too litt le too late, 
or too much too oft en, resources are wasted and 
patient outcomes fall short. An interoperable EMR 

can identify where guidelines weren’t being met for 
those patients being treated by multiple providers 
during the course of their illness. Each provider 
would have the information and could potentially 
improve the care if a guideline hadn’t been followed. 
Th e patient could receive all the care needed, and 
none that he or she didn’t need.
 It would make your mother proud, and it could 
put more than just an immunization card back in 
her purse. 

Alan Muney, MD, MHA, is an Executive Director in 
the Blackstone Corporate Private Equity Group in 
New York, where he is in involved in portfolio manage-
ment and monitoring of health care benefi ts. A former 
pediatrician, he was previously the chief medical offi  cer 
of Oxford Health Plans.
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A DAY AFTER HER APPEARANCE at a Senate Com-
mitt ee on Environment and Public Works hearing 
late last year on “Examining the Human Health 
Impacts of Global Warming,” the director of the 
Centers for Disease Control, Dr. Julie Gerberd-
ing, expressed deep frustration. Th e source of her 
frustration, however, was not (as most expected) 
the White House Offi  ce of Management and Bud-
get for cutt ing half of the original testimony they 
received for approval. It was the journalists who 
reported on the massive redactions.
 “I expected the press to write a lot of stories 
about the eff ects of climate change on human 
health and what CDC was doing about it,” said Dr. 
Gerberding at an Atlanta Press Club luncheon. “But 
instead I had to read that someone had edited my 
testimony. I mean this is the most ridiculous thing 
I have ever heard.”

 Indeed, Dr. Gerberding is correct. Th e stories 
should have been about the potential for diseases 
spreading to new regions, the likely health impli-
cations of heat waves and drought as well as dis-
cussion of our most vulnerable citizens. And it is 
probably true that, as she put it, many in the press 
probably “don’t really understand how writt en testi-
mony occurs.” 
 Th e Offi  ce of Management and Budget, of course, 
has every right to “try to coordinate the testimony 
from the administration and try to make sure that 
enthusiastic program directors are not trying to 
advocate for more money coming to their agency,” 
she explained. But Puh-Lease, Dr. Gerberding, that 
doesn’t make the edits made by OMB any less inter-
esting or make them any less a news story. 
 In fact, the kerfuffl  e over the edits kept the issue 
in the news far longer than if the version of her testi-

The Heat is On
Editing of CDC Testimony Backfi res
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mony submitt ed to OMB had not been leaked to the 
press. Th e reason: Th e Bush administration’s long 
track record of manipulating the science that is gen-
erated by the federal government.
 Dr. Gerberding is well aware of the fact that this 
administration has engaged in systematic denial, 
redaction, stalling, and obfuscation of science fi nd-
ings when they don’t support their ideologically 
driven policies, for global warming science in par-
ticular. Further, it was White House Press Secre-
tary Dana Perino’s laughable response to questions 
posed by the press that chummed the waters.

MY DOG ATE IT

Aft er initially denying that the White House had 
watered down Dr. Gerberding’s testimony, Perino 
changed tack and att acked the science. Employing 
classic obfuscation techniques, Perino implied that 
the sections of Dr. Gerberding’s testimony that 
were removed “didn’t align with the IPCC [Inter-
governmental Panel on Climate Change]” fi nd-
ings—you know, the people who shared the Nobel 
Peace Prize with Al Gore.
 Aft er a ladle full of those wacky science fi ndings, 
Perino had almost sealed it for those supposedly 
lazy reporters. But then she stumbled on her punch-
line. “And so the decision on behalf of CDC was to 
focus that testimony on public health benefi ts—
there are public health benefi ts to climate change.”
 Public health benefi ts to climate change?
 To her credit, Dr. Gerberding did not focus on 
the “health benefi ts” of global warming in her oral 
testimony. And not surprisingly, reporters looked at 
the latest IPCC report and called Dr. Jonathan Patz 
from the University of Wisconsin at Madison, who 
was the lead author on three separate IPCC reports, 
to fi gure out if such discrepancies exist. Dr. Patz’s 
response to the edits was in direct confl ict with the 
White House’s take, stating to the Th e Washington 
Post, “Th at’s nonsense…Dr. Gerberding’s testimony 
was scientifi cally accurate and absolutely in line with 
the fi ndings of the IPCC.”

 Other equally qualifi ed scientists, including Dr. 
Linda Rosenstock, dean of the University of Cali-
fornia, Los Angeles School of Public Health had a 
similar take. Dr. Rosenstock clearly understands how 
public testimony occurs: “In the politicization of this 
topic—the science wasn’t changed, it was deleted.”
 So who were the scientists that told the adminis-
tration that Dr. Gerberding’s testimony was at odds 
with the IPCC report? Th e White House Offi  ce of 
Science and Technology Policy, led by Dr. John Mar-
burger, soon piped up to take some of the credit.
 Spokeswoman Kristin Scuderi told Th e Washing-
ton Post in an e-mail that Dr. Marburger brought up 
the “inconsistencies in the use of language between 
the [IPCC] report and the testimony” and that 

“the OMB editor decided to transmit a version that 
simply struck the fi rst eight pages.” Consequently, 
a description of the current activities of the CDC 
focused on the most severe health consequences of 
global warming fell victim to the delete key of an 
OMB staff er who was likely unable to sift  through 
the testimony and the IPCC report and make a 
determination.

MY BAD?

Th e White House owes the public (as well as Sena-
tor Boxer (D-CA), who chairs the Senate Commit-
tee on Environment and Public Works and called 
Dr. Gerberding to testify before her committ ee) 
an explanation, and not just for this incident. Th e 
nation is in sore need of a mea culpa for the system-
atic censorship of climate science that has fueled the 
politicalization of this issue and slowed true reform 
of U.S. energy policy. But such contrition has not 
been a hallmark of this administration, and to our 
detriment there is litt le evidence that it will ever 
back progressive climate preservation legislation.
 Th e current incident has not occurred in a bub-
ble. It is news because of a patt ern of behavior, not 
because of a single incident of heavy-handed editing 
of congressional testimony. Th ere are just too many 
incidents to ignore, among them:
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A political lackey who neglected to graduate from • 
college censoring NASA scientists
Th e harassing reins put on NASA scientist Dr. • 
James Hansen
Th e subtle but signifi cant removal of “to under-• 
stand and protect our home planet” from NASA’s 
mission statement
Th e failure of the Environmental Protection • 
Agency  to rule on California’s request of a waiver 
from the Clean Air Act so they can enact a law 
passed two years ago to decrease greenhouse gas 
emissions
Th e revision of news releases from the National • 
Oceanic and Atmospheric Administration to 
downplay the impact of climate change
Th e litmus tests for critical climate science advi-• 
sory panels
Barring U.S. Fish and Wildlife Service offi  cials • 
from speaking on or responding to issues relat-
ing to climate change, polar bears, or sea ice when 
traveling abroad.

 In each of these cases, there is considerable ques-
tion of whether the best interests of the country 
were the fi rst priority.
 In the case of Dr. Gerberding’s testimony, it is at 
least possible that there just wasn’t enough time for 
the Offi  ce of Science and Technology Policy and 
OMB to fi gure it out. As it turns out, they probably 
made a mistake. In the end, Dr. Gerberding did a 
fi ne job testifying and stated that she did not feel 
encumbered in her oral testimony, but her satisfac-
tion isn’t what is in question.
 What is in question is whether Congress is being 
given the full story by the administration. Remov-
ing signifi cant details on the full impact of global 
climate change is not acceptable if it was done for 
the wrong reason.

 Congress at the time was considering over half 
a dozen bills for curbing greenhouse gases, includ-
ing reducing emissions by raising CAFE auto emis-
sion standards. And don’t forget that the commit-
tee hearing with Dr. Gerberding was in prelude to 
a committ ee vote on a carbon cap-and-trade bill 
that Sens. Joseph Lieberman (I-CT) and John 
Warner (R-VA) introduced. Th e bill is controver-
sial but would also be the largest step toward con-
trolling greenhouse gas emissions that the United 
States has taken to date. Th at bill, which will be 
debated on the Senate fl oor in June, and others 
before Congress are directly at odds with the Bush 
administration’s voluntary greenhouse gas reduc-
tion policies.
 Blaming the press for not covering the climate 
change issue well enough would have been fair 
fi ve years ago, but the reporting has improved and 
is more focused than ever on measures to slow 
the consequences of global climate change. If the 
administration takes a few hits in the media for over-
zealous editing so the message stays in the public 
view a litt le longer, then maybe in some small way it 
will make up for some of the inaction on reducing 
our dependence on fossil fuels.
 Th e Bush administration made its bed by cen-
soring Dr. Gerberding’s testimony and continually 
undermining eff orts to understand, potentially slow, 
and prepare for the consequences of global climate 
change. Th e press is just fl uffi  ng up the pillows. 

