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FORUM
Immigration reform
In “Streamlining the Visa Immigration 
Systems for Scientists and Engineers” 
(Issues, Fall 2014), Albert H. Teich articu-
lates very well many of the arguments for 
making the U.S. visa system work better 
for visitors and the scientific enterprise, 
and then offers a sound plan of action to 
carry out this task. As the author points 
out, the country has benefitted tremen-
dously in the past from its visitors and 
the immigration of foreign scientists. It 
is clearly in the national interest of the 
United States to keep a steady stream 
of foreign students and visitors com-
ing to and working in this country.

A variety of intersecting factors adds 
urgency to dealing with this issue. First, 
as more and more countries invest in 
science and build their own science 
infrastructure, scientists around the 
world will have many more options for 
where they can conduct their research 
with first-class facilities and support. 
Unless the United States changes its visa 
system to lower the bureaucratic barriers 
to coming to this country, more of the 
top students and practicing scientists in 
other countries will simply choose to go 
to other places for high-quality training 
and facilities in which to do their work.

The likelihood of scientists going 
elsewhere is compounded by the overall 
reduction in research and development 
(R&D) funding in the United States that 
has occurred over the past decade. It has 
become much more difficult to have a 
productive research career in this country 
than it used to be. Funding for science, 
and then the likelihood of gaining re-
search support, has decreased in the past 
decade, and this is occurring at the same 
time that funding in other countries is on 
the increase. Overall, U.S. R&D spend-
ing has fallen 16% in inflation-adjusted 
dollars from FY 2010 to the FY 2015 

budget request. The federal government’s 
investment in science and technolo-
gy now stands at roughly 0.78% of the 
economy, the lowest point in 50 years. 
Why would foreign scientists choose the 
United States when funding has become 
so constrained, and when it is both 
difficult and risky to try to settle there?

U.S. visa policies also make it much 
more difficult for U.S. and foreign scien-
tists to share ideas and to collaborate. As 
the scientific enterprise has become much 
more global in character over the past 
decades, multinational discussion forums 
and then actual collaborations are now 
the norm for most disciplines. As one 
data point, more than 50% of the papers 
published in Science include authors from 
more than one country. Importantly, in 
spite of the advent of effective electronic 
communication, face-to-face interactions 
still greatly benefit collaboration. The 
current prolonged and unreliable U.S. visa 
system makes it not only difficult, but ex-
tremely unattractive to even try to come 
to the United States for either purpose.

The issue of the U.S. visa and im-
migration system for science visitors, 
students, and researchers has been a 

discussion point for decades. It is in 
the United States’ interest to act now 
and make the system work much more 
reliably and efficiently. Let’s get to it!
Alan I. Leshner
Chief Executive Officer, American Association 

for the Advancement of Science
Executive Publisher, Science

Albert Teich does a masterful job of 
describing the human, political, and 
economic costs of the United States’ 
broken immigration and visa systems. 
He also reaffirms recommendations 
that have been advanced previously by 
NAFSA: Association of International 
Educators and other groups familiar with 
the nation’s schizophrenic immigration 
and visa systems. For many decades, the 
United States has derived many educa-
tional, economic, and social benefits from 
the mobility of global academic talent 
and immigrant entrepreneurs. NAFSA’s 
annual economic analysis shows that 
during the 2012-13 academic year, the 
presence of international students and 
their families has supported 313,000 jobs 
and contributed $24 billion to the U.S. 
economy. This means that for every seven 
international students enrolled, three 
U.S. jobs were created or supported. New 
data, disaggregated by state and congres-
sional district, will be released during 
International Education Week and can 
be accessed at www.nafsa.org/econvalue.

In addition to the economic benefits  
of international education, the foreign- 
policy contributions of international 
students and scholars around the world 
should never be underestimated. U.S. pol-
icymakers have taken for granted this rich 
human and political capital: they errone-
ously assume that the best and brightest 
students, researchers, and entrepreneurs 
will continue to embrace the United States 
as the destination of choice for study, 
research, and business. Lost in the politi-
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cization of the issue is the fact that many 
countries recognize the value of interna-
tional education and are upgrading their 
immigration policies to facilitate student 
and scholar mobility with the goal of 
attracting and retaining this global talent.

Indeed, the United States is not the 
sole country of “pull” for global talent. 
As the number of internationally mo-
bile students has doubled, the U.S. share 
of this group has decreased by 10%. In 
making the decision to study or conduct 
research, students and scholars take into 
account the immigration policies of des-
tination countries. The combination of an 
outdated U.S. immigration law (written 
in 1952) with post-9/11 regulations has 
had a chilling effect on this country’s 
ability to attract and retain much-needed 
human capital. Immigration laws have 
not kept pace with the emergence of 
new global economies. The failure of the 
immigration system poses a real threat to 

The Singing and 
the Silence
Birds in Contemporary Art

Birds have long been a source of mystery and 
awe. Today, a growing desire to meaningfully 
connect with the natural world has fostered a 
resurgence of popular interest in the winged 
creatures that surround us. The Singing and 
the Silence: Birds in Contemporary Art examines 
humanity’s relationship to birds and the 
natural world through the eyes of twelve major 
contemporary U.S. artists, including David 
Beck, Rachel Berwick, Lorna Bieber, Barbara 
Bosworth, Joann Brennan, Petah Coyne, Walton 
Ford, Paula McCartney, James Prosek, Laurel 
Roth Hope, Fred Tomaselli, and Tom Uttech.
The exhibition, on view at the Smithsonian 
American Art Museum, Washington, D.C., from 
October 31, 2014, through February 22, 2015, 
coincides with two significant environmental 
anniversaries—the extinction of the passenger 
pigeon in 1914 and the establishment of the 
Wilderness Act in 1964—events that highlight 
mankind’s journey from conquest of the land 
to its conservation. Although human activity 
has affected many species, birds in particular 
embody these competing impulses. Inspired by 
the confluence of these events, the exhibition 
explores how artists working today use 
avian imagery to meaningfully connect with 
the natural world, among other themes.
Whereas artists have historically created images 
of birds for the purposes of scientific inquiry, 
taxonomy, or spiritual symbolism, the artists 
featured in The Singing and the Silence instead 
share a common interest in birds as allegories 
for our own earthbound existence. The 46 
artworks on display consider themes such as 
contemporary culture’s evolving relationship 
with the natural world, the steady rise in 
environmental consciousness, and the rituals 
of birding. The exhibition’s title is drawn from 
the poem “The Bird at Dawn” by Harold Monro.
The exhibition is organized by Joanna Marsh, 
the James Dicke Curator of Contemporary Art.
     
 —Adapted from the exhibit website

Lorna Bieber 
Bird/Chest (above), 2000–2001

Bird/Portrait (opposite page), 
2000–2001

Silver prints 

Artwork and images courtesy of 
the artist. © Lorna Bieber.
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U.S. global economic competitiveness.
The United States cannot afford to 

lose in the global competition for talent. 
To remain competitive, it must remove 
unnecessary barriers and pass com-
prehensive immigration fit for a 21st 
century world. In doing so, the United 
States will send a strong message to 
international students, researchers, and 
entrepreneurs that it is a welcoming 
nation. Since it is impossible to accurately 
determine the sectors that will innovate 
and their demands for human capital in 
the United States, we need to consider 
comprehensive immigration reform for 
all international students and scholars, 
not just those in science and engineering.

The United States must remain 
true to its values and resist the politics 
of fear that undermine its econom-
ic competitiveness as well as weaken 
public-cultural diplomacy efforts.
Fanta Aw
President and Chair of the Board of Directors
NAFSA: Association of International 

Educators

Albert Teich’s thorough and thoughtful 
article lays out the very real obstacles 
that still remain for foreign scientists and 
engineers who wish to study and work in 
the United States. I say “still” because the 
U.S. government has, in fact, tried very 
hard to fix the many mistakes that were 

made in the aftermath of the 9/11 terror-
ist attacks—mistakes that led, as Teich 
notes, to serious problems for foreign stu-
dents and visiting scientists and disrupted 
significant scientific research. In recent 
years, the State Department has made it 
a priority to process foreign student visa 
applications in a timely fashion; has sig-
nificantly reduced the long wait times in 
embassies in places such as China, India, 
and Brazil; and has streamlined the se-
curity review process. Those efforts have 
produced results. The United States issued 
more than 9 million non-immigrant visas 
last year, a near doubling since 2003, and 
a record 820,000 international students 
are now studying in the United States.

The problems that remain are largely a 
result of two things: the inability of Con-
gress to reform outdated U.S. immigra-
tion laws, and the tendency of any large 
government organization to treat its cli-
ents with a certain disregard. When those 
clients are top students and scientists 
who are increasingly sought out by many 
countries, the loss to the United States 
can be significant. One recent example 

of that disregard: the latest Office of 
Inspector General (OIG) report 
on the State Department’s Bureau 
of Consular Affairs, which runs 
U.S. visa operations around the 
world, stated flatly that the U.S. 
government “does not respond 
adequately to public inquiries 
about the status of visa cases.” If 
you’re a foreign scientist wait-

ing in frustration for a visa to 
attend a scientific conference in 
Boston, for example, you have 
virtually no chance of learning 
when the U.S. government 
might make its decision. The 
OIG team discovered a queue 
of 50,000 emails awaiting a 

response, and when the team 
twice tried to call the service 
help line, the callers never 
reached a live human being.

Teich offers a sensible list of 
fixes to makes the visa pro-

cess more friendly for foreign 
students and scientists. Unfortu-
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nately, President Obama’s recent executive 
action on immigration, which asserts 
an expansive interpretation of execu-
tive authority to help undocumented 
immigrants, does too little for scientists 
and engineers coming to the United 
States through the proper legal channels. 
It promises some helpful changes to 
after-graduation work rules for foreign 
science, technology, engineering, and 
mathematics students, and opens new 
doors for immigrant entrepreneurs. But 
several of Teich’s recommendations are 
similarly administrative fixes that could 
be implemented without congressional 
action, yet they were not part of the pres-
ident’s package. This was an unfortunate 
missed opportunity. If Congress contin-
ues to block more comprehensive immi-
gration reform, the administration would 
be well advised to take a careful look 
at these proposals and include them in 
another round of executive-led reforms. 
Edward Alden
Senior Fellow
Council on Foreign Relations

What education can’t do
In “21st Century Inequality: The De-
clining Significance of Discrimination” 
(Issues, Fall 2014), Roland Fryer seems to 
believe that he has disproved the neces-
sity for “more education for teachers, 
increased funding, and smaller class 
size.” These are not solutions, he says, but 
the conventional wisdom that we have 
tried for decades without success. He 
offers as examples of success the charter 
schools of the Harlem Children’s Zone 
and his own work in Houston, which 
involves longer hours in schools and 
intensive tutoring by low-wage tutors.

I found this a contradictory asser-
tion, because the charter schools of the 
Harlem Children’s Zone spend substan-
tially more than the neighborhood public 
schools. One of the features of these 
two schools is small classes. In addition, 
they offer wraparound services, includ-
ing one-on-one tutoring, after-school 
programs, medical and dental care, and 

access to social workers. According 
to a report on the Harlem Children’s 
Zone in the October 12, 2010, New York 
Times, “the average class size is under 15, 
generally with two licensed teachers in 
every room.” We can only wonder how 
well the neighborhood public schools 
would do with similar resources.

Other scholars have questioned Fryer’s 
contention that school reform can be 
obtained with minimal additional costs. 
Bruce Baker of Rutgers University wrote 
in a January 26, 2012, blog post called 
“School of Finance” that each of Fryer’s 
studies “suffers from poorly document-
ed and often ill-conceived comparisons 
of costs and/or marginal expenditures.” 
Baker briefly reviewed these studies and 
concluded: “setting aside the exception-
ally poor documentation behind any of 
the marginal expenditure or cost esti-
mates provided in each and every one 
of these studies, throughout his various 
attempts to downplay the importance of 
financial resources for improving student 
outcomes, Roland Fryer and colleagues 
have made a compelling case for spend-
ing between 20 and 60% more on public 
schooling in poor urban contexts, includ-
ing New York City and Houston, TX.”

I am persuaded that Geoffrey Canada, 
the CEO of Harlem Children’s Zone, has 
a good model. It costs far more than our 
society is willing to pay, except in exper-
imental situations. Children growing up 
in poverty need medical services, small 
classes, and extensive support services 
for themselves and their families. This 
is not cheap. But it is not enough.

Society has a far larger problem. 
Why is it that the United States has a 
larger proportion of children growing 
up in poverty than any other advanced 
nation? Why isn’t the federal govern-
ment planning a massive infrastructure 
redevelopment program, as Bob Herbert 
proposes in his brilliant new book, Losing 
Our Way, which would lift millions of 
families out of poverty while rebuilding 
the nation’s crumbling bridges, tunnels, 
sewer lines, gas lines, levees, and other 
essential physical aspects? Expecting 
school programs to solve the extensive 

David Beck 
DODO (opposite page), 2007
Graphite on paper 

Dodos En Suite (above), 2010
Seven bronze sculptures 

Courtesy of the artist and Hackett | Mill,  
San Francisco. © David Beck used by 
permission. Images courtesy of Hackett | Mill, 
San Francisco.
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and deep problem of poverty, without 
massive federal intervention to create 
jobs and reduce poverty, is nonsensical.
Diane Ravitch
New York, NY

DOD’s role in energy 
innovation
Eugene Ghotz, a leading scholar of the 
innovation system within the Depart-
ment of Defense (DOD), presents a 
cautionary tale in “Military Innovation 
and Prospects for Defense-Led Ener-
gy Innovation” (Issues, Fall 2014).

When cap-and-trade legislation to 
impose a price on carbon emissions 
failed to pass the U.S. Senate in 2010, a 
15-year-old assumption about how the 
United States was going to transition to a 
lower carbon economy went down with 
it. Cap and trade had been the almost 
exclusive policy focus of the climate 
change community ever since such an 
approach for acid rain was first passed, 
and then successfully implemented as 
part of the Clean Air Act Amendments 
of 1990. When cap and trade for carbon 
dioxide failed in the Senate, there was a 
policy vacuum—no substitute approach 
was readily at hand or thought-through.

One of the problems with cap and 
trade was that it was a pricing strategy, 
not a technology strategy, and it was hard 
to adopt a pricing strategy without more 
progress on a technology strategy. Al-
though pricing can sometimes force tech-
nology, it assumes a degree of technology 
readiness that was still missing in a num-
ber of key energy innovation sectors. So if 
the pricing strategy was on political hold, 
why not pursue a technology-push strat-
egy, which was needed anyway? And why 
not enlist the DOD innovation system, 
which, after all, played a critical role in 
most of the technology revolutions of the 
20th century—aviation, nuclear power, 
space, computing, and the Internet? Un-
like the Department of Energy, which can 
take a technology from research to de-
velopment and perhaps to prototype and 
early-stage demonstration, DOD operates 

Rachel Berwick 
Zugunruhe, 2009 

Cast copal, wood, two-way mirror, moss, 
metal, polyester resin

Artwork and image courtesy of the artist.  
© Rachel Berwick. 

Fred Tomaselli 
Migrant Fruit Thugs (opposite page), 2006 

Leaves, photo collage, gouache, acrylic and 
resin on wood panel 

Image courtesy of Glenstone. © Fred 
Tomaselli. 



WINTER 2015   11

FORUM



12   ISSUES IN SCIENCE AND TECHNOLOGY



WINTER 2015   13

FORUM

Walton Ford 
Falling Bough, 2002 

Watercolor, gouache, pencil and ink on paper

Image courtesy of the artist and Paul Kasmin Gallery.
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at all of the implementation stages, fund-
ing research, development, prototype, 
demonstration, testbed, and often initial 
market creation and initial production. 
Why not enlist this connected innovation 
system in the cause of energy technology?

Ghotz points out that the military, 
particularly in an era of budget cutbacks, 
will focus only on their system of critical 
defense priorities vital to warfighters. 
To ask the military to go outside their 
mission space, he demonstrates, will 
produce much friction in the system. It 
simply won’t work; it’s hard enough for 
DOD to deliver technology advances for 
its core missions without taking on ex-
ternal causes, he illustrates. So DOD, for 
example, is not going to develop carbon 
capture and sequestration technology—
that’s not its problem. And it is not going 
to develop or support massive energy 
technology procurement programs.

But, realistically, is there is a range of 
energy technology challenges within its 
reach? Ghotz does a service by pointing 
toward that track. DOD does face tactical 
as well as strategic problems because 
of energy. Two Middle East wars made 
clear the vulnerability of its massive fuel 

supply lines and forced it into defending 
fixed points, jeopardizing its mobility and 
exposing its forces to relentless losses. 
The department needs to restore the 
operational flexibility of its mobile forces, 
and solar and storage technologies are 
important in this context. Recent events 
in the Middle East suggest that the United 
States will not walk away from this theater 
anytime soon. For forces laden with the 
electronics of network-centric warfare, 
long-lasting, lightweight batteries are 
critical. These are two examples of the 
role that DOD can pursue: certain critical 
niche technologies, modest initial niche 
market creation, and the application of its 
strong testbed capabilities. And DOD is 
doing exactly this, filling some important 
gaps in the energy innovation system.

There is another area where DOD 
can play a role. As the nation’s largest 
owner of buildings, it needs to improve 
the efficiency and cut the cost of its 
facilities. Its bases are also exposed to the 
insecurity of the grid, so it has a strong 
interest in off-grid technologies, includ-
ing renewables and perhaps even small 
modular reactors. Where it cannot get 
off the grid, it has a major interest in grid 

security and efficiency. All this turns out 
to be an important menu of operational 
and facility energy technologies with 
some important dual-use opportuni-
ties. That’s why the Advanced Research 
Projects Agency-Energy (ARPA-E) and 
the Office of Energy Efficiency & Renew-
able Energy (EERE) at the Department 
of Energy are collaborating with DOD.

Ghotz brings us a splash of real-
ism about DOD’s role. But some vital 
energy opportunities remain if, and 
only if, they fit the DOD mission.
William B. Bonvillian
Director of Government Relations
Massachusetts Institute of Technology

Inspired design
The work of Arizona State University 
students on PHX 2050, described by 
Rider W. Foley, Darren Petrucci, and 
Arnim Wiek in “Imagining the Future 
City” (Issues, Fall 2014), is the perfect 
embodiment of the Albert Einstein quote, 
“We can’t solve problems by using the 
same kind of thinking we used when 
we created them.” Indeed, the article 
provides provocative thinking, but it 

Barbara Bosworth 
Indigo Bunting, 2003 

Chromogenic print

Smithsonian American Art Museum, 
gift of Haluk and Elisa Soykan.  
© 2003, Barbara Bosworth. 
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is the video cited that offers the real 
substance. For those who didn’t fol-
low the link and are interested in the 
urban design aspects of the project, 
visit http://vimeo.com/88092568.

As a practicing professional in archi-
tecture and urban design, I believe that 
there are some issues that need more dis-
cussion as implementation of the proj-
ect’s concepts are considered. The first 
is equity. The project does touch on the 
divide between the haves and have-nots. 
But as this is already a societal problem, 
it should not be propagated into the fu-
ture—especially with technology becom-
ing a segregating device. From an urban 
design perspective, think about the 
effects of the High Line in New York City 
for a moment. Although the park is a ter-
rific amenity for the city, and surround-
ing real estate prices have increased, the 
ground-level issues of marginalized and 
shady streets still persist. The economics 
of technology will also need to be con-
sidered at the varied design scales: rural, 
suburban, and urban. Infrastructure 
investment is inevitably easier to justify 
in urban settings as the population 
served will be higher. However, is there 
greater opportunity to also incorpo-
rate solutions to sprawl retrofit rather 
than adding additional services to an 
already well-served urban population?

The concept of “placemaking” should 
be carefully folded into all design details. 
Walkability has been discussed but 
should be moved to the “public” street 
rather than the alley. Having eyes on 
the street instead of technology in the 
front yards would increase a perception 
of safety as well as provide more visual 
interest for pedestrians and cyclists. 
However, the use of canopies over rear 
alleys or mid-block service areas for 
rainwater collection and solar energy 
generation should definitely be ex-
plored further. The occupants of upper 
floors would never have to see parked 
cars, but would there be greater heat 
island effects due to reflectivity that 
may hamper green infrastructure?

The last, but should probably be 
the first, issue to consider is humanity. 

Petah Coyne 
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Humans will never be tidy machines 
that all serve the greater good that a 
fully technological society would need. 
People strive to be unique, and nowhere 
is this clearer than in the United States. 
Our culture of individual property rights 
is a hurdle to true, full collaboration, 
especially where public funding alone 
cannot pick up the tab. As the proposal 
acknowledges, public-private partner-
ships will need to be considered in greater 
depth and for more infrastructure than 
is currently the case. Creativity can be 
chaotic and change is difficult, so how 
do cultures adapt and what could be the 
method, beyond education, by which 
the change happens more quickly?

In summary, I’d like to share a quote 
from Donna Harris, the entrepreneur 
who started 1776, a Washington, DC-
based incubator: “Our educational system 
has not historically been set up to teach 
the kinds of skills that make someone 

entrepreneurial—in fact, the opposite 
is true. We learn to follow directions, 
not to question the directions. But that’s 
exactly what you have to do if you are 
taking an entrepreneurial approach. 
You have to look at things and question 
them, be confident enough to assume 
that maybe you might have a better way. 
But we often punish people who think 
this way. I think it’s actually one of our 
biggest challenges as a nation as we 
think about the future global economy.”

By starting the debates in academia, 
design thinking can be encouraged 
throughout society. Just as we start 
to understand the new economy of 
reduced public funding, these con-
versations about systemic change are 
critical. Please keep up the good work.
Sarah A. Lewis
Associate, Urban Planning, Community 

Development
Fuss & O’Neill Inc.

Productive retirement
As a faculty colleague of Alan Porter  
at Georgia Tech, I was interested to read 
his article, “Retire to Boost Research 
Productivity” (Issues, Fall 2014), in which 
he provides an “N=1 Case Study” of how 
his research productivity has increased 
significantly since he retired in December 
2001.

This case study is presented to address 
an important issue for research univer-
sities: with faculty members 60 years of 
age or older holding onto their positions, 
“shielded” by the lack of an age for man-
datory retirement, younger people may be 
“kept off the academic ladder.” Porter uses 
his own “retirement career” to ask wheth-
er there might be “win-win” semi-retire-
ment options that would free up oppor-
tunities for the recruitment of young 
faculty while at the same time enabling 
senior faculty to remain productive and 
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engaged. His personal case study demon-
strates one way to do this, focusing on his 
research and the enhanced publication 
rate he has had in his retirement years.

In my own case, I retired in 2010 and 
I am Institute Professor Emeritus in the 
School of Mechanical Engineering at 
Georgia Tech. After being retired for a 
month, I was appointed to a half-time 
position with half of my salary coming 
from my research grants. This of course 
means that half of my salary is being 
paid by institutional funds. My research 
productivity has continued at my pre-re-
tirement level, and there is no doubt 
that availability of facilities, including 
office space and a research laboratory, 
as well as the infrastructure and admin-
istrative support provided to me were 
essential to my continued productivity.

In my “N=1 Case Study,” I have not 
only continued to be involved in research, 
but there are other ways in which I have 

been engaged and contributed. These 
include the mentoring of young faculty, 
assistance in the preparation of proposals, 
outreach to the community, and nation-
al leadership activities. Whereas in the 
context of research there are quantifiable 
outputs such as the number of publi-
cations and grant dollars, the value of 
non-research activities are perhaps not 
so readily assessed, even though most of 
us would consider these as value added.

The basic issue, then, is how does an 
institution create these win-win situa-
tions and appointments? Are these truly 
important to an institution in the 21st 
century, where there is no mandatory 
retirement age and where 60 is the new 
50, and 80 may be the new 70? How does 
an institution evaluate the activities of a 
retired faculty member in attempting to 
achieve win-win situations? In my own 
case, even though a significant amount of 
my pre-retirement salary has been freed 

up and can be used, it would be hoped, 
to pay the salary of a young academic, 
because of my other activities that are 
beyond simply doing research, how does 
an institution evaluate me and justify 
the use of institutional funds to pay 
part of my salary? The answers to these 
questions obviously are important to me 
personally; however, these are questions 
that every institution should address.
Robert Nerem
Georgia Institute of Technology

Casting light on fracking
In “Exposing Fracking to Sunlight” 
(Issues, Fall 2014), Andrew A. Rosenberg, 
Pallavi Phartiyal, Gretchen Goldman, and 
Lewis Branscomb note the rapid rise of 
unconventional oil and gas production in 
the United States, but not what sparked 
the innovations needed to develop 

James Prosek
What once was is no more: Passing like a thought, 
flight into memory, 2014 
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these previously inaccessible reserves.
In the past decade, while U.S. shale 

gas production grew 10-fold, conven-
tional natural gas production dropped 
37%. Conventionals accounted for 16% 
of the nation’s natural gas production 
in 2012; by 2040, that share will shrink 
to 4%. This won’t be by choice. Conven-
tional reserves are shrinking; in short, 
we’ve recovered all the easy stuff. Future 
fossil fuel extraction will take us deeper 
underground and below the ocean floor, 
to more remote corners of the globe, 
and into less permeable formations.

Whereas the focus of the “fracking 
debate” has centered on what’s different 
about unconventional production, the 
bigger story may be how little techniques 
have changed in these new, tougher 
extraction environments. Despite ad-
vances in directional drilling and cement 

chemistry, as well as impressive 
developments in other per-
tinent areas, the basic steps 
for well construction and 
production are much as they 
were decades ago. When ap-

plied to unconventional develop-
ment, these steps demand more 
energy and industrial inputs. 
Researchers at Argonne Nation-
al Laboratory have found that 
Marcellus shale gas wells require 

three times more steel, twice as 
much cement, and up to 47 times 

more water than a conventional natural 
gas well. The greater scale and intensity 
of unconventional development may be 

the key driver of risk to public 
health, the environment, 
and community character.

The authors are ex-
actly right that the way 

to identify and respond 
to this risk is through data collection, 
scientific research, and public disclo-
sure. The question is how to advance in 
this effort. The situation is somewhat 
more complex than the article im-
plies, and thus it may be more hopeful 
than warranted for several reasons.

First, the article posits that “concerted 
actions by industry severely limit reg-

ulation and disclosure.” However, this 
sector is incredibly diverse, comprised of 
hundreds if not thousands of companies 
ranging from mom-and-pop shops to 
Fortune 500 companies. The industry 
can’t even agree on a single trade group to 
represent its interests. The multiplicity of 
diverse actors poses a serious governance 
challenge but also affords an opportunity 
to find support for risk-based regulation. 
Companies may find that a greener posi-
tion on regulation could win them social 
license, price premiums, or contracts 
with distribution companies sensitive 
to consumer environmental concerns.

Second, the article advocates federal 
regulation of unconventional oil and gas 
production. Under current law, federal 
agencies could regulate more aspects 
and outcomes of this activity. (Despite 
the exemptions noted, federal authority 
exists or could be triggered by agency 
action in each environmental statute 
listed.) However, in the past five years 
we’ve seen a more robust regulatory 
response from states. State agencies 
house much of the nation’s oil and gas 
regulatory expertise, and at least in 
some cases they boast strong sunshine 
and public participation laws (while 
sometimes exempting oil and gas).

Federal regulation is not a yes or no 
question. It can be used to lead, nudge, 
complement, or supplant state action, 
depending on the issue and the context. 
In data collection and research, federal 
agencies could set harmonized data col-
lection standards, compile and share risk 
data, and fund research to change how we 
extract unconventionals and how we re-
duce our dependence on these fossil fuels.
Kate Konschnik
Director, Environmental Policy Initiative
Harvard Law School

Grand challenge for 
engineers
The National Academy of Engineering’s 
Grand Challenges for Engineering posits 
a list of far-reaching technical problems 
that, if solved, will have a momentous 
impact on humanity’s future prosper-

Laurel Roth Hope 
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ity. In “The True Grand Challenge for 
Engineering: Self-Knowledge” (Issues, 
Fall 2014), Carl Mitcham proposes an 
additional challenge of educating engi-
neers capable not only of attacking the 
technical challenges, but also of tackling 
the questions presupposed by the list: 
What does a prosperous human future 
entail? What kind of world should we 
strive for? What role should the engi-
neer play in achieving such ends?

Mitcham argues that engineers 
need to learn to think critically about 
what it means to be human and calls 
for engineering education to embrace 
the humanities for their intrinsic val-
ue (rather than as a service provider 
for communications skills). So how 
grand a challenge is the author’s pro-
posal? I believe there is good reason 
for pessimism, but also for optimism. 

I’m pessimistic when I take a high-lev-
el view. Much has been written about the 
contemporary trend in higher educa-
tion toward commoditization, with 
its economically instrumental view of 
academic programs, and even the specter 
of institutions outsourcing the humanities 
to online providers. None of that augurs 
well for a more reflective education for 
anyone, much less engineers. As for 
engineering, radically reformulating engi-
neering education in any overarching way 
has proved difficult. For example, some 
years ago, the American Society of Civil 
Engineers gamely advocated for a master’s 
degree as the first professional degree, in 
part to produce “more broadly trained 
engineers with an education that more 
closely parallels the liberal arts experi-
ence.” The society subsequently softened 
its stance due to inertia in the system, and 
a mandated liberal arts-like experience for 
engineers has certainly not materialized.

Yet, I’m optimistic when I take a 
grassroots view. Consider this recent 
Forbes headline: “Millennials Work 
for Purpose, Not Paycheck.” Seemingly 
against the instrumental trajectory of 
higher education, the current college 
generation appears to place a premium 
on meaningful work that contributes to 
the well-being of global society, sug-

Walton Ford 
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gesting a potential market for the type 
of education Mitcham champions. And 
if the educational system isn’t respon-
sive to that demand from the top down, 
perhaps it can be from the bottom up. 
For example, Mitcham mentions human-
itarian engineering programs, which his 
institution helped pioneer and which are 
increasingly popping up at schools across 
the United States, including my own.