Michael Stebbins is with the Federation of American 
Scientists and Scientists and Engineers for America. 
He is the author of Sex, Drugs and DNA: Science’s 
Taboos Confronted. Th e opinions expressed in this 
column are his own.
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GENETICS

ADVANCES IN GENETIC TECHNOLOGY move very 
fast. Th e Human Genome Project, begun in 1990 
and completed in 2003, fi nished two years ahead 
of schedule, off ering the fi rst complete look at the 
building blocks of human life. In just the past year, 
researchers have grabbed headlines by completing 
the fi rst sequence that encompasses the genetic data 
from both parents of a single individual and creating 
an artifi cial bacteria genome from scratch. Numer-
ous start-ups are currently gunning to capitalize on 
the promise of personal genetic sequencing, and 
a $10 million prize from the X Prize Foundation 
has companies racing to be the fi rst to sequence 
100 human genomes in 10 days at a cost of less that 
$10,000 per genome.
 But apart from this rush to capitalize on the abil-
ity to sequence genomes, scientists are learning—at 
breakneck pace—about the connections between 

Unraveling Our Own Code
Nancy B. Spinner on the Latest Advances in Genetics

Interview by Andrew Plemmons Pratt

the makeup of our DNA and the diseases that affl  ict 
us. A recent Associated Press article on the speed 
and scope of advances in the past few years quoted 
two Harvard scientists who wrote in the New Eng-
land Journal of Medicine: “Th ere have been few, if 
any, similar bursts of discovery in the history of 
medical research.” Understanding the directions 
and revelations of this work will be crucial to mak-
ing informed policy decisions about the future of 
genetic medicine and genetic privacy.
 New laboratory techniques allow researchers to 
peer into and control smaller and smaller sequences 
of genes. Nancy B. Spinner, a professor in the Uni-
versity of Pennsylvania School of Medicine Depart-
ments of Pediatrics and Genetics, focuses her work 
on identifying genes that contribute to disorders like 
Down syndrome, in part by considering the dele-
tions and duplications across the genomes of vari-
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ous individuals. Recent advances have revealed that 
genetic characteristics and susceptibilities to dis-
ease are not simply the product of individual genes. 
Rather, individuals carry diff erent numbers of the 
same genes, and those extra copies—and in some 
cases, missing copies—of tiny genetic sequences 
can have serious implications for personal health.
 Medical researchers may eventually be able to 
personalize the prevention, diagnosis, and treatment 
of diseases according to an individual’s personal 
genetic makeup. Already, studies link gene variations 
with elevated risks of Alzheimer’s disease and breast 
cancer. A study out just last week drew connections 
between genetic variation and schizophrenia.
 Spinner spoke with Science Progress about this 
rapidly changing area of research and the challenges 
researchers face on the way to personalized medi-
cine. Th is interview has been edited and condensed.

ANDREW PLEMMONS PRATT, SCIENCE PROGRESS: 
Th e latest sequencing tools for genetics research are 
revealing huge stores of information that go beyond 
identifying just the functions of individual genes. 
Instead, there are signifi cant patt erns in the copies of 
genes distributed across a person’s DNA and across 
a population. Th is is called “copy number variation.” 
Can you explain this kind of research and how it 
changes the way scientists are approaching genetics?

NANCY B. SPINNER: First let me describe my own 
work, which straddles the borderland between diag-
nosis and research, because I run both a clinical diag-
nostic laboratory and a research laboratory, some 
of what I have to say may apply to one or the other. 
Th ere have been a lot of huge advances in our fi eld—
it’s been a seminal time for us. Th e human genome 
sequence is known; the fi rst draft  was deposited in 
2001. And we have known since around that time 
that there are diff erences from person to person. 
Th is is not unexpected, of course, because we all 
vary. We are all identifi able and our sequences refl ect 
that, although it’s a relatively small portion of our 
genomes that vary by single base changes.

 But starting in 2004, we’ve realized that we all 
vary not only by those single nucleotide changes, 
but that there are also larger regions that can vary 
in copy number between “normal” individuals, who 
do not have an apparent genetic disorder. Th is was 
really mind-boggling, because we’ve known for many 
years—since the late 1950s and early 1960s—that 
there are some people with clinical abnormalities 
or diseases, for example, Down syndrome, where 
there is an extra copy of a chromosome or a part 
of a chromosome. Since that time, there have been 
many examples where missing something or hav-
ing something extra causes a disease that you can 
understand and study. But now, we have the tools to 
look at small pieces of chromosomes. When we look 
at whole chromosomes or parts of chromosomes, 
we’re looking at millions and millions of base pairs. 
Conventional cytogenetic technologies require that 
at least 5 to 10 million base pairs of DNA be missing 
or extra before it can be identifi ed. But the new tech-
nology allows us to identify deletions and duplica-
tions as small as 5,000 bases.
 We are using this new information in two ways. 
My lab is really excited because we can identify 
smaller deletions or duplications that cause dis-
ease, and so far it seems that the new technology 
is doubling our chance of identifying a cause for 
the clinical problems seen in the patients who are 
sent to us for testing. But at the same time, we’re 
fi nding small deletions and duplications in normal 
people. In some cases we can be very sure which 
abnormalities are “disease causing” and which are 
normal, but in many cases, we cannot be certain. 
Th is is a huge challenge for us right now. We are 
also trying to understand the function and impli-
cations of these “normal” variations, and how they 
impact the observable diff erences between us, 
both in terms of physical features, behavioral fea-
tures and susceptibility to disease. Th is is a huge 
area of research right now.

SP: Besides Down syndrome, are there other dis-
eases that your lab is focusing on in your research?
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SPINNER: In our clinical lab, we diagnose all kinds 
of abnormalities that are caused by whole chro-
mosomes being extra, as in Down syndrome. And 
there’s a whole range of syndromes caused by dele-
tions of parts of the genomes. My lab has focused 
on a disease called Alagille syndrome, which is a 
dominant disease that can sometimes be caused by a 
deletion of part of chromosome 20, and we’ve been 
studying this disease actually for 15 years now. We 
were able to identify the gene that causes Alagille 
syndrome, and we’ve been studying that gene. Th is 
is one of a number of diff erent disorders caused by 
loss of something within the genome. 
 However, even in the case of Alagille syndrome, 
for which the disease gene is known, we’re turning 
to studies of copy number variation to try to fi nd 
out why some people who have this disease have 
a very mild form, while others have a very severe 
form. We’re testing the hypothesis that some of 
the copy number variation that is found through-
out the population might infl uence the severity of 
this disease.

SP: Let’s go back to your remarks on the diff erence 
between “normal” and “abnormal” genes. Research 
over the last few years reveals a large amount of junk 
DNA in our chromosomes. How much information 
in our DNA may not be relevant to who we are?

SPINNER: Sure, though I won’t say that anything 
is not relevant. Th is is one of the questions that 
geneticists are addressing. We know there are 
3 billion base pairs of DNA. Th at’s a lot of DNA 
that codes for about 30,000 genes. Overall, maybe 
5 percent of that DNA actually codes for the genes. 
When I say “genes,” I’m usually referring to a piece 
of DNA that codes for a product, usually a protein 
product. So there’s much of the genome that we’re 
not completely sure what it does. But now that we 
know prett y much the whole sequence, we can look 
at variation—both in the part that is known to code 
for genes and the stuff  that isn’t known to code 
for genes—and we’re starting to learn what’s in all 

that stuff  that we just didn’t recognize before. So 
there is an ongoing project of the National Human 
Genome Research Institute called the ENCODE 
Project—or “Encyclopedia of DNA Elements”—
and this is a consortium sett ing out to fi nd out all 
the parts of the genome that are really crucial, that 
we just didn’t recognize. We’ve gott en good at rec-
ognizing a gene. We know what its architecture 
looks like, and we can prett y much identify it in a 
rather straightforward fashion, but we don’t know 
about all of the other parts of the genome and we’re 
just starting to learn about those.