Similarly, new programs in sustainable 
engineering or sustainable development 
engineering have recently arisen on many 
campuses. These types of programs didn’t 
exist just a few years ago. They have devel-
oped organically, rather than in response 
to any broad policy, and they tend to 
value engineers learning about the human 
condition. Another recent phenomenon 
has been the rise of 3-2 duel engineering 
programs involving liberal arts colleges, 
with students earning both B.A. and B.S. 
degrees. Granted, such paths still repre-
sent a small slice of the engineering edu-
cation pie, but I’m hopeful they will grow 
and spread, perhaps nucleating Mitcham’s 
desired change from the inside out.
Byron Newberry
Professor of Mechanical Engineering
Baylor University

There is reason to believe that Carl 
Mitcham’s goal can be achieved. With the 
adoption by ABET (a nonprofit, nongov-
ernmental organization that accredits 
college and university programs in the 
disciplines of applied science, computing, 
engineering, and engineering technology) 
of Engineering Criteria 2000, engineers 
are expected to develop personal and 
professional responsibility and under-

Paula McCartney
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stand the broader effects of engineering 
projects, which provides a solid depar-
ture point for seeking “self-knowledge.” 
And although several emerging obstacles 
may prevent the chasm between the two 
cultures of the humanities and engi-
neering from being easily bridged, they 
may also reveal creative opportunities.

The first obstacle is fragmentation of 
the university. Institutional separation of 
colleges and departments, necessary for 
many reasons, is made materially mani-
fest in the creation of science and research 
parks formed in collaboration with com-
mercial entities. Given the steep decline 
in public funding, private funding for re-
search may seem like pure good fortune. 
Yet creation of such parks may introduce 
physical barriers that can prevent inter-
disciplinary work and collegiality among 
faculty and students in engineering and 
those in the humanities. Moreover, the 
proprietary nature of much research 
done in such collaborations is contrary 
to the goal of democratizing knowledge, 
an important justification for the pub-
lic funding universities still receive.

The second obstacle is the exponential 
growth of technical knowledge that must 
be mastered to do engineering work. The 
“Raise the Bar” initiative, supported by 
the National Society of Professional Engi-
neers and the National Council of Exam-
iners for Engineering and Surveying, has 
responded to the increased demands on 
engineers by changing professional licen-
sure to require either a master’s degree or 
equivalent in the near future. Andrew W. 
Herrmann, past president of the Amer-
ican Society of Civil Engineers, charac-
terized the changes as similar to what 
other “learned professions” had done to 
cope with increasing demands on their 
members and as a move that would raise 
the stature of the engineering profession.

Although an initial response may be 
to assign additional educational re-
quirements to technical courses, more 
innovative departments should consider 
repositioning an engineering education 
to generate as many opportunities as 
possible for its students to interact with 
the humanities and social sciences. To 
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This is woefully inadequate to prepare 
students for living in this science- 
and technology-dependent world.

In my own experience, bringing 
insights, theories, and concepts from the 
field of science, technology, and society 
studies has been enormously helpful in 
engaging engineering students in think-
ing more broadly about the implications 
of their work and seeing ways to design 
things that solve broader problems. For 
example, focusing on how Facebook and 
Google algorithms determine the infor-
mation that users see, and the signifi-
cance of this for democracy, may change 
the way engineering students think 
about writing computer code. Similarly, 
focusing on the politics of decisions 
about where to site bridges frames engi-
neering as implicitly a sociotechnical en-
terprise. Notice that this approach might 
work as well for liberal arts students. 
Indeed, it might stimulate them to 
enroll in science and engineering fields.
Deborah G. Johnson
Anne Shirley Carter Olsson Professor of 

Applied Ethics Science
University of Virginia 

Carl Mitcham proposes that because 
engineering fundamentally transforms 
the human condition, engineering 
schools have a duty to educate students 
who will be able to think reflectively 
and critically on the transformed world 
that they will help create. What should 
students learn and then reflect on as 
they move through their professional 
careers? Mitcham refers to the Nation-
al Academy of Engineering’s Greatest 
Engineering Achievements of the 20th 
Century and Grand Challenges for 
Engineering as being insufficient in how 
they critically explore the achievements 
and challenges that have or will trans-
form the world. Perhaps the National 
Academies should develop a follow-on 
project, Engineering: Transforming the 
Human Condition and Civilization.

The project could serve as source for 
curriculum across engineering educa-
tion as well as for other fields and for 
continuing education. The overarching 

the broad social and political context in 
which it operates and has consequences; 
and few opportunities to develop the 
personal attributes and understanding 
that might lead to more socially re-
sponsive and responsible solutions.

Engineers are, in Mitcham’s words, 
“the unacknowledged legislators of the 
world” insofar as they create technol-
ogies that order and regulate how we 
live. Of course, engineers are not alone 
in doing this. The organizations that 
employ them, regulatory agencies, 
markets, and media all have a role. If 
engineers are to play an effective role, 
they must understand their relation-
ships with these other actors and they 
must understand the broader context 
of their work (not just the workplace). 
In short, they must understand engi-
neering as a sociotechnical enterprise.

Engineering education is appropri-
ately a Grand Challenge because it is 
not a small or easy problem. A dose of 
humanities—a few required humanities 
and social science courses—won’t do 
the job. In part, this is because many of 
the humanities and social sciences don’t 
address the technological character of 
the world we live in. They may allow 
students to consider the meaning of life, 
but without acknowledging the powerful 
role technology plays shaping our lives. 
So the Grand Challenge involves chang-
ing humanities and social science edu-
cation as well as engineering education.

The Grand Challenge has another 
component that is rarely recognized. 
Understanding how technology and 
society are intertwined is not just im-
portant for engineers. Non-engineers 
need to understand how technology 
regulates everyone’s lives. Thus, part of 
the challenge of engineering education 
is to figure out what citizens need to 
know about technology and engineering. 
Again, it is not a small or easy problem. 
Citizens can’t become experts in engi-
neering, so we need to figure out what 
kinds of information and skills they do 
need. Most colleges and universities 
require liberal arts students simply to 
take a certain number of science courses. 

do this will require financial support for 
engineering students who are interested 
in earning minors (or even second ma-
jors) in those areas, perhaps by devoting 
a small share of the resources dedicated 
to collaborative private/public research 
projects to this end. Such support may 
attract interest from underrepresented 
groups by showing that engineering 
education means development of the 
whole person, not just their technical 
skills. It would also provide tangible 
proof to the public that its financial 
support is more than subsidized job 
training for favored industries, while 
also demonstrating to ABET that an 
engineering department is committed to 
excellence for all learning outcomes, not 
just those related to engineering sciences.

Repositioning engineering educa-
tion should also provide an opportuni-
ty for engineering departments to do 
their part in bridging the two-culture 
divide by promoting minors in engi-
neering disciplines to humanities and 
social sciences majors. In a world in 
which technology is ubiquitous, in-
creasing the quality and quantity of 
public knowledge about engineering 
should increase the quality of public 
discourse on technological projects.
Glen Miller
Department of Philosophy
Texas A&M University

I applaud Carl Mitcham’s call to recog-
nize engineering education as one of the 
Grand Challenges for engineering in the 
21st century. Engineers will continue to 
play a pivotal role in solving the enor-
mous problems facing the world, but the 
education at most engineering schools 
is not preparing their students for the 
sociotechnical complexity or the global 
scale of the problems. The narrowness 
of engineering education has long been 
recognized, and although a few insti-
tutions have made serious efforts to 
change, engineering education remains 
narrow. The curriculum provides few 
opportunities for students to develop 
substantive nontechnical perspectives; 
few opportunities to see engineering in 
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theme would be not only the triumphs, 
but also the tragedies in the transforma-
tion of civilization from the hunter-gath-
er societies symbolized in cave paintings 
of over 30,000 years ago, to agrarian 
societies, to industrialization, and now 
to a techno-info-scientific society.

The challenge is to organize our 
knowledge so that the big picture—the 
fantastic story of human civilization; 
who we are and what we are becom-
ing as beings on this watery planet—is 
coherent and accessible. One strategy 
would be to organize the knowledge as 
the evolution of technological systems 
and the increasing interactions of such 
systems. One thread through time is the 
nexus of food, water, and energy. One 
can learn how these systems changed 
over time, including the connections 
with transportation, materials, and the 
built environment, for example. From 
the moldboard plow pulled with horses 
planting open-pollinated crops to auton-
omous self-driving tractors and genet-
ically engineered crops that are roboti-
cally harvested, how is one system better 
than the other—or is it? Then there is the 
issue of our increasing reliance on space 
systems for weather and climate infor-
mation, and perhaps for attempting to 
engineer the climate in a way we desire.

These systems are not just techni-
cal, but sociotechnical, reflecting the 
interests, values, costs and benefits, 
winners and losers in the distribution 
of benefits and costs, the power to 
influence what happens, and the adju-
dication in some cases of what systems 
become realized in the world. It is messy. 
These are the details that matter and 
influence the evolution of sociotech-
nical systems and who we become.
Darryl Farber
Assistant professor of Science, Technology, 

and Society
Penn State University

Addressing the Grand Challenge formu-
lated by Carl Mitcham, when done well, 
could lead to revolutionary changes in 

the way society innovates. But who will 
initiate and execute self-reflection among 
engineers? Within universities, three 
groups can be identified: the admin-
istration, technical faculty, and liberal 
arts faculty. Change is most effective 
when it is driven both top-down and 
bottom-up, which means the involve-
ment of administration and faculty.

But in reality, the administration is 
often loath to take on this role, in part 
because of financial reasons. Technical 
faculty are often wrapped up in their 
research and teaching, and as a result may 
not pay much attention to the broader 
impact of their work. That leaves the 
liberal arts faculty. But since at technical 
universities this group is often seen as 
providers of service courses, they alone 
may not have the clout to realize insti-
tution-wide change. So again the ques-
tion: who will be the agent of change?

What is needed is a movement among 
faculty, students, and, preferably, in-
dividuals in the administration. This 
movement will be most effective when 
it includes technical faculty who are 
seen as role models. Inclusion of liberal 
arts faculty is essential because of their 
societal insight and critical thinking 
skills. Because of their complementary 
expertise, technical faculty and liberal 
arts faculty may need to educate each 
other. Faculty organizations, such as a 
faculty senate, research council, research 
centers, or individual departments, could 
play a key role. Other initiatives, such as 
reading groups, high-profile speakers, 
and thought-provoking contributions to 
campus publications, may also contribute.

Funding agencies also have an oppor-
tunity to be agents of change. The Nation-
al Science Foundation (NSF), for example, 
requires that the students and post-
doctoral fellows it funds receive ethics 
training. Requiring that grant applicants 
address the Grand Challenge outlined by 
Mitcham would naturally fit under the 
Broader Impact criterion used by the NSF.

So members of the campus com-
munities, stand up—and in the 

words of Gandhi, “be the change 
you want to see in the world!”
Roel Snieder
W.M. Keck Distinguished Professor of Basic 

Exploration Science
Colorado School of Mines

I cannot but wholeheartedly subscribe 
to Carl Mitcham’s wake-up call to all of 
us, but to engineers in particular, to face 
the “challenge of thinking about what 
we are doing as we turn the world into 
an artifact and the appropriate limita-
tions of this engineering power.” Criti-
cal thinking is the pivotal notion of his 
wake-up call. But what are the tools of 
critical thinking, and where are engineers 
to turn for support in developing and 
applying these tools? Mitcham advises 
engineers to turn to the humanities.

But are the humanities up to this task? 
What kinds of tools for critical thinking 
have they to offer, and are they appropri-
ate for the problems we are facing in our 
technological age? Take philosophy. In the 
20th century, philosophy has developed 
into a discipline of its own, with philos-
ophers writing mainly for philosophers. 
There is no shortage of critical thinking 
going on in philosophy, but is it the kind 
of critical thinking that engineers need? 
I have serious doubts, given that reflec-
tion on science and technology plays 
only a marginal role in philosophy.

What is true of philosophy is also 
true, I fear, for many of the other human-
ities. Here lies a grand challenge for the 
humanities: to turn their analytical and 
critical powers to the single most char-
acteristic feature of the modern human 
condition, technology, and to engage in a 
fruitful dialogue with engineers, who play 
a crucial role in developing this tech-
nology. If they face up to this challenge, 
they may be the appropriate place for 
engineers to turn for guidance in dealing 
with their quest for self-knowledge.
Peter Kroes
Professor of Philosophy of Technology
Delft University of Technology
The Netherlands
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The America COMPETES Act first became 
law in 2007 with the goal of promoting 
innovation and boosting U.S. global compet-
itiveness. It was reauthorized in 2010 and is 
once again up for reauthorization. Although 
the 2007 bill had bipartisan support, division 
along party lines is hurting chances for a 
comprehensive 2014 reauthorization.

There are currently four COMPETES 
bills; the House Republicans initially split 
the legislation into two separate bills: the 
Frontiers in Innovation, Research, Science, 
and Technology (FIRST) Act and the Enabling 
Innovation for Science, Technology, and 
Energy in America (EINSTEIN) Act. Democrats 
in the House and Senate each proposed their 
own versions. Hence, the outlook for the 
most recent iterations of the bill is uncertain.

The FIRST Act proposed a two-year reau-
thorization (FY 2014-FY 2015) for the National 
Science Foundation (NSF) and the National 
Institute of Standards and Technology (NIST), 
with both agencies receiving a 1.5% increase 
in FY 2015. The EINSTEIN Act reauthorized 
the Department of Energy’s Office of Science 
(OSC) but not the Advanced Research 
Projects Agency-Energy (ARPA-E), which was 
created under the 2007 COMPETES bill.

The two versions prepared by the Demo-
crats propose four-year reauthorizations 
(FY 2015-FY 2019) at higher funding levels. 
However, these bills differ from one another 
in a few key areas. The House Democrats’ bill 
(H.R. 4159) reauthorizes NSF, NIST, and DOE 
OSC, and focuses on four goals: supporting 
research, fostering innovation, creating jobs, 
and improving science, technology, engineer-
ing, and mathematics (STEM) education. In 
order to support research and foster innova-
tion, the bill would increase funding for the 

three agencies by 5% each year, and it would 
reauthorize the National Nanotechnology 
Initiative, ARPA-E, a Regional Innovation 
Program, and the DOE Innovation Hubs. It 
would also establish the Federal Accelera-
tion of State Technology Commercialization 
program in order to “advance United States 
productivity and global competitiveness by 
accelerating commercialization of innovative 
technology by leveraging federal support for 
state commercialization efforts.” Provisions 
for job creation in H.R. 4159 would include 
offering federal loan guarantees to small 
and mid-sized manufacturers to help them 
stay competitive, improving NIST’s Manufac-
turing Extension Partnership program, and 
helping local governments employ more 
technologies that improve energy efficiency.

Efforts to support and improve STEM 
education and the STEM workforce 
would include establishing an ARPA-ED 
to invest in R&D for educational technol-
ogy, providing grants for students who 
receive STEM-related undergraduate 
degrees, and increasing participation by 
women and minorities in STEM fields.

The Senate bill (S. 2757) reauthorizes NSF 
and NIST from FY 2015-FY 2019, but excludes 
DOE, which is not within the jurisdiction 
of the Senate Commerce, Science, and 
Transportation Committee. The bill would 
provide annual increases for both agencies 
at 6.7%. Other goals include improving 
STEM education, supporting NSF’s social, 
behavioral, and economic sciences (SBE) 
directorate, reducing administrative burdens 
for government researchers, maintaining 
attendance at science conferences, and 
supporting NSF’s merit review process.

Like the House Democrats’ bill, S. 2757 

prioritizes STEM education and the STEM 
workforce; the bill directs the National 
Science and Technology Council to collect 
input from various stakeholders on the 
five-year STEM education reorganization 
that was approved in the 2010 COMPETES 
Act. The bill would also establish a subcom-
mittee to review administrative burdens 
on federally funded researchers and issue 
a report containing recommendations for 
improving efficiency in the grant submis-
sion and review processes. This is likely a 
response to findings of a recent National 
Science Board report, which concluded that 
grant applicants often spend more than 40% 
of their work time on administrative tasks.

Finally, the Senate offers support and 
praise for NSF’s merit review process, but does 
require a report from the agency detailing 
steps taken to improve transparency and 
accountability. This appears to be in response 
to certain provisions in the FIRST Act, which 
would have required NSF to write a justifica-
tion for each grant awarded that certifies that 
the research in question would accomplish 
at least one of a few specified national goals.

It is this example of policy-related 
language coupled with low funding levels 
that has made it difficult to move a bipar-
tisan bill forward in the House. Although 
the FIRST bill was voted out of both the 
subcommittee and full committee, the 
votes fell along party lines and received 
little support from the scientific commu-
nity. The EINSTEIN bill received a hearing 
but was not marked up as a stand-alone 
bill. That legislation was absorbed into a 
broader Department of Energy Research and 
Development Act of 2014, which authorized 
funding for a range of DOE programs. 

Future uncertain for COMPETES legislation
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In brief
Reps. Rosa DeLauro (D-CT) and Brian Higgins 
(D-NY) introduced legislation to facilitate 
funding increases for the National Institutes 
of Health (NIH). However, the potential for 
NIH budget growth is currently limited by 
the tight cap on discretionary spending. The 
bill, dubbed the Accelerating Biomedical 
Research Act, would adjust the spending cap 
to allow for increased NIH appropriations of 
up to 10% above the current year estimate 
for two years, and up to 5% thereafter.

The House passed by voice vote the 
bipartisan Revitalize American Manufactur-
ing and Innovation Act of 2014 (H.R. 2996), 
introduced by Rep. Tom Reed (R-NY) in part-

nership with Rep. Joseph Kennedy (D-MA). 
The legislation would establish a Network 
for Manufacturing Innovation Program 
within the National Institute of Standards 
and Technology with the goal of improv-
ing U.S. manufacturing competitiveness.

The House of Representatives passed the 
American Super Computing Leadership Act 
of 2014 (H.R. 2495) and the Tsunami Warning, 
Education, and Research Act (H.R. 5309). The 
supercomputing bill would require that the 
Department of Energy develop, through a 
competitive merit review process, a program 
for partnerships between national labora-
tories, industry, and universities for exascale 
supercomputing research. The tsunami 
legislation would reauthorize funding for 
the National Oceanic and Atmospheric 
Administration’s National Tsunami Hazard 
Mitigation and Tsunami Research programs. 

The Office of Science and Technology Policy 
released its policy for institutional oversight 
of life sciences dual-use research of concern 
(DURC). The policy details the necessary 
oversight to identify DURC and implement 
risk-mitigation measures. The policy covers 
specific types of experiments, such as 
enhancing the harmful consequences of an 
agent or toxin for 15 pathogens and toxins, 
including avian influenza virus. Accompany-
ing the new policy are two complementary 
documents: A Companion Guide of Tools for 
the Identification, Assessment, Management, 
and Responsible Communication of Dual Use 
Research of Concern and Implementation of 
the U.S. Government Policy for Institutional 
Oversight of Life Sciences DURC: Case Studies.

The White House released a National 
Strategy on Combating Antibiotic-Resistant 
Bacteria that outlines five goals for combating 
the spread of resistant bacteria. The goals of 
the strategy are to: slow the emergence and 
prevention of their spread; strengthen efforts 
to identify cases of antibiotic resistance; 
advance the development and use of rapid 
diagnostic tests; accelerate basic and applied 
research of new antibiotics, therapeutics, and 
vaccines; and improve international collabo-
ration. President Obama signed an Executive 
Order directing the enactment of the strategy 
as well as creating a new Task Force for 
Combating Antibiotic-Resistant Bacteria to be 
co-chaired by the secretaries of Defense, Agri-
culture, and Health and Human Services. As 
part of the overall strategy, the administration 
is directing the National Institutes of Health 
and the Biomedical Advanced Research and 
Development Authority to co-sponsor a 
$20-million prize for the development of a 
rapid point-of-care diagnostic test to assist 
health-care workers. Timed to coincide with 
the release of the White House strategy, the 
President’s Council of Advisors on Science 
and Technology (PCAST) issued its report on 
Combating Antibiotic Resistance. The report 
outlines a series of recommendations for the 
federal government that parallel many of the 
actions outlined in the White House national 
strategy. The PCAST report assesses antibiotic 
resistance within human health care, includ-
ing prescription overuse; animal agriculture, 

including promoting animal growth; drug 
development; and surveillance and response. 

Rep. Trent Franks (R-AZ) introduced the 
Critical Infrastructure Protection Act (H. R. 
3410), which would direct the Department 
of Homeland Security (DHS) to include the 
threat of electromagnetic pulse events as 
part of scenario planning, including the role 
that research and development can play 
in strategic planning. The bill passed the 
House on December 1 by voice vote, and 
will be considered by the Senate next. 

Rep. Eric Swalwell (R-CA) introduced the 
National Laboratories Mean National Security 
Act (H.R. 3438), which would permit orga-
nizations funded by the DHS Urban Areas 
Security Initiative—a program to help local 
communities prepare and protect against 
acts of terrorism—to work with Depart-
ment of Energy’s national laboratories in 
their community. The bill passed the House 
unanimously under a suspension of the 
rules vote, which requires a 2/3 majority. 

On November 26, President Obama 
signed into law the Traumatic Brain Injury 
Reauthorization Act of 2014 (S. 2539), 
introduced by Sen. Orrin Hatch (R-UT), which 
reauthorizes appropriations for programs 
and activities at the Department of Health 
& Human Services relating to the study, 
prevention, and treatment of traumatic 
brain injury (TBI). In addition, the bill would 
direct the agency to improve interagency 
coordination of federal TBI activities.

Agency updates

With its winter recess approaching and the 
continuing resolution on the budget about to 
expire on December 12, Congress continued 
its practice of just-in-time decisionmaking. 

The latest proposal to keep the govern-
ment from shutting down, while also 
responding to concerns surrounding the 
president’s executive action on immigration, 
is to fund the majority of the federal govern-
ment via an omnibus bill and extend funding 
for immigration programs only until next 
year when the new Congress is in place and 
able to negotiate with the administration.

Federal budget debate goes 
down to the wire 

“From the Hill” is adapted from  
the newsletter Science and 
Technology in Congress,  published  
by the Office of Government 
Relations of the American  
Association for the Advancement 
of Science (www.aaas.org) in 
Washington, DC.
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Academic science and engineering 
education in the United States has 
become more open and diverse, but 
science policy officials and higher 
education leaders should not spend 

too much time on self-congratulation. The chief 
result of diversity and inclusiveness efforts, surely a 
vitally important one, is that there are now substan-
tially more middle-class white women, Asians, 
and the foreign born among the scientific ranks. 
However, progress for members of other under-
represented minority groups, including blacks, 
Hispanics, and Native Americans, remains modest. 
Furthermore, the outcomes for recruitment of 
poor and working-class people into science and 
engineering can best be described as pitiable.

For people who fall in both camps—underrep-
resented minorities who are also poor, working 
poor, or working class—the picture is bleaker still. 
Importantly, these “dually disadvantaged” collec-
tively comprise the largest group left out of the 
expanding roster of people working in or training 
for careers in science, technology, engineering, and 
mathematics—the STEM fields. Although confronted 
with many of the same historical, social, and 
cultural barriers faced by more successful groups, 
such as women, the dually disadvantaged often 
face obstacles not common among more affluent 
persons, including more affluent minorities. These 
barriers have been widely documented, including 
poorer quality schools, lack of educational role 
models, oftentimes family and cultural traditions 
not emphasizing educational attainment, and the 
lack of financial wherewithal to obtain a quality 
higher education. Given that women’s progress in 

M O N I C A G AU G H A N 
BA R RY B O Z E MA N

PERSPECTIVES

 Bringing Full 
Diversity to 
Academic 

Science and 
Engineering

Daring to  
Lead



28   ISSUES IN SCIENCE AND TECHNOLOGY

the sciences and engineering has come only after 
the expenditure of much time, political effort, 
and financial resources, the mind boggles when 
contemplating the steps required to afford equal 
career opportunities to the nation’s poor chil-
dren of any race or ethnicity. Considering that 
income inequality in the United States continues 
to grow, as does the percentage of the population 
belonging to a minority group, then one must 
ponder whether the nation is up to the challenge.

Indeed, we are not confident of the prospects 
for the dually disadvantaged. We are convinced 
that the continued success of U.S. academic science 
and engineering depends on the nation’s ability to 
make strides rapidly in remedying their exclusion. 
Developing and using the scientific and technical 
potential of the more than 50% of U.S. citizens 
under age 25 who are poor, working poor, and 
working class will take vastly greater resources and 
commitment than has thus far been devoted to 
“diversity.” As our overview of the structural barri-
ers operating in U.S. higher education suggests, 
the journey will prove long and arduous. We think 
there are some steps that policymakers and educa-
tors can take to set the nation on a promising path.

Overcoming structural barriers
During the first half of the 20th century, the 
principle of numerus clausus—in essence, quotas—
governed admission policies at the nation’s univer-
sities. Initially, such policies were motivated by 
the desire to limit the number of Jewish men 
admitted. Later quota policies targeted women, 
blacks, and members of other minority groups.

By the 1960s, however, things had begun to 
change in higher education through court interven-
tion, though sometimes preceded by social violence. 
In some cases, elimination of structural barriers 
came quickly. By the passage of the Civil Rights 
Act of 1964, which granted enforceable federal 
civil rights to people irrespective of “race, color, 
religion, sex or national origin,” all of the flagship 
institutions of the South had officially desegregated. 
Similarly, the last university to remove its religious 
quota was Yale, in 1966. Further, the Immigration 
and Nationality Act of 1965 eliminated restrictions 
on non-European immigration to the United States, 
establishing opportunities for immigrants from 
Asia, Africa, and Latin America—with explicit 
preferences for the highly educated and skilled.

By contrast, throughout the 1960s, universities 
continued to limit or refuse women admission and 
academic employment. It was not until 1972 that 

F I G U R E  1

Percentage of full-time STEM faculty, by demographic 
characteristics, 1973-2010
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Percentage of earned STEM doctorates, by demographic 
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federal law specified through Title IX of the Educa-
tion Act that publicly supported universities had to 
admit women. Still, Columbia University admitted 
its first woman undergraduate students only in 
1983, and it was 1996 when the last state-supported 
military academy admitted a female cadet. In brief, 
it took decades for regulations and implementation 
to work their way through the entirety of the science 
system. Overall, major institutions of higher educa-
tion had by the late 1990s eliminated policies restrict-
ing or severely limiting the enrollment of women 
and members of racial and ethnic minority groups.

With the doors opened, people came. Jewish 
scientists were fully incorporated into the science 
system, and Jews now constitute a greater percentage 
of the professoriate than their population representa-
tion of 2% would predict. Similarly, Asians—partic-
ularly those foreign born—represent a percentage of 
the professoriate much greater than their represen-
tation in the general population. The foreign born 
constitute 30% of doctoral-trained scientists and 
engineers in the United States. Women (at least white 
women) have been incorporated into the scientific 
system at a steadily improving rate since the 1970s, 
though they still remain underrepresented in most 
fields. This is partly due to some continuing struc-
tural barriers. For example, many universities lack 
clear policies related to maternity leave, which  
disadvantages women professors relative to their 
male colleagues. The steady upward trends in 
representation for women, Asians, and the foreign 
born among full-time faculty in STEM fields at U.S. 
universities are illustrated in Figure 1. The statistics 
also reveal, however, the continuing problems  
among members of underrepresented minority 
groups (URM). The decision by the National  
Science Foundation to stop disaggregating by 
Hispanic, Native, and black and to combine them 
into one URM category does not change the trend.

Lest critics argue that recent interventions are 
solving the problem by attracting more members 
of underrepresented groups into the educational 
pipeline supplying STEM fields and keeping them 
engaged, we offer Figure 2. Note that women 
and temporary residents have rapidly increased 
in the proportion of STEM doctoral recipients. 
Asians who are citizens or permanent residents are 
represented roughly proportional to their repre-
sentation in the U.S. population. By contrast, the 
representation of blacks, Hispanics, and Native 
Americans has remained flat, despite the fact that 
by 2012, black people comprised 14% and Hispan-
ics comprised 21% of all citizens aged 18-24.

The missing construct: class
The success of members of religious minority 
groups, the triumph of the foreign born, and the 
incomplete but impressive success of women being 
integrated into the academic science system natu-
rally raises this question: Why have similar rates 
of change not been observed among members 
of domestic racial and ethnic minority groups 
despite decades of Affirmative Action and special 
programs to increase racial and ethnic diversity in 
STEM? The answer, we argue, may relate to class 
dynamics. Compared with Europeans, the people 
of the United States have always been resistant to 
notions of class—and especially to the idea that 
class represents a structural barrier to success. The 
mythos is that any person can succeed if only he or 
she takes advantage of the abundance of opportunity 
in the United States and works hard. Our analy-
sis suggests that this may need reconsideration.

Simply put, the reason is that race, ethnicity, and 
socioeconomic status are historically so strongly 
linked in the United States that significant progress 
in representation of members of minority groups in 
STEM education and careers cannot be made until 
structural socioeconomic barriers are addressed. This 
is not to suggest, of course, that there were not Jewish 
immigrants who were also poor. Rather, it is to say 
that once the religiously based policy barriers were 
eliminated, there were a great number of Jews who 
were already educationally, socially, culturally, and 
economically poised to take advantage of their new 
educational and occupational opportunities. Simi-
larly, as structural barriers to women’s participation 
were dismantled, a large percentage of women were 
socially, culturally, and economically poised to take 
advantage of their new occupational opportunities. 
The same is true for recent immigrants and their 
children, who have been disproportionately selected 
by federal policy from the most educationally and 
economically advantaged of their sending nations.

By contrast, members of racial and ethnic 
minority groups continue to live at high levels of 
socioeconomic and educational disadvantage. The 
calculation of the poverty line has remained the 
same since 1963, and it is low; in 2013, a family of 
four with an annual household income less than 
$23,550 lived below the poverty line. Consider Figure 
3, which depicts child poverty rates in the United 
States by race and ethnicity since 1959. In the first 
year, 27% of children lived in poverty. The Census 
Bureau began to disaggregate black children in 1965, 
when black child poverty stood at 66%, dropping to 
51% in 1966 and to 47% in 1965. Note the drop in 
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for members of underrepresented groups. The 
bottom line is that students need to be academ-
ically engaged and prepared at the elementary 
and secondary levels to enjoy any hope of success 
in STEM education. Unfortunately, the nation’s 
collective willingness to deliver such education 
to all of its children is demonstrably lacking.

The primary failure of higher education policy 
is not a lack of integration at the university level. 
Rather, it is the failure of policymakers to take any 
kind of leadership role in insisting that the farm 
teams of higher education—the preschools, kinder-
gartens, and elementary and secondary schools—
perform at a high level, and that all of the nation’s 
“human capital” is adequately housed, fed, and safe. 
If other countries are out-performing the United 
States in their children’s scientific preparation and 
accomplishments, perhaps it is because they are 
also vanquishing child poverty and its attendant 
ills. Consider the child poverty levels—defined as 
living below 50% of median household income of 
two-parent families—recorded by the Luxembourg 
Income Study: Canada (10.6%), France (6.8%), 
the Netherlands (2.9%), the United Kingdom 
(11.6%), and the United States (15.2%). These are 
all countries of the Organization for Economic 
Co-operation and Development (OECD), and all 
are societies characterized by high levels of ethnic, 
racial, and cultural diversity, making the compari-
sons of childhood poverty levels especially telling.

Beginning list of fixes
The question, then, is what should these vari-
ous observations mean in terms of rethinking 
public policy and improving STEM education 
in the United States? In answer, it may be useful 
to consider how policy and rhetoric for STEM 
human resources are now characterized.

The leitmotif focuses on impending, but never 
quite reached, dire shortages of scientists and 
engineers in this or that field crucial to the national 
interest and economic competitiveness. Less often, 
but importantly, “what about us?” themes occur, 
suggesting that the problem is not only one of 
fragile supply dynamics but also inclusion and 
diversity, typically defined in terms of the inabil-
ity of well-qualified minorities to thrive. Recently, 
and appropriately, issues related to immigrant 
workforce contributions have received increasing 
scrutiny. Does the impact of class and its relation-
ship to STEM opportunity come up? Rarely.

It is easy to see why people might choose to ignore 
the problems of the dually disadvantaged. First, and 

“all child” poverty over the same short period—the 
result of two major structural reforms in the United 
States: civil rights legislation, and the War on Poverty. 
By 1974, the Census Bureau was disaggregating 
children by white, black, and Hispanic. Note that 
black child poverty remained above 40% until 1996, 
while Hispanic (any race) poverty remained above 
27% throughout the period. By contrast, fewer than 
14% of non-Hispanic white children lived below 
the poverty line for the entire period, with the total 
often dropping below 10%. The Census Bureau 
began tracking Asian children in 1987. The poverty 
rate among this group was first measured at 23%, 
dropping to 9% in 2013, below white child poverty.

To summarize the situation in 2013, one in five 
children lived below the poverty line, but this level 
of deprivation varied by race and ethnicity. Fewer 
than 10% of white and Asian children lived below the 
poverty level. By contrast, 38% of black children and 
30% of Hispanic children lived in poverty. To trans-
late these percentages into numbers, there were 3.9 
million poor white children in 2013, 4.2 million poor 
black children, 5.3 million poor Hispanic (any race) 
children, and half a million poor Asian children—for 
a total of over 14 million children living below the 
poverty line. Tens of millions more children were 
near poor, living below 200% of the poverty level.

Why does poverty in childhood matter? The 
research on the effects of child poverty is compelling. 
Poor children are more likely than their non-poor 
counterparts to be malnourished. They are less likely 
to live in a house that contains a book, less likely to 
have a parent who reads to them, and have signifi-
cantly smaller vocabularies. They are more likely to 
live in substandard housing in dangerous neighbor-
hoods. They are more likely to attend failing schools, 
where most of their peers are also poor. They are less 
likely to graduate from high school, to matriculate to 
college, or to complete a college degree. How, exactly, 
is the nation supposed to produce scientists from 
hungry children who cannot read when they get to 
school, and who then attend a failing school with 
other hungry children living in dangerous places?

The key socioeconomic barrier to equal 
high-quality education lies in the system of school 
financing that advantages the affluent (who are 
disproportionately white and well educated, a result 
of past structural advantage) while disadvantaging 
the poor (who are disproportionately members of 
ethnic and racial minority groups). Hence, a cycle 
of racially structured socioeconomic disadvantage 
repeats itself even through decades of Affirma-
tive Action and special targeted programming 
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most unkindly, it is not about “people like us”—
political, business, and higher education leaders. 
Members of these groups (and we are among them) 
may in theory feel quite beneficent toward the dually 
disadvantaged, but we typically do not choose to live 
near them, send our children to school with them, 
or work with them. For the most part, the dually 
disadvantaged do not populate even the first-year 
classes of universities. Universities tend to increase 
their “quality” by being more exclusive, moving up 
in the rankings as they enroll a higher percentage of 
the best and the brightest, defined in terms of higher 
standard scores, higher grades, more AP classes, 
more impressive active-learning internships, and, in 
general, the accomplishments based largely on assets 
not often available to the dually disadvantaged.

A second reason scarcity of the dually disadvan-
taged in the STEM pipeline has been largely ignored 
is that the problem overwhelms. Is it reasonable 
to address a middle-range social problem when 
it clearly has its roots in much more fundamen-
tal social and political issues? When the nation 
faces rampant income inequality, failing schools, 
and the incarceration of large swaths of young 
dually disadvantaged males, why give a moment’s 
thought to the (relatively) unimposing fact that 
the chances of the dually disadvantaged arriving 
at a STEM faculty position is roughly equivalent 
to their chances of being struck by lightning?

Here is one rationale. In the past, science and 
technology policy has succeeded in leading, not 
simply biding time until the planets travel into 
perfect alignment. In problems as diverse as national 
defense and security, energy shortages, and public 
health crises, STEM leaders developed and executed 
strategies, oftentimes from the bottom up rather 
than standing on the sidelines waiting for political 
leadership. One relatively recent example: in the early 
1980’s, the science, technology, and higher education 
establishment had convinced policymakers of its 
crucial role in national economic progress, ratio-
nalizing continued high levels of federal funding. 
STEM leaders are the ones who helped frame the 
issues and helped fashion the policy agenda.

What if STEM leaders proved equally bold in 
addressing a new “competitiveness crisis,” the crisis 
of inequalities of income, opportunity, and educa-
tion? How might one begin? One might start from 

two directions: first, by taking actions to increase 
the number of dually disadvantaged who not only 
enter but succeed in US universities; and second, 
by increasing at the same time the representation 
of the dually disadvantaged on science and engi-
neering faculties. The bottom and top prescriptions 
are interdependent. Society has heard for years 
from the education establishment that “we would 
like to recruit more (Hispanics, blacks, women), 
but there are so few available.” Of course there are 
few available. They have never entered or dropped 
out of the STEM educational pipeline. They have 
taken their human capital to other places in the 
workforce, or, too often, to more sordid destina-
tions, such as dead-end jobs with no living wage, 
public assistance for the jobless, or prison.

It will not be enough simply to admit the dually 
disadvantaged to academe, if institutions then stand 
by as students with low-quality educational prepa-
ration struggle or fail. Universities, including STEM 
leaders, have a role to play by offering compensatory 
education to dually disadvantaged students, and then 
ultimately by employing them. What if the thou-
sands of STEM professors who have discretionary 
money to engage undergraduates in STEM research 
vastly increased their commitment to thinking 
of dually disadvantaged students as potentially 
the best and the brightest waiting to happen, but 
who require a little more nurturing and patience? 
What if the leadership of every major university 
contemplated the proposition that “diversity is not 
enough” and measured student progress by social 
mobility and social transformation? What if, once 
again, STEM leaders led rather than followed?

We suggest that after addressing a string of such 
“what ifs,” resolutely and for many years, not only 
would the STEM pipeline have higher quality flowing 
through it, but leaders would again have reason to 
take pride in academia’s prodigious effects on the 
well-being of the United States and its citizens.

Monica Gaughan (monica.gaughan@asu.edu) is 
associate professor in the School of Human Evolution 
and Social Change and Barry Bozeman (bbozeman@
asu.edu) is Arizona Centennial Professor of Public 
Management and Technology Policy and director of 
the Center of Organizational Research and Design at 
Arizona State University.
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In March 2011, President Barack Obama 
announced the creation of a Proof of Concept 
Center (PoCC) program as part of the i6 
Green Challenge to promote clean energy 
innovation and economic growth, an integral 

piece of his Startup America initiative. Managed 
through the Economic Development Administra-
tion (EDA), the program encouraged the creation 
of PoCCs aimed at accelerating the development 
of green technologies to increase the nation’s 
competitiveness and hasten its economic recovery. 
In September 2011, EDA awarded $12 million to 
six university-affiliated organizations in response 
to the Challenge competition; and in 2012, EDA 
awarded $1 million to each of seven new PoCCs. 
The 2014 solicitation broadened the i6 Challenge to 
include awards up to $500,000 for growing existing 
centers or developing commercialization centers to 
focus on later-stage research. The program raises an 
important question: What’s a PoCC and how is it 
different from other efforts to stimulate innovation?

PoCCs are designed to help address the partic-
ularly troublesome gap between the invention of a 
specific technology and its further development into 
new products or applications. The problem is that in 
most cases neither the faculty researcher who makes 
a discovery nor the university itself has the infor-
mation needed to understand its value to outsiders 
or the contacts and incentives necessary to develop 
it. In the jargon of economics, there are informa-
tional, motivational, and institutional asymmetries.
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Public funding of PoCCs represents a new 
approach to technology development. Whereas 
the Small Business Innovation Research and Small 
Business Technology Transfer programs adminis-
tered through the Small Business Administration 
provide support to small organizations to develop 
focused research with a goal of commercialization, 
PoCCs support university faculty and students who 
typically lack the networks and experience neces-
sary to understand more fundamental aspects of 
technology development and entrepreneurship. 

Many people became aware of PoCCs only with 
the current federal initiative, but the first PoCCs were 
established more than 10 years ago and were part of 
a broader trend emphasizing the development, trans-
fer, and commercialization of university technologies. 

For years, university reputations hinged on the 
capability of faculty to obtain sponsored grants 
(typically from the federal government), conduct 
research, and publish results that contribute to the 
broader body of knowledge. This process, however, 
can also yield new inventions or discoveries that 
may be useful for social or economic purposes 
beyond fundamental science. Aside from a few 
universities, such as the University of Wisconsin 
at Madison (technology transfer office founded in 
1925) and the Massachusetts Institute of Technol-
ogy (technology transfer office founded in 1950), 
prior to the 1980s, research institutions either 
ignored these discoveries or did not have the means 
to explore their value, much less to develop them 
into promising new technologies or companies.      

This environment began to change in the late 
1970s as the United States confronted a severe 
downturn in industrial productivity, accompanied 
by bankruptcies, layoffs, and plummeting world 
market shares for U.S. firms. U.S. economists and 
policymakers concurrently observed the stunning 
success of the Japanese keiretsu: an industrial alliance 
through which large manufacturers, suppliers, 
and public institutions collaboratively developed 
and produced high-quality products for export. 
National leaders in the United States consequently 
sought to improve federal policies relating to 
industrial performance by scaling back burdensome 
federal regulations, removing barriers to industrial 
collaboration and improving the return on invest-
ment for federally-funded university research. 

First steps
Policymakers were specifically concerned that 
valuable technologies were either sitting on the 
shelf within universities or mired in red tape within 

federal mission agencies. Senator Birch Bayh (D-IN), 
was especially interested in ways to disseminate 
and accelerate the development of new biomed-
ical technologies derived from federally-funded 
research. Bayh wrote legislation to stimulate inno-
vation, which he promoted in a letter to his Senate 
colleagues: “Many people have been condemned to 
needless suffering because of the refusal of agencies 
to allow universities and small businesses sufficient 
rights to bring new drugs and medical instrumen-
tation to the marketplace. The exact magnitude of 
this situation is unknown, but we are certain that 
the cases we have uncovered to date are but a small 
sample of the total damage that has been done and 
will continue to be done if Congress does not act.”

Bayh joined Senator Robert Dole (R-KS) to 
propose and pass the University and Small Busi-
ness Patent Procurement Act of 1980 to improve 
the introduction of new, university-developed 
technology into the private sector. Referred to 
by the Economist as possibly “the most inspired 
piece of legislation to be enacted in America over 
the past half-century,” the so-called Bayh-Dole 
Act did this by aligning technology transfer poli-
cies among mission agencies to give universi-
ties title to intellectual property stemming from 
federally-funded research and development.

The immediate impact fell short of expectations. 
Not only were universities slow to understand the 
implications of Bayh-Dole, but with some excep-
tions, high-technology companies rarely viewed 
universities as a source for useful technologies. This 
perception on the part of industry began to change, 
however, with the emergence of a few highly-publi-
cized licensing deals, such as the wildly lucrative Axel 
patents, the first of which was assigned to Columbia 
University in 1983. These patents sought to protect a 
method developed by Richard Axel for introducing 
foreign DNA into cells. Not only did the patents earn 
Columbia nearly $790 million in licensing reve-
nue, much of this windfall was put back into Axel’s 
research, eventually leading to a Nobel Prize in 2004.

Gradually, understanding the financial potential 
of technology licensing and commercialization, an 
increasing number of universities responded by 
establishing technology transfer offices to manage 
the legislatively mandated invention disclosure 
process and determine whether to file for intel-
lectual property protection. In fact, between 1980 
and 2013, nearly 150 new technology transfer 
offices were established at U.S. universities. Further, 
universities and regions created their own attendant 
commercialization infrastructure, including science 
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parks, entrepreneurs-in-residence, and early-stage 
seed funds, to encourage and support technol-
ogy transfer and commercialization outcomes. 

By all accounts, Bayh-Dole has been a resound-
ing success. University disclosures, licensing deals, 
and spinoff companies—blunt but commonly used 
metrics of technology transfer activity—have grown 
consistently over the past 25 years. Well-known 
technology companies, such as Lycos, Yahoo, 
Amgen, and Google can trace their lineage back 
to university research. And each year, the Associa-
tion for University Technology Managers (AUTM) 
publishes a list of the most important technologies 
that have been licensed from universities that year.  

But there are concerns, too. Although growth 
in the number of disclosures, licenses, and spinoffs 
has continued apace, our analyses of technology 
transfer outputs finds that little relative improve-
ment has been made in the proportion of univer-
sity disclosures that become licensed technolo-
gies, an outcome one might not expect given the 
aforementioned investment in infrastructure. 

The extant research points to three possible 
explanations. First, the technology transfer metrics 
collected by AUTM do not necessarily provide a 
clear picture of the impact of technology transfer. 
For example, government and university leaders 
often cite the number of new spinoff companies 
established from universities—data collected by 
AUTM—as evidence of economic development. 
However, these figures give us little indication 
as to the growth, survival, and economic impact 
of spinoffs. Recent research finds, in fact, that 
many university spinoffs generate little economic 
activity and produce no tangible outcomes.  

Second, the technology transfer infrastruc-
ture may not be what is most needed to accelerate 
commercialization and entrepreneurship. Twenty 
years of empirical research shows that the success 
of incubators, science parks, and early-stage capi-
tal funds is mixed. Of course, the efficacy of these 
services depends critically on how they are imple-
mented, where, and by whom. At worst, recent 
research shows that services administered by 
some universities can have a detrimental impact 
on post-spinoff technology commercialization. 

Finally, our own research and reviews of the 
extant empirical literature find that one of the most 
important factors affecting technology commercial-
ization may be the most overlooked: the background, 
behaviors, and networks of individual university 
researchers. Faculty researchers typically have little 
experience or training in technology develop-

ment or entrepreneurship. University researchers 
are trained by other university researchers and 
develop professional networks of individuals with 
training, experiences, and goals similar to their 
own. The downside is that they become locked 
into social networks that lack representation from 
other professions and groups. Thus, when faculty 
members discover a new technology, not only do 
they not have the background to understand and 
develop its potential utility, they also do not have a 
network of individuals with the financial, entrepre-
neurial, or technical background to help them do so. 

Conversely, studies show that researchers who 
have experience working in or consulting to indus-
try have a better track record at commercializing 
new technologies and are more likely to establish a 
spinoff company. Technology commercialization is a 
team endeavor, and the experience of working with 
industry or previous attempts to spinoff a company 
introduce otherwise sheltered academic researchers 
to a new world of technologists, professional manag-
ers, funders, accountants, attorneys, and regulators 
who can provide useful knowledge, services, and 
resources important for technology commercializa-
tion and entrepreneurship. Without understanding 
the extant realities of academic culture, including 
the professional motivations, backgrounds, and 
training of individual researchers, almost any tech-
nology development infrastructure is sure to fail. 

PoCCs
Whereas early technology development infrastruc-
ture efforts focused on creating physical spaces, 
such as incubators and science parks, for technol-
ogy development activity, PoCCs focus further 
upstream on the individual university researcher. 
As mentioned, PoCCs are a collection of services, 
tools, and resources designed to enable individual 
university researchers to bridge the gap between 
discovery and further technology development. 

The first PoCCs included the Von Liebig Center 
at the University of California at San Diego and the 
Deshpande Center at the Massachusetts Institute of 
Technology, founded in 2001 and 2002, respectfully. 
Both centers were established with the help of entre-
preneur-philanthropists who believed that what  
was really missing at these universities was a way to 
not only support already-entrepreneurial faculty,  
but also to accelerate the cultural transformation of 
these institutions. 

In 2008, David Audretsch and Christine Gulbran-
son, both affiliated at that time with the Ewing 
Marion Kauffman Foundation, published a widely 
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discussed article introducing the first PoCCs as 
institutions ‘‘devoted towards facilitating the spill-
over and commercialization of university research.’’ 
They found that the two PoCCs provided faculty 
with entrepreneurship classes, modest seed grants, 
and—perhaps most important—coaches with 
experience developing technologies and estab-
lishing companies. Although both efforts were 
relatively modest, their strength lies in creating 
relationships between well-respected scientific 
institutions and robust entrepreneurial commu-
nities within the surrounding regions. In other 
words, the creation of productive relationships is 
valued more than a specific outcome metric.

As of the end of 2012, at least 30 additional 
PoCCs had been established. To our surprise 
from this inventory, PoCCs offer a range of 
services and focus areas almost as varied as the 
centers themselves. Some centers provide finan-
cial capital, others provide human capital, and 
still others simply network the relevant actors. 

For example, the Boston University-Fraun-
hofer Alliance for Medical Devices, Instrumenta-
tion and Diagnostics, founded in 2007, partners 
Boston University researchers with Fraunhofer 
Institute engineers to accelerate the development 
of medical innovations. The QED Proof of Concept 
Program, founded in 2009 and housed at the 
University City Science Center in Philadelphia, 
provides seed money to help promising technolo-
gies bridge the so-called valley of death. And the 
University of Southern California Stevens Insti-
tute for Innovation, founded in 2007, networks 
student innovators and faculty with external startup 
mentors and funding sources. The Maryland 
Proof of Concept Alliance, founded in 2010 at the 
University of Maryland, has a similar mission.

Perhaps even more interesting is the recent 
state-wide PoCC initiative by the New York State 
Energy Research and Development Authority 
(NYSERDA). NYSERDA funds technology devel-
opment and entrepreneurship from a small “tax” on 
electricity use—a so-called system benefits charge 
added to each individual power bill in the State 
of New York. In 2013, NYSERDA made awards to 
three different applicants: Columbia University, 

New York University (NYU), and a consortium of 
schools and groups around Rochester. NYSERDA 
created the PoCC program as part of a larger tech-
nology-development strategy in the clean-energy 
field that includes early-stage gap funding, incu-
bators, and a state-wide entrepreneur-in-residence 
program, among other services. The NYSERDA 
PoCC program seeks to tie these disparate programs 
together in order to accelerate the commercializa-
tion of university technologies. Interestingly, once 
the awards were made, Columbia and NYU joined 
together to form a Power Bridge consortium to focus 
on building additional scale in New York City. 

Other states also perceive the benefits of PoCCs. 
For example, Colorado Governor John Hick-
enlooper recently supported his state’s General 
Assembly in the passage of the Advanced Indus-
tries Accelerator Act to promote entrepreneurship 
and technology commercialization in advanced 
industries through proof-of-concept research.

Although our understanding of the effectiveness 
and structure of PoCCs is in its infancy, there are 
some indicators that such infrastructure might be an 
invaluable investment for universities and their stake-
holders. Among the 32 active university-affiliated 
PoCCs we identified, there is systematic evidence 
that university startups increased after the univer-
sity became affiliated with a PoCC. We discussed 
previously the challenges of using blunt metrics to 
gauge technology transfer success, yet startups at 
least serve as a proxy for the diffusion of innovations 
important to regional growth and development. 

Our intent here is not to suggest that PoCCs are 
a panacea for broader institutional and regional 
technology commercialization and entrepreneur-
ship strategies, but it is to say that the recent flurry 
of policy interest and activity is a convincing call 
for further systematic investigation of the struc-
ture and economic impact of these centers.

Christopher S. Hayter (chayter@asu.edu) is an assis-
tant professor at the Center for Organization Research 
and Design located within the School of Public Affairs 
at Arizona State University. Albert N. Link (anlink@
uncg.edu) is a professor of economics at the University 
of North Carolina at Greensboro.





For six decades after World War II, the 
National Institutes of Health (NIH) was the 

darling of Congress, a jewel 
in the crown of the federal 
government that basked 
in bipartisan splendor. It 
enjoyed an open authorization 
statute, giving it permanent 
authority to distribute funding 
without having to come back 
to Congress to regain that 

authority every few years. Appropriation 
hearings to decide the amount NIH 
would actually spend each year were 
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usually love fests that lasted a week to a fortnight, 
with each institute and new initiative given its 
day in the sun. There were tensions and conflict, 
of course, and members of Congress and disease 
advocates were persistently disgruntled by NIH’s 
science-centric culture, perceived to lack urgency 
to cure cancer or confront the AIDS epidemic.  
But each year brought concrete accomplishments, 
examples of how federal dollars had advanced the 
conquest of disease. It was not just a Potemkin 
village, but stories of real progress against a common 
enemy of all humankind, be it cancer, heart disease, 
stroke, diabetes, Parkinson’s disease, Alzheimer’s 
disease, or childhood leukemia. The stories were 
simple and easy to understand, and there was truly 
a line from NIH research to clinical advances. And 
plenty of diseases, such as Alzheimer’s, on which all 
could agree something had to be done, and with-
out research that something would never be clear.

A different disease might catch the congressional 
eye for a year or three, with boosts for that condi-
tion incorporated into a newly elevated budget 
baseline. Presidents routinely low-balled the NIH’s 
budget request to make room for their presiden-
tial priorities, knowing full well Congress would 
restore the NIH budget and throw in a bit more.

The result of NIH’s privileged status in Congress 
was nearly monotonic growth for six decades, 
punctuated by a few bad years, such as 1967-1969 
when two NIH champions left Congress, as Lister 
Hill retired from the Senate and John Fogarty died, 
even as James Shannon turned over the reins as 
NIH director after 13 glorious years of expansion. It 
took a few years for Mary Lasker and other disease 
advocates to re-assemble their political coalition, 
but NIH resumed its expansion into and through 
the War on Cancer of the early 1970s.  Even in the 
face of considerable controversy over how NIH 
should be structured and governed, agreement 
on budget increases was still possible. A few years 
of relative stagnation in the 1990s gave way to a 
budget doubling 1998-2003, spanning from the 
Clinton into the George W. Bush administrations. 
It mattered little which party controlled the White 
House or the houses of Congress; everyone is against 
disease and for research to rid the world of it.

Since that last doubling ended in 2003, however, 
NIH politics have changed. NIH received one more 
$10-billion dollop of stimulus funding in 2009-2010 
as a swan song for Arlen Specter, honoring his long 
service, his battle with cancer, and his flip to the 
Democrats at a crucial moment as he fell off the 
rapidly eroding moderate edge of the Republican 

Andrew Carnie

UK-based artist and lecturer Andrew Carnie was 
born in 1957. He studied chemistry and painting 
at Warren Wilson College, North Carolina, then 
zoology and psychology at Durham University, 
before gaining a BA in Fine Art from Goldsmiths 
College and an MA in Painting at the Royal College 
of Art.  This diverse educational background allows 
Carnie to bridge many seemingly diverse fields of 
investigation ranging from neurology and memory 
to hygiene and health care.  His current work 
consists primarily of time-based installations. 

Carnie has collaborated with scientists from around 
the world and has produced work exhibited at the 
Science Museum (London), the Wellcome Trust, 
the Medical Research Center for Developmental 
Neurology, Kings College (London), the London 
School of Hygiene and Tropical Medicine (London), 
Mendel Museum, Abbey of St Thomas (Brno, Czech 
Republic), and many other institutions. Carnie 
has written that “The practice of science is not 
isolated from the world we live in. Science has 
its politics, its economics, its fashions even. And 
anecdotally at least, some of the scientists involved 
in ‘sci-art’ collaborations report an intellectual 
engagement in them that goes further than 
personal enjoyment. It’s not just that it allows them 
to get out of their labs a bit more; it also seems 
to offer a different way of looking at their own 
work as scientists. We have all experienced those 
moments of self-reflective insight brought on by 
the challenge of explaining to someone outside 
our natural sphere what it is we do and why.” 
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For the Space, Architecture, and the 
Mind conference March 2006, part of 
Art and Mind, www.artandmind.org. 
The work, an examination of the 
architecture of the body, is projected by 
eight slide projectors onto a square of 
voile screens. The piece can be viewed 
from inside or outside the square. 
Through a sequence of slides, the various 
systems and component structures of 
the body come and go on a gigantic 
scale, and walking figures come and 
go through the body forms created.

WAWWA
               2006 Andrew Carnie
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as a whole and in comparison to other research 
agencies (although defense R&D had spurts asso-
ciated with the Korean War, post-Sputnik, and the 
War in Vietnam; and the National Aeronautics and 
Space Administration expanded rapidly in the 1960s 
to fulfill President Kennedy’s 1961 challenge “of  
landing a man on the moon and returning him safely 
to Earth”). From 1970 through 2003, NIH’s research 
funding consistently and significantly outgrew 
other federal research accounts (See Figure 1.)

The rise of molecular biology and the continued 
efforts of disease-research advocates help explain 
this growth. The promise and practical import of 
the powerful new molecular and cellular biology 
were palpable, and Congress fueled their growth 
through generous NIH budgets. Moreover, NIH was 
the research arm of a behemoth—the Department 
of Health and Human Services (or Health, Educa-
tion and Welfare before President Carter created the 
Department of Education). NIH began as a relatively 
small research agency with an ambitious mission in 
a large department, although after the mid-1960s 
with the creation of Medicare and Medicaid, most 
health expenditures through the department were 
entitlements, not from discretionary appropria-
tions. NIH grew, but so did health expenditures. 
As a fraction of US health expenditures, the federal 
health research budget (of which NIH is by far the 
largest part) has hovered around 2% since 1980. 

Party. But NIH’s stimulus funding was an anomalous 
blip in the past decade of budget stagnation. NIH’s 
purchasing power dropped by double digits after 
the 2003 peak, and even fear of disease does not 
seem to overcome the partisan gridlock that besets 
a Congress likely to be scored the most notoriously 
dysfunctional in American history. These days, the 
NIH appropriations hearings are a short and tiny 
shadow of their former grandeur. The appropriations 
process itself has largely been replaced by rolling 
continuing resolutions that extend the previous 
years’ policies with only incremental adjustments. 
The days of piling dollars onto NIH are long gone.

This relative neglect of NIH is despite having 
one of the most politically adept NIH direc-
tors in the agency’s history, Francis Collins, who 
has remarkable capacity for bridging the parti-
san chasm with folksy charm—buttressed by his 
guitar and motorcycle—a genuine passion for 
research and medical care, and talent for expli-
cating biomedical science in human terms.

Are the changing politics a reflection of inatten-
tion specific to NIH—a diminution of its perceived 
importance to Congress or loss of public support—or 
is NIH merely suffering collateral damage from the 
larger and deeper paralysis of national government?  
Is the stagnation simply one among many conse-
quences of polarization and political logjam?  Are 
political undercurrents more permanently changing 
how federal support for all research will carry into 
the future? Or do the distinctive features of biomedi-
cal politics suggest that its future will be independent 
of the rest of the federal research and development 
(R&D) enterprise, as it was during the doubling era?  
And what might the answers to such questions mean 
for scientists and decision makers?  One place to 
start is simply by noting that such questions are only 
now beginning to be asked by the NIH community, 
and very tentatively at that. The place to start is with 
an understanding of NIH’s political context, and the 
fact that the NIH budget rests on several tectonic 
plates, subject to different political pressures. Here 
I will explore the dynamics that seem most import-
ant for understanding what the future may hold.

Scale escalation
When the NIH budget was $700,000 going into 
World War II, it was easy to quadruple the budget 
to $3.4 million by the war’s end, and to boost it 
another tenfold by the early 1950s. Until the 1970s, 
the US economy was generally healthy, discretionary 
budgets floated on rising waters, and NIH got dispro-
portionate increases, both relative to the government 
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As NIH’s budget has grown to $30 billion annu-
ally—fully half of all civilian R&D expenditures—it 
has become harder to increase it without pinching 
other agencies. NIH is now larger than other Public 
Health Service budgets, so boosting its funding 
by 10 percent in an era of constrained spending 
overall would likely cause even larger percent cuts 
in other vital agencies such as the Food and Drug 
Administration, Centers for Disease Control and 
Prevention, Agency for Healthcare Research and 
Quality, and service components and block grants 
that are funded by annual appropriations. Appropri-
ations to the Departments of Labor and of Education 
come out of the same appropriation subcommittee 
allocation, so NIH also competes directly in the 
congressional appropriations process with other, 
non-health programs, including some that are of 
vital interest to universities (such as the Department 
of Education’s Pell grants). More broadly, rising 
entitlement spending puts increasing pressure on 
all discretionary accounts. Given how well-treated 
NIH was before the current era of constrained 
budgets, it is hard to argue that the agency is more 
deserving of increases than other key agencies.

The annual cures and research breakthroughs, 
the truly impressive parade of Nobel Prizes and 
Lasker Awards, and the profusion of research articles 
that flow from biomedical research excellence tell 
powerful stories. But the novelty wears off, the frame 
becomes formulaic, and the hype becomes tiresome, 
if not defensive. Happy tales do not a healthy dog 
make. We did not lose the War on Cancer—far from 
it. Progress has been slow and steady, with some 
remarkable achievements in drugs for this particular 
cancer subtype or that. But we have hardly won the 
war, especially as mortality from metastatic cancer 
remains largely unabated. After three decades and 
tens of billions of academic and industrial research 
dollars poured into the amyloid cascade, there is 
still no known way to prevent, or even do much 
to mitigate the ravages of Alzheimer’s disease that 
threaten to increase inexorably over coming decades. 
Every year for the better part of a century, members 
of Congress have heard that cures are “just over the 
horizon” and that science is poised as it has never 
been to combat disease. And each year has added to 
the science base, bringing new scientific opportuni-
ties and possibilities for clinical application. Some 
cures have come, and one after another new tech-
nology has opened up new prospects. Knowledge 
does accumulate. Enthusiasm and novelty, however, 
do not necessarily follow. New technologies have 
helped feed rising costs, and the chronic condi-

tions of an aging population grow more intracta-
ble. The stories of progress can all be true, but the 
arguments for larger budgets and more political 
determination lose their oomph after decades of 
annual repetition and continued health challenges.