SP: Th ere’s been a lot of coverage in the mainstream 
press about people being subject to genetic dis-
crimination based on predispositions they might 
have. Does this new information that is coming out 
of research on copy number variations have implica-
tions for policy discussions?

SPINNER: I think it has implications, and I think 
there is so much to learn that it’s mind-boggling. 
Luckily, the threats of genetic discrimination haven’t 
really been borne out in too many cases. Th e genet-
ics community is happy to see that that hasn’t been 
as much of a problem as I think people were wor-
ried about in the beginning. Th e problems that are 
now facing us are just at the very beginning of a) 
understanding the variation in the genome, and b) 
understanding how it relates to health and disease. 
It is all so new that it is very diffi  cult. Th e science is 
just not there yet, to be able to tell us what it means 
to have something that is extra or missing.
 I’ll give you an example. We are now launching 
a clinical diagnostic test that looks at these very 
small duplications and deletions. Th ere are many 
labs that are already doing it, and my lab is planning 
to start opening the doors to take in these tests on 
May 1. Many researchers have been applying this to 
many diff erent populations. 
 Th ere was a recent study in the New England 
Journal of Medicine on duplications and deletions 
on a small part of chromosome 16 that may be asso-
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ciated with autism. Th is is one study. I don’t think 
the data is convincing, but it is a published study in 
the New England Journal of Medicine. As we start 
running these tests clinically, we recently studied a 
patient—it was a research sample—and the sample 
was being done because the child had died of mul-
tiple congenital anomalies before birth. 
 So this was a serious, severe kind of abnormal-
ity. We looked at the parent’s DNA, and in fact, the 
mother carries this duplication. Th ere is a recent 
paper saying these same duplications can be associ-
ated with autism, but yet I had a family where the 
child had a totally diff erent problem, had this same 
duplication, and the mother carries it. 
 So from my perspective, I’m very nervous. 
I don’t want to overstate this relationship, I’m not 
convinced of it, but it’s one report in a prominent 
journal. Anyone who Googles this will fi nd this 
paper. Th is is just one example and shows you what 
happens. Th is is a brand-new tool. Th is is so new 
that the scientifi c community hasn’t really had a 
chance to digest it yet.
 We’re very excited about these new tools for diag-
nostics, because in many cases, we’re fi nding things 
we never could have seen before. Th e number of 
abnormalities that I’m convinced of has more than 
doubled with this new technology, so the number 
of patients for whom we’ll be able to fi nd diagnoses 
and explain what’s happening and give them accu-
rate recurrences risks is wonderful, but yet we don’t 
completely understand the information.

SP: How important is government support of basic 
research in genetics? What are the possibilities for 
creating treatment breakthroughs?

SPINNER: Well, you’re asking a scientist, of course, 
so I’m biased. Most of our work is funded by the 
National Institutes of Health. One of the reasons 
why I love what I do is that I sit at this boundary. I 
use basic science information all the time; I do diag-
nostic testing; a lot of my research tends to be trans-
lational in nature. So I’m really sitt ing on the fence 
between the clinical end and the basic science end. 
You absolutely have to have all of those pieces in 
place. Th ere’s absolutely no question about it. Th e 
basic scientists who work with model organisms 
like yeast or Drosophila or the mouse—they can 
really do experiments to try to understand. Once 
someone like myself identifi es a gene that’s impor-
tant in a human disease, or a region of the genome, 
the only way to really study it is in a model organ-
ism. So you have to have all of those tools set up and 
in place to do that kind of very basic science work. I 
think that in the human genetics world, there have 
been some recent advances in a couple of diff erent 
diseases, for example, Marfan syndrome and Frag-
ile X syndrome, where the information we’re get-
ting is starting to be used for treatment. I think it’s 
a really exciting time with a lot of possibilities. As a 
scientist, I think it’s crucial that we fund this work. 
We have to fund the people doing the health-related 
research, so they can identify the problem, and you 
have to fund the basic scientists. 



Science Communication and Education

78      science progress

Engaging 

the Scientifi c 

Community

with the Public Communication as a

Dialogue, Not a Lecture

By Rick Borchelt and Kathy Hudson

CULTIVATING SCIENCE

IN 2004 THE GENETICS AND PUBLIC POLICY CENTER fi elded a survey of more than 4,000 U.S. 

residents about new genetic technologies, and more than 40 percent said they did not trust sci-

entists “to put society’s interest above their personal goals.” Th e roots of this uneasy relationship 

lie in the reliance that the science and technology community places in various “defi cit models” 

of interaction with the public. Th e basic assumption behind these models is that there is a lin-

ear progression from public education to public understanding to public support, and that this 

progression—if followed—inevitably cultivates a public wildly enthusiastic about research. But 

this model of scientifi c engagement with the public obviously isn’t working.
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 Lately, all manner of ways to “involve” the pub-
lic in science policy and practice have cropped up, 
mostly around oversight of emerging technologies 
like synthetic biology, nanotechnology, and human 
genetics. Scientifi c associations are developing cen-
ters devoted to public engagement in science, fund-
ing agencies have created sweeping mandates for 
collecting public input on research, and research-
performing institutions are hosting community 
meetings and science cafes about their work. But 
one might wonder—are these new organizations 
going to truly “engage” the public?
 In a nutshell, an erosion of public trust that 
began as a trickle of doubt about radiation safety 
and pesticides has grown to program-threatening 
uprisings against emerging new technologies, from 
genetically altered “Frankenfoods” to concern over 

“grey goo” in nanotechnology.
 Initially, the “defi cit” in question was framed as 
an “information defi cit”—if only lay people knew 
what scientists did, goes this line of thought, they 
too would support the agendas of the scientifi c 
establishment. Since World War II, the science 
community has been operating under this informa-
tion-defi cit model, built on one-way fl ow of infor-
mation from the expert to the public with very litt le 
information fl owing back the other way. Th is model 
drove communication of science and technology 
for the last half of the 20th century, despite its very 
obvious shortcoming: Neither public support for 
research nor scientifi c literacy increased signifi -
cantly in all that time.
 More recently, however, the information defi -
cit model increasingly has been reframed as an 

“att itudinal defi cit”—to know us is to love us, runs 
the mantra of this public-understanding school of 
science–society interaction. Having realized the 
practical futility—if not the ethical challenge—of 
making every lay person a lay scientist, the public-
understanding model contents itself with pursuing 
public appreciation, emphasizing the benefi ts of 
science to society without worrying unduly about 
how much science the public actually understands. 

Th e end goal hasn’t changed—increased public sup-
port of science and technology—even if the meth-
ods used to get there and the metrics used to defi ne 
success are diff erent. Th e direction of information 
fl ow remains the same as well: top-down from the 
scientist or engineer to the public.
 Th e asymmetric communications practices 
embodied by both the scientifi c literacy and public 
understanding movements cultivate scientists who 
resist ceding any level of control of the science pol-
icy agenda to non-scientists, a view neatly encapsu-
lated by a quote from a series of scientist interviews 
we conducted at the Genetics and Public Policy 
Center a few years ago: “I don’t think that the gen-
eral uninformed public should have a say, because 
I think there’s a danger. Th ere tends to be a huge 
amount of information you need in order to under-
stand. It sounds really paternalistic, but I think this 
process should not be infl uenced too much by just 
the plain general uninformed public.”
 Th is wariness is reciprocal in the 21st century, 
as U.K.-based communications researcher Martin 
Bauer and his colleagues noted in the journal Pub-
lic Understanding of Science last year: “Mistrust 
on the part of scientifi c actors is returned in kind 
by the public.” Negative public att itudes, they say, 
as revealed in large-scale surveys, are viewed by 
scientists as proof that “a defi cient public is not to 
be trusted” to provide uncritical support for the 
scientifi c enterprise.
 Clearly, something needs to change in the 
science–public landscape. Writing in Science in 
2003, the CEO of the American Association for 

Clearly, something

needs to change in the 

science–public landscape.
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the Advancement of Science, Alan Leshner, sum-
marized the problem eloquently: “Simply trying 
to educate the public about specifi c science-based 
issues is not working…We need to move beyond 
what too oft en has been seen as a paternalistic 
stance. We need to engage the public in a more 
open and honest bidirectional dialogue about sci-
ence and technology.”
 Indeed, research-performing institutions increas-
ingly say they have traded in their old, top-down 
models of science literacy and public understanding 
for the new buzzwords of “public consultation” and 