Fractured constituencies 
Mary Lasker and Florence Mahoney discovered a 
political strategy for using private philanthropic 
capital to leverage biomedical research funding 
from Congress in the years after World War II. 
Lasker remained a major figure in the biomedical 
research lobby until her death in 1994. The AIDS 
community, meanwhile, had shown how patient 
groups could be extremely effective at garnering 
research support, but the political process was 
becoming more complex. Hundreds of disease 
groups were by then following the same script that 
Lasker used to boost cancer research, lobbying to 
create institutes for their own conditions. And NIH 
institutes proliferated to respond to these constitu-
encies. Some were for stages of life (childhood and 
aging), some were for health research fields that 
were said to be neglected (nursing and biomedical 
engineering), some were for medical conditions 
(arthritis, eye disease, communication disorders), 
and some were responses to scientific opportunity 
(the Human Genome Project). The biomedical 
lobby became more factious, more specialized, and 
harder to harness into a coherent movement for 
biomedical research as a whole. What was once a 
War on Cancer became coalitions for particular 
forms of cancer (leukemia and lymphoma, breast 
cancer, prostate cancer, “neglected” cancers), and 
even those coalitions have become fractionated. 
Breast cancer alone has previvors (those at genetic 
risk), survivors, and metavivors (those contending 
with metastatic disease). The subgroups all argue 
for increased research, but their priorities are not 
fully in alignment, and some have grown frus-
trated with NIH’s focus on research rather than 
cures. The day when just a few activists dominated 
the political scene has given way to coalitions and 
sometimes cacophony among research advocates. 
The number of organizations and their disparate 
goals diffuse political focus. The politics are more 
factious, with many constituencies finding their 
own congressional champions and channels of 
communication and even, as with the Congres-
sionally Directed Medical Research Programs at 
Department of Defense, alternative agencies. 

As NIH grew, so did the institutions it funded 
to do research. NIH-funded research, is an indus-
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For Genes and Genius, Mendel Museum, Abbey of  
St Thomas, Brno, Czech Republic.
Inspired by conversations between the artist and 
geneticists, Things Happen is a time-based art work 
that explores how various genetic diseases develop 
in humans. The piece combines video and slide 
projections shown from two projectors onto three 
voile screens.

Things Happen
               2006 Andrew Carnie
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try that sustains academic health centers through-
out the nation—and fuels ambitions among every 
research university to attract a bigger piece of the 
pie. That industry sometimes behaves as political 
scientists predict, as an interest group, building 
national organizations and crafting political strat-
egies to influence elected and executive branch 
officials in Washington. Academic health centers 
have expanded remarkably over the decades, and 
entire careers are devoted to biomedical research 
lobbying. With such institutionalization comes 
sclerosis, especially as the system was built on the 
assumption of infinite growth, and includes no 
options for responding to resource constraints. 

Thus, as Bruce Alberts, Shirley Tilghman, 
Harold Varmus and Mark Kirchner noted recently 
in Proceedings of the National Academy of Sciences, 
biomedical research institutions have trained 
graduate students and postdocs for research careers 
that can only accommodate a sixth of their number. 
Hyper-competition and plummeting success rates are 
a result of a mismatch between research labor supply 
and demand. Although exacerbated by stagnant 
funding, these stresses were inevitable consequences 
of the system’s growth-dependent dynamics.

As Geoff Earle reported in The Hill, when 
NIH’s budget was up for discussion soon after its 
doubling, in March 2004, Senator Pete Domenici, a 
long-time supporter of NIH and passionate advo-
cate for mental health, exclaimed in frustration:

“I hate to say it, but the NIH is one of the best 
agencies in the world,” an angry Domenici said 
as he spoke in opposition to an amendment by 
Sen. Arlen Specter (R-Pa.) to boost NIH funding 
by $1.5 billion. “But they’ve turned into pigs. You 
know, pigs! They can’t keep their oinks closed. 
They send a Senator down there [to] argue as if 
they’re broke.” 

After decades of disproportionate growth of the 
biomedical research sector, the debate after 2003 
turned to restoring some balance among funding 
streams to the physical sciences, engineering, math-
ematics, and the social and behavioral sciences.

Despite its name, NIH’s mission has not generally 
been current health per se, but rather research for 
tomorrow’s health, and progress against intractable 

diseases through better understanding. An agency 
devoted to current health would do well to focus on 
tobacco control, exercise, nutrition, sanitation, and 
more cost-effective delivery of health care—preven-
tion and efficiency, rather than research on diseases 
currently not treatable. NIH does these things—
some programs such as the National High Blood 
Pressure Education Program and the National 
Cancer Institute’s ASSIST program have been signal 
successes in achieving health gains—but health and 
health care are not NIH’s main show. NIH is primar-
ily about addressing diseases currently refractory 
to treatment, in hopes of changing that fact. And 
that is surely an appropriate government mission, 
since it is inherently long-term, the main output is 
information and knowledge, and the financial bene-
fits are hard for private firms to appropriate. These 
are all features of public goods that only collective 
action and patient, public capital can supply.

It is a completely fair and open question, 
however, how much research should focus on basic 
biological mechanisms, how much on clinically 
promising interventions, how much on under-
standing and improving the way health care and 
preventive services are delivered, and how much 
on patient-centered outcomes research. It is also 
fair to ask whether the different elements of the 
biomedical innovation ecosystem are working 
well together—and if they are not, what good 
it would do to continue to favor the biological 
research approaches. Such questions are espe-
cially pertinent in light of the nation’s continu-
ally mediocre public health outcomes, and their 
stark contrast to the sophistication and produc-
tivity of the biomedical research enterprise. 

One report after another, dating back to the 
Shannon Era in the 1950s, has tried to address how 
to achieve the right balance in the research portfo-
lio. The truth is that there is no overarching theory 
of biomedical innovation sufficient to specify a 
“right” balance with any precision. At the macro 
level, Congress appropriates to institutes and centers 
that map to diseases, health missions, or health 
constituencies—factors that weigh in the politi-
cal assessment of social value. At the micro level, 
most project funding decisions are made by merit 
review—usually peer review—as a fair way to assess 

Are the changing politics a reflection of inattention 
specific to NIH—a diminution of its perceived 
importance to Congress or loss of public support— 
or is NIH merely suffering collateral damage from the 
larger and deeper paralysis of national government?  
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scientific opportunity. The contending factions argu-
ing before Congress help set the macro goals, expert 
scientists (sometimes augmented by disease-research 
advocates) make the project-by-project funding 
decisions, and overall system priorities and institu-
tional architectures evolve to reconcile these differ-
ent scales. This is a political process solution to a 
wicked problem with no reliable predictive theory. 
It is probably not optimal; but the question of what 
would work better has no agreed-upon answer.

Everyone is against cancer, but not everyone 
favors human embryo research, or all forms of it. 
Although the advance of biomedical research is a 
nearly universal goal, a significant fraction of the 
polity does not believe in Darwinian evolution, and 
yet almost everyone who does biology or practices 
medicine does. This clash of epistemologies carries 
political risk. As American politics has polarized, 
some aspects of biomedical research have broken 
along roughly partisan lines. Stem cell research 
sharply distinguished the Republican and Demo-
crat platforms in the 2000 and 2004 presidential 
campaigns, for example, although the partisan 
differences amplified sometimes relatively small 
differences in the parties’ actual policy preferences. 
Embryonic cell research was an unusual intrusion 
of a biomedical research issue into presidential 
politics, but it exemplifies the risk. Partisanship 
over stem cell research did not spill over to affect 
the overall biomedical research budget, although 
it did affect the degree to which different admin-
istrations set constraints on embryo and stem cell 
research within the biomedical research budget. 

The intensity of partisan discord was less prom-
inent in the 2008 and 2012 presidential elec-
tion cycles, and only time can tell if biomedical 
research becomes entangled in partisan bickering. 
If the intensity of partisanship further escalates, 
a partisan cleavage could emerge again, and it 
could affect support for biomedical research in 
general, not just specific research approaches.

Time for rethinking
Michael Crow, president of Arizona State Univer-
sity, wrote in Nature three years ago about how 
health research was unduly decoupled from health 
outcomes, and called for re-thinking how NIH and 
other components of biomedical research might 
more directly contribute to better health. I and others 
responded with concern. We were worried because 
in a blizzard, it is generally not good policy to shoot 
the lead dog. NIH is an effective agency, and it was 
no small feat to establish and sustain its excellence. 
But the “rethinking” part of Crow’s exhortation is 
well taken, and there are very large imbalances in 
the health research portfolio, with health services 
research and prevention the perennial stepchildren, 
and biomedical research the favored biological child. 

If we turn explicit attention to fostering economic 
growth and to a focus on more tightly connecting 
research to its intended goal of improving health, 
then there is the possibility of not simply grow-
ing the crusty, large, and inertial system of health 
research but also more fully integrating it into the 
national economy as a matter of national policy.

The prospect is exciting but daunting. Current 
policies of regulating and paying for health goods 
and services reward introduction and overuse 
of expensive technologies that add incremental 
improvements in health, but with scant attention 
to cost or relative effectiveness. The trillion-dollar 
annual federal expenditures through Medicare, 
Medicaid, and other health programs (such as the 
Veterans Administration, military health programs, 
Indian Health Service, and federal employee health 
program) are not guided by a long-term strat-
egy for improving health care. Instead, they have 
become open-ended entitlements with brainless 
purchasing policies. The Medicare statute, for 
example, explicitly denies authority to consider 
cost-effectiveness in medical practice, which sets 
up perverse incentives for cost-escalating innova-
tion. Federal programs are not prudent buyers of 
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the most effective health goods and services. The 
incentives favor expensive new drugs and devices 
that command high profit, and discourage low-cost 
innovation. To call this a “system” or a “market” 
is to stretch those words beyond coherence. 

One obvious response to incoherence is better 
theory and more facts. It is, however, ultimately 
unsatisfying to merely call for more research on 
research. Some gaps are obvious: we need public 
funding to compare effectiveness of medical goods 
and services. Private firms’ interests will not drive 
the knowledge needed to make prudent purchas-
ing decisions. Such information is a public good 
and the public will have to pay for it. The current 
laissez-faire approach merely invites perpetual 
cost escalation. More explicit attention to under-
standing the current “market” incentives, and to 
thinking through how to align such incentives 
for innovation with long-term cost-effectiveness, 
could contribute to a system that incrementally 
improves over time, based on evidence. And of 
course we need more research, both basic and 
clinical, on diseases we do not know how to control 
in hopes that someday we will be able to do some-
thing about them. In the end, however, how much 
to spend on research is a political choice, and it 
will be decided through our political processes. 

The decade of stagnation in biomedical 
research may itself be turning into a political issue. 
Representatives Fred Upton (R-Michigan) and 
Diana DeGette (D-Colorado) of the Energy and 
Commerce Committee (which authorizes NIH 
activities in the House) are co-leading a biparti-
san focus on “21st Century Cures.”   This initiative 
seems to be a traditional bipartisan response, and 
carries on the congressional legacy of focusing on 
the conquest of disease. Both features are welcome, 
but the question is whether they can thrive in the 
generally poisonous atmosphere in the Capitol.

The importance of research as a component of 
economic growth is another shared value that can 
command bipartisan consensus. Elizabeth Popp 
Berman clearly traces how Creating the Market 

University grafted a new mission onto the traditional 
academic goals of creating and disseminating knowl-
edge. Although research universities have had strong 
and productive ties with industry since the late 19th 
century, only more recently have they explicitly taken 
on the mantle of fostering economic growth as key 
components in a national system of innovation. This 
analytical framework ripened into national poli-
cies, particularly between 1980 and 2000. Recent 
reports such as Restoring the Foundation from the 
American Academy of Arts and Sciences, and the 
National Research Council’s Rising Above the Gath-
ering Storm and its sequels build on this theme. 

The kernel of truth in such reports is that univer-
sities and research clearly are important sources of 
ideas, information, and technologies that matter 
immensely in the innovation ecosystem. One diffi-
culty with the framework, however, is that it relies 
on open-ended arguments that support increased 
funding but offer less guidance about how to make 
investments in economic growth more effective. No 
coherent theories predict how best to spend public 
dollars—or tell us how many dollars are enough. 
The reports are persuasive in documenting stagna-
tion, and about the danger of under-investment and 
trends pointing to the emergence of R&D-driven 
economic policies in Asia that could overtake US 
pre-eminence in research and knowledge-based 
economic growth. They are, however, also uncon-
vincing in articulating research-system designs 
that can meet the challenges of today’s world.

The open question for NIH is whether these 
arguments about economic growth, when 
combined with the attractive logic of boost-
ing support for research to address the burden 
of diseases for which current public health and 
medical care are inadequate, will build political 
momentum to reverse a decade of neglect. Has 
NIH lost its halo, or will it begin to shine again?

Robert Cook-Deegan (bob.cd@duke.edu) is a research 
professor at the Sanford School of Public Policy, Duke 
University.
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The high costs and risks of demonstrating 
new clean energy technologies at commercial scale 
are major obstacles in the transition to a low-carbon 
energy economy. To overcome this barrier, we 
propose a new, decentralized strategy for energy 
technology scale-up, demonstration, and early 
adoption, with a greater role for states and regions 
and a new kind of partnership between the federal 
government, the states, and private innovators and 
investors. 

The challenges of scaling up new technologies 
are well known. What works in the laboratory or in 
a small-scale prototype often doesn’t work nearly as 
well at full commercial scale, at least initially. Build-
ing, operating, and debugging full-scale prototypes 
invariably reveals new problems that must be solved. 
Moreover, new technologies are hardly ever deployed 
in isolation. More often, they must be incorporated 
into a pre-existing technological and organizational 
system, and the task of integration is often very 
demanding. Often, too, complementary technologies 
such as new manufacturing processes and logistical 
systems must be developed and scaled up in parallel. 

Before a new technology can be commercial-
ized, all of these new elements must be demon-
strated in as close to a market setting as possible. 
The primary objective of a demonstration project 
is to provide technology developers, investors, and 
users with information about the costs, reliabil-

ity, and safety of the new technology in circum-
stances that approximate actual conditions of use. 
A successful demonstration resolves technological, 
regulatory, and business risks to levels that would 
allow the first few commercial projects to proceed 
with private investment. In fact, more than one 
such project may be required, and it is probably 
more accurate to think in terms of a demonstration 
“phase,” rather than a single demonstration project. 

For many new energy technologies, the challenges 
of scale-up and demonstration are compounded 
by the large scale of the projects. For technologies 
like advanced nuclear reactors and carbon capture 
and sequestration systems, investments of a billion 
dollars or more may be required, even for a single 
demonstration project. The cost of demonstrating 
new manufacturing processes for biofuels or for 
distributed energy technologies such as photovoltaic 
modules may also be in this range. The sheer size of 
such projects is a deterrent to private investors, and 
this is exacerbated by the uncertainties involved – not 
only about the technical and economic performance 
of the technologies themselves, but also about the 
new environmental, health, and safety standards 
and regulations that typically must be developed in 
parallel, as well as the future market price of compet-
ing fuels, and the future regulatory price on carbon 
emissions. Conventional private financing approaches 
are poorly suited to this task: venture equity funds are 

R I C H A R D K . L E S T E R 
DAV I D M. H A R T

  Closing the Energy-
Demonstration Gap

A regional approach to demonstrating
     the commercial potential of major
  new energy technologies would open up 
new opportunities for accelerating
                   innovation.
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structured to finance high-risk technology devel-
opment activities but not major, billion-dollar-scale 
projects, while more traditional project finance 
investors are well structured to finance assets of this 
size, but not to take on technology scale-up risk. 

In the past, these activities have been financed 
and sometimes also implemented by the federal 
government. But the federal role in energy tech-
nology demonstrations has had a checkered 
history. Projects have frequently suffered from 
administrative and technological failures and 
have been dogged by political controversies. 
Today there is no agreed framework for federal 
involvement in these activities. This is one of 
the most serious gaps in the current U.S. energy 
innovation system—especially for large-scale 
technologies where public risk and cost-shar-
ing at the demonstration stage is unavoidable. 

The gap has grown wider because of the current 
political gridlock on Capitol Hill, which has affected 
many energy and climate policy initiatives, including 
proposals to create special federal funds and insti-
tutions for energy demonstrations. But in this case 
the political polarization in Washington may have 
opened up a new and unrecognized opportunity 
to solve many of the problems associated with the 
“demonstration gap.”  The approach outlined here 
would entail the creation of a new, regionally-based 
funding mechanism to reduce costs and risks and 
increase the volume of private financing for energy 
technology demonstrations. It would specifically 
target projects designed to demonstrate the perfor-
mance of potentially transformative energy tech-
nologies at commercial scale, including nuclear, 
renewable, carbon capture, and grid upgrading 
technologies. The public funds would be drawn 
primarily from state-level electric power system 
public benefit charges or from state and regional 
carbon mitigation programs. The state funds would 
be augmented by supplementary federal grants to 
incentivize the creation of regional funding pools 
and partnerships. The regionally aggregated funds 
would be managed by new Regional Innovation 
Demonstration Funds (RIDFs), staffed by experi-
enced professional technology and project investors. 

We envision a mechanism that would ramp up 
over time as individual regions opted in, and that 
could eventually channel more than $10 billion 
of public and private funds annually into demon-
stration projects. Our approach would create new 
opportunities for regional differences in energy 
innovation needs and preferences to be expressed 
at the demonstration project selection stage, and 

it would give states a direct stake in innovation 
outcomes. Even in a period of flat federal budget 
expectations and continuing political divisions over 
climate change, it would generate a steady, predictable 
stream of funding for what has been a chronically 
underfinanced stage of the energy innovation system. 

A checkered history
The federal government’s role in energy technol-
ogy demonstrations has a long history. An early 
example was the Atomic Energy Commission’s 
promotion of light water reactor and other nuclear 
power reactor demonstration projects in the 1950s 
and 1960s. Less successful were subsequent efforts 
to demonstrate liquid metal fast breeder reactor 
technology and a range of synthetic fuels technol-
ogies in the 1970s and 1980s. A prominent recent 
example is the on-again, off-again FutureGen project 
to demonstrate carbon capture and sequestration. 
(The FutureGen project was cancelled in 2008 but 
was subsequently reinstated with the help of funds 
from the American Recovery and Reinvestment Act.) 
Federal loan guarantees have also been applied to 
energy demonstration projects over the past decade. 

Taking the measure of this history is not easy. 
The troubled projects and programs have cast long 
shadows over the decades. But an unsuccessful 
demonstration is not itself an indicator of failure. 
One of the main purposes of these projects is to 
reveal unanticipated obstacles in bringing technolo-
gies to commercial scale. The expectation that they 
should always succeed is misplaced. The bankruptcy 
of the solar module manufacturer Solyndra in 2011 
became a lightning rod for criticism of the federal 
loan guarantee program, which backed the company 
and sought to support the demonstration phase of its 
technology. But the fact of Solyndra’s failure is not a 
sufficient basis for judging the program’s overall effec-
tiveness. In the last few years, the program has made 
33 loan guarantees for approximately $22 billion, 
covering a wide range of technologies. During this 
period just three borrowers have defaulted, affecting 
about 4% of the total loan guarantee value. Indeed, 
it is quite possible that the program has been too 
risk-averse to adequately support technology demon-
strations, rather than too cavalier in its selections.

On the other hand, assessments of prior 
Department of Energy (DOE) energy 
demonstration projects have identified a 
series of chronic problems, including:
• a systematic tendency on the part of agency 

officials to underestimate project costs (perhaps 
as a requirement to generate political support);
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• a failure to plan for the possibility of future 
variability in fuel prices (e.g., oil price 
declines in the case of the synfuels program, 
and uranium price declines in the case of 
the Clinch River Breeder Reactor);

• political interference in technology selection 
and facility siting decisions and personnel 
appointments, and Congressional pressures 
limiting the ability of officials to adjust or 
terminate projects after conditions have changed;

• political cycles in Congress and the Executive 
Branch and the resulting lack of constancy in 
policy and funding over the life of the projects;

• funding and management uncertainties 
generated by the annual budgeting 
and appropriations process;

• inefficient business practices mandated by 
restrictive federal procurement regulations 
and bureaucratic rules governing human 
resource management, auditing requirements, 
and the use of federal facilities;

• the lack of a clear institutional mission at the 
DOE and a culture that has focused more on 
scientific achievement than the commercial 
and industrial viability of new technologies.
According to one group of knowledgeable 

observers, “the underlying fundamental difficulty 
is that the DOE, and other government agencies, 
are not equipped with personnel or authorities that 
permit the agency to pursue first-of-a-kind proj-
ects in a manner that convincingly demonstrates 
the economic prospects of a new technology.”

Other federal agencies have done better. The 
Department of Defense (DOD), and within it, 
the Defense Advanced Research Projects Agency 
(DARPA), have had considerable success in demon-
strating advanced military technologies that have 
subsequently been deployed in the field. An import-
ant reason for their success is that these demonstra-
tion projects have had identifiable clients within 
DOD itself—high-ranking career officers in the 
armed services with well-defined military missions 
and strong motivations to get new weapons systems 
into the field. The DOD demonstration teams have in 
turn been strongly motivated to satisfy these clients. 
The DOE-led demonstration projects have frequently 
struggled with the need to satisfy political appoin-
tees and elected officials; alignment with the actual 
customers, typically in industry and motivated by 
market and business considerations, has been weaker.  

Post–demonstration energy subsidy programs 
have also been problematic. Rather than stimulating 
innovators to bring down the cost of new technologies 

as quickly as possible, they have sometimes had the 
opposite effect. Open-ended government subsidies 
have rewarded firms not for innovating but simply 
for producing regardless of cost, and the government 
has often been unable to ratchet down the subsidies in 
order to drive cost reductions, much less shut down 
projects and programs in a timely fashion when they 
have clearly failed to produce the expected results. 
Probably the most notorious example is the federal 
tax credit for corn ethanol, finally repealed in 2012 
more than three decades after it was first introduced. 

Good ideas going nowhere
Several proposals have been advanced to address 
these problems, though none is being actively 
pursued today. One would create a new federal 
financing entity, the Clean Energy Deployment 
Administration (CEDA), that would give high-
risk energy demonstration projects and deploy-
ment programs access to various forms of financ-
ing, including loans and loan guarantees. CEDA 
would be a semi-independent unit within DOE. 

Another proposal would go further, creating a 
“Green Bank” as an independent, tax-exempt corpo-
ration that would be wholly owned by the federal 
government. The Green Bank would support diverse 
technologies and projects through debt financing 
and credit enhancement, giving priority to those 
projects that would contribute most effectively to 
reducing greenhouse gas emissions and oil imports. 

A third proposal would establish an autonomous, 
quasi-public corporation specifically to finance and 
execute large-scale energy demonstration projects. 
The corporation would have flexible hiring authority 
and follow commercial practices in its contracting, 
and would be governed by an independent board of 
directors nominated by the president and confirmed 
by the Senate. Along similar lines, the American 
Energy Innovation Council, a group of leading 
business executives, has proposed a public-private 
partnership to address these problems. Asserting 
that America’s energy innovation system “lacks a 
mechanism to turn large-scale ideas or prototypes 
into commercial-scale facilities,” the council recom-
mended the formation of an independent, federal-
ly-chartered corporation, outside the federal govern-
ment, that would be tasked with demonstrating new, 
large-scale energy technologies at commercial scale. 

Though the details vary, all of these proposals 
have been designed to overcome the limitations of 
DOE management and to insulate projects from 
the political process to some degree. The new 
entities would be free of many of the most burden-
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some federal rules. They would also have more 
flexibility in management and would be indepen-
dent of the annual congressional budget cycle. 

However, none of these proposals has advanced 
much in recent years. The political stalemate in 
Washington is an obvious and probably sufficient 
explanation, but even in its absence the fact that each 
scheme would require a one-time Congressional 
appropriation of $10 billion or more to be launched 
would have been a difficult hurdle to overcome, 
especially during a period of severe fiscal constraints.

What the states are demonstrating
So the federal demonstration gap remains. Could 
it be filled by the states? Of course, state (and local) 
governments have long been active in areas of 
policy important to energy innovation, including 
economic regulation of utilities, building codes and 
standards, and environmental and zoning regula-
tions. California and New York have several decades 
of experience with large-scale energy deployment 
programs. Many other states have gotten into 
the act more recently. Thirty states have adopted 
renewable portfolio standards, designed to ensure 
a specified market share from designated energy 
sources such as solar and wind energy. Many state 
and local jurisdictions have also introduced tax 
measures, loan programs, rebates, or other supports 
for investments in low-carbon energy supplies and 
energy efficiency. Concerns over climate change 
have usually been an important motivation for these 
policies. So too has the goal of new job creation. 

We propose to expand the footprint of these state 
efforts through the creation of a network of Regional 
Innovation Demonstration Funds (RIDFs). These 
RIDFs, staffed by experienced technology and proj-
ect investors, would fund first-of-a-kind large-scale 
demonstration projects and “next few” post-demon-
stration projects. The RIDFs would be partly funded 
by revenues from state public benefit charges. (These 
charges, also known as system benefit charges, were 
first applied to consumer electricity bills in many 
states during electric utility restructuring as a means 
of ensuring continued funding for energy efficiency 
and renewable energy deployment as well as low 
income assistance and weatherization programs.) 
Another potential source of funding would be state 
or regional carbon emission reduction programs like 
the Northeast’s Regional Greenhouse Gas Initiative 
(RGGI) or the California cap-and-trade program. 
The governors of the states participating in an RIDF 
would appoint the members of the fund’s governing 
board, with representation on the board determined 

by state contributions to the RIDF funding pool. 
Today public benefit charges applied to retail 

electricity sales are already generating up to $4 
billion annually, some of which might be shifted to 
the RIDFs. Adding a dedicated surcharge of, say, 
1% on all U.S. retail electricity sales would gener-
ate almost $4 billion more in annual revenues 
for the RIDFs. Initially only a few states might be 
willing to redirect existing public benefit charges 
to RIDF innovation financing or to implement 
new surcharges for this purpose. As discussed in 
more detail below, federal matching grants would 
provide incentives for additional state funding and 
for the creation of new regional partnerships.

Proposers would seek RIDF funding not as the 
primary source of finance for their projects but rather 
as a means of lowering the costs and risks of their 
own investments.  Project teams could include tech-
nology vendors, power generators, transmission and 
distribution utilities, and third-party energy service 
providers, and might also include national labora-
tories and universities. The RIDFs would evaluate 
project proposals partly against standard commercial 
and financial criteria, including the strength of the 
project team, the quality of project management, and 
the extent of self-funding by the proposers. Most 
important would be the potential of the proposed 
project to contribute to the reduction of carbon emis-
sions. The most attractive projects would be those 
with the greatest potential to stimulate major future 
reductions in carbon emissions while also delivering 
affordable, secure, and reliable energy services. 

Examples of such projects could include demon-
strations of integrated carbon capture, transportation 
and storage systems at full-scale coal and gas-fired 
power plants and in different geologies; small modu-
lar light water or advanced nuclear reactors; grid-
scale electricity storage integrated with utility-scale 
solar or wind systems; and next-generation offshore 
wind projects. Other eligible projects might include 
demonstrations of advanced grid infrastructure 
technologies; community-scale demonstrations of 
grid-integrated distributed electrical storage using 
electric vehicles; and test beds for next-generation 
distribution systems with advanced demand-manage-
ment technologies, micro-grids, distributed genera-
tion, and dynamic and differentiated pricing schemes.

To be eligible to receive RIDF funding, a project 
would first have to be certified as contributing to the 
public interest, based on the potential of the tech-
nology to achieve significant reductions in carbon 
emissions. A federal ”gatekeeper” organization, the 
Energy Innovation Board, would be created for 
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How a regional structure for energy technology demonstrations would work
Additional details on how the proposed new scheme for selecting, funding, and conducting energy technology demonstrations 
would work are summarized here: 

Regional Innovation Demonstration Funds (RIDFs): 
Before a project team could seek RIDF funding, the Energy 
Innovation Board would first have to certify that there was 
a public interest in the success of the new technology, on 
the basis of its potential to achieve significant reductions 
in carbon emissions at a cost competitive with high-carbon 
incumbent energy systems. The RIDFs would select projects 
based on the quality of the project team, the strength of 
its management, and the potential of its technology to 
lead to major future reductions in carbon emissions while 
also delivering affordable, secure, and reliable energy 
services. Projects selected by the RIDFs would receive 
direct multi-year grants, with out-year funding tied to 
performance. Alternatively, RIDF funds could be used for 
customer rebates, subsidized loan programs, credit support 
for PPAs, or other arrangements designed to promote user 
engagement with the new technology. As a condition of 
making a grant, the RIDF would acquire a modest equity 
position in the project whose ultimate value would depend 
on the outcome of the project and the subsequent market 
potential of the project technology. Each RIDF would 
build a portfolio of project investments distributed across 
states both inside and outside the RIDF’s own region. Over 
time some specialization of the RIDFs could be expected 
to occur in areas of technology of particular interest to 
their regions—for example, offshore wind in the North-
east, or nuclear in the Southeast, or utility-scale solar PV 
in the Southwest, or carbon capture in the Midwest.

Energy Innovation Board: The members of the Board 
would include leading national experts in energy and 
environmental science and engineering, manufacturing, 
markets, and business management. The Board would 
also be able to hire consultants with special expertise to 
assist on specific matters. The Board’s role would not be 
to determine whether a specific project proposal should 
be funded, nor would it rank innovations or evaluate the 
organizational capabilities of the proposing teams. Those 
tasks and decisions would be undertaken by the RIDFs 
themselves. The Board’s role would rather be to pre-certify, 
decertify, or recertify projects based on its assessment of 
their potential to contribute to the public goal of creating 
cost-competitive, scalable technology options for reducing 
greenhouse gas emissions. Thus the Board would need to 
be able to evaluate the potential of scale economies and 
future learning opportunities. It would need to track other 
projects and programs targeting similar innovations to 
guard against duplication and overlap (although it would 
take into consideration the value of pursuing multiple 

technical approaches in parallel as circumstances warrant.) 
And it would need to have a global perspective and be 
knowledgeable about developments overseas, so that 
RIDF investments would not simply duplicate work being 
done elsewhere. Certification would only be granted for a 
limited period—five years, say—and could be withdrawn if 
progress proved too slow.  
      To encourage effective RIDF investing, the Board 
would also conduct annual reviews of RIDF portfolios, 
ranking most highly those combining strong representa-
tion of high-potential projects with prompt winnowing 
of failing projects. The highest-ranked RIDFs would be 
eligible to receive additional Federal matching funds. 

State Trustees: Demonstration funds collected by states 
would be allocated to the RIDFs by state trustees. To 
maintain the independence of RIDF investment decisions 
the state funds would be allocated at the portfolio level, 
rather than having the trustees fund individual projects. 
The trustees could be elected or appointed, and would 
include representatives of business, environmental, and 
labor groups, as well as technical experts and government 
officials. The allocation of funds by the trustees would 
be based on assessments of which of the RIDF project 
portfolios most closely matched the interests and needs 
of that state’s residents. In this decentralized scheme, 
the RIDFs would compete with one another to secure 
support for their portfolios from state trustee organi-
zations. An RIDF with a portfolio deemed promising by 
multiple trustees would see its investment budget swell, 
while those with less promising portfolios would shrink. 

Federal matching funds: Federal funds would be provided 
to the RIDFs according to a pre-determined formula that 
would match the allocations made by the state trustees. 
State funds that were independently invested in energy 
projects would not be eligible for the federal match. Thus 
the federal funds would incentivize the creation of new 
RIDFs and as well as additional funding of the RIDFs by 
the states. Federal funds would also be used to encour-
age effective RIDF investing by rewarding RIDFs whose 
project portfolios were ranked highly by the Energy 
Innovation Board. Disbursement of the federal funds 
could be administered by the Department of Energy, in 
lieu of its own demonstration projects, or alternatively 
by a separate, dedicated agency. In the latter case, there 
would be no reason why the Department of Energy, and its 
national laboratories, could not join with private partners 
in demonstration project teams bidding for RIDF funds.
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this purpose. The Board would be an independent 
federal agency. Its role would be to make sure that 
RIDF investments were supporting the national 
purpose of reducing carbon emissions. All certified 
project proposals would have to have the potential 
to lead to significant reductions in carbon emis-
sions at a declining unit cost over time. The Energy 
Innovation Board would not determine whether 
a specific proposal should receive funding, nor 
would it rank technologies or evaluate the organiza-
tional capabilities of the project teams. These tasks 
would be undertaken by the RIDFs themselves. 

Let the regions decide 
RIDFs would most likely be established first in 
parts of the country where there is already a strong 
commitment to innovation and interstate collabora-
tion, and where there is existing state-level funding. 
Federal matching grants to the RIDFs, distributed 
by DOE or by a separate, dedicated agency, would 
create additional incentives for states to collab-
orate in funding these regional partnerships. 

Over time, a national network of RIDFs might 
emerge. Certified projects could be proposed to 
one or more RIDFs for funding. The RIDFs could 
operate independently, or could co-invest with 
each other. With time, some specialization of the 
RIDFs in areas of technology of particular inter-
est to their regions might occur—for example, 
offshore wind in the Northeast, or nuclear in the 
Southeast, or carbon capture in the Midwest.

Initially, all of the funds collected in each state 
would most likely be directed to the RIDF oper-
ating in its region, and even in the longer run 
this might be the typical pattern. But as more 
RIDFs were established around the country, 
states could, in principle, allocate funds to other 
RIDFs. Fund allocation would be the responsi-
bility of a trustee organization in each state. 

Implementation: Today about 30 states have 
implemented power system public benefit charges. 
The charges range from less than five-thousandths 
of a cent per kilowatt hour in North Carolina to 
nearly half a cent per kilowatt hour in California. 
(For reference, the average retail price of electricity 
in the United States is roughly 11 cents per kilowatt 
hour.) Altogether these charges produce revenues 
of $3.5 billion to $4 billion per year, and the average 
increase in electricity costs in the affected states is 
2.1%. Over time, encouraged by federal match-
ing funds, additional state revenues would likely 
be raised and more states would participate in the 
RIDFs. State revenues from existing public benefit 

charges that were redirected to the RIDFs would not 
be eligible for the federal match. Some states might 
elect to apply funds from other sources, such as 
state or regional carbon cap-and-trade or taxation 
schemes. (If adopted, the Environmental Protection 
Agency’s proposed 111(d) rules for limiting carbon 
emissions from existing power plants are expected to 
encourage the introduction of more such schemes.)

A dedicated 0.2 cents per kilowatt hour elec-
tricity surcharge (adding about 2% to the average 
U.S. retail price) applied to, say, half of all U.S. retail 
electricity sales would generate roughly $3.7 billion 
per year, and might leverage up to twice that amount 
in private investment funds. A steady, predictable 
funding stream of more than $10 billion per year in 
public and private funding dedicated to financing 
demonstration and “next few” post-demonstration 
projects—enough to launch several new such projects 
each year—would be large enough to have a major 
impact on the nation’s energy innovation challenge 
and is far larger than currently available funds. 
(DOE’s entire energy-related budget for research, 
development, demonstration, and deployment is 
roughly $5 billion per year.) The magnitude of the 
needed federal funding is uncertain, but if, say, 50 
cents of federal matching funds were required to 
induce each new dollar of state funding, the federal 
funding requirement might start at about $200 
million per year and would eventually grow to about 
$1.8 billion per year for a RIDF network covering 
half the country and deploying a total of $13 billion 
per year in public and private funds. The net impact 
on the federal budget would be smaller, and might 
even yield net savings, as DOE would no longer need 
to allocate funds to costly demonstration projects. 

Competition, not politics
The regionally-based public financing scheme 
proposed here would have several attractive features. 
It would create a large, dedicated funding stream 
for a critical part of the U.S. energy innovation 
system—full-scale demonstration and early adop-
tion projects—that has been chronically under-re-
sourced until now. RIDF funding decisions would 
be less susceptible to political influence than federal 
agency budgets, and would avoid the stop-and-go 
pattern that is a common feature of the annual federal 
appropriations process. The RIDFs could be expected 
to provide the steady, predictable supplementary 
funding that private investors would need in order 
to make multiyear investment commitments of their 
own. By putting RIDF project selection decisions 
in the hands of experienced technology investment 
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professionals, public funding would be responsive 
to market needs and the latest technological infor-
mation, while the public interest would continue 
to be strongly represented by the Energy Innova-
tion Board and the state trustee organizations. 

The new scheme would also introduce multiple 
levels of competition into the innovation process. In 
the past, demonstration projects have been selected 
through a highly centralized and sometimes arbitrary 
process, in which individual congressional champi-
ons (or sometimes national laboratories) have often 
played very influential roles. In the proposed arrange-
ment, project teams, once certified, would compete 
with each other for funds from one or more RIDFs 
to design, construct, and operate demonstration and 
post-demonstration projects, or to implement early 
adoption programs. (This more-decentralized scheme 
would also allow new entrants who may lack connec-
tions to the existing federal research and development 
structure to get a better hearing for their ideas than at 
present.) The RIDFs, in turn, would compete with one 
another to secure support for their portfolios from 
the state trustees and the federal government. An 
RIDF with a portfolio deemed promising by multiple 
state trustees would see its investment budget swell, 
while those with less promising portfolios would 
shrink. Also, as noted previously, the scheme would 
create opportunities for regional differences in needs 
and preferences to be expressed at the demonstration 
project selection stage, and would give states a direct 
stake in innovation outcomes. Of course, states where 
climate change and decarbonizing innovation are 
low priorities might choose not to participate at all. 

The scheme also has a number of drawbacks. 
Probably the most serious is that it would entail the 
creation of several new organizations and would take 
time to set up. But while there is no time to lose in the 
effort to reduce greenhouse gas emissions, the energy 
innovation challenge is not one that can be solved 
overnight. The task is rather to build an innovation 
system capable of sustaining an accelerated flow 
of new low-carbon technologies over a period of 
decades. In this case, although the ultimate goal is to 
establish a national network of RIDFs, such a network 
could emerge gradually. Several states have already 
launched “green banks” or clean energy financing 
authorities, drawing on a range of funding sources 
including federal and state grants, bond issues, 
on-bill repayment mechanisms, and state ratepayer 
surcharges. Today these initiatives are mostly focused 
on financing the deployment of proven, commer-
cially available technologies with low technology 
risk, but a new focus on technology demonstra-

tions, designed to resolve a range of technology-re-
lated risks, could be added with modest effort. 

Demonstrating diversity
A recurring problem with previous energy technol-
ogy demonstration projects was not so much that 
they failed, but that at some point the goal became 
to avoid failure. For the leaders of these high-profile 
projects and their supporters in and outside govern-
ment, the costs of failure were too great, so failure had 
to be avoided at all costs. But some of the strategies 
for preventing failure themselves proved costly, 
including driving out other alternatives prematurely, 
refusing to recognize legitimate problems until long 
after they arose, and failing to acknowledge that 
key assumptions were no longer valid. And these 
projects also generated a constellation of opponents, 
whose goal became to cause their failure, and to 
prevent them from producing anything useful. In 
this environment, the most important goals of the 
innovation process—generating new information 
and learning quickly about the strengths and weak-
nesses of alternative approaches—were undermined. 

For large-scale energy technologies, developed in 
government-led and government-financed projects, 
these kinds of problems are ever-present risks. Yet the 
rapid development and deployment of such tech-
nologies will be essential to the low-carbon energy 
transition. So a critical task is to devise an innovation 
system in which multiple pathways can be pursued 
and failure is tolerable. The goal must be to create an 
institutional structure that can accommodate and 
promote diversity, experimentation, and competi-
tion in the innovation process—even for large-scale 
technologies and even during the downstream stages 
of demonstration and early adoption. This struc-
ture, moreover, must be robust in the face of likely 
continuing political divisions over the appropriate 
response to climate change, and it must be sustain-
able in the face of strong pressures to reduce federal 
spending.  We propose the formation of RIDFs, 
led by states, incentivized by the federal govern-
ment, and monitored and supported in the public 
interest by a national Energy Innovation Board, as 
a practical step towards achieving these goals. 
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In the United States and much of the 
developed world, nuclear power raises deep 
misgivings among many decisionmakers 
and ordinary people. Concerns about safety 
have been rekindled by the Fukushima 
Daiichi nuclear disaster in Japan. There are 

also long-standing worries over proliferation and 
spent fuel management. And the technology has 
proven expensive: its high capital costs, combined 
with restructured electricity markets that place 
heavy emphasis on short-term economic gains, 
cheap natural gas in the United States, and the 
absence of a serious commitment to greenhouse 
gas emissions reduction, make nuclear power 
uncompetitive in many markets. The four new 
reactors being built in the United States today 
are in states that have vertically integrated power 
companies, where public utility commissions can 
approve the addition of the cost to the rate base.

But nuclear power is not dead. Seventy nuclear 
reactors are under construction worldwide. Twenty-
seven of those are in China, ten are in Russia, and six 
are in India. With few exceptions, these new reactors 
are of the large light water type that dominate today’s 
commercial fleet, producing roughly 75% of the 
electricity in France, 20% in the United States, 18% 
in the United Kingdom, and 17% in Germany.

The same holds true when it comes to the 
development of new reactor designs. Some limited 
work continues in the United States, but efforts 
by its Department of Energy to rekindle interest 
among commercial players have seen limited 
success. Germany, once a leader in advanced 
reactor designs, closed its reactor development 
laboratories some years ago, ending all such 

research. Its labs now focus only on reactor safety 
for select advanced designs. However, China, India, 
Korea, and Russia continue to support vigorous 
development and demonstration programs.

As developed countries come to appreciate 
the magnitude of the effort needed to fully wean 
their energy systems off of carbon-emitting 
energy sources, there is a possibility that they 
will see a resurgence of support for nuclear 
power—presumably using safer and lower-cost 
technologies. In the meantime, the rest of the 
world will continue its present building boom and 
push on with the development of new designs.

Thinking small
Many proponents of nuclear power believe that 
the technology’s problems can be solved through 
innovation. Some have held up a vision of small 
modular reactors (SMRs), capable of producing 5 
megawatts to 300 megawatts of electricity that would 
be manufactured on a factory production line and 
then shipped to the field as a complete module to be 
installed on a pre-prepared site. Proponents argue 
that factory manufacturing would not just reduce 
costs; it could also result in dramatic improvements 
in quality and reliability. Moreover, if these SMRs 
could then be returned—still fully fueled—to 
secure facilities at the end of their core life, the 
risk of proliferation could be better managed.

It is a lovely vision, but its realization lies decades 
in the future, if it is even possible. Estimates of the 
capital cost per megawatt of first-generation light 
water SMRs lie a factor of two or three above that of 
conventional reactors. Of course, since SMRs would 
be much smaller, the total cost would be much lower; 

A H M E D A B D U L L A 
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Nuclear Power for the 
Developing World

Small modular reactors may be attractive in many developing nations. 
Here is a blueprint for how to build them efficiently and ensure 
maximum safety.
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hence, choosing an SMR would not be a “bet the 
company” decision. But few firms in the developed 
world are likely to be interested, absent a significant 
price on carbon emissions, or perhaps a new business 
model that incorporates other uses for a small-scale 
reactor (such as water desalination or hydrogen 
production) in tandem with electrical generation.

The same may not be the case across the 
developing world. If the cost of more advanced 
small modular reactor designs can be brought down, 
even to the range of conventional reactors, many 
nations may find SMRs an attractive way to meet 
their growing demands for electricity or process 
heat, and may find the smaller size more compatible 
with their smaller, less-developed electricity grids.

While the vendors involved in nuclear 
technology are responsible for innovating on the 
construction front to bring down SMR cost and 
construction duration, vendors and regulators share 
the burden of innovating on both the deployment 
and institutional fronts. A number of SMR mass 
deployment strategies have been proposed, ranging 
from business-as-usual to a build-own-operate-
return (BOOR) strategy. Under business-as-usual, 
countries that choose to host SMRs would assume 
all responsibility for safety and the security of 
nuclear materials. Under a BOOR strategy, nuclear 
suppliers—perhaps backed by sovereign states and 
accredited through an internationally sanctioned 
framework—would provide, operate, and take 
custody of SMRs, thus assuming responsibility 
for the plant and all parts of the fuel cycle.

When questioned, even proponents of the 
BOOR strategy admit that, ultimately, nations 
that choose to deploy nuclear power plants must 
accept at least some of the responsibility associated 
with the technology. However, the strategy may 
be a way of reducing these responsibilities for 
customers who want clean energy, but cannot afford 
to fully build the technical and social institutions 
needed to responsibly manage nuclear power.

Regardless of deployment strategy, the 
institutional paradigm must change in a world 
with many SMRs. Host nations in the developing 
world could help, but, if this is to happen, delivering 
this change would mainly be the responsibility of 
national policymakers in nuclear supplier states, 
primarily China, France, Korea, Russia, and the 
United States, working within the framework 
of the international nuclear control regime. If 
coming decades do see a growth in SMRs across 
the developing world, three issues become critical: 
emergency response, liability, and proliferation.

Emergency response. Both light water SMRs and 
more advanced ones adopt a range of passive safety 
features. These are intended to reduce the probability 
of a major accident and, if abnormal conditions do 
develop, to increase the “coping time” available to 
operators to address the problem. Some designs 
eliminate on-site fuel handling; others rely on 
air-cooling instead of water-cooling, which reduces 
the need for elaborate plumbing and emergency 
power to cool the core after an accident. Some 
designs propose a fleet management approach where, 
as with many aircraft jet engines today, the reactor’s 

supplier can see everything an 
on-site control room operator 
sees. In an emergency, the 
supplier could provide advice 
to local operators, or even 
override local operators and 
take control. Nevertheless, 
the core of any SMR will 
contain highly hazardous 
materials. However remote the 
possibility, a major disaster 
could result in the release of 
significant quantities of these 
materials to the environment.

Few developing countries 
have, or are able to develop, the capacity to respond 
appropriately to a major accident. While commercial 
suppliers might adopt a BOOR approach, it seems 
most unlikely that they would include full-scale 
emergency response as part of the package. Suppliers 
backed by a capable sovereign nation, such as China 
or Russia, might supply a more credible capacity, 
but this does not solve the more general problem.

Liability. Efforts to develop a global liability 
regime, or to ensure that all reactors are covered 
by the arrangements that currently exist, must 
be accelerated. That said, if SMRs are to see mass 
deployment, alternative arrangements must be 
made for those smaller nations that cannot afford 
the liability caps that existing conventions prescribe. 
No global third-party nuclear liability regime exists. 
There are multiple conventions that states subscribe 
to, but given that some subscribe to none, substantial 
gaps exist in the current international framework. 
More than half of the world’s commercial nuclear 
fleet is not covered by any liability regime currently 
in effect. These reactors are in large countries such 
as Canada, China, and India that acknowledge 
that liability ultimately rests with the sovereign.

The main conventions at the moment are the 
Paris Convention, enacted in 1960, and the Vienna 
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Convention, enacted in 1963. The Paris Conven-
tion, as updated under the Brussels Supplementary 
Convention of 1963, stipulates a liability amount of 
approximately $450 million. The Vienna Conven-
tion, as updated in 1997, specifies a liability limit of 
approximately $450 million. (The actual amounts 
under both conventions vary based on changes in 
currency valuations; the figures given reflect valu-
ations as of mid-October 2014.) More recently, 
some efforts have been made to increase the liabil-
ity amounts in acknowledgment of the potentially 
devastating effects of nuclear accidents. A revision 
to the Paris Convention was proposed in 2004 that 
would raise the liability amount to approximately 
$900 million (at current currency conversion 
rates), though this has yet to come in force. Also, 
the United States led an effort that in 1997 resulted 
in the establishment of a third convention, called 
the Convention on Supplementary Compensa-
tion that stipulates a liability of $900 million. In a 
major development, the Japanese Diet approved the 
ratification of this Convention in late November, 
which means it will enter into force three months 
after Japan deposits its instrument of ratification 
with the International Atomic Energy Agency. 
Only six countries have ratified the Convention 
on Supplementary Compensation thus far but, 
if it fulfills its promise of streamlining liability 
claims in the event of an accident, that will steer 
more countries towards signing and ratifying it.

Depending on the location of a potential 
accident—in other words, given the liability regime 
in effect—claims of damages can be filed against 
a reactor’s operator or its supplier, or against 
national authorities. Allegedly wronged parties in 
neighboring countries could file these claims as 
well, raising questions of which courts can exercise 
jurisdiction in which cases. Since these claims can 
involve thousands of cases and stretch into the tens 
of billions of dollars in the case of large nuclear 
accidents, commercial operators carefully investigate 
liability law in jurisdictions where they contemplate 
building plants. Suppliers and operators that choose 
to embark on plants in nations that neither subscribe 
to international conventions nor have well-developed 
national liability regimes are usually state-owned 
or state-affiliated enterprises in rich developed 
or developing nations. It is generally assumed 
that the lion’s share of the liability for an accident 
in such jurisdictions rests with the sovereign.

National nuclear liability laws vary greatly. 
For example, some countries do not hold nuclear 
operators strictly liable for nuclear incidents. The 

amount of money in different nuclear insurance 
pools differs, and some countries do not extend 
financial protection to cover grave natural disasters. 
Harmonizing liability law by convincing states to 
subscribe to a single convention eliminates some of 
the uncertainty that prevents nuclear operators from 
pursuing builds in certain countries, and precludes 
the sort of extended, high-level political discussions 
between governments that are currently necessary 
for exporter and host nations to commence a nuclear 
power plant project. They also increase liability 
amounts, cover a wider range of damages, and 
explicitly declare that “grave natural disasters” are 
no grounds for exoneration. Nuclear liability law has 
yet to be harmonized within the European Union, let 
alone globally, and movement toward this goal has 
been very slow. In all likelihood, it will remain so.

Some existing nuclear energy states have not 
ratified any of the conventions, including India, 
China, South Africa, and Canada. Most of the 
developing world has yet to ratify any. Efforts to 
modernize the nuclear liability regime have thus 
far involved steering countries toward ratification 
of a single convention. But even if this happens, 
some developing nations considering a nuclear 
program probably could not afford the liability 
amounts for which they would be responsible 
under any of the conventions, and especially the 
revised Paris Convention or the Convention on 
Supplementary Compensation. In the event of a 
major accident, these nations might well default. 
In addition to the sociopolitical and economic 
implications, such a default could place an even 
greater burden on institutions that provide 
development aid, diverting much-needed funds 
from investments in capacity building. Global 
conventions on nuclear liability must recognize 
that recovering from accidents involving SMRs will 
entail smaller sums of money than the hundreds of 
millions of dollars currently prescribed. Alternative 
liability arrangements must be made for developing 
nations that are seeking to deploy one or several 
SMRs, as opposed to multi-gigawatt conventional 
plants. We describe alternative arrangements 
later; regardless of the form they ultimately take, 
liability considerations should certainly be a part 
of any future SMR deployment agreements and 
should be codified in international energy policy.

Proliferation. If SMRs are to be fueled in the 
field, as will be required for virtually all designs 
now in advanced stages of development, there is 
a possibility that spent fuel could be diverted for 
use in weapons programs, or for the construction 
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of “dirty bombs.” Also, the mass deployment of 
SMRs might open new pathways for proliferation 
that will need to be managed. For example, the 
potential growth of the nuclear-trained workforce 
will broaden the population of people who have 
a detailed understanding of this technology.

Some suppliers have dismissed this concern, 
arguing that proliferation is “a uniquely American 
preoccupation.” However, it would become an 
international concern overnight if diversion 
were ever to occur. In our view, it is far better 
to find a comprehensive way to address the 
problem now, than try to patch things up if a 
diversion occurs after many SMRs have been 
deployed under a business-as-usual scenario.

New tools and more resources are needed to 
assess and manage the risk of proliferation. This 
is true not only for SMRs, but also for the world 
nuclear enterprise writ large. A recent report by 
the National Research Council (Improving the 
Assessment of the Proliferation Risk of Nuclear 
Fuel Cycles) clearly articulates the serious 
limitations of all present assessment tools.

Until better tools are developed, there are three 
common-sense steps that could be taken to manage 
the risk of proliferation from the mass deployment 
of SMRs. First, the international community should 
urgently act to create a global control and accounting 
system for all civilian nuclear materials. This system 
must incorporate as many nuclear isotopes as 
possible, and it must be easy for inspectors from 
the International Atomic Energy Agency (IAEA) 
to access and query. Second, preference must be 
given to SMR designs that minimize the need for 
on-site fuel handling and storage—in general, 
the fewer times the fuel is handled, the better. 
And third, nations must recommit to tackling 
the waste question, by consolidating existing 
stockpiles or establishing permanent repositories. 
A global, internationally supervised approach to 
waste management, of the sort proposed years 
ago by Chauncey Starr and Wolf Häfele, is highly 
unlikely. The historic reluctance of the United 
States to cede any sovereignty in such matters, 
and the rapidly decaying relationship between 
Russia and the West, pose enormous challenges 
on this front. National or regional facilities may 
be possible, of course, though the danger always 
exists of rich neighbors coercing poorer ones 
into inappropriately hosting storage facilities.

Preparing for nuclear reality
Even given the challenges that remain, it is likely 

that many countries in the developing world may 
want to push forward with installing and operating 
SMRs. To better assist with and control such mass 
deployment of SMRs, new institutional arrangements 
are needed that would globalize standards regarding 
the type of SMRs that can be deployed and how 
to respond to potential accidents and reduce 
the probability of proliferation. We were able to 
explore alternative institutional arrangements at 
a workshop we organized in Switzerland with the 
International Risk Governance Council and the 
Paul Scherrer Institut. The workshop, which was 
supported by the MacArthur Foundation, brought 
together forty experts from eleven countries, nine 
SMR vendors, and all major nuclear supplier states.

As a first step toward this goal, a radical 
modification of the certification and licensing process 
must be developed and adopted. Many countries 
that could be interested in SMRs do not even have 
a nuclear regulatory authority. The movement in 
the United States toward certifying a design and 
then licensing site-specific modifications is welcome 
and provides a good starting point for streamlining 
the SMR deployment process. Unfortunately the 
U.S. Nuclear Regulatory Commission (NRC) 
is currently unequipped to assess any designs, 
especially non-light water ones, in a timely way.

If the industry takes every new idea to mean a 
protracted, expensive struggle with the regulator, 
it will instead design-out these innovations. To be 
sure, vendors with novel ideas must be prepared 
to defend these ideas. At the same time, regulators 
must acknowledge the nuclear innovator’s dilemma, 
and be equipped to step out of their comfort zone 
when evaluating designs. While many officials in the 
United States keep referring to NRC certification as 
“the gold standard,” many of the nation’s allies and 
rivals disagree with that characterization. And, if 
the agency does not develop the capability to assess 
advanced designs, it runs the risk of becoming less 
and less relevant as China, Korea, and others certify 
and market their own designs across the world.

Ideally, designs should first be certified and built 
in their home country. Another nuclear supplier 
state should then certify the design. Certification 
from regulators in two reactor-supplying states 
would assure inexperienced customers of the 
design’s viability. What is radical about this idea 
is that the host nation’s regulator would not 
undertake the design certification process itself, 
saving both the supplier and the host nation 
time and money. The staff of a newly established 
national regulator should engage in an intensive 
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education program with the regulators who certified 
the design. The details of this process should be 
stipulated in multilateral agreements involving the 
exporting nation, the host nation, and the IAEA. 
Material generated during the original design 
certification process would be shared with the 
host nation’s regulator. Therefore, the relatively 
inexperienced host nation regulator would only 
be responsible for approving site-specific changes 
to the standardized design. This plan requires not 
only collaboration among national regulators, but 
also a permanent forum to facilitate and support 
the process: the IAEA should assume this role.

It is highly unlikely that the IAEA would be 
granted the authority and resources needed to certify 
SMR designs, though some developing countries 
might consider that a more credible stamp of 
approval than what we suggest above. Regardless of 
who certifies the design, in a business-as-usual world, 
vendors would be responsible for paying the cost of 
design certification, as they do now. The same would 
hold in a BOOR world, although granting the IAEA 
an expanded mandate under this regime implies 
that suppliers would have to obtain certification 
of good design and operational practice from the 
agency, for which they would pay an annual fee.

We believe that streamlining the certification and 
licensing process is as effective a course of action 
as can be achieved in today’s multipolar world. It 
would enable developing nations, including those 
countries that do not have the capability to certify 
a nuclear reactor design, to exploit civilian nuclear 
power in a much safer way. The alternatives include 
business-as-usual at one end of the spectrum, 
which constitutes a high barrier to entry and 
confines nuclear power to existing nuclear energy 
states, and at the other end a fully internationalized 
regulatory regime, which is highly unlikely given 
current attitudes to national sovereignty.

As a second step, the development of a robust 
international crisis management infrastructure 
is essential if SMRs are to see wide deployment. 
Momentum for such evolution has been growing 
since the Fukushima-Daiichi nuclear accident, 
which demonstrated that even developed 
nations need international support to respond 
to accidents. The need is exacerbated by the fact 
that SMRs might be deployed in countries that 
are challenged by human capital, organizational, 
and physical resource constraints.

The IAEA, or leading nuclear supplier states, 
must establish a far more effective accident 
evaluation and response team. This team should 

include a multidisciplinary group of experts in 
emergency management, diplomacy, nuclear 
power, risk assessment, and risk communication. 
The team would be responsible for a diverse range 
of tasks, including advising and assisting in the 
preparation of nuclear plants that lie in the path 
of anticipated natural disasters, coordinating the 
international response to nuclear accidents, and 
communicating with the public in real time in 
the event of such accidents. The latter requires the 
development of instruments that communicate 
the level of risk and the appropriate course of 
action depending on the emergency faced: the 
IAEA’s International Nuclear Event Scale is of little 
use in anything but a retrospective capacity. 

The team would also need to maintain good 
relations with nuclear regulators and emergency 
managers throughout the world, which is why 
housing it within the IAEA, with its reach and 
influence, would be the preferred approach. And 
if it is not granted the power to requisition assets 
or deploy them from a purpose-built stock, it must 
dedicate staff to liaising with major powers’ armed 
forces, with leading providers of humanitarian 

relief, and with shipment 
and logistics companies. 
In the case of a nuclear 
emergency, the humanitarian 
response that would need to 
be mobilized is significant 
enough to overwhelm 
existing humanitarian aid 
organizations, and to divert 
substantial resources from 
other crises. The development 
of such purpose-built, 
fully funded international 
response teams would go 
some way to preventing this.

On the level of plant 
operators, it is imperative 

that the World Association of Nuclear Operators 
strives to achieve the level of information sharing, 
inspection technique development, and operator 
training that has been so successfully exhibited 
by the Institute of Nuclear Power Operations 
in the United States. The institute’s efforts have 
shown that safety and reliability can come before 
issues of propriety: information-sharing works 
in the interest of all plant operators, and thus of 
the nuclear industry and the public at large.

On the level of individual contracts, these should 
be preceded by multilateral agreements among 

Preference must be 
given to SMR designs 
that minimize the 
need for on-site fuel 
handling and storage—
in general, the fewer 
times the fuel is 
handled, the better.
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SMR exporters, host nations, and the IAEA that 
explicitly address the need to create a level of 
emergency response capacity in the host nation 
commensurate with the level of risk created, 
through training in disaster risk management.

This proposed framework offers several benefits. 
It means that additional exports would require 
improved emergency response capacity, sustaining 
the relationship between exporter, host, and the 
IAEA. It would also facilitate both the standardizing 
of emergency response procedures and the updating 
of existing procedures as operational experience 
with SMRs increases. Moreover, the framework 
has the added advantage of working in both a 
business-as-usual world and a BOOR world. Finally, 
maintaining robust international and national 
emergency response measures would force the 
world to abandon the myth of absolute safety, and 
therefore complacency. As mentioned earlier, every 
nation wishing to purchase an SMR must accept 
some of the responsibility that comes with a nuclear 
power plant, and that includes developing a level 
of emergency response and crisis management 
infrastructure robust enough to cope with the 
effects of potential accidents, aided by the sort of 
international support that we have proposed.