“public engagement.” But the philosophy behind 
consultation and engagement seems, on closer 
inspection, not to have changed much at all. Many 
scientists expect consultation and engagement to 
cultivate a public more supportive of science as 
planned by, performed by, and promoted by scien-
tists—despite the fact that neither consultation nor 
engagement have been rigorously evaluated to see 
if these goals are reasonable or even possible. And 
even if they turn out to be measurably eff ective in 
meeting some articulated goal, are they aff ordable 
enough to deploy? Neither consultation nor engage-
ment can be done on the cheap.
 What, then, can consultation or engagement do 
for us? Th is “participatory turn” in science–society 
relations, as Harvard scholar Sheila Jasanoff  terms 
it, ostensibly focuses on regular dialogue (two-
way, symmetrical communication), transparency 
of the decision- and policy-making process, and 
meaningful incorporation of public input into 
that process. On paper, the goal of these two-
way, participatory models is mutual satisfaction 
of both parties, the research enterprise and the 
public, with the relationships that exist between 
them. Key dimensions of this dialogue are nego-
tiation, compromise, and mutual accommodation. 
It places a premium on long-term relationship 
building with all of the strategic publics: research 
participants, certainly, but also media, regulators, 
community leaders, policymakers, and others. 
Th ese emerging models off er promise for scientists 

and the public to engage each other more fully and 
productively—although the promise is as yet only 
tantalizing, and not yet tempered by much scru-
tiny from social science research.
 Th e dearth of evaluative research on engagement 
stems partly from the fact that very litt le is being 
done. In practice, much communication currently 
passed off  as public consultation and engagement 
is still one-way, expert-to-layperson information 
delivery, albeit in diff erent sett ings like cafes scien-
tifi que, public meetings, and town halls. Research 
organizations have been quite adept at putt ing 
together well-rehearsed, tightly scripted opportu-
nities for “public input”—but with no institution-
alized mechanisms for refl ecting the public’s input 
in deliberation or policy construction. In fact, one 
gets the not-so-subtle impression that these engage-
ment events are being held with the hope of staving 
off  public dissatisfaction, or providing just enough 
semblance of listening to public concerns that the 
natives don’t get so restless they revolt.
 In our view, the end game of public engagement 
should be empowerment: creating a real and mean-
ingful mechanism for public input to be heard far 
enough upstream in science and technology policy 
making and program development to infl uence 
decisions. It is not about making a decision among 
a scientifi c elite, and then staging public events to 
move the public toward agreeing with that desired 
outcome. It is about empowering lay citizens to learn 
all they want about pending program or policy issues 
(not what scientists believe they need to know to 
weigh in), and then giving them access to deliberative 
processes where that knowledge can be questioned, 

The end game of public 

engagement should be 

empowerment.
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applied, and incorporated with knowledge or ques-
tions gleaned from outside the scientifi c process.
 And it is about agreeing up front to accommo-
date public input politically, not just to listen and 
nod politely. Unlike the unidirectional and hierar-
chal communication that characterizes scientifi c lit-
eracy and public understanding models of science–
society relations, public engagement practiced as 
iterative dialogue does result in demonstrable shift s 
in knowledge and att itudes among participants. At 
GPPC, we have documented and measured these 
shift s during town hall and online deliberations. 
But the shift  is not always in the direction scientists 
might expect or prefer. Public engagement is not 
about gett ing the policy you want; it’s about get-
ting the public input you need to craft  sustainable 
policy that enjoys public confi dence.
 Public engagement is also about agreeing up 
front to accommodate public input personally. Pub-

lic engagement changes people. Th e public gains 
knowledge, shares expertise, and refl ects on how 
much risk society is willing to accept to realize the 
promise of emerging technologies. Less appreciated, 
but perhaps even more signifi cant, is the expecta-
tion that scientists who enter into public engage-
ment should see their knowledge and att itudes 
change, too. Th is is the real mark of successful public 
engagement: Rather than insisting upon the public’s 
deeper appreciation and understanding of science, 
its primary goal is scientists’ deeper understanding 
of the publics’ preferences and values. 

Rick Borchelt is director of communications and Kathy 
Hudson is director of the Genetics and Public Policy 
Center at Johns Hopkins University, which is supported 
by Th e Pew Charitable Trusts with research funding 
fr om the National Human Genome Research Institute.
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MANUFACTROVERSY (măn’yə-făk’-trə-vûr’sē) N., 
pl. -sies. 1. A manufactured controversy that is moti-
vated by profit or extreme ideology to intentionally 
create public confusion about an issue that is not 
in dispute; 2. Effort is often accompanied by imag-
ined conspiracy theory and major marketing dollars 
involving fraud, deception and polemic rhetoric.
 Don’t bother to look for this defi nition above in 
any dictionary because “manufactroversy” has yet to 
make that grade. But don’t dismiss the importance 
of what is defi ned there, either, just because the 
word is a new invention. Manufactroversy defi nes 
precisely a rhetorical fl ourish in need of challenge.
 Indeed, with all the sophisticated sophistry 
besieging mass audiences today, there is a need for 
the study of rhetoric now more than ever before. 
Th is is especially the case when it comes to the 
contemporary assault on science known as manu-

factured controversy: when signifi cant disagree-
ment doesn’t exist inside the scientifi c community, 
but is successfully invented for a public audience to 
achieve specifi c political ends.
 Th ree recent examples of manufactured contro-
versy are global warming skepticism, AIDS dissent 
in South Africa, and the intelligent design move-
ment’s “teach the controversy” campaign. 
 Th e fi rst of these has been called an “epistemo-
logical fi libuster” because it magnifi es the uncer-
tainty surrounding a scientifi c truth claim in order 
to delay the adoption of a policy that is warranted 
by that science. Languaging expert Frank Luntz 
admitt ed as much in his now infamous talking 
points memo on the environment, leaked to the 
public in 2002, where he confessed that the win-
dow for claiming controversy about global warm-
ing was closing, but he nonetheless urged con-

Manufactroversy
The Art of Creating Controversy Where None Existed

By Leah Ceccarelli 
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servative congressional and executive leaders “to 
continue to make the lack of scientifi c certainty a 
primary issue in the debate.” 
 ExxonMobil was doing this, too, when it pub-
lished its “Unsett led Science” advertisement about 
climate science on the editorial pages of Th e New 
York Times in March 2000. A more recent guest edi-
torial by a reader made the same claim in the pages 
of Th e Seatt le Post-Intelligencer in January 2008. All 
three seemed to be following the playbook of the 
tobacco industry when scientists discovered that 
their products cause cancer; when a threat to their 
interests arises from the scientifi c community, 
they declare “there are always two sides to a case” 
and then call for more study of the matt er before 
action is taken.
 South African President Th abo Mbeki’s sup-
port for AIDS dissent eight years ago is a similar 
case. Like global warming skepticism, this assault 
on the science of HIV/AIDS research ingeniously 
turned the scientifi c community’s values against 
it by drawing on the importance of rational open 
debate, a skeptical att itude, and the need for con-
tinued research. 
 Mbeki alleged that the mainstream scientifi c 
community branded scientists who questioned 
the causal link between HIV and AIDS as “‘danger-
ous and discredited’ with whom nobody, includ-
ing ourselves, should communicate or interact.” 
Claiming the successful dissident’s authority in 
post-apartheid South Africa, Mbeki condemned 
the mainstream scientifi c community for occupy-
ing “the frontline in the campaign of intellectual 
intimidation and terrorism which argues that the 
only freedom we have is to agree with what they 
decree to be established scientifi c truths.”
 A parallel case is being made by the intelligent 
design movement in conjunction with its “teach the 
controversy” campaign against evolutionary biology. 
Ben Stein’s new movie, Expelled, portrays scientists 
as participating in a vast conspiracy to silence any-
one who questions the Darwinian orthodoxy. Th is 
movie promises to be the most extreme application 