Third, given the high liability amounts 
stipulated in existing conventions, the international 
community would be well advised to develop 
some form of shared international liability cap, 
specifically for SMRs, to address the smaller 
consequences of accidents involving these 
reactors and the enhanced level of safety they 
incorporate. It is worth noting, for example, that 
a reactor’s decommissioning funding allowance 
in the United States is based on the size bracket 
in which it falls (there are two). Although such 
an international approach is wise, we consider 
it unlikely to be adopted. Alternatively, national 
nuclear industries can force such efforts into being 
as each lobbies its government to share liability for 
their products with customer nations. Obviously, 
such lobbying efforts would be more successful if 
SMRs become competitive, and significant demand 
can be demonstrated from overseas customers.

As for funding these efforts, it is worth exploring 
the development of shared regional liability caps, 
or “endowments” to be managed by bodies set 
up specifically for this purpose, with their assets 
dedicated to responding to regional nuclear 
accidents. Many nations share grid infrastructure 
with their neighbors; regions are becoming 
electrically more interconnected. For example, 

since the United Arab Emirates plans to feed power 
from its reactors into a Gulf Cooperation Council 
grid, perhaps those nations that benefit from nuclear 
power while hosting no plants should contribute to 
mitigating the consequences of a nuclear accident 
in their region. The same might be possible in 
the East African Community or the Economic 
Community of West African States, should Kenya 
or Nigeria build an SMR. The level of each country’s 
contribution could reflect the share of the plant’s 
power output that it consumes. Alternatively, ex-ante 
bilateral agreements with powerful neighbors, or 
with the exporting nation, could take some of the 
financial burden off of the host nation, preventing 
financial ruin in the case of an accident.

Roadmap for institutional change
Three common threads interweave these issues. 
First, each of the above challenges requires a well-
resourced and resolute IAEA. The agency currently 
lacks the resources and trained personnel to provide 
the level of supervision and oversight needed to 
sustain a safe and secure build-out of large or 
small reactors on the scale required to decarbonize 
the global grid. Many of the changes we propose 
will require vendors, operators, or sovereigns to 
pay a one-time or annual fee, either to support 
licensing and certification efforts or to support 
training of local responders, as well as a rapidly 
deployable international emergency response 
capability. In cases where the IAEA shoulders the 
burden of facilitating or supporting these efforts, 
it should receive appropriate compensation.

Second, smaller nations cannot afford the liability 
caps that existing conventions prescribe. Moreover, 
they are interested in smaller, safer reactors. Recovery 
from an accident involving an SMR will, in all 
likelihood, entail fewer resources than recovery from 
large reactor accidents. Any credible institutional 
arrangement will require the establishment and 
maintenance of either international or regional 
SMR liability pools, or perhaps both. This requires 
careful assessment of the willingness to pay of 
both host and exporter nations, and of the amount 
of liability that the private industry (through 
insurers and re-insurers) is willing to assume. 
Because that depends on many factors, ranging 
from the level of risk posed by an SMR (this differs 
depending on design, certification, and deployment 
strategy) to location, we suggest changing the 
focus from ultimately arbitrary “liability caps” to 
building and carefully managing endowments.

We recommend the establishment of an 
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international SMR liability pool that must be paid 
into by host and exporter nations before an SMR is 
brought on-line. Deposits from intergovernmental 
and private entities would supplement these funds, 
as would annual deposits from SMR operators. 
The levels could differ depending on the risk posed 
by the SMR and deployment location and, if a 
region is organized enough to demand additional 
coverage, a similar regional endowment could 
be established to supplement the international 
one. Such collaboration is not unheard of. Sixteen 
Caribbean nations joined together in 2007 to form 
the Caribbean Catastrophe Risk Insurance Facility, 
which was developed and partially capitalized by 
the World Bank and the government of Japan. Other 
nations and organizations have also contributed 
to this trust fund, including Bermuda, Canada, 
the Caribbean Development Bank, the European 
Union, France, Ireland, and the United Kingdom. It 
is unclear if nuclear insurance policies would gain 
similar access to traditional and capital markets, 
and whether risk pooling would lower premiums to 
an extent that would justify the development of this 
facility, but it is an approach that should be explored.

Third, bilateral and multilateral initiatives are 
needed to improve regional and international 
collaboration, standardize procedures globally, 
and accelerate the development of infrastructure 
necessary to exploit nuclear power responsibly. 
It is easier to incorporate norms in overarching 
international conventions if a critical mass of 
countries already subscribes to them. SMRs perhaps 
represent the industry’s best chance of achieving 
this standardization. Building large reactors in 
emerging nuclear energy states requires decadal or 
multi-decadal collaboration between exporter and 
host nation on many fronts, from the political to 
the financial to the technical. For many emerging 
nuclear energy states, these acquisitions would 
be a once-in-a-generation undertaking, if at all 
possible. As such, the standardization process has 
been extremely slow. Smaller reactors that prove 
to be economically attractive, less complex, and 
shippable worldwide could alter this paradigm.

We have avoided proposing revisions that would 
require overarching international treaties, simply 
because we do not see the political will that would 
be needed to develop a new, comprehensive, and 

multilateral regime for the 21st century. Perhaps 
only a shock, such as another major nuclear accident 
or a serious proliferation incident, can generate 
that political will. For example, if there is a serious 
enough diversion of nuclear materials by a state or 
non-state actor, this might catalyze the development 
of a global, comprehensive nuclear material 
control and accounting system. Advocates of such 
a system have outlined its necessity for decades. 
If our assessment is correct, it is a poor reflection 
on the state of national and global affairs that only 
a nuclear disaster could galvanize such action.

Although it is not yet clear what multilateralism 
in a multipolar world will look like, it will probably 
be messier than today. Bottom-up approaches to 
harmonizing global standards and enhancing the 
control regime, despite their messiness, might hold 
the greatest likelihood of success. And, since it is 
highly unlikely that the United States, Europe, or 
Japan will become major SMR exporters, these 
players need to use what soft power they have to 
help craft as strong a nuclear control regime for 
SMRs as is possible. This is especially true now that 
relations between major nuclear supplier states 
are becoming increasingly frayed, especially those 
between Japan and China, Korea and China, France 
and Russia, and the United States and Russia.

There is an urgent need to raise living standards 
across the developing world. If SMRs cannot be 
part of a portfolio of future energy technologies, it 
is difficult to see how this can be achieved without 
a massive increase in future emissions of carbon 
dioxide. While the suite of energy sources needed 
to mitigate global emissions does not need to be 
identical everywhere, it does need to consist of 
low-carbon sources. It is highly unlikely that all 
but the richest nations of the developing world 
will seek to build and run large nuclear power 
plants. But with a few far-sighted and uniformly 
positive changes to the institutions that govern the 
technology, small modular reactors could prove to 
be a valuable part of the mix in some countries.

Ahmed Abdulla (aya1@cmu.edu) is a postdoctoral 
research fellow and M. Granger Morgan (granger.
morgan@andre.cmu.edu) is a professor in the 
Department of Engineering and Public Policy at 
Carnegie Mellon University.
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N
ew genetic engineering techniques 
that are more precise and versatile 
than ever offer promise for bring-
ing improved crops, animals, and 
microorganisms to the public. But 
these technologies also raise critical 

questions about public policy. How will the vari-
ous regulatory agencies approach them as a matter 
of law and regulation? Will they repeat the costly 
excesses of the oversight of recombinant DNA 
technology? What will be the regulatory costs, 
time, and energy required to capture the public 
benefits of the new technologies? And further out, 
how will regulatory agencies approach the emerg-
ing field of synthetic biology, which involves the 
design and construction of new biological compo-
nents, devices, and systems, so that standardized 
biological parts can be mixed and assembled?

Based on current experience, answers to such 
questions are not comforting. The regulation of 
recombinant DNA technology has been less than 
a stunning success. Most of the federal agencies 
involved have ignored the consensus of the scientific 
community that the new molecular techniques for 
genetic modification are extensions, or refinements, 
of earlier, more primitive ones, and policymakers 
and agencies have crafted sui generis, or particular, 
regulatory mechanisms that have prevented the field 
from reaching anything approaching its potential.

The regulatory burden on the use of recombi-
nant DNA technology is disproportionate to its risk, 
and the opportunity costs of regulatory delays and 
expenses are formidable. The public and private 
sectors have squandered billions of dollars on 
complying with superfluous, redundant regulatory 
requirements that have priced public sector and 
small company research and development (R&D) out 
of the marketplace.

These inflated development costs are the primary 
reason that more than 99% of genetically engi-
neered crops that are being cultivated are large-scale 
commodity crops—corn, cotton, canola, soy, alfalfa 
and sugar beets. Hawaiian papaya is one of the few 
examples of genetically engineered “specialty crops” 
such as fruits, nuts, or vegetables. The once-prom-
ising sector of “biopharming,” which uses genetic 
engineering techniques to induce crops such as corn, 
tomatoes, and tobacco to produce high concentra-
tions of high-value pharmaceuticals, is moribund. 
The once high hopes for genetically engineered 
“biorational” microbial pesticides and microorgan-
isms to clean up toxic wastes are dead and gone. Not 
surprisingly, few companies or other funding groups 
are willing to invest in the development of badly 
needed genetically improved varieties of the subsis-
tence crops grown in the developing world.

The seminal question about the basis for 
regulation of genetic engineering in the 1970s 

H E N RY I .  M I L L E R 
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Give Genetic 
         Engineering Some 
  Breathing Room

Government regulations are suffocating applications that  
promise much public benefit. Fixes are available, if society and 
policymakers would only pay heed to science.
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was whether there were unique risks associated 
with the use of recombinant DNA techniques. 
Numerous national and international scientific 
organizations have repeatedly addressed this 
question, and their conclusions have been congru-
ent: There are no unique risks from the use of 
molecular techniques of genetic engineering.

As long ago as 1982, an analysis performed by 
the World Health Organization’s Regional Office 
for Europe reminded regulators that “genetic 
modification is not new” and that “risks can be 
assessed and managed with current risk assess-
ment strategies and control methods.” Similarly, 
the U.S. National Academy of Sciences issued a 
white paper in 1987 that found no evidence of the 
existence of unique hazards, either in the use of 
genetic engineering techniques or in the move-
ment of genes between unrelated organisms.

In perhaps the most comprehensive and unequiv-
ocal analysis, the 1989 National Research Council 
report, “Field Testing of Genetically Modified Organ-
isms,” on the risks of genetically engineered plants 
and microorganisms, concluded that “the same 
physical and biological laws govern the response 
of organisms modified by modern molecular and 
cellular methods and those produced by classical 
methods.” But this analysis went further, emphasiz-
ing that the more modern molecular techniques “are 
more precise, circumscribed, and predictable than 
other methods. They make it possible to intro-
duce pieces of DNA, consisting of either single or 
multiple genes that can be defined in function and 
even in nucleotide sequence. With classical tech-
niques of gene transfer, a variable number of genes 
can be transferred, the number depending on the 
mechanism of transfer; but predicting the precise 
number or the traits that have been transferred is 
difficult, and we cannot always predict the pheno-
type that will result. With organisms modified by 
molecular methods, we are in a better, if not perfect, 
position to predict the phenotypic expression.”

In 2000, the National Research Council released 
another report weighing in on the scientific basis of 
federal regulation of genetically engineered plants. 
It concurred with earlier assessments by other 
groups that “the properties of a genetically modi-
fied organism should be the focus of risk assess-
ments, not the process by which it was produced.”

Various distinguished panels have continued to 
make the same points about genetic engineering 
and “genetically modified organisms” (GMOs). 
In September 2013, the United Kingdom’s Advi-
sory Committee on Releases to the Environment 

Naturally Modified: Ajay Malghan
In Naturally Modified, photographer Ajay Malghan makes 
ordinary food look unfamiliar. A cheeseburger looks like outer 
space, an orange looks like people dancing, and a carrot looks 
like the Virgin Mary. The series is a response to the prevalence 
of foods that are genetically modified and the ubiquity of 
processed food products. Malghan does not use a camera. 
Rather, he begins each print in the darkroom, where he places 
a thin slice of food between two glass plates and exposes 
it through an enlarger, manipulating it with light and color 
to create a photographic print. He later scans the print at a 
high resolution, enabling him to print the image at 30 x 40 
inches, a size at which viewers can be immersed in the colorful 
abstractions. The resulting images, Malghan writes, “reveal 
layers beneath the surface of our food…these images extract 
the camera and allow us to see the ordinary in new ways, while 
blurring the lines between art and science.”

Ajay Malghan, an artist of Indian descent, was raised in the 
United States and is based in Austin and Baltimore. A practicing 
musician and visual artist, he is a graduate of the Savannah 
College of Art and Design. His work has been featured 
on NPR, Wired, and The Huffington Post. For more information, 
visit http://www.ajaymalghanphotography.com/. Images 
courtesy of the artist.
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lating organisms produced by some techniques 
and not others irrespective or their capacity to 
cause environmental harm. Our conclusion, that 
the EU’s regulatory approach is not fit for purpose 
for organisms generated by new technologies, 
also applies to transgenic organisms produced 
by ‘traditional’ GM [genetic modification] tech-
nology. . . [T]he potential for inconsistency is 
inherent because they may be phenotypically 
identical to organisms that are not regulated.”

There is, then, a broad consensus that process-
based regulatory approaches are not “fit for purpose.” 
Inevitably, they are unscientific, anti-innova-
tive, fail to take into consideration actual risks, 
and contravene the basic principle that similar 
things should be regulated similarly. It follows 
that U.S. and EU systems must be reformed to 
become scientifically defensible and risk-based.

In theory, the U.S. government accepted the 
fundamental logic of these analyses as the basis 
for regulation. In 1986, the White House Office of 
Science and Technology Policy published a policy 
statement on the regulation of biotechnology that 
focused oversight and regulatory triggers on the 
risk-related characteristics of products, such as 
plants’ weediness or toxicity. That approach specifi-
cally and unequivocally rejected regulation based on 
the particular process, or technique, used for genetic 
modification. In 1992, the federal government issued 
a second pivotal policy statement (sometimes known 
as the “scope document”) that reaffirmed the over-
arching principle for biotechnology regulation—that 
is, the degree and intrusiveness of oversight “should 
be based on the risk posed by the introduction and 
should not turn on the fact that an organism has 
been modified by a particular process or technique.”

Thus, there has been a broad consensus in 
the scientific community, reflected in state-
ments of federal government policy going back 
more than 20 years, that the newest techniques 
of genetic modification are essentially an exten-
sion, or refinement, of older, less precise and less 
predictable ones, and that oversight should focus 
on the characteristics of products, not on the 
processes or technologies that produced them.

In spite of such guidance, however, regulatory 
agencies have generally chosen to exercise their 
discretion to identify and capture molecular genetic 
engineering—specifically, recombinant DNA tech-
nology—as the focus of regulations. Because the 
impacts of their decisions have drastically affected 
the progress of agricultural R&D, this caution-
ary tale is worth describing agency by agency.

published “Report 2: Why a modern understand-
ing of genomes demonstrates the need for a new 
regulatory system for GMOs.” The report addressed 
the European Union’s (EU) regulatory system as 
applied to new techniques of molecular breeding. 
This except from the Executive Summary is espe-
cially salient: “Our understanding of genomes does 
not support a process-based approach to regula-
tion. The continuing adoption of this approach 
has led to, and will increasingly lead to, problems. 
This includes problems of consistency, i.e. regu-
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A cautionary tale, repeated
The Department of Agriculture (USDA), through 
its Animal and Plant Health Inspection Service 
(APHIS), is responsible for the regulation of 
genetically engineered plants. APHIS had long 
regulated the importation and interstate move-
ment of organisms (plants, bacteria, fungi, viruses, 
etc.) that are plant pests, which were defined by 
means of an inclusive list—essentially a binary 
“thumbs up or down” approach. A plant that an 
investigator might wish to introduce into the field 
is either on the prohibited list of plant pests, and 
therefore requires a permit, or it is exempt.

This straightforward approach is risk-based, in 
that the organisms required to undergo case-by-
case governmental review are an enhanced-risk 
group (organisms that can injure or damage plants), 
unlike organisms not considered to be plant pests. 
But for more than a quarter-century, APHIS has 
applied a parallel regime (in addition to its basic 
risk-based regulation) that focuses exclusively on 
plants altered or produced with the most precise 
genetic engineering techniques. APHIS reworked 
the original concept of a plant pest (something 
known to be harmful) and crafted a new catego-
ry—a “regulated article”—defined in a way that 
captures virtually every recombinant DNA-modi-
fied plant for case-by-case review, regardless of its 
potential risk, because it might be a plant pest.

In order to perform a field trial with a regu-
lated article, a researcher must apply to APHIS and 
submit extensive paperwork before, during, and 
after the field trial. After conducting field trials 
for a number of years at many sites, the researcher 
must then submit a vast amount of data to APHIS 
and request “deregulation,” which is equivalent 
to approval for unconditional release and sale. 
These requirements make genetically engineered 
plants extraordinarily expensive to develop and 
test. The cost of discovery, development, and 
regulatory authorization of a new trait introduced 
between 2008 and 2012 averaged $136 million, 
according to Wendelyn Jones of DuPont Pioneer, 
a major corporation involved in crop genetics.

APHIS’s approach to recombinant DNA-mod-
ified plants is difficult to justify. Plants have long 
been selected by nature, as well as bred or otherwise 
manipulated by humans, for enhanced resistance 
or tolerance to external threats to their survival and 
productivity, such as insects, disease organisms, 
weeds, herbicides, and environmental stresses. Plants 
have also been modified for qualities attractive to 
consumers, such as seedless watermelons and grapes 

and the tangerine-grapefruit hybrid called a tangelo.
Along the way, plant breeders have learned 

from experience about the need for risk analy-
sis, assessment, and management. New variet-
ies of plants (whichever techniques are used to 
craft them) that normally harbor relatively high 
levels of various toxins are analyzed carefully to 
make sure that levels of those substances remain 
in the safe range. Celery, squash, and potatoes 
are among the crops in need of such attention.

The basic tenets of government regulation are 
that similar things should be regulated similarly, and 
the degree of oversight should be proportionate to 
the risk of the product or activity. For new varieties 
of plants, risk is a function of certain characteristics 
of the parental plant (such as weediness, toxicity, or 
ability to “outcross” with other plants) and of the 
introduced gene or genes. In other words, it is not 
the source or the method used to introduce a gene 
but its function that determines how it contributes to 
risk. Under USDA and APHIS, however, only plants 
made with the newest, most precise techniques have 
been subjected to more extensive and burdensome 
regulation, independent of the risk of the product.

Under its discriminatory and unscientific regu-
latory regime, APHIS has approved more than 90 
genetically engineered traits, and farmers have 
widely and quickly adopted the crops incorpo-
rating them. After the cultivation worldwide of 
more than 3 billion acres of genetically engineered 
crops (by more than 17 million farmers in 30 
countries) and the consumption of more than 3 
trillion servings of food containing genetically 
engineered ingredients in North America alone, 
there has not been a single documented ecosystem 
disruption or a single confirmed tummy ache.

With this record of successful adoption and use, 
one might have thought that APHIS would reduce its 
regulatory burdens on genetically engineered crops, 
but there has been no hint of such a move. APHIS 
continues to push the costs for regulatory compliance 
into the stratosphere while its reviews of benign new 
crops become ever more dilatory: Evaluations that 
took an average of six months in the 1990s now take 
three-plus years. APHIS’s performance compares 
unfavorably with its counterparts abroad. Based on 
data gathered by the U.S. government and confirmed 
by industry groups, from January 2010 through 
June 2013, the average time from submission to 
decision was 372 days for Brazil and 771 days for 
Canada, versus 1,210 days for the United States.

APHIS has not shown any willingness to ratio-
nalize its regulatory approach—for example, by 
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creating categorical exemptions for what are now 
known scientifically, and proven agronomically, 
to be negligible-risk genetically engineered crops. 
By creating such categorical exemptions, APHIS 
would simultaneously reduce its workload, lower 
R&D costs, spur innovation, and avoid the pitfalls 
of the requirements of the National Environmental 
Policy Act (NEPA). NEPA requires that agencies 
performing “major federal actions,” such as APHIS’s 
approvals, proceed through a succession of proce-
dural hoops. Allegations from activists that regu-
lators have failed to do so have tied up approvals 
in the federal courts, creating a litigation burden 
for regulators, scientists, and technology develop-
ers. (Regardless of their risk, the vast majority of 
plants “engineered” through more conventional 
genetic manipulation, such as crop breeding, do 
not require APHIS approval and, consequently, are 
not subject to NEPA or to the derivative lawsuits.)

The regulatory obstacles that discriminate against 
genetic engineering impede the development of crops 
with both commercial and humanitarian potential. 
Genetically engineered crops foreseen in the early 
days of the technology have literally withered on 
the vine as regulatory costs have made testing and 
commercial development economically unfeasible. 
In a 2010 letter to Nature Biotechnology, Jaime Miller 
and Kent Bradford of the University of California, 
Davis, described the impact of regulations on genet-
ically engineered specialty crops (fruits, vegetables, 
nuts, turf, and ornamentals). They provided cita-
tions to 313 publications relating to 46 species and 
numerous traits beneficial to consumers, farmers, 
and the environment. However, they pointed out 
that only four of these crops had entered commercial 
cultivation in the United States, and none of them 
had reached the public outside of the United States 
(though the status of two in China was unclear). 
Of greater concern, they found that no genetically 
engineered specialty crop had been granted regu-
latory marketing approval anywhere since the year 
2000. In supplementary data cited in their letter, 
Miller and Bradford provided information on 724 
genetically engineered specialty plant lines that 
have been created but never commercialized.

Since the advent of recombinant DNA techniques 
in the 1970s, other newer, even more precise technol-
ogies for genetic engineering have been introduced to 
create organisms with new or enhanced traits. These 
approaches include, among others, RNA interfer-
ence technology (RNAi) and the alteration of genes 
using so-called transcription activator-like effector 
nucleases (TALENs). Initially, APHIS had issued 

letters indicating that many crops developed through 
these newer techniques fall outside of the definition 
of a “regulated article” under the Plant Protection 
Act. But under pressure from anti-biotechnology 
groups, APHIS has also floated the idea that these 
crops could be captured for oversight as “noxious 
weeds” if they are invasive (e.g., turf grass), or 
cross-pollinate readily (alfalfa). Although the impact 
of invoking “noxious weed” regulatory authority is 
not yet clear, designating plants crafted with modern 
molecular techniques as falling in this category 
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appears to be another example of unscientific, 
opportunistic regulation that will inhibit innovation.

Tortured statutes
The Environmental Protection Agency (EPA), like 
the USDA, has tortured its enabling statutes to 
undesirable effect. The EPA has long regulated field 
tests and the commercial use of pesticides under 
the Federal Insecticide, Fungicide and Rodenticide 
Act (FIFRA). In 2001, the agency issued final rules 
for the regulation of genetically engineered plants 
and created a new concept, “plant-incorporated 
protectants” (PIPs), defined as “pesticidal substances 
produced and used by living plants.” EPA regulation 
captures pest-resistant plants only if the “protectant” 
has been introduced or enhanced by the most precise 
and predictable techniques of genetic engineering.

The testing required for registration of these 
new “pesticides” is excessive. It includes gather-
ing copious data on the parental plant, the genetic 
construction, and the behavior of the test plant 
and its interaction with various species, among 
other factors. (These requirements could not be 
met for any plant with enhanced pest-resistance 
modified with older, cruder techniques, which 
are exempt from the FIFRA rules.) It should be 
noted that FIFRA provides a 10-acre research 
exemption for pesticides, even for extremely 
toxic chemicals, which does not apply to PIPs.

The EPA then conducts repeated, redundant 
case-by-case reviews: before the initial trial, when 
trials are scaled up or tested on additional sites, 
and again if even minor changes have been made 
in the plant’s genetic construct. The agency repeats 
those reviews at commercial scale. The agency’s 
classification of living plants as pesticides, even 
though the regulatory term is “plant-incorporated 
protectants,” has been vigorously condemned by the 
scientific community. And for good reason, since 
EPA’s approach has discouraged the development 
of new pest-resistant crops, encouraged greater 
use of synthetic chemical pesticides, and limited 
the use of the newest genetic engineering tech-
nology mainly to larger, private-sector developers 
that can absorb the substantial regulatory costs.

The vast majority of the acreage of plants made 
with recombinant DNA technology has been limited 
to huge-scale commodity crops. Even so, and in 
spite of discriminatory, burdensome regulation, 
their success has been impressive. Worldwide, 
these new varieties have provided “very significant 
net economic benefits at the farm level amounting 
to $18.8 billion in 2012 and $116.6 billion for the 

17-year period” from 1996 to 2012, according to a 
report by PG Economics, Ltd, titled, “GM Crops: 
Global Socio-economic and Environmental Impacts 
1996-2012, released in May 2014. Under the Toxic 
Substances Control Act (TSCA), the EPA regulates 
chemicals other than pesticides. Characteristically, 
in devising an approach to genetically engineered 
organisms, EPA chose to exercise its statutory discre-
tion in a way that ignores scientific consensus but 
expands its regulatory scope. The agency focused on 
capturing for review any “new” organism, defined as 
one that contains combinations of DNA from sources 
that are not closely related phylogenetically. For the 
EPA, “newness” is synonymous with risk. As genetic 
engineering techniques can easily create new gene 
combinations with DNA from disparate sources, 
EPA concluded that these techniques therefore 
“have the greatest potential to pose risks to people 
or the environment,” according to the agency press 
release that accompanied the rule. Using TSCA, 
EPA decided that genetically modified microor-
ganisms are “new chemicals” subject to pre-market 
approval for testing and commercial release.

But the EPA’s statement is a non sequitur. The 
particular genetic technique employed to construct 
new strains is irrelevant to risk, as is the origin of 
a snippet of DNA that may be moved from one 
organism to another. What matters is its function. 
Scientific principles and common sense dictate 
the questions that are central to risk analysis for 
any new organism. How hazardous is the origi-
nal organism from which DNA was taken? Is it a 
harmless, ubiquitous organism found in garden soil, 
or one that causes illness in humans or animals? 
Does the added genetic material code for a potent 
toxin? Does the genetic change merely make the 
organism able to degrade oil more efficiently, or 
does it have other effects, such as making it more 
resistant to being killed by antibiotics or sunlight? 

Like APHIS, the EPA ignored the scientific 
consensus holding that modern genetic engineering 
technology is essentially an extension, or refinement, 
of earlier, cruder techniques of genetic modifica-
tion. In fact, the National Research Council’s 1989 
report observed that, on average, the use of the 
newest genetic engineering techniques actually 
lowers the already minimal risk associated with 
field testing. The reason is that the new technol-
ogy makes it possible to introduce pieces of DNA 
that contain one or a few well-characterized genes, 
while older genetic techniques transfer or modify 
a variable number of genes haphazardly. All of this 
means that users of the new techniques can be more 
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certain about the traits they introduce into the 
organisms. The newer genetic engineering tech-
niques allow even greater certainty about the traits 
being introduced and the precise location of those 
introduced traits in the genome of the recipient.

The bottom line is that organisms crafted with 
the newest, most sophisticated and precise genetic 
techniques are subject to discriminatory, exces-
sive, burdensome, and costly regulation. Research 
proposals for field trials must be reviewed case by 
case, and companies face uncertainty about final 
commercial approvals of products down the road 
even if the products prove to be safe and effective.

The newest molecular breeding techniques 
have created anxiety at EPA, where there are 
internal pressures to declare that all forms of 
molecular modification create “new chemicals,” 
which would expand the agency’s regulatory 
reach still further under TSCA. If EPA were to 
adopt this “new chemicals” approach, there is 
legitimate concern that products from these new 
techniques could face the same fate as recombi-
nant DNA-modified microorganisms: EPA has 
approved only one such microorganism since it 
declared them to be new chemicals in 1997.

Concurrently, EPA is considering an expansion 
of its FIFRA power, perhaps through the concept 
of “plant regulators,” to capture crops and products 
from the newest molecular modification techniques. 
In an EPA document published in May 2014, the 
agency received advice favoring the treatment of 
many uses of RNA interference technology as a 
pesticide, in spite of the testimony of Craig Mello—
who discovered RNA interference, which won 
him the Nobel Prize for Physiology or Medicine 
in 2006—that the use of RNAi technology per se 
is inherently of very low risk and should elicit no 
incremental regulatory oversight. Similarly, James 
Carrington, president of the Donald Danforth 
Plant Science Center, testified to the “intrinsic 
non-hazardous properties of diverse RNA types,” 
stating that “there is no validated scientific evidence 
that [RNAi] causes or is even associated with ill 
effects. . . in humans, mammals, or any animals 
other than certain arthropods, nematodes, and 
certain microbes that consume or invade plants.”

Science suggests rational alternatives
There are far more rational—and proven—alter-
natives to the current unscientific regulation of 
genetic engineering. Indeed, science shows the way. 
For more than two decades, the Food and Drug 
Administration (FDA) has had a scientific, risk-

based approach toward “novel foods” made with 
any technology. Published in 1992, the statement of 
policy emphasized that the agency’s Center for Food 
Safety and Nutrition does not impose discrimina-
tory regulation based on the use of one technique or 
another. The FDA concluded that greater scrutiny is 
needed only when certain safety issues arise. Those 
safety issues include the presence of a completely 
new substance in the food supply, changes in a 
macronutrient, an increase in a natural toxicant, 
or the presence of an allergen where a consumer 
would not expect it. In addition, FDA has properly 
resisted calls for mandatory labeling of genetically 
engineered foods as not materially relevant infor-
mation under the federal Food, Drug and Cosmetic 
Act, and as not consistent with the statutory require-
ment that food labeling must be accurate and not 
misleading. (As discussed above, another scientific 
and risk-based approach to regulation is the USDA’s 
long-standing treatment of potential plant pests.)

However, FDA has been less successful with 
its oversight of genetically engineered animals. In 
1993, developers of a faster-maturing genetically 
engineered salmon—an Atlantic salmon contain-
ing a particular Pacific Chinook salmon growth 
hormone gene—first approached FDA. After 15 
years of indecision, in 2008 the FDA’s Center for 
Veterinary Medicine decided that every genetically 
engineered animal intended for food would be 
evaluated as a veterinary drug and subjected to the 
same premarket approval procedures and regula-
tions as drugs (such as pain relievers and anti-flea 
medicines) used to treat animals. The rationale 
offered was that a genetically engineered construct 
“that is in a [genetically engineered] animal and is 
intended to affect the animal’s structure or func-
tion meets the definition of an animal drug.” But 
this explanation conveniently ignores the science, 
the FDA’s own precedents, and the availability 
of other, more appropriate regulatory options.