yet of the intelligent design movement’s “wedge” 
strategy to break the supremacy of evolutionary 
theory in contemporary science. 
 Just as a wedge can be set into a chink in a solid 
structure and, with the careful application of some 
concentrated force, will split that structure to pieces, 
so too do the producers of this movie hope that it can 
break the scientifi c community and allow for a change 
in how science is taught in America. Of course, any 
claim by biologists that there is no scientifi c contro-
versy to teach merely feeds the conspiracy theory.
 In light of this diffi  culty, some have suggested 
that the best response to manufactured controversy 
is no response at all. Th ey say that countering such 
nonsense merely gives these modern-day sophists 
publicity and enables their continued eff orts to 
reopen debate on sett led science. 
 I understand this impulse to remain silent in 
the face of foolishness, but as a professor of rheto-
ric, I think it’s shortsighted to cede the public stage 
to the anti-science forces in the naive hope that no 
one will pay att ention to them. Ever since the fi eld of 
rhetoric was born, there have been those who mis-
use the power of persuasion to mislead public audi-
ences, and it has been only through vigilant counter-
persuasion that such deception has been overcome.
 Th e ancient sophists, or “wise men” (wise guys?) 
taught the new art of rhetoric to those who would 
pay their fee in the 5th century BCE. Th ey included 
Gorgias, who was said to have boasted that he could 
persuade the multitude to ignore the expert and lis-
ten to him instead, and Protagoras, who claimed that 
there are always two sides to a case and it’s the soph-
ist’s job to make the worse case appear the stronger. 
 It was to oppose this kind of deception that 
Aristotle codifi ed the art of Rhetoric in his treatise 
by that title. Aristotle recognized that before lay 
audiences “not even the possession of the exactest 
knowledge” ensures that a speaker will be persua-
sive, so he promoted the study of rhetoric so that 
experts could confute those who try to mislead 
public audiences. Today’s sophists exploit a public 
misconception about what science is, portraying it 
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as a structure of complete consensus built from the 
steady accumulation of unassailable data.

COMBATTING MANUFACTROVERSIES 

As a scholar of rhetoric, I have studied some mod-
ern cases of manufactured controversy to discover 
how to best confute these contemporary sophists. 
Th e result? I have come up with some preliminary 
hypotheses about what makes their arguments so 
persuasive to a public audience. 
 First, they skillfully invoke values that are shared 
by the scientifi c community and the American pub-
lic alike, like free speech, skeptical inquiry, and the 
revolutionary force of new ideas against a repressive 
orthodoxy. It is diffi  cult to argue against someone 
who invokes these values without seeming unscien-
tifi c or un-American. 
 Second, they exploit a tension between the tech-
nical and public spheres in postmodern American 
life. Highly specialized scientifi c experts can’t spare 
the time to engage in careful public communication, 
and are then surprised when the public distrusts, 
fears, or opposes them. 
 Th ird, today’s sophists exploit a public miscon-
ception about what science is. Th ey portray science 
as a structure of complete consensus built from the 
steady accumulation of unassailable data. Any dis-
sent by any scientist is then seen as evidence that 
there’s no consensus, and thus truth must not have 
been discovered yet. 
 A more accurate portrayal of science sees it as a 
process of debate among a community of experts in 

which one side outweighs the other in the balance 
of the argument, and that side is declared the win-
ner. A few skeptics might remain, but they’re vastly 
outnumbered by the rest, and the democratic pro-
cess of science moves forward with the collective 
weight of the majority of expert opinion. 
 Scientists buy into this democratic process 
when they enter the profession, Th at’s why a call 
for the winning side to share power in the science 
classroom with the losers, or to continue debating 
an issue that has already been sett led for the vast 
majority of scientists so that policy makers can 
delay taking action on their fi ndings, seems particu-
larly undemocratic to most of them.
 Aristotle believed that things that are true “have 
a natural tendency to prevail over their opposites,” 
but that it takes a good rhetor to ensure that this 
happens when sophisticated sophistry is on the 
loose. I concur.
 Only by exposing manufactured controversy 
for what it is, recognizing its rhetorical power and 
countering those who are skilled at gett ing the mul-
titude to ignore the experts while imagining a sci-
entifi c debate where none exists, can scientists and 
their allies use my fi eld to achieve what Aristotle 
envisioned for it—a study that helps the argument 
that is in reality stronger also appear stronger before 
an audience of nonexperts. 

Leah Ceccarelli is an associate professor in the Commu-
nication Department at the University of Washington. 
She teaches rhetoric and is the author of the award-
winning book Shaping Science with Rhetoric.
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IT HAS BEEN SO LONG since the United States had 
to look up to any country in science that we Ameri-
cans have come to regard science leadership as a birth 
right. When children in other countries score bett er 
on science tests than American youngsters or our 
production of Ph.D.’s and engineers or share of patent 
applications declines relative to other countries, we 
act as if the United States is slipping rather than other 
countries advancing, and we see a crisis emerging.
 Perhaps the fi eld we have truly fallen behind in is 
history. We forget that in the early 20th century Ger-
man was the lingua franca of science. Germany was 
where young scientists went to study, and where 
top scientists presented, and oft en had done, their 
cutt ing edge work.
 Far from being natural or inevitable, the United 
States’ science leadership is an off shoot of this coun-
try’s preeminence in the system of world govern-

ments that emerged aft er the defeat of Germany in 
World War II. Th is system was built on the rewards 
to science innovation in a vibrant capitalist econ-
omy, and on WWII- and Cold War-impelled needs 
to develop our science and engineering capacity. It 
uniquely benefi ted from immigration, especially 
from Europe in the Nazi era and immediate post-
war period. And it could not have happened with-
out the wealth and vision that allowed the United 
States to not only generously subsidize basic sci-
ence but also to establish an educational system that 
was broad-based at the bott om and unparalleled in 
availability and quality at the top.
 If these advantages were not enough, the com-
petition for science leadership was weak thanks to 
the devastation that Europe suff ered in two world 
wars and the slow rebuilding of European econo-
mies in the post-war era. Th e upshot: U.S. science 

Maintaining U.S. Scientifi c Leadership
English and Immigrants Are the Immediate Needs
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leadership is not natural and inevitable, but the 
loss of that leadership may be.
 Countries much larger than the United States, 
most notably India and China, are experiencing 
economic growth that outstrips ours, and as they 
grow in wealth they are rapidly improving their edu-
cational systems and basic science infrastructures. 
Moreover, as globalization leads companies born in 
the United States to move research and production 
capacity abroad, market demand for trained scien-
tists and engineers is increasing elsewhere while it 
is being dampened here.
 Even if the United States retains a per capita 
education and investment advantage over India and 
China, population diff erences alone mean that the 
number of trained scientists and engineers in these 
countries will soon dwarf the number in America, 
with diff erences in the quantity and quality of sci-
ence innovation likely to follow. Added to the Asian 
challenge is a Europe that can no longer be seen 
as a set of discrete countries when it comes to sci-
ence. Rather, cross-border research teams are being 
encouraged, and European Union-wide funding 
mechanisms are being established.
 In short, several decades from now we may fi nd 
that we are not the world’s number one country 
when it comes to science, however measured, but 
perhaps no. 4 behind China, India, and the EU. We 
may also fi nd that being in fourth place is not alto-
gether bad. When children in China are vaccinated 
against polio, they are not worse off  because the 
vaccine was invented in the United States. When an 
Indian inventor draws on two decades of U.S. gov-
ernment-funded research to achieve a technologi-
cal breakthrough, her accomplishment will not be 
lessened because it would not have happened had 
research in the United States not paved the way.
 As the world no. 1 in science, U.S. science invest-
ments have had substantial spillover eff ects, improv-
ing the quality of life in other countries and enabling 
scientifi c, technological, and medical accomplish-
ments that have benefi ted people abroad. As other 
countries improve their science, the progress of 