Adoption of the FDA’s existing approach to foods 
(which is far less protracted and intensive than 
that for veterinary drugs) would have sufficed and 
should have been applied to genetically engineered 
animals intended for consumption. Instead, FDA 
interpreted its authority in a way that invokes a 
highly risk-averse, burdensome, and costly approach. 
The impact has been devastating: The FDA has not 
approved a single genetically engineered animal for 
food consumption. An entire, once-promising sector 
of genetic engineering has virtually disappeared.

Genetically engineered animals were first devel-
oped 30 years ago in land-grant university laborato-

Ajay Malghan
Subway Pepperoni 3, 
2013 

Chromogenic print,  
30 x 40 inches



72   ISSUES IN SCIENCE AND TECHNOLOGY

ries. Those animal science innovators have grown 
old without gaining a single approval for their work. 
Many academic researchers who have introduced 
promising traits into animals have moved their 
research to other nations, particularly Brazil. Many 
younger animal scientists have simply abandoned 
the field of genetically engineered animals. As for 
the faster-growing salmon, the FDA (and also, 
recently, the Obama White House) has kept it in 
regulatory limbo while imposing costs of more than 
$75 million on its developers. And there appears 
to be no regulatory resolution in sight for this safe, 
nutritious, environmentally beneficial alternative to 
the depletion of dwindling wild stocks of ocean fish.

The types of newer genetic engineering tech-
niques emerging since the days of recombinant DNA 
technology that yielded the faster-growing salmon 
seem unlikely to fare any better at FDA. For exam-
ple, a University of Minnesota animal scientist has 
used the TALENs technique to transfer an Angus 
beef cow gene for the hornless (polled) trait into the 
Holstein dairy cattle breed. This genetic modifica-
tion provides greater animal welfare for dairy cattle 
(i.e., avoidance of dehorning) and greater safety for 
dairy farmers (i.e., avoidance of being gored). But 
FDA has refused to consider the genetically engi-
neered Holsteins under the same approach it uses 
for genetically engineered foods. Rather, FDA has 
asserted that the genetically engineered Holstein 
cattle contain a “new animal drug” and that, there-
fore, the animals cannot be released or marketed 
until a new animal drug approval is granted.

The federal Fish and Wildlife Service (FWS) 
offers another example of anti-genetic engineering 
policies. Beginning in 2006, a nongovernmental 
health and environmental advocacy organiza-
tion called the Center for Food Safety initiated a 
litigation campaign to force FWS to ban geneti-
cally engineered organisms from national wild-
life refuges. The center argued that permitting 
the cultivation of genetically engineered crops 
constituted a “major federal action” that required 
environmental studies under the National Envi-
ronmental Policy Act and compatibility studies 
under the National Wildlife Refuge Systems Act 
and the National Wildlife Refuge Improvement 
Act. FWS barely contested these allegations, and its 
own biologist testified inaccurately that genetically 
engineered agricultural crops posed significant 
environmental risks of biological contamination, 
weed resistance, and damage to soils. Not surpris-
ingly, the courts ruled in the plaintiff ’s favor.

Given FWS’s obvious lack of familiarity with 

genetic engineering and its officials’ apparent 
unwillingness to do the necessary homework, it is 
understandable that FWS did not respond appro-
priately to these court rulings. Instead of using its 
statutory authority to create categorical exemp-
tions, which would have allowed modern farming 
practices on refuge lands, FWS banned genetically 
engineered crops for two years and convened a 
Leadership Team to determine whether such plants 
were “essential to accomplishing refuge purpose(s).” 
On July 17, 2014, FWS answered in the negative. 
Consequently, beginning January 1, 2016, FWS 
will ban genetically engineered plants from its 
refuges. Thus, not only did FWS reject science, but 
it ignored the enhanced resilience and environmen-
tal benefits that genetic engineering can foster.

Epilogue
Is there any reason for optimism about the future? 
Will reasonableness emerge suddenly in agencies’ 
oversight of recombinant DNA technology? How 
will the various regulatory agencies approach 
the newest refinements of genetic engineering? 
How will they respond to synthetic biology?

The opportunity costs of unnecessary regula-
tory delays and inflated development expenses are 
formidable. As David Zilberman, an agricultural 
economist at the University of California, Berkeley, 
and his colleagues have observed, “The foregone 
benefits from these otherwise feasible production 
technologies are irreversible, both in the sense that 
past harvests have been lower than they would 
have been if the technology had been introduced 
and in the sense that yield growth is a cumulative 
process of which the onset has been delayed.”

The nation has already foregone significant 
benefits because of the over-regulation and discrim-
inatory treatment of recombinant DNA technology. 
If we are to avoid repeating those mistakes for newer 
genetic modification technologies and synthetic 
biology, we must have more scientifically defensible 
and risk-based approaches to oversight. We need 
and deserve better from governmental regulatory 
agencies and from their congressional overseers.

Henry I. Miller (henry.miller@stanford.edu), a 
physician, is the Robert Wesson Fellow in Scientific 
Philosophy and Public Policy at Stanford University’s 
Hoover Institution. He was the founding director 
of the Office of Biotechnology at the FDA. Drew L. 
Kershen is the Earl Sneed Centennial Professor of Law 
(Emeritus), University of Oklahoma College of Law, in 
Norman, OK.
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Annual scientific 
gatherings can be sleepy affairs, with their succes-
sion of jargon-laden PowerPoint presentations. But 
there was a nervous buzz at the start of the 2014 
conference of the Western Society of Naturalists 
in mid-November, in Tacoma, Washington. The 
first morning would feature two titans of ecology 
squaring off over the future of conservation. 

It wasn’t billed that way, and neither man wanted 
to cross swords in a public forum. But the expectant 
crowd knew that Peter Kareiva, the chief scientist 
for The Nature Conservancy (TNC) and Michael 
Soulé, a founding father of conservation biology, had 
become unlikely adversaries in the past few years. 

Their fight, which has divided the ecological 
community, centers on whether conservation 
should be for nature’s sake or equally for human 
benefit. Strong voices in both camps have joined 
the fray and triggered a war of words in journals 
and on op-ed pages. Some of it has turned ugly. A 
week before Soulé and Kareiva would face off in 
front of 600 young ecologists (many of them still in 
college) at the Tacoma conference, an article call-
ing for unity was published in the journal Nature.

“Unfortunately, what began as a healthy debate, 
has, in our opinion, descended into vitriolic, 
personal battles in universities, academic confer-
ences, research stations, conservation organiza-
tions, and even the media,” the piece lamented. 

“We believe that this situation is stifling productive 
discourse, inhibiting funding and halting prog-
ress.” The commentary was authored by Heather 
Tallis, lead scientist for The Nature Conservancy, 
and Jane Lubchenco, a distinguished marine ecol-
ogist and former head of the National Oceanic and 
Atmospheric Administration during the first term 
of the Obama presidency. More than 200 environ-
mental scientists added their names as signatories.

Soulé and Kareiva did not fan the flames of this 
acrimonious debate during their appearances in 
Tacoma. They skirted the fault lines that were shak-
ing the foundations of their field. But Kareiva at one 
point alluded to the controversy. “There’s a dialogue 
going on now,” he said, vaguely. It is about “how 
useful our science is and what we’ve been doing.”

Actually, that’s the dialogue Kareiva wants to have. 
He wants the discussion to be about how nature 
is getting reshuffled in our human-dominated era 
(what some refer to as the Anthropocene) with its 
global transformation of landscapes, oceans, and 
the climate, and how this requires new conservation 
tools and approaches. The old ways of protecting 
nature, which many of his colleagues still swear by, 
aim to keep nature separate from humans. This is 
misguided, Kareiva has argued, and also untenable 
on a planet of seven billion people. He challenged the 
audience of young ecologists to think outside the box 
of traditional conservation.

K E I T H K LO O R

The Battle  
for the Soul  
of Conservation  
Science
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Ecologists were once 
united in the belief that 
species preservation 
meant keeping nature 
separate from humans. 
Today that belief seems 
to be giving way to the 
idea that if biodiversity 
is to flourish, it must 
do so in a human-
dominated world.

Soulé, however, wanted to keep them focused 
on a familiar model. “Ecologists like national parks 
because it’s the only place where large predators 
survive, and only where large predators survive 
is where biological diversity is rich,” he said. 

If this is true (there is considerable disagreement 
on that assertion), then what of all the nature that 
exists outside the boundaries of a remote national 
park, protected wilderness area, or wildlife refuge? 
What of the nature in suburban backyards, urban 
green spaces, farms, and ranches? Is that less 
desirable and less meaningful to ecologists? Kareiva 
doesn’t think so, but Soulé’s preferred model—the 
dominant model in conservation—has boxed in 
ecologists. It has narrowed how they view nature 
and it has narrowed their options for protecting it. 

These are issues that the future ecologists at 
the Tacoma conference were already wrestling 
with. They know their field is at a crossroads. 
Their leaders were wrangling over how best to 
preserve the last vestiges of the natural world on 
a domesticated planet. The future of conserva-
tion was up for grabs. Some of the key visionar-
ies were on the stage, in the form of Kareiva and 
Soulé. But what future were they pointing to? 

Conflicting science, conflicting values
Three decades ago, Michael Soulé was at the fore-
front of a battle to save nature from humanity. He 

and other ecologists had begun to articulate the 
concept of biodiversity as a focal point in conser-
vation. In 1985, Soulé published a seminal essay, 
called “What is Conservation Biology?” The article 
helped define the then-emerging field of ecological 
research and application. It was an ethically imbued 
science with an underlying precept: plants, animals, 
and ecosystems had intrinsic value. This bio-centric 
ethic called for nature to be protected from human 
activities, which, as Soulé wrote, had unleashed a 
“frenzy of environmental destruction” that “threat-
ened to eliminate millions of species in our lifetime.”

In the mid-1980s, as Soulé began laying the 
groundwork for a new professional organiza-
tion—the Society for Conservation Biology—Peter 
Kareiva was immersed in fieldwork studying the 
dynamics of predator-prey insect populations. 
Kareiva had just joined the zoology department 
at the University of Washington and had started 
trekking out to Mount St. Helens, five years after 
its volcano erupted. He watched new ecological 
life slowly emerge on the denuded, lava-scorched 
landscape. This frontline view planted a nagging 
thought in Kareiva’s mind: perhaps nature, which 
green rhetoric often depicts as fragile, was more 
resilient than he and his colleagues realized.

Other environmental matters beckoned, however. 
Many of Kareiva’s fellow ecologists felt that nature 
was under siege—from unchecked mining, logging, 
fishing, and the whole sprawling footprint of human 
development—and they joined the fight to preserve 
biodiversity. Kareiva, too, was soon drawn to the 
battlefront. In the early 1990s, he testified as a lead 
witness for environmentalists who sued to curtail 
logging in large swaths of old growth forest in the 
Pacific Northwest. The media dubbed it the Spot-
ted Owl War, because greens used the bird—and 
its nesting habitat—as a symbolic and legal lever. 
Kareiva’s testimony in the case helped protect the 
spotted owl from human encroachment—just as 
conservation biology’s ethic of intrinsic value had 
called for—but he was discomfited in the Seattle 
courtroom by all the loggers sitting quietly in the 
rear, many with their kids on their laps. The fathers 
held placards that read: “You care more about owls 
than my children.” That sight stayed with him. 

Over the next two decades, Soulé and Kareiva—
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who has been TNC’s chief scientist since 2002—
would be occupied by the same concern—the erosion 
of functional ecosystems that supported a diverse 
array of species. 

Yet their journeys as defenders of nature have led 
them down different paths. At the outset of his talk 
during the Tacoma conference, Soulé, now in his 
mid-70s, seemed perplexed by this turn. “That’s the 
irony of this particular discussion,” he said. “We all 
want the same thing. We want a good life, we want 
to be happy, and we want to protect biodiversity.”

The problem, he went on to suggest, is that 
everyone wants a good life—meaning the rest 
of the world. “The more people there are, the 
wealthier they are, the more they consume and 
pollute, the less opportunity there is going to be 
for other life forms on the planet,” he said.

Soulé, it’s worth noting, got his Ph.D. at Stanford 
in the 1960s, where he studied population biol-
ogy  under Paul Ehrlich, an influential early voice 
in the contemporary environmental movement. 
Ehrlich’s best-selling 1968 book, The Population 
Bomb, prophesied global eco-doom if the world’s 
population was not significantly reduced. Concerns 
about overpopulation framed the green discourse 
for a generation. When Soulé laid out his mani-
festo for conservation biologists in the 1980s, he 
portrayed humanity as the wrecking ball laying 
waste to earth—and what was left of wild nature.

He still feels that way. “This is not a great time to 
be a conservationist,” he said glumly to the future 
ecologists assembled in Tacoma.

Kareiva is neither pessimistic nor sunny about 
the state of the world. To him, it just is what it is. He 
doesn’t downplay threats to biodiversity, but he is 
tired of the unceasing gloom-and-doom narrative 
that environmentalism has advanced for the past 
quarter century.

He also believes that the eco-apocalyptic mind-
set has infected the field of conservation biology 
with an unhealthy bias. Sometimes, he says, science 
paints a different picture than that which conser-
vation biologists want the public to see. “I have 
been an editor of major journals for thirty years, 
handling papers on migratory bird declines, salmon, 
marine fisheries, extinction crises, and so on,” he 
told me. “An article that confirms doom is never 

critiqued. Any article that reports things are not so 
bad gets hammered. It is very discouraging to me.”

He recalls one particular episode regarding a paper 
published twenty years ago in the journal Ecology. 
Its finding contradicted widely held assumptions 
that neotropical warblers were declining. “It was 
reviewed unprofessionally and viciously because 
folks worried it would undermine efforts to reduce 
tropical deforestation. I have seen this over and 
over again.” The conservation community, he says, 
“is plagued with an astonishing confirmation bias 
that does not allow questioning of anything.”

The field’s premier journal, Conservation Biology, 
was rocked in 2012 by similar charges of politi-
cized interference when its editor was fired after 
she had tried “removing advocacy statements from 
research papers,” as an article in Science reported. 

It was around this time that Kareiva and some of 
his colleagues began calling for new approaches to 
conservation. In an essay published in BioScience, 
he and Michelle Marvier, an ecologist at Santa Clara 
University, wrote: “Forward-looking conservation 
protects natural habitats where people live and 
extract resources and works with corporations to 
find mixes of economic and conservation activities 
that blend development with a concern for nature.”

Leading figures in the ecological community 
were aghast. The essay explicitly challenged Soulé’s 
founding precepts for conservation biology, which 
established the field as a distinctly nature-centric 
enterprise. It was not intended to accommodate 
human needs or corporate interests. In a rebuttal 
published in Conservation Biology, Soulé charac-
terized Kareiva and Marvier’s view as “a radical 
departure from conservation.” We humans, he wrote, 
“already control more than our fair share of earth’s 
resources . . . . [T]he new conservation, if imple-
mented, would hasten ecological collapse globally, 
eradicating thousands of kinds of plants and animals.”

Kareiva is a lightning rod for criticism because 
of his high profile position at The Nature Conser-
vancy, which is the largest and  richest environmental 
organization in the world. He is also outspoken. In 
one public talk, he marveled at nature’s ability to 
rebound from industrial disasters, such as oil spills. 
He wasn’t condoning such actions; he just thinks 
that in some cases his peers conveniently overlook 
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an ecosystem’s resilience because it contradicts 
the fragile nature narrative that has shaped envi-
ronmental discourse and politics. Additionally, 
Kareiva has come to believe it is better to work 
with industry than against it—so as to influ-
ence its practices. (This is what TNC has done 
of late, in partnering with Dow Chemical and 
other companies on environmental restoration 
projects). “Conservation is not going to succeed 
until we make business our friend,” he has said. 

The more Kareiva talks like this, the angrier 
he makes some of his esteemed peers. They have 
already been on the warpath. In 2013, Soulé, along 
with Harvard biologist E.O. Wilson and others, sent 
a letter to TNC President Mark Tercek, complaining 
about Kareiva. They slammed his views as “wrong-
headed, counterproductive, and ethically dubious.”

The onslaught has not let up. Last year, an article 
in the journal Biological Conservation by Duke 
University ecologist Stuart Pimm likened Kareiva 
to a prostitute doing the bidding of industry. 

The recent commentary in Nature, with 
its 200-plus signatories from the ecological 
community, sought to cool passions and tamp 
down the debate’s derogatory tone. The authors 
pleaded for “a unified and diverse conservation 
ethic,” one that accepts all philosophies justify-
ing nature protection, including those based on 
moral, aesthetic, and economic considerations. 
They asked for ecologists to look back to the 
historic roots of conservation for guidance.

The roots of biodiversity protection
In the early 1900s, when President Theodore Roos-
evelt was establishing national parks and wildlife 
refuges, ecology had not yet become a formalized 
science. People viewed the natural world from 
a largely aesthetic or utilitarian perspective.

John Muir, the Sierra Club founder who 
famously went camping with Roosevelt in Cali-
fornia’s Yosemite National Park, worshipped 
nature. It was his church. “The clearest way into 
the Universe is through a forest wilderness,” he 
wrote in his journals. Roosevelt, an avid outdoors-
man, venerated nature, too. But he also viewed 
it as a valuable “natural resource”—trees for 
timber, rivers for fishing, wildlife for hunting. 

These two worldviews—valuing nature for 
itself and for human purposes—have long 
framed dual approaches to conservation. 

By the 1930s, the chasm between the intrinsic 
and utilitarian perspectives was bridged by the 
forester Aldo Leopold. He advanced a more holistic 
perspective of the natural world, and believed that 
anyone who valued nature, irrespective of motive, 
should hold an ethic that “reflects an ecological 
conscience.” This was morally inscribed in his famous 
“land ethic,” which, for many, became a guiding 
maxim: “A thing is right when it tends to preserve 
the integrity, stability, and beauty of the biotic 
community. It is wrong when it tends otherwise.”

Two parallel developments at this time—one in 
the emerging science of ecology and the other in the 
U.S. wilderness preservation movement—combined 
with Leopold’s philosophy to shape attitudes toward 
nature and conservation for decades to come. Ecol-
ogists believed then that healthy ecosystems were 
closed, self-regulating, and in equilibrium. Distur-
bances, in the form of weather, fires, or migrating 
organisms, were not yet factored in, except when 
the disturbance was thought to be human-in-
duced, in which case the prevailing belief was that 
the system was thrown off its normal balance.

This model of stable ecosystems that needed 
to be guarded against human disturbance 
(such logic, of course, meant that humans must 
exist outside nature), gave scientific impe-
tus to the cause of wilderness preservation.

Most ecologists have since discarded the 
“balance of nature” paradigm. But as the environ-
mental writer Emma Marris noted in her recent 
book Rambunctious Garden, “The notion of a 
stable, pristine wilderness as the ideal for every 
landscape is woven into the culture of ecology and 
conservation—especially in the United States.”

In a paper he is readying for publication, Kareiva 
writes that the balance-of-nature paradigm has been 
“at the core of most science-driven environmental 
policy for decades.” But the paradigm goes deeper 
than just the science. American attitudes towards 
nature have been strongly influenced by iconic 
authors, from Thoreau and Muir to Leopold and 
Edward Abby, the grizzled nature writer whose books 
celebrated the stark beauty and loneliness of South-
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western desert landscapes. Many people looking to 
commune with nature go in search of transcendent 
outdoor experiences; they venture into a human-
free landscape—the wilderness—to experience 
what seems to be nature in its truest, purest state. 

This mindset took on added ecological value 
when concerns about endangered species came to 
the fore in the 1960s and 1970s. Designated wilder-
ness and national parks—be they forests, prairies, 
or wetlands—helped preserve habitat for imper-
iled species. The sanctuary model extended itself 
further when conservation biologists in the 1980s 
began identifying the significance of ecological 
processes and a wider community of plants and 
animals. This new strand of ecology-based conser-
vation had one key tenet: genuine nature, the kind 
that contains biodiversity, is devoid of people.

These Western-style ideas of ecological conser-
vation were exported by ecologists, environmental-
ists, and policymakers who pushed for the estab-
lishment of national parks and nature preserves 
in Africa, Asia, and Latin America. It was the 
wilderness model of nature protection gone global. 
Yet numerous studies have shown that even as 
more parcels of land have been set aside around 
the world (equaling 10 to 15 percent of the earth’s 
land mass) global biodiversity in the protected 
areas continues to decline. How could that be? 

In his 2009 book, Conservation Refugees, the 
investigative journalist Mark Dowie, who had been 
covering environmental issues for decades, reported: 
“About half the land selected for protection by the 
global conservation establishment over the past 
century was either occupied or regularly used by 
indigenous peoples.” Much as the loggers of the 
Pacific Northwest depended on the forests for their 
livelihoods, so had these local inhabitants depended 
on the now-protected lands to forage, hunt, or 
graze their livestock. The people were part of the 
ecosystem. Removing them had consequences. 

In 2013, the International Journal of Biodiver-
sity published a meta-review of national park case 
studies from Africa. It found that the creation of 
protected areas in African countries has resulted 
in the killing of wildlife “by local people as a way 
of protesting the approach.” There are other factors 
that have undermined the effectiveness of national 

parks in the developing world for protecting biodi-
versity, such as regional climate change and insuf-
ficient funding for oversight. But it is the “fortress 
conservation” aspect that has turned many people 
who had been living with nature into enemies of 
nature. As Dowie noted in his book, “some conser-
vationists have learned from experience that national 
parks and protected areas surrounded by angry, 
hungry people…are generally doomed to fail.”

Embracing the Anthropocene
Last spring, Kareiva emailed me an intriguing paper 
that had just been published in Science. Research-
ers had sought to quantify the decline of species 
diversity in 100 localized, ecological communities 
across the world. Globally, there was no question, 
as the authors were careful to point out, that biodi-
versity was being lost. They had thus assumed that 
the global trend would be mirrored at the local 
level. “Contrary to our expectations, we did not 
detect systematic [diversity] loss,” the scientists 
wrote. What they found, instead, was much evidence 
of ecological change that altered the composi-
tion of species, but not its richness or diversity.

It’s the kind of result that many conservation 
biologists would probably find maddening. Kareiva, 
though, was fascinated by the implication. “Think 
about it,” he said. “If you live to be 50, one out of 
two species you saw in your back woodlot will have 
been swapped out for a different species—but the 
number of species would not have declined.”

This, he believes, is the flip side of the Anthropo-
cene that ecologists need to consider. Most talk about 
the future morosely; they expect a huge chunk of the 
Earth’s biological heritage to disappear, which may 
well turn out to happen, and on the scale of our own 
lives may feel to us like a terrible loss. But that’s only 
part of the story, Kareiva says, the one that everybody 
dwells on. Rather, he wonders, what if we thought of 
the Anthropocene “as a creative event? What would 
emerge from it?” This is a striking departure from the 

This new strand of ecology- 
based conservation had  
one key tenet: genuine nature,  
the kind that contains  
biodiversity, is devoid of  
people.
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conventional view of the Anthropocene as an eco- 
catastrophe, a kind of mass extinction event. Kareiva 
is not wishing for or welcoming such an outcome, 
but he does note: “Every other mass extinction led 
to a burst of profound evolution afterwards.”

This is a provocative, unsettling perspective. But 
Kareiva is not the only scientist thinking this way. 
In a 2013 commentary for Nature, Chris Thomas, a 
conservation biologist at Britain’s University of York, 
discussed the Anthropocene as a potential boon for 
biodiversity. “Populations and species have begun to 
evolve, diverge, hybridize, and even speciate in new 
man-made surroundings,” he wrote. “Evolutionary 
divergence will eventually generate large numbers 
of sister species on the continents and islands to 
which single species have been introduced.”

Other scientists and writers, including Emma 
Marris, have been talking enthusiastically about 
the creation of “novel” ecosystems in the Anthro-
pocene. This view involves the acceptance of some 
invasive species as beneficial to biodiversity. It 
also involves an active human hand in molding 
ecological communities. At the Tacoma confer-
ence, Kareiva told the ecology students to think 
about their possible role in terms of “promoting 
the creativity of nature.” Where Soulé gushed about 
“love for nature” as his core value, Kareiva talked 
about a “sense of wonder” as his inspiration.

For sure, Kareiva acknowledged, the future was 
going to be tumultuous, especially with climate 
change bearing down on the world. Conserva-
tion in the Anthropocene would be challenging. 
“We may have to move species around, work with 
novel ecosystems and take some delight” in new 
hybrid species, he said to the young ecologists. 

This is a bitter pill to swallow for Soulé and his 
generation of traditional conservationists. Near 
the end of his talk, he admitted how hard it was 
for people—even scientists—to accept new ways of 
thinking. “Science is always moving ahead, science 
progresses,” he said. “But that doesn’t mean scientists 
do. Scientists like me have an idea when they are about 
20 to 25 years old, and that idea dominates the rest 
of their life and they never change their minds.” This  
was an indirect way of acknowledging that science 
and personal beliefs are intertwined. Forty years ago, 
the culture of conservation—and the science that 

supported it—was decidedly eco-centric, a worldview 
deeply influenced by green politics and philosophy. 
Now that there’s some kind of shift underway in the 
values and in the science, Soulé finds himself clinging 
to the world that shaped him.

But what he said next to the young ecologists in the 
audience indicated that he knew change was coming, 
and could accept what such evolution might bring: 
“Fortunately, natural selection abides in the wild—
and in universities, so they are constantly bringing in 
younger, more mentally flexible scientists and that’s 
what I hope many of you become.”

Keith Kloor (keith.kloor@gmail.com) is a freelance  
journalist based in Brooklyn, NY.
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T     
he online art exhibit Un-Natural 
Nature explores the changing 
relationship between us and nature 
through the lens of the arts. The 
curator, Danielle Kalamaras, writes, 
“Nature today is a push and pull 

between preservation and expansion. As 
urban sprawl continues to domineer, the 
organic world is transitioning from a natural 
occurrence to a corralled phenomenon…. 
As nature gives way to a growing man-made 
jungle, how does this affect our reflection  
of the sublime? Un-Natural Nature explores 
the ever-changing landscapes of a 21st-
century world.” 

A virtual exhibit at SciArt Center
curated by Danielle Kalamaras

 Nature
Un-Natural 

Ellen Levy
New Niche-3, 2013
Archival algorithmic 
print, 60 x 40 inches

Jennifer Parker and 
Gene Felice
Oceanic Scales, 2013
Past exhibitions: Digital 
Arts Research Center & 
Santa Cruz Wharf.



Olga Alexander
Synaptic Incubations of 
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Mixed media,  
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Bojana 
Gligorijevic
Connections, 2014
Mixed media 

Julian Voss-Andreae
Spannungsfeld, 2014
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Un-Natural Nature is one of many recent 
projects organized by the SciArt Center 
of New York. In an effort to foster better 
communication and understanding 
between artists and scientists, this 
relatively new organization publishes 
a bi-monthly online magazine called 
Sci Art in America, organizes pop-up 
exhibitions in New York City, and 
coordinates other programs in an 
attempt to foster interest in and 
interactions between disciplines. 
According to its founder, Julia Buntaine, 
“With the pursuit of scientific and 
artistic understanding within the larger 
paradigm of intellectual unity, SciArt 
Center will encourage the connectivity 
and transdisciplinary approaches 
needed for the 21st century.”

The exhibit and online catalogue can 
be viewed at http://read.uberflip.
com/i/383524 or by visiting the SciArt 
Center’s webpage at http://www.
sciartcenter.org
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Oh, the Humanities!
Excellent Sheep: The 
Miseducation of the 
American Elite and the 
Way to a Meaningful Life
by William Deresiewicz. New 
York: Free Press, 2014, 256 pp.

College: What It Was, 
Is, and Should Be
by Andrew Delbanco. Princeton: Princeton 
University Press, 2012, 248 pp.

Deborah Poskanzer

O
ne of the side effects of 
the financial implosion of 
2008 has been an explo-
sion of books bemoaning 
the demise of the Amer-
ican model of liberal arts 

education. Given that a college degree is 
the sine qua non for membership in the 
national “elite,” it should not surprise us 
that the economic shock has provoked 
a reexamination of the institution that 
seems to provide the most reliable intel-
lectual and social capital for succeeding 
in tumultuous times. Previous surges of 
concern about the mission and struc-
ture of undergraduate education have 
tracked with similar periods of disrup-
tion and fluidity: rapid industrialization 
and immigration after the Civil War, the 
Great Depression of the 1930s, and the 
vast expansion of the middle class after 
the Second World War segueing into 
the schisms of the 1960s. Analysis of the 
critical gateway to the leadership class—
who attends, who teaches, who pays—is 
a way of charting the winners and losers 
in the scrum for wealth and influence. 

Large economic and demographic 
shifts not only disrupt the distribution 
of wealth and power, they also force a 
recalibration of social values pertaining 
to things like mobility versus stability, 
material acquisition versus frugality, even 
grace and humility versus striving and 
self-promotion. Most writers on higher 
education believe that college is the 
proper moment to push youth towards 
a consideration of such big questions 
of value, meaning, and purpose; they 
further view the curriculum as providing 
the tools for meaningful contemplation 
of a life well lived. High enrollments in 
economics classes, but low in literature, 
lots of computer science but no anthro-
pology: in uncertain times, books on 
higher education scrutinize these trends 
like tea leaves in the hopes of understand-
ing the kind of society we are becoming. 

Our twenty-first century institutions 
of higher education must contend with 
spiraling costs, increasing class size, 
competition from massive open online 
courses (MOOCs), and the desertion 
of humanities majors in favor of “prag-
matic” subjects such as business, statis-
tics, or economics. Those are simply the 
intra muros problems; outside the walls 
are toxic political partisanship, a severe 
contraction of support for public goods 
(including education), and the return 
to a level of wealth inequity not seen 
for a century. Not surprisingly, then, 
the current analyses cover, to a greater 
or lesser extent, the interconnections 
between liberal arts education, the 
preservation of a healthy democratic 
process, and the restoration of a just and 
equitable society. The perceived impor-
tance of these concerns is clear from the 
big guns crowding the field: representa-
tive titles from the last six years include 
Higher Education in America (Derek Bok, 
former president of Harvard) Beyond the 
University: Why Liberal Education Matters 

(Michael Roth, president of Wesleyan): 
Higher Education in the Digital Age 
(William Bowen, former president of 
Princeton); Higher Education? How 
Colleges Are Wasting Our Money and Fail-
ing Our Kids (Andrew Hacker and Clau-
dia Dreifus); Unmaking the Public Univer-
sity: The Forty-Year Assault on the Middle 
Class (Christopher Newfield); Not for 
Profit: Why Democracy Needs the Human-
ities (Martha Nussbaum); The Market-

place of Ideas: Reform and Resistance in 
the American University (Louis Menand); 
and numerous essays and reviews by the 
eminent historian Anthony Grafton.