American science and the lives of our people will 
increasingly benefi t from educational and infrastruc-
ture investments made elsewhere and from research 
supported by currencies other than the dollar.
 Acknowledging the inevitable and seeing a bright 
side does not, however, mean we should regard what 
is happening as an unalloyed blessing and passively 
allow American science to slip. Th ere are substantial 
costs should U.S. science capacity sink absolutely, 
and real costs even if slippage is only relative. Scien-
tifi c advances create intellectual property, and wealth 
creation through intellectual property has become 
an increasingly important part of the U.S. and world 
economies. What’s more, the world remains a dan-
gerous place, and it may become more so should 
countries like China develop expansionist ambitions. 
Science for security must remain a high national pri-
ority, and although we may not be able to keep other 
nations from catching up, we do not want to be sur-
prised by their achievements or surpassed.
 In devising policies to maximize the strength of 
U.S. science, our nation has two unique resources it 
must not squander. Th e fi rst is English. Th anks to 
the preeminence of U.S. science for more than half 
a century, English is second only to mathematics as 
the universal language of science. Scientists around 
the world speak and write English. Th is gives Amer-
ican scientists a leg up in communicating with sci-
entists across national boundaries and makes many 
of the most important writings of foreign scientists 
easily and immediately accessible to Americans.
 Additionally, American students are not dis-
suaded from pursuing science careers nor do they 
have their science studies delayed because of the 
need to master a foreign language. Short of elimi-
nating federal science funding, nothing, I venture to 
guess, would harm American science as much as a 
need to read Chinese to keep up with the latest sci-
ence developments.
 One goal of our national science policy should 
be to maintain English as the global language of sci-
ence. Th is might entail subsidies or other incentives 
to promote the publication of English-language 
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online science journals, aid to enable the acquisi-
tion of English-language science materials (includ-
ing print journals) by universities and libraries 
abroad, and programs to train foreign scientists in 
English, either in their own countries, online, or by 
bringing them to the United States or Britain for 
science internships or language instruction.
 Th e high subscription price of leading English-lan-
guage science journals is a particular threat because 
it means that for fi nancial rather than science reasons 
market forces are likely to promote a proliferation 
of lower priced foreign-based journals in languages 
other than English. Th ese journals, started for rea-
sons of cost, may become science journals of record 
in their home countries, meaning that cutt ing-edge 
overseas research may become less easily or imme-
diately available here. Th e short-run solution may be 
U.S. subscription subsidies for foreign scholars and 
institutions, but the only viable long-term solution is 
to bring costs down, most likely by electronic distri-
bution that through competition reins in the profi t-
oriented publishers who now mediate between the 
creation and distribution of science knowledge.
 Th e United States’ second great advantage is our 
system of higher education. We are still the pre-
eminent nation when it comes to science training, 
and we benefi t from this in many ways. Foreigners 
who come to study here learn English, and they 
build relationships with U.S. scientists that endure 
aft er they return home, if they return home. Study 
here can also lead to an appreciation for the United 
States and its values, including especially the values 
of democracy and free inquiry. Perhaps most ben-
efi cial of all are the foreign-born scientists who stay 
to take jobs here or who return periodically to work 
collaboratively with U.S. scientists. Th ey add to our 
science workforce and scientifi c productivity and 
go a long way to make up for inadequacies in the 
production of U.S. born scientists.
 Ironically, the threat to U.S. science dominance 
is in part due to our willingness to educate the 
world. Some of the foreign scientists trained here 
have returned home to become leading researchers 

or educators in countries such as India and China, 
while others have returned to Western Europe and 
reinvigorated their graduate science education. 
Th us, our leadership in science education, although 
not as vulnerable as our overall science leadership, 
is also ripe for challenge.
 Rather than rise to the challenge, however, we have 
aided the challengers. Short-term political and secu-
rity concerns have trumped longer-term interests in 
science strength along with longer-term wealth and 
security. Responding viscerally to the att acks of 9/11, 
we made entering this country more diffi  cult for 
foreigners whatever the reason. One result was that 
students who had planned on doing their advanced 
science studies in the United States went instead to 
Europe, Australia, Japan, or Canada. Or they pursued 
advanced degrees in their home countries.
 More recently, the Iraq war and att itudes toward 
immigration have made the United States less att rac-
tive to educated foreigners. Diffi  culties in entering 
the United States have also aff ected the location of 
and att endance at scientifi c conferences as well as 
the ability of universities and companies to employ 
foreign researchers. Although the U.S. government 
has become sensitive to the harms that some of its 
post 9/11 policies caused and has tried to ameliorate 
problems, it could be doing much more—including 
proactively encouraging more foreign students to 
study science here and making it easier for them to 
work here when their studies are concluded.
 Th e downside of replenishing our science work-
force with the foreign born is that it diminishes 
pressure on industry and government to stimulate 
domestic science training. Yet few dispute that 
improving domestic education must remain a high 
priority, especially as opportunities for science 
workers abroad grow suffi  ciently att ractive as to not 
only lure foreign-born U.S. science workers back to 
their home countries, but also to entice native-born 
American scientists to work abroad.
 Essays, and indeed books, can and have been 
writt en on what stimulating domestic science train-
ing will take, and I shall not att empt to canvass the 
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suggestions that people more knowledgeable than I 
have made. But I will reiterate one point. We cannot 
aff ord to leave undeveloped the talents of minori-
ties and the poor by failing to provide the nutrition, 
health care, preschool training, and later education 
that will allow these youth to realize their potential. 
It is no longer just personal accomplishments we 
are talking about; it is the national well being.
 A virtue of science progress is that it cannot help 
but create free riders. New discoveries and inven-
tions fuel other new discoveries and inventions and 
raise everyone’s quality of life. Even if intellectual 
property laws allow innovators to secure fortunes 
for themselves, exclusive rights last only for period 
of time, and rarely can all profi ts be captured. We, 
along with other nations, are made bett er off  by new 
vaccines discovered in Britain, cell phone technolo-
gies born in Finland, robotics breakthroughs from 
Japan, and the development of disease-resistant 
plant varieties in the United States.
 Americans love to rank things, whether it is foot-
ball teams, law schools, or most livable cities, and 
we love to identify with or be “Number One.” For 
many it is a matt er of national pride that the United 
States is acknowledged as the world’s leader in sci-
ence. Hence it is a matt er of great national concern 
when it appears other nations are catching up or 
that we may be slipping. But the two ways of reduc-
ing disparities in the rankings are quite diff erent.

 If other nations are doing bett er in supporting sci-
ence and producing more scientifi c breakthroughs, 
then we are likely to benefi t from their successes. But 
if our lead is slipping because we are losing capacity 
and failing to invest in the physical and human capi-
tal that produces outstanding science, then there is 
substantial cause for concern; not only the United 
States but the world will be worse off  as a result. In 
short, we should focus more on how we are doing 
and spend less time worrying about whether other 
nations are catching up to us in science.
 If our youth are well-educated in science, if our 
science workforce has the highly trained staff  it 
needs, if we facilitate the international exchange of 
scientifi c knowledge, and if our educational estab-
lishments and industry remain fountains of innova-
tion, then we need not worry whether other nations 
are doing as well or bett er than we are. We will be 
strong. But if our lead is lost because we squander 
our advantages and fail to educate our youth, then 
slippage in the ranks of nations doing science may 
indeed signify crisis. 

Richard O. Lempert is the Eric Stein Distinguished 
University Professor of Law and Sociology at Th e Uni-
versity of Michigan Law School and a Research Profes-
sor in the George Washington Institute of Public Policy.
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I HATE TO CONFESS IT, but lately I’ve been feel-
ing a bit wistful for the arguments of conservative 
science pundit Tom Bethell, author of the 2005 
polemic Th e Politically Incorrect Guide to Science. 
Granted, the “Incorrect Guide to Science” would 
probably have been a more accurate title, in that 
Bethell is just plain wrong about everything from 
evolution (which he tries to debunk) to global 
warming (which he argues isn’t human-caused) to 
African AIDS (which, shockingly, he calls a “politi-
cal epidemic”). 
 Yet despite such outrages, there’s something brac-
ingly honest about Bethell’s book—he really doesn’t 
accept mainstream science on many issues, and so 
he tries, very straightforwardly, to argue that his 
facts are right and everybody else’s are wrong.
 A new wave of conservative science punditry—
epitomized by an essay by Yuval Levin in Th e New 

Atlantis entitled “Science and the Left ,” which was 
itself recently publicized by former Bush speech-
writer Michael Gerson in an oped in the Th e Washing-
ton Post—demonstrably lacks such candor. Sett ing 
out to debunk the idea that there really is a “war on 
science” coming from the right, these writers don’t 
bother engaging on the facts of the case at all. Th ey 
don’t att empt to show that, say, conservative anti-
evolutionists are right, or that conservative global 
warming deniers know what they’re talking about. 
 Instead, Levin and Gerson ignore, trivialize, and 
even mock the very serious argument that scientifi c 
information has been systematically mistreated 
under this administration and by the American 
political right. Here’s Gerson: “Th ere are few things 
in American politics more irrationally ideological, 
more fanatically faith-based, than the accusation 
that Republicans are conducting a ‘war on science.’” 

Yes, Virginia, There Is a War on Science
Conservative Attempts to Argue Otherwise Have Been Feeble

By Chris Mooney 
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 As for Levin: “Beneath these grave accusations, 
it turns out, are some remarkably fl imsy grievances, 
most of which seem to amount to political disputes 
about policy questions in which science plays a role.”
 And that’s it for these authors—rather than tak-
ing apart the “war on science” argument, they sim-
ply assert with a wave of the hand that we’re all con-
fused, that the facts of science aren’t under att ack 
from the right, it’s just that disagreements have 
occurred over ethics and policies. But of course, 
that’s hokum. 
 As the author of the original book making this 
argument—Th e Republican War on Science—I took 
pains to show that in each of my case studies, the sci-
entifi c information itself was under att ack. And as for 
the literally hundreds of scientists employed by this 
government who have now been shown, in succes-
sive surveys conducted by the Union of Concerned 
Scientists, to have experienced political interference 
in their work? Once again, these scientists trade in 
facts, analysis, and expertise. Th ey know the elemen-
tary science–policy distinction as well as everyone; 
as government researchers they live and breathe it. 
Th ey’re still outraged.
 For Levin and Gerson, though, dismissing con-
cerns about a conservative “war on science” just 
serves as a springboard for another off ensive—try-
ing to show that the political left ’s loving embrace 
of science might well lead it off  a cliff . Levin rightly 
observes that there’s something in the spirit of mod-
ern liberalism that grows out of the scientifi c revolu-
tion of the 17th and 18th centuries, which unleashed 
a profound distrust of hoary old authorities and 
empty traditions (especially religious ones). Levin 
even admits: “Th e left  is therefore generally justifi ed 
in thinking of itself as the party of science.” (Why, 
thank you.) 
 But that’s just a set-up: Levin’s lengthy essay (par-
roted by Gerson) proceeds to argue that the liberal 
embrace of science engenders two key confl icts—
one, with its support of environmental values, 
and second, with its support for equality. Science, 
according to Levin, can undermine both.

 But the arguments adduced to show this hardly 
withstand scrutiny. True, in the European green 
movement we do see a rift  between science and a 
value system rooted in the desire to preserve the 
authenticity of “nature”—hence the sabotaging of 
biotech crop fi elds. But this case notwithstand-
ing, there are many more ways in which science 
bolsters the environmental cause—most obviously, 
by allowing for the serious and detailed analysis of 
environmental impacts and problems. 
 Environmental scientists, based at universities 
across the country, hardly see any confl ict between 
the two chief words that describe their professions. 
What does irk them, however, is to conduct a pains-
taking study of an environmental problem, only to 
fi nd some industry-funded scientist with the gall to 
assert that their facts are wrong—and then to fur-
ther watch that industry-funded scientist get pulled 
before Congress by conservatives to testify, or get 
used by the Bush Offi  ce of Management and Budget 
to torpedo a proposed environmental regulation.
 But then Levin strays still farther, arguing that 
some fundamental confl ict exists between the lib-
eral embrace of science on the one hand, and the 
liberal concern for preserving equality on the other. 
You’ll only follow Levin down this road if you share 
a key assumption—that abortion, in vitro fertiliza-
tion, and genetic pre-screening constitute a “new 
eugenics,” which I certainly do not. Science Prog-
ress’s Jonathan Moreno has already taken apart Ger-
son’s (er, Levin’s) clumsy att empt to draw an anal-
ogy between old eugenics and “new,” pointing out 
that progressives were among the strongest critics 
of the old eugenics, and that some conservatives 
continued to embrace eugenics even aft er WWII.
 But let me just explode one of Levin’s additional 
assertions. “Science, simply put,” he writes, “cannot 
account for human equality, and does not off er rea-
sons to believe we are all equal. Science measures 
our material and animal qualities, and it fi nds them 
to be patently unequal.” Oh, really? What more 
equalizing force could there be than a book like 
Jared Diamond’s Guns, Germs, and Steel, which 
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shows that racialist theories cannot explain how 
it is that Europeans managed to take over virtually 
the entire Earth—rather, distinct environmental 
and technological advantages made all the diff er-
ence. Score one for science, and one for equality at 
the same time.
 In the end, Levin and Gerson (who just does 
the Cliff  Notes version) fundamentally ignore the 
assault upon scientifi c conclusions and expertise that 
now exists, and that emanates largely, in this coun-
try, from the political right. Instead, they seek to turn 
the tables and depict science as a kind of Kryptonite 
for the political left , because it undermines some of 
our core ideals. But that’s just wrong—science helps 
advance and strengthen those ideals. 

 Finally, then, Levin and Gerson don’t just conve-
niently ignore the core of the “war on science” argu-
ment; they also creatively redefi ne liberal ideals and 
values so as to create greater tensions between them 
than actually exist. Fundamentally, they’re ignor-
ing the truth about what progressives think and 
argue—and thus, unfortunately, engaging in still 
more conservative obscurantism. 

Chris Mooney is a contributing editor to Science Prog-
ress and the author of two books, Th e Republican 
War on Science and Storm World: Hurricanes, Poli-
tics, and the Batt le Over Global Warming. He blogs 
on Th e Intersection with Sheril Kirshenbaum.
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HISTORICAL ANALOGIES HAVE POWER. Is Iraq 
circa 2008 like Southeast Asia in 1968? Can one 
think of the United States, as Cullen Murphy sug-
gests, as an imperial power whose recent history 
and future fate compares with ancient Rome? His-
torical analogies help frame policy debates and, 
while they do not establish proof, they suggest pos-
sibility. For the broader public, analogies also gen-
erate useful connections and relations, emotional 
as well as logical. At the same time, false or poorly 
constructed analogies can promote misunderstand-
ings and even bad policy.
 When it comes to understanding emerging fi elds 
such as information technology, biotechnology, 
and nanotechnology, historical analogies are just 
as potent. Th ey help shape debate and can validate, 
even suggest, possible futures. In the 1960s, as the 
United States and the Soviet Union raced to best 

each other with feats in space, historians debated 
over whether comparisons to 19th century railroad 
infrastructure could help society prepare for the 
shocks that robust programs of space exploration 
would surely bring. In 1962, in fact, NASA spon-
sored a project that encouraged scholars to consider 
the long-term implications—economic, political, 
and social—of the national space program.
 When it comes to understanding potential 
societal and environmental implications of nano-
technologies, the historical analogy invoked most 
oft en by both nano-advocates and opponents is 
that of genetically-modifi ed organisms. According 
to Kristen Kulinowski and Vicki Colvin of Rice 
University, GMOs followed a “wow to yuck” trajec-
tory. Initially hailed as a solution to issues such as 
world hunger, activists saddled GMOs with a nega-
tive public image, criticized them as destructive to 

It’s Just Like That, Except Diff erent
The Power of Analogy In Describing Nanotechnology
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the environment, and condemned genetically engi-
neered crops for the harm they might visit on the 
public and developing world farmers.
 Th e GMO-nano analogy, however, is historically 
inaccurate. Th e history of GMOs and the accom-
panying controversy cannot simply be reduced to 
a “wow to yuck” story in which public backlash 
derailed a promising industry or product. In reality, 
considerable ambivalence and critical debate about 
genetically engineered organisms existed from the 
technology’s very beginning. Moreover, people hold 
food in a much diff erent regard than, say, sunscreen 
or carbon nanotubes for high-tech television displays. 
We deliberately eat food; we don’t ingest nanotech 
stain-resistant pants. By the same token, GMOs are 
developed for deliberate release into the environ-
ment, which is generally not the goal of most nano-
oriented R&D. So while the comparison between 
GMOs and nanotech can help us understand some 
policy debates about social and environmental 
implications, other historical analogies would bett er 
inform policy debates and public understanding.
 Another analogy that could help us understand 
the U.S.’s National Nanotechnology Initiative is the 
history of NASA’s space program. (Since 2000, the 
NNI has been this country’s multi-agency, multi-
billion dollar nanotech program.) While not perfect, 
the analogy between the NNI and the formation 
of our national space enterprise provides several 
valuable points of comparison which might help us 
understand the nature of nano-research beyond the 
point where GMO/biotech association fails.
 Like the space program, the NNI was conceived 
out of a spirit of competitiveness. Like competition 
with the Soviets through the long twilight struggle 
of the Cold War, concerns that the U.S. was slipping 
economically relative to European and Asian coun-
tries helped foster support for the NNI. One aspect 
of the NNI that has received robust funding support 
has been the creation of national research centers—
the NSF alone funds more than a dozen such sites 
devoted to research and public engagement—just as 
the fl ood of NASA-directed funding helped spawn a 