Simply put, a liberal arts education 
(or else the study of the humanities: not 
the same thing, though often treated 
as if it were) is seen by most of these 
writers as an essential training ground in 
democracy. (Yet most of the books do not 
address the demise of civics instruction in 
elementary and secondary schools, which 
seems to me a more important question.) 
The exact ingredients of the secret sauce 
vary by author, but they generally agree 
that small classroom discussion, under 
the guidance of an engaged instructor, 
creates the set of mental habits we call 
civic virtue: a spirit of inquiry and critical 
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thinking, altruism, and service. Prac-
tices of good citizenship are reinforced 
through interaction with students from 
diverse racial, economic, and cultural 
backgrounds, who gather as equals within 

the classroom by virtue of need-blind, 
merit-based admissions. Equally import-
ant is individual self-knowledge, born 
of quiet, contemplative learning, which 
is (turning outward again) a critical 
component of empathy. These ideals are 
under assault by economic forces. The 
commodification of the educational expe-
rience means more money for facilities 
and less for teaching. The drive for profit 
and efficiency means larger class sizes, 
contingent labor too ill paid to provide 
mentoring, and the unholy combination 
of virtual classrooms and robo-grading. 
A weak economy has strengthened the 
instrumental notion of higher education 
(finding a good job) at the expense of 
the moral or spiritual one (becoming a 
wise/good/happy person). Finally, the 
declining fortunes of the middle class 
(not to mention rising poverty) and the 
scarcity of affordable loans means we 
are on the way to a two-track system of 
higher education: the top quintile mingle 
only with each other in the best schools; 
the rest are relegated to poorly funded 
institutions of mass education, assuming 
they pursue higher education at all. 

Andrew Delbanco and William 
Deresiewicz stake out the same corner 
of this gloomy landscape: the changing 

nature of undergraduate education at 
“elite” institutions. The authors know 
whereof they speak: both were educated 
entirely in the Ivy League, Delbanco at 
Harvard and Deresiewicz at Columbia. 
Delbanco is a leading expert on Melville 
with tenure at Columbia, one of the few 
remaining schools that insist on familiar-
ity with the Western canon as the basis 
of cultural literacy. Deresiewicz was an 
Austen scholar at Yale until leaving the 
academy after being denied tenure. His 
subsequent career as a pundit began with 
a shot across the bow of the ship that cast 
him adrift, in the form of a 2008 essay 
“The Disadvantages of an Elite Educa-
tion.” Sheep is that essay padded out to 
book length. (When an advance excerpt 
of the book appeared last summer it 
became the most forwarded article ever 
published by The New Republic.) Since 
they are writing are about institutions in 
relatively robust financial health, many 
of the aforementioned economic stress-
ors are not discussed. But the issues that 
concern the authors most—the looming 
triumph of the instrumental notion of 
education over the moral and spiritual 
one, and the weakening diversity of 
the student body—derive from, and 
in turn affect, political and economic 
policy. And so the two English profes-
sors venture into social commentary, 
by asking important questions about 
the complexion of the elite undergrad-
uates who will presumably become our 
future leaders. Does the way we teach 
them lead to contemplation, empathy, 
and respect for those less fortunate than 
ourselves? Or are we breeding entitled, 
driven self-promoters who will only 
reinforce barriers to economic mobility 
in order to preserve their own status? 
The authors hold out some slender hope 
that a more just and equitable society can 
be restored, if we can return humanistic 
education to its former place of grace. 

For Delbanco, the etiology of the 
current crisis is complex, but generally 
stems from the gradual supersession of 
the traditional college, with its mission 
of mentoring students towards ethical 
adulthood, by the modern university, with 

its emphases on research, publication, and 
technology transfer. This death spiral is 
in turn the product of very broad secular 
trends such as industrialization, special-
ization of knowledge, and the growth of 
the sponsored research complex. Dere-
siewicz’s root of evil is much narrower 
and more recent: over the course of the 
last few decades, the admissions process 
for elite schools has grown so absurdly 
competitive and unforgiving that today’s 
elite college students are risk-averse, 
conformist, and permanently scarred 
by the “toxic levels of fear, stress, and 
anxiety” that dominated their childhoods. 
The admissions process has created an 
elite class of damaged souls incapable of 
growing into empathic maturity. Midway 
through Sheep, Deresiewicz discusses his 
own unhappy childhood in a family of 
overachievers, and we begin to realize 
that there is a much better book—a 
memoir—buried inside the existing one. 
But his personal trauma does not excuse 
the extravagantly nasty tone (students 
are described as “too stupid” or “entitled 
little shits”) and gratuitous allegations of 
conspiracy (upper middle class parents 
teach their children contempt for the 
disadvantaged in order to preserve their 
own class advantage). Other reviewers 
have rightfully slammed Sheep for these 
things, and rightfully praised College 
for its nuanced and deeply sourced 
approach. Virtually all of my misgiv-
ings in the following paragraphs apply 
much more strongly to Sheep than to 
College; the flaws of the latter are more 
forgivable in an overall context of 
goodwill and careful consideration. 

The language used by the authors 
to describe the value of the humanities 
is quasi-religious, and consciously so. 
Deresiewicz talks a great deal about 
college as the key moment for building 
a “soul;” Delbanco cites the tradition 
of educating the “whole man” (a term 
closely associated with his alma mater 
Harvard). Both fully subscribe to the idea 
that, in our contemporary secular society, 
the innate human need to contemplate 
big questions of meaning and purpose 
is now fulfilled by the humanities. Yet 



WINTER 2015   91

BOOKS

their assumption that we live in a secular 
society is parochial. How could it be that 
neither author considers the resurgence 
of overt religiosity in American society 
since the Reagan era? Given that our 
late twentieth-century religious revival 
tracks neatly with the worrisome decline 
in humanities enrollments, might the 
authors have considered a relation 
between the two trends? Is it not possible 
that the need for contemplation of mean-
ing—which elites can pursue in expensive 
universities—has once again become the 
province of the churches, for at least a 
considerable portion of the population? 
What does it say about the authors’ true 
commitment to empathy and diversity 
that they ignore this major social trend? 

The authors’ shared background in 
literature also places them in another 
echo chamber: of the current crop of 
books on higher education, the great 
majority are written by humanists. At 
best, one gets an occasional outlier from 
law (Bok), or sociology (Hacker); not a 
single one was written by a natural or 
quantitative scientist. Indeed, why would 
one write such a book, when the sciences 
are widely perceived as beneficiaries (or 

at worst unscathed bystanders) of current 
trends? It is the humanities in crisis, and 
the humanists framing the issue. This 
may be natural, but it is also a problem. 

Two flawed arguments at the core of 
these books reflect the authors’ disci-
plinary limitations. The first, about the 
necessity of the humanities in produc-
ing the type of empathic wise leaders 
critical to a healthy society, implies that 
the pursuit of the other subjects cannot 
fulfill this function. The authors believe 
that a student’s experience of guided yet 
open-ended discussion of big life ques-
tions—ethics, purpose, meaning, and 
so forth—is a critical rehearsal for wise 
leadership. This is not incorrect, but it 
assumes that the production of good 
citizen-leaders is due to the particular 
content, rather than the more general 
process of learning. Is it not possible 
that collaboration on a science project 
provides equally valuable practice in 
give-and-take? Or that passionate inquiry 
of any sort leads us to a satisfied sense of 
purpose, which, in turn, makes us kind 
and empathetic? Furthermore, the idea of 
a bright line between modes of know-
ing—with certainty and measurement on 
one side, and intuition and creativity on 
the other—ought by now to be obsolete, 
if not banished. Think of the psychol-
ogist Daniel Kahneman, who balances 
his experimental observation of decision 
making with a profoundly sympathetic 
contemplation of our human need for 
meaning. Or perhaps the work of the 
French economist Thomas Piketty, second 
to none in the marshaling of economic 
data, yet tempered by anecdotal gems 
from Balzac or Austen, and suffused with 
compassion and wisdom about human 
behavior. Finally, the idea of the unique 
civilizing function of the humanities is 
an uncritical rehash of the famous “two 
cultures” debate that roiled the chattering 
classes in postwar Britain. That discus-
sion was nominally about the changing 
fortunes of various fields of scholarship 
and the value of different modes of 
knowing. But as was well understood 
at the time, it was also an expression of 
the power struggle over the kingdom’s 

future leadership: “gentlemen” educated 
predominantly in the humanities, versus 
those educated in engineering or “civic 
science” in the burgeoning twenti-
eth-century “redbrick” and “plate glass” 
universities. The idea that the humanities 
have an irreplaceable character-build-
ing function comes with the baggage of 
retrograde class snobbery; at the very 
least the baggage should be unpacked. 

Shopworn class myths imported from 
across the Atlantic are also the source for 
the second problematic thesis at the core 
of both books: that our hollow rheto-
ric of meritocracy perversely obstructs 
rather than supports class mobility. When 
Delbanco and Deresiewicz describe the 
barriers faced by lower income students 
in pursuit of higher education, they do 
not simply mean the pincers of spiraling 
costs and inadequate financial support, 
nor the very high costs of “enriching” 
extracurricular activities that have 
become a prerequisite for admission to 
elite colleges. In their indictment, the 
implementation of “merit-based” admis-
sions has turned elite schools into leading 
propagandists for a pernicious ideology 
of entitlement. In a kinder, more genteel 
age, our country was led by the WASP 
elite, who, whatever their faults, were at 
least imbued with a sense of obligation to 
those less fortunate. They recognized that 
their advantages came to them as lucky 
accident of birth, rather than through 
innate superiority, thus it behooved them 
to “give back” to the nation through 
public service. And, in the middle of the 
twentieth century, the WASP elite had 
the good of the country at heart when 
they opened the gates of admission to 
talented but non-elite students (chiefly 
the children of Jewish immigrants). In 
contrast, argue Delbanco and Dere-
siewicz, today’s elites believe that they 
have achieved their advantages by dint of 
their own hard work and superior abili-
ties. By corollary, today’s disadvantaged 
are held back not by structural barriers 
or ill luck, but by their own lack of ability 
or drive. Thus societies with a dominant 
ideology of meritocracy are paradoxically 
much harder on the lower strata, who 

The idea that  
the humanities 
have an 
irreplaceable 
character-building 
function comes 
with the baggage 
of retrograde 
class snobbery.
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surge to global clean-energy leadership. 
Gallagher is well-positioned to consider 
lessons from China. She has spent over 
a decade in serious study of Chinese 
energy development and has generated 
a solid body of scientific publications on 
the subject. She has spent time in China 
and has toiled in the technology transfer 
proceedings of the Intergovernmental 
Panel on Climate Change (IPCC). 

Gallagher’s book suggests that Chinese 
experience in clean-energy technology 
development and deployment indicates 
that concerns about barriers to technol-
ogy diffusion are exaggerated. The notion 
that China is an example of clean-energy 
success will surprise some observers. 

Many readers are familiar with images 
of impenetrable smog over China’s big 
cities, which rank among the world’s 
most polluted, and the fact that China 
has surpassed even the United States in 
annual emissions of carbon dioxide. Yet, 
independent researchers have docu-
mented China’s remarkable achievements 
in energy conservation. Gallagher also 
applauds that success and, echoing many 
renewable energy advocates, suggests that 
China is a model for developing countries 
to emulate in acquiring the technology 
needed in the global fight against climate 
change. China’s recent bilateral agreement 
with the United States to meet emis-
sions-reduction goals would seem to vali-
date the notion that China is confident 
in its ability to respond to climate change 
without aid from the developed world.

must bear the resentment of their betters, 
and the shame of their own “failure.” 
Elite schools are the high temple for this 
ideology, and unless our future leaders are 
taught differently, our hopes for a more 
just and equitable society are doomed. 

To be clear: I share the authors’ revul-
sion for unthinking entitlement, and our 
meritocracy is clearly not working as well 
as it might. But to place the blame on 
the schools rather than on, for example, 
the dynamics and ideology of capital-
ism, is like the blind humanist mistaking 
the leg of the elephant for the whole. 
Furthermore, the authors’ nostalgia for 
the noblesse oblige of the old WASP elite 
is a dubious notion, based on narrow 
reading in the same few sources (indeed 
so similar is their use of sources, down 
to identical quotes, that “echo chamber” 
hardly begins to cover it). These are Owen 
Johnson’s 1912 novel Stover at Yale; E. 
Digby Baltzell’s sociological treatise The 
Protestant Establishment (1964); and the 
1958 novel credited with coining the 
word in question, The Rise of the Meritoc-
racy, 1870-2033. This last was a dystopian 
vision of future British society oppressed 
by an arrogant, hyper-rational caste of 
test-selected bureaucrats; eventually the 
lower classes, in coalition with the leaders’ 
more compassionate wives, revolt against 
the elites. The author, Michael Young, 
was an academic-cum-public servant 
involved in the same postwar British 
debates on higher education (and not 
coincidentally from the same lower-mid-
dle class background) as C.P. Snow and 
the popular historian J.H. Plumb. The 
story about meritocracy leading to a 
society of selfishness and entitlement 
turns out to be just that, a story—an 
artifact from another time and place that 
we should scrutinize rather than simply 
cite as evidence. At this point, even the 
most ardent defender of the human-
istic values of imagination, intuition, 
and elegant writing might be forgiven 
for wanting some cold rational data. 

Deborah Poskanzer (dposk@post.harvard.
edu) is an independent scholar based in 
Berkeley, California. 

Is China a Clean-
Energy Model?
The Globalization of 
Clean Energy Technology: 
Lessons from China
by Kelly Sims Gallagher, Cambridge, 
MA: MIT Press, 2014, 261 pp.

William Chandler

G
lobal climate negotiations 
have long been stymied 
by disagreement between 
rich and poor coun-
tries over who should 
take responsibility for 

mitigating greenhouse gas emissions. 
Less-developed nations tell developed 
countries, “You created this problem, 
you do something about it.” They mean 
that many nations have grown rich from 
centuries of fossil fuel use and carbon 
dioxide emissions and should therefore 
help poor nations to pay for initiatives 
designed to reduce emissions. Developing 
countries argue that their priority is on 
the urgency to provide for basic human 
needs and lift billions of citizens out of 
grinding poverty and that developed 
nations should be willing to give them 
access to low-emissions energy technol-
ogy and finance its deployment. Devel-
oped nations counter that the developing 
countries have very inefficient economies 
and energy systems and would reap broad 
benefits from investments in high-effi-
ciency, low-emissions energy technology. 
Climate negotiators on occasion have 
agreed to provide large sums to support 
such an effort, but few are surprised when 
the funds never materialize. The lack 
of progress following the contentious 
2009 Copenhagen Summit is typical 
of the climate negotiation process. 

In her new book, The Globalization of 
Clean Energy Technology: Lessons from 
China, Kelly Sims Gallagher tries to move 
us beyond this divisive debate by examin-
ing the extraordinary example of China’s 
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Gallagher attempts to make that case 
by presenting four original case studies of 
Chinese clean-energy technology transfer 
and deployment. Through interviews with 
foreign and domestic players, she explores 
the incentives for and barriers to the use 
and production of solar photovoltaics, 
batteries for electric vehicles, gas-fired 
turbines, and coal-gasification systems.

She characterizes solar photovoltaic 
cells as a successful case of tech trans-
fer, gas turbines as unsuccessful, and 
batteries for electric vehicles and tech-
nologies for coal gasification as mixed. 
She often draws comparisons with 
relevant case studies by other analysts, 
in particular a well-regarded book on 
wind-turbine power systems by Joanna 
Lewis of Georgetown University. She 
explores the extent to which intellec-
tual property laws and lack of access to 
capital frustrate the use of technology 
in her four cases and in the reports of 
other experts. She makes an unequivocal 
and surprising claim that there are no 
barriers to finance for Chinese firms. 
She also finds that foreign and domes-
tic firms have more confidence than 
one might expect that they can protect 
their intellectual property. Gallagher 
suggests that China has demonstrated 
how developing nations can overcome 
perceived barriers to technology transfer 
and company development. The key, she 
argues, is creating market demand and 
the policy environment to support it. 

Is it that sunny?
It would be challenging to argue that she 
is wrong. China has reduced its energy 
intensity at an unprecedented rate for 
more than two decades. The nation leads 
the world in wind-turbine construction 
and solar photovoltaic panel manu-
facture. China’s success in deploying 
solar water heating, which Gallagher 
does not emphasize, is unmatched. 

Yet, the full picture of China’s energy 
system is not so rosy. China recently 
committed to a major expansion of coal 
use for power generation and gasifi-
cation in its arid west. China’s wind 
and solar power contribute very small 

shares of its large and growing energy 
economy. The wind system, as others 
have demonstrated, is underutilized 
and inefficient. Some analysts believe 
the wind-power experience is to be 
expected in a state-owned and largely 
unregulated power-transmission monop-
oly that does not welcome power from 
independent producers tapping intermit-
tent sources. Solar power installations 
similarly face a hostile environment 
in which the state-owned grid compa-
nies have neither the incentive nor the 
inclination to integrate their intermittent 
output. This is not a model to emulate. 

The reality is that recent and fore-
seeable growth of renewable energy in 
China has been dominated by large-scale 
hydroelectric power, raising the question 
of what exactly is meant by clean, renew-
able energy. To her credit, Gallagher 
makes clear in a footnote that she does 
not include large-scale hydro in her own 
definition of clean energy, and the book 
includes numerous allusions to negative 
effects of renewable energy systems. But 
the overall message of the book is that 
China’s renewable energy program is a 
success, even though her understanding 
of success differs from the perspective of 
the Chinese government. She more than 
once quotes former Prime Minister Wen 

Jiabao boasting that China has achieved 
great success in this field when in fact the 
first source he mentions is hydroelectric 
power. As it stands, Chinese plans call for 
something like seven times the equiva-
lent of the Three Gorges Dam to be built 
by 2025. This fact detracts from the case 
for China as a model for clean energy 
development. 

The unsuccessful gas turbine case 
supports Gallagher’s assertion that market 
development is key. She accurately reports 
that in distributing its limited natural 
gas supply China gives a higher priority 
to its use as a chemical feed stock than 
as a source of electric power. Although 
more could have been said about China’s 
slow acceptance of gas imports and, more 
problematically, with the development of 
gas resources independent of the state-
owned oil and gas companies, it does 
not undermine her point. That the chiefs 
of those companies sit on the Chinese 
Central Committee suggests that the 
case studies might have placed “gover-
nance” square and center in the “barriers” 
category. Gallagher does arrive at roughly 
the same conclusion by stating that it is 
the failure to create markets that causes 
failure of tech transfer and technology 
deployment. 

The question of whether rich nations 
should subsidize developing country 
investments in clean-energy development 
will probably not be put to rest by China’s 
success at finding ways to finance hydro-
power and wind. Chinese climate negotia-
tors have in fact privately acknowledged 
for several years that they neither need  
nor expect funds from the West for clean- 
energy development. But they quickly 
point out the inequity of the situation 
caused by the “opportunity cost” of effec-
tively taxing China’s economy to solve a 
problem created by the rich. Certainly 
for the many countries in South Asia and 
Africa that have not been as successful 
as China in growing their economies, 
the opportunity cost of developing clean 
energy would have direct consequences  
for the well-being of billions of people. 

A closer look at how China has 
financed energy development illustrates 

The reality is  
that recent  
and foreseeable 
growth of 
renewable 
energy in 
China has been 
dominated 
by large-scale 
hydroelectric 
power. 
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An Academic 
House of Cards
Sustainable Knowledge:  
A Theory of 
Interdisciplinarity
by Robert Frodeman. New York, 
NY: Palgrave, 2013, 128 pp.
Heather Douglas

I
n his concise and charming book 
Sustainable Knowledge, University 
of North Texas philosopher Robert 
Frodeman challenges us to rethink 
what we are doing in academia. His 
central argument is that our academic 

knowledge-production activities, both 
in science and in the humanities, are 
currently unsustainable. Frodeman 
argues that the disciplinary structure 
of the academy, which encourages 
asking questions ad infinitim about ever 
more narrow topics, has generated a 
disengagement between the academy 
and the society that supports it. The 
academic system demands escalating 
resources, as the depths of disciplines 
are plumbed ever further, even as 
academics find it increasingly difficult 
to provide a clear rationale for their 
work. In a world with limited resources, 
the system is unsustainable. Frodeman’s 
challenge is to provide an alternative.

He begins with an account of disci-
plinary knowledge in general, of how the 
idea of contemporary academic disci-
plines formed historically and how they 
developed into today’s fairly dysfunctional 
academic system. Why dysfunctional? 
We live in an academic milieu of ever-in-
creasing specialization, of ever-increasing 
article (and book) production, of seem-
ingly ever-increasing distance between 
the knowledge needs of the society in 
which we live and the knowledge academ-
ics produce. It is also an academy under 
intensifying bureaucratic pressure, where 
faculty are measured against increasingly 
rigid performance criteria in a rather 
desperate attempt to show the worth 

of academic knowledge production, 
against the backdrop of tighter resources 
and acknowledged overproduction of 
graduate students (particularly in the 
humanities). Nobody is happy about this.

The cure for what ails academia is, for 
many, to be found in interdisciplinarity. 
Frodeman, editor of the Oxford Hand-
book of Interdisciplinarity and former 
director of the Center for the Study of 
Interdisciplinarity (it has since been 
predictably defunded), is right at home in 
this territory. He deftly guides us through 
the movement, including a discussion 
of the irony of developing a specialized 
discipline that studies interdisciplinarity. 
Frodeman recommends against such a 
move, but acknowledges that the pres-
sure to create silos of expertise—where 
one can be neatly evaluated by ones’ 
peers—is difficult to resist. Frodeman 
argues that we need to push back against 
the demands for ever-increasing rigor 
and specialization, and instead seek 
balance in our knowledge production. 

That our knowledge production 
system is out of balance is hard to dispute. 
We churn out more and more knowledge 
disconnected from human problems. 
The percentage of papers that are rarely 
cited and little read grows. We produce 
more students than we can possibly place 
in jobs that require the expertise we 
impart. The rubric of infinity, of always 
having another issue that “needs further 
research,” the mantra of knowledge for 
knowledge’s sake, is drowning us. 

Does Frodeman have a life line to 
throw us? Generally, yes. He argues for 
knowledge-production systems that 
aim to be sustainable, that are willing 
to make the hard choices dictated by 
limited resources of time, attention, and 
money. If that is what we need to do for 
the environment, maybe that is what we 
need to do to change academia, even 
with the difficulty of defining precisely 
what is sustainable. In short, Frodeman 
is recommending a new way to structure 
our efforts. He would not dismantle the 
disciplines, but he would make us more 
aware of the costs of disciplines, the 
value of working across disciplines, and 

the problem. The low cost of finance for 
Chinese clean-energy firms is the direct 
result of what the Peterson Institute’s 
Nicholas Lardy describes as “financial 
repression.” This term refers to the regu-
latory depression of interest rates paid 
to everyday savers who earn low interest 
on their bank deposits. Those funds, in 
turn, become sources of low-cost capital 
for national priorities such as energy 
development. When bankers, encouraged 
and guided by local governments, provide 
that funding to clean-energy startups 
and growing companies, the temptation 
to engage in “crony capitalism” must 
be overwhelming. The inefficiency, 
corruption, and consequent political 
backlash have become urgent challenges 
for the current Chinese leadership.

Is China a clean-energy model for 
developing nations to emulate? Galla-
gher does not present a clear answer. 
She references China’s unprecedented 
success in energy efficiency. That success, 
more than anything else, has given 
China the confidence to set for itself 
difficult targets to cap and reduce carbon 
dioxide emissions. But her case studies 
show China is unprepared for its new, 
aggressive push into coal gasification 
and natural gas imports. Her review of 
renewable energy reveals the troubling 
reality that the term “clean energy” means 
different things to different people.

Gallagher is right that China is a good 
place for continued study of clean energy 
and what it means and how it might work. 
Hers is a useful book for updating the 
argument on climate response between 
developing and developed countries.

William Chandler (wchandler@transnrg.
com) is a former laboratory fellow with the 
Pacific Northwest National Laboratory. 
He co-founded and currently serves as an 
advisor to Dalian East New Energy Devel-
opment, Inc., a successful private Chinese 
joint venture. He recently co-authored 
China’s Future Generation: Assessing the 
Maximum Potential for Renewable Power 
Sources in China to 2050 (Annapolis, MD: 
Energy Transition Research Institute, 2014, 
www.etransition.org).
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tion. Philosophy, at its core, concerns 
challenging much of the status quo, 
forcing us to see our accepted prac-
tices from a new angle. Philosophers 
cannot do this when talking primarily 
to each other, pursuing questions of 
interest only to other philosophers. 

What to do? Frodeman is less 
dogmatic than pluralist here. In keeping 
with the theme of balance, he does not 
want to end disciplinary philosophy, 
but instead to open it up. He thinks 
philosophers should try their hand in 
the field, to get out there and see what 
happens when philosophical acumen 
meets the real world. It is an intriguing 
vision of what philosophy could be, and 
a challenge that other philosophers are 
starting to take up. The Public Philos-
ophy Network, the Socially Relevant 
Philosophy of/in Science & Engineering 
Consortium, the Stone, the Joint Caucus 
of Socially Engaged Philosophers and 
Historians of Science, and the American 
Philosophical Association Public Philos-
ophy Op-Ed Contest all provide testa-
ment that some philosophers are already 
concerned about disciplinary isolation. 

Frodeman challenges philosophers 
to think not just about what makes 
philosophy good philosophy, but what 
philosophy could or should be. Philos-
ophers are very happy to think and 
write about where the discipline should 
go internally but are less interested in 
what the field’s relationship should be 
to the rest of human endeavors, or what 
responsibilities academia has to the rest 
of humanity that supports its efforts. 
It would be downright unphilosophi-
cal to ignore the questions he raises.

How might Frodeman’s concerns and 
attempts at reform play out in the natural 
and social sciences? Consider that, in 
the age of the Internet, the information 
that makes up disciplinary knowledge is 
widely accessible. In this age of acces-
sibility, what is expertise for? Rather 
than see it is a repository of knowledge 
that will grow as disciplines deepen, 
we could see expertise as essentially 
synthetic, that the role of the expert is 
to answer questions about what all the 

various studies mean for a given ques-
tion. Under such a view, expertise is no 
longer a static authority but a dynamic 
one that demonstrates its usefulness in 
a process of engaged querying. This is 
the kind of expertise that could not be 
replaced by the Internet, that demands 
long-term cultivation, and that is worth 
keeping universities around for. 

Ventures in sustainable knowledge 
would thus continue to cultivate exper-
tise, but it would be expertise that moves 
beyond disciplinary boundaries and 
the walls of academia. How to do this 
in practice remains to be seen. Clearly 
a balance must be struck between the 
training and development of scholars who 
have defined expertise and the kind of 
flexibility that would allow us to pursue 
what is societally important, given limited 
resources. Disciplinary expertise is not 
without value; it is just not the source of 
limitless value some academics would 
claim. But such a balance may not be 
as difficult to find as it first appears, as 
practically engaged work can provide 
crucial disciplinary insight as well. As 
with environmental issues, we should 
be looking for the win-win solutions.

One might ask what Frodeman thinks 
he is doing, adding another piece of 
academic work to the already overwhelm-
ing pile. He is well aware of the challenge 
of trying to make a real contribution 
to our understanding of the nature of 
all disciplines. If there is a widely scat-
tered literature on disciplinarity, how 
can we judge the quality of Frodeman’s 
work? Can he successfully communi-
cate substance to diverse audiences? 
This is the main triumph of the work. 
At the same time that it is compact and 
accessible to any undergraduate student, 
it is deeply challenging to our concep-
tion of what we are doing as academics. 
We should thank Frodeman for asking 
these questions in such a pointed way.

Heather Douglas (heather.douglas@ 
uwaterloo.ca) is associate professor of  
philosophy and Waterloo Chair in Science 
and Society at Canada’s University of 
Waterloo.

the need to engage a broader agenda.
How to do this across all of academia 

is more than Frodeman can tackle. 
Appropriately, he sets his sights on his 
home discipline of philosophy. Here, 
his vision takes on some teeth. Why do 
most philosophers write just for other 
philosophers? Why is the discipline so 
insular? Frodeman acknowledges that 
some of his colleagues have tried to break 
out of the ivory tower, particularly in 

areas of applied ethics, such as bioethics 
and environmental ethics. Yet these areas 
have earned little respect among tradi-
tional philosophers. They do not fare well 
under Frodeman’s critical gaze either. He 
observes that environmental ethics has 
failed to gain traction in environmental 
policymaking, which is dominated by 
economics. Frodeman suggests it has 
become too “insular and disciplined” to 
reach beyond its confines. Bioethics has 
gained wider traction, but in Frodeman’s 
view, lost its philosophical soul in the 
process. The principles of beneficence, 
autonomy, and justice have become 
almost dogmatic touchstones that provide 
disciplinary rigor to bolster bioethicists’ 
expertise, rather than generating critical 
insight. Meanwhile, most of the disci-
pline of philosophy just talks to itself.

For Frodeman, the situation is tragi-
comic, as the heart of philosophy lies 
in the possibility of disruptive reflec-
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Hilary Harp and Barry Moon 
Thermal Image (front view above, side view right), 2013
Wood, thermochromic film, motors, music boxes, lightbulbs, computer, 
custom software, 72 x 64 x 36 inches  

Thermal Image, a collaboration 
between Arizona State University 
sculptor Hilary Harp and sound and 
video artist Barry Moon, is a networked 
electromechanical sculpture designed 
to reflect data on the Gross National 
Happiness index. Using data on the 
emoticons used in Twitter feeds from 
20 cities across the globe, the sculpture 
represents the emotional state of the 
cities on a thermal display and through 
a shifting ambient soundscape. Light 
bulbs arrayed under a slowly turning 
drum covered in thermochromic film 
brighten or dim according to the 
frequency of positive and negative 
emoticons. Visitors can plug cables into 
different jacks on the sculpture to tune 
into different locales.  

The artists’ intention is that the 
shifting colors of the thermochromic 
film, which correlates to warm and 
cold, will be a visceral analogy for the 
atmospheric effect of collective mood. 
To view and hear Thermal Image, 
visit http://hilaryharp.com/project/
thermal-image.

Thermal Image