whole host of 60s-era federal and university research 
centers for space science and exploration.
 Like space science, nanoscience research is, in 
principle, highly interdisciplinary, bringing together 
scientists and engineers from fi elds such as biology, 
chemistry, and solid-state physics. NASA itself 
funds four such nano-research centers, suggesting 
the continuation of a decades-old trend. And just 
as space science research in the 1960s infl uenced 
pedagogy and student training, today’s courses for 
budding nanotechnologists refl ect a “new” hybrid-
ized approach to science education. While some 
skeptics have argued that the NNI’s focus on prac-
tical (i.e. commercial) applications has distorted 
traditional university-based research and education, 
the fact remains that much of 1960s space science 
research was done both to produce new knowledge 
and to get the U.S. to a clearly defi ned place such as 
the Moon or an orbit around Mars.
 Broaden the view and more similarities snap 
into focus that suggest the power of the space-nano 
analogy. In 1926, the Russian space visionary Kon-
stantin Tsiolkovsky wrote “First, inevitably, the idea, 
the fantasy, the fairy tale. Th en, scientifi c calculation. 
Ultimately, fulfi llment crowns the dream.” Whether 
or not today’s nano-advocates wish to admit it, the 
fact is that an aura of the fantastical has surrounded 
nanotechnologies since the 1980s. As late as 2000, 
Nobelist Richard Smalley of carbon nanotube fame 
was still recommending K. Eric Drexler’s 1986 
techno-utopian Engines of Creation to government 
policy makers curious about what nano could do. 
Like the space frontier, advocates depicted the nano-
frontier as the place where America’s manifest des-
tiny in science and technology would next unfold. 
In congressional testimony, Smalley even invoked 
powerful imagery from the Apollo era, saying that 
what was needed was someone bold enough to “put 
a fl ag in the ground and say: ‘Nanotechnology, this 
is where we are going to go.”’
 While such historical analogies can help us 
understand the past, and perhaps even the present, 
can they tell us anything about the future of emerg-
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ing technologies? Th e now-comical phrase “power 
too cheap to meter” alone should be enough to 
induce caution when it comes to making predic-
tions about future technologies. However, one can 
consider the directions the space program took aft er 
the Apollo era concluded and inject a note of cau-
tion for the U.S. nano initiative. To a large degree, 
as historians like Howard McCurdy have argued, 
NASA’s public policies were shaped by the public’s 
imagination as to what space exploration would be 
like. Th is entailed a strong focus on human (ver-
sus robotic) space exploration, elaborate manned 
space stations, and, eventually, bases on the moon 
and Mars. As satellites and space travel became rou-
tine, the Apollo era gave way to less exciting space 
shutt le fl ights and space probes that, while yielding 
tremendously exciting scientifi c information and 
inspiring vistas, did not have the same hold on the 
public’s att ention as did the fi rst Mercury fl ights or 
Apollo 11. As one NASA offi  cial put it, “We don’t 
give ticker tape parades for robots.” Ultimately, 
NASA’s grand ambitions were re-directed from the 
initial vision that many citizens found so compel-
ling. How will the public react when it doesn’t get 
the nanobots or molecular assemblers that early 
visionaries fi rst proposed and which were so widely 
promoted in hundreds of newspaper stories and 
popular science magazines?

 Today, it is almost a cliché for science policy 
makers to call for another Apollo or Manhatt an 
Project-style eff ort to address pressing energy 
needs or global warming. We must carefully choose 
an appropriate historical analogy in framing these 
suggestions, however. What policy maker would 
want to initiate a program that eschews long-term 
goals for a single spectacular feat or develop a tech-
nology under classifi ed, wartime conditions and 
not fully consider its potentially profound social 
and ethical implications?
 While invoking the Apollo era may conjure 
nostalgic visions of America’s past and what was 
right about the country at the time of great social 
unrest and an unpopular war, it should not be the 
pole star by which science policy navigates. When 
considering the implications of emerging tech-
nologies like nano, the power of historical analo-
gies to shape discourse, frame media coverage, and 
inform the public demands more careful and rea-
soned att ention. 

W. Patrick McCray is a historian at the University of 
California, Santa Barbara and directs one of three 
main research projects at UCSB’s NSF-funded Center 
for Nanotechnology in Society. He is also on the Sci-
ence Progress advisory board.
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Federal Support for R&D

EVERY CONGRESSIONAL BUDGET brings new questions about how much support the government will 
provide for research and development in science and technology. To understand the context for current 
funding discussions, it helps to have the long view. But the key question, as Daniel Sarewitz, director of the 
Consortium for Science, Policy, and Outcomes at Arizona State University, pointed out in a summer 2007 
article in Issues In Science and Technology is not just “how much” but “what for.” Here’s a snapshot of federal 
funding over several decades, with a close-up on the last congressional budget cycle for fi scal year 2008.

Government investment in R&D is shrinking 

relative to the size of the economy

Federal support of research and development as a propor-

tion of U.S. gross domestic product is trending downward. 

Increases in Department of Defense weapons development 

have buoyed numbers in recent years, but non-defense 

spending has shrunk as a share of GDP since the end of the 

fi ve-year push that doubled the National Institutes of Health 

budget from 1998 to 2003.

More dollars, but insignifi cant growth

President Bush’s budget request would put federal R&D spend-

ing at $147.4 billion, a record high. Again, much of the increase 

in recent years has gone to defence development while non-

defense spending has remained relatively fl at. Funding for the 

NIH has been fl at since 2003, and accounting for infl ation, the 

agency’s real buying power has declined 6 percent.

Total R&D

Defense R&D

Nondefense R&D

*FY 2009 fi gures are latest AAAS estimates of FY 2009 request.

Redrawn from AAAS R&D reports: http://www.aaas.org/spp/rd/09pch2.htm.

140

120

100

80

20

60

0

1976
1980

1984
1988

1992
1996

2000
2004

2008

40

Trends in Federal R&D, FY 1976–2009*

(in billions of constant FY 2008 dollars)

1.4%

Total R&D

Development

Research

Facilities

1.2%

1.0%

0.8%

0.2%

0.6%

0.0%

1976
1980

1984
1988

1992
1996

2000
2004

2008

0.4%

Trends in Federal R&D as Percentage of United States GDP, 

FY 1976–2009*

*FY 2009 fi gures are latest AAAS estimates of FY 2009 request.

Redrawn from AAAS R&D reports: http://www.aaas.org/spp/rd/09pch2.htm.



By the Numbers

96      science progress

Crucial increases are not happening

In December 2007, after multiple continuing resolutions, Con-

gress passed and the President signed an omnibus spending 

package. Increases in funding were modest for most federal 

research agencies. Overall, federal support for R&D declined 

for the fourth year in a row.

The budget did contain key boosts for Department of Energy 

research–a crucial area of work as we move the country toward 

a low-carbon economy.

In their report, “A National Innovation Agenda,” Science Prog-

ress Advisors Tom Kalil and John Irons recommend boosting 

the R&D budgets for the NIH, the National Institutes of Stan-

dards and Technology, the Department of Energy Offi  ce of Sci-

ence, the DOD, and the National Science Foundation by ten 

percent a year over ten years. Unfortunately, there’s ground to 

be made up after 2008.

Funding trends do no meet the challenges

of our current era

In fact, the share of non-defense federal funding that goes 

to R&D has remained relatively fl at since the fi nal Apollo mis-

sion in 1975.

Writing on the fi ftieth anniversary of the launch of Sputnik, 

Vint Cerf, Google Vice President and Chief Internet Evangelist, 

described a “A New Scientifi c Resolve” in a Science Progress 

column: “Fifty years ago the United States rose to the chal-

lenge. Similarly, resources dedicated today to the challenge 

of global warming will ensure innovation continues to fl our-

ish across our planet.” That will require more federal funding.

Non-Defense R&D as a Percentage of Federal Non-Defense 

Discretionary Spending, FY 1962–2007
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Summer 2007. From AAAS historical funding tables.

R&D Appropriations in FY 2008 Omnibus

(percent change from FY 2007)
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